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At p re sen t ,  ace ty la t ion  of f lavonoids is  widely used to study the NMR and UV spe c t r a  of the de r iva t i ve s ,  to  
de t e rmine  the i r  phys ica l  constants ,  and to de t e rmine  the number  of hydroxyl  groups  in the or ig inal  molecu le  [1, 2]. 
The acetyl  de r iva t i ve s  a r e  gene ra l l y  obtained by the r eac t ion  of the f lavonoid with acet ic  anhydr ide  in pyr id ine  o r  in 
the  p r e s e n c e  of sodium aceta te ,  and e x t r e m e l y  a r b i t r a r y  r a t i o s  of the r eac t an t s  and also va r ious  reac t ion  condit ions 
a r e  used.  

Zhdanov et al.  [3, 4] have developed convenient  p r e p a r a t i v e  methods  fo r  the acety la t ion  of a s e r i e s  of polyhydr ic  
a lcohols ,  cyc l i to l s ,  and some  m o n o s a c c h a r i d e s  and O- and C-g lycos ides  in the p r e s e n c e  of p e r c h l o r i c  acid  o r  i t s  
sa l t s .  In th is  case ,  the pe r ch lo r i c  acid f o r m s  with the acet ic  anhydr ide  acetyl  pe rch lo ra t e ,  and with an excess  of 
ace t ic  anhydr ide  gives  the t r i ace ty loxon ium ion [4]. 

o 

CHaC 
\ 

O-kHCI04~_ 
CHaC / % 

o 

_ 0 -+ 

CHaC// i \ o H  

CHaJ  % 
- -  O - -  

-- 0 U+ 

Ic.aco +c,oa- - C"aC\' ] (CHaCOhO + O-- -CH~ ClO~-. 
CHaC / % 

o 

ClO~- ~2_ [CHACO] + CI04+CHaCOOH 

The resu l t ing  aee ty l  carbonium ion is an effect ive acety la t ing  agent.  

Dorofeenko et al.  [5, 6] have shown that magnes ium pe rch lo ra t e  (Anhydrone), benzyl  pe rch lo ra t e ,  and 
t r ipheny lmethy l  p e r c h l o r a t e  can be good ca t a ly s t s  fo r  acyla t ion  reac t ions  with acid  anhydr ides .  During acetyla t ion ,  
the fo rma t ion  of acetyl  pe r ch lo ra t e  t akes  p lace  in the  following manner :  
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We have developed a method for  acety la t ing  var ious  f lavonoids in the p r e s e n c e  of Anhydrone us ing  ma thema t i ca l  
methods  of planning the expe r imen t s  in o r d e r  to de t e rmine  the opt imum ace ty la t ion  condi t ions .  To obtain objec t ive  
r e s u l t s  and shor ten  the expe r imen t s ,  the method of r andomized  block planning, which p e r m i t s  the compara t ive  
evaluat ion of the deg ree  of s imul taneous  influence of two fac to r s  (acetylat ing medium and ca ta lys t )  on the acety la t ion  
of que rce t in  [7] was se lec ted .  The plan and the r e s u l t s  of the exper iment  a r e  given below. 
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A, B, C, D represent  the amount  of acetic anhydr ide ;  
I, plan: c~, ~, % 5 represent amounts  of  catalyst  ; 
II, condi t ions:  numera tor  is the  amoun t  of  acet ic  anhydride ,  g; denomina tor  is the amount  of anhydrone ,  nag per 1 • 10 -3 tool of quereetin.  

III, results:  yields of  ace ty la ted  quereet in  in each exper iment ,  g. 

The dispers ion  ana lys i s  (Table 1) was ca r r i ed  out according to the formulas  given by Hicks [7]: 

x ~ T~ = 2.3502 37,09 S S  tot  = . - = o . o 3 2 1 ,  

where 

ZZx~j is the sum of the squares  of all the observat ions;  

T is the sum of all  the observat ions;  

N is the number  of exper iments .  

x '  T~ r = 
SS factor  = ;La"  fi N ' 

where 

Z Tj z is the sum of the squares  of the observat ions  with respect  to one of the factors ;  

n is the number  of var ian ts .  

