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The majority of methods of converting flavonols into anthocyanidins that have been described in the 
l i terature are unsuitable for  the synthesis of the lat ter  in view of the low yield of the products [1-6]. In 
this case, attention is merited by the reductive acetylation reaction, which enables the anthocyanidins to be 
obtained with a yield~ of 40-48% [7]. We have previously proposed a method for  acetylating flavonoids with 
acetic anhydride in the presence of magnesium perchlorate (Anhydrone) [8]. The acetyl derivatives ob- 
tained were then subjected to reductive acetylation and the products of their reduction were studied. 

In the present paper we give the results of the reductive acetylation of quercetin pentaaeetate. 

We firs t  established that for  reduction it is most effective to use zinc dust, while magnesium is less 
effective and tin and iron powders are ineffective. 

The product with the composition C25H22012 (C 60%, H 4.6%, CH 3 CO 41.1%) obtained on reduction has 
the form of an orange-red powder with no sharp melting point. The compound is readily soluble in chloro- 
form and in acetic acid and is insoluble in water; in an acid medium it acquires a bright red color, in an 
alkaline medium a greenish blue color. 

In the UV spectrum there is only one absorption maximum, at 273 nm (CHC13 ), which is charac ter -  
istic for  the benzene part  of the molecule. The IR spectrum of the substance (paraffin oil) shows the ab- 
sence of a carbonyl group and the presence of a hydrogen bond (broad unsymmetrical  band in the 2860- 
2980 cm ~~ region), es ter  bonds of acetyl groups (1770 cm-