SS error, ~ SS t o t  - -  SS factor  1 - -  aS fac tor  II = 

= 0,0321--0,0209 -- 0,0013 =- 0,0099. 

S ~ = ~ ,  

where f is the number  of degrees  of freedom, 

F =  - -  
S factor  

S 
e r r o r  

According to the d ispers ion  analysis ,  only the amount of acetic anhydride has any noticeable influence on the 
yield of product (F- ra t io  > F~°.~ 85) and the amount of anhydrone has almost  no effect (Fra t < -3.av°'95~," This may serve  as 
proof that in the aeetylation process  the flavonoid does not react  with the Anhydrone and the rdle  of the la t ter  is 
apparently l imited to the formation of the reac t ive  acetyl perchlorate .  The highest yield was found when using the 
smal les t  amount of acetic anhydride (1" 10 -1 mole per  1 • 10 -3 mole of quercetin) and 3 .10  -4 mole of Anhydrone. The 
synthesis  of acetyl der ivat ives  of other flavonoids was based on these r e su l t s  (Table 2). 

The advantage of acetylation with acetic anhydride in the presence  of Anhydrone cons is t s  in the rapidi ty of the 
exper imen t ,  the high yield, (85-98%), and the absence of by-products  of the react ion.  The mel t ing points and UV 
and IR spect ra  of the acetates obtained agree with those given in the l i t e ra ture .  

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

The appropriate amounts of acetic anhydride (1" 10-! mole) and Anhydrone (3 .10 -4 mole) were heated in a water 
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T a b l e  1. R e s u l t s  of a D i s p e r s i o n  A n a l y s i s  

Number of degrees of Sum ofthe~ " Mean F0,95 
Factor freedom,f squares, S~ square, F-ratio &9 

Acetic anhydride 
(i) 

Anhydrone 
(u) 

Error 

Sum 

3 0.0209 0.0069 

3 0 . 0 0 1 3  0,0004 

9 0 , 0 0 9 9  0,0011 

15 0,321 -- 

6.3 

0,36 

1 . 6 3  

• 1,63 

T a b l e  2. C o n d i t i o n s  f o r  t h e  A c e t y l a t i o n  of  S o m e  F l a v o n o i d s  

in t h e  P r e s e n c e  of A n h y d r o n e  

Reaction Reaction 
Substance acetylated tempera- time, 

ture, °C rain 
Product 

Mp of the 
product, 

°C 

Apigenin 
Luteolin 
Luteolin 7-glucoside 
Quercetin 
Rutin 
Kaempferol 
Genistein 
Sophoricoside 

70--75 
70--80 

60--75 
50 - 60 

65 
65--70 

• 70 

Note. The melting points are 

30--40 t Triacetate 
40~50 Tetraacetate 

30 Heptaacetate 
35 Pentaacetate 

30--35 t Peracetate 
~5 Tetraacetate 

35--40 Triacetate 
60 Hexaacetate 

iven for the unrecrystallized substances. 

187 
294 
240 
175 
124,5 
181 
2O5 
23O 
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bath to 60 ° C and then, with constant s t i r r ing ,  1 • 10 -3 mole of a flavonoid was added over 20-40 rain. The react ion 
mixture  was left for another 10-20 rain (see Table 2) in the water  bath, then cooled to room tempera tu re  and poured 
into a fivefold volume (with respect  to the volume of anhydride used) of cold dist i l led water.  An oily liquid f i r s t  formed 
on the bottom of the flask and then a precipi ta te  deposited. On the following day the precipi ta te  was collected on a glas s 
f i l ter ,  dr ied over  H2SO 4 to constant  weight, and weighed. The melt ing point, the presence  of charac te r i s t i c  max ima  
in UV light, and absorption bands in the IR region were determined.  In each case, paper  chromatography showed the 
absence of by-products .  

C O N C L U S I O N S  

On catalytic acetylat ion in the presence  of magnes ium perchlorate,  flavonoids do not react  with the catalyst .  
The highest yield of product was found when using the smal les t  amount of acetic anhydride (1 .10-1mole  per  1 .10  -3 
mole of quercetin)  and 3" 10 -4 mole of Anhydrone. 
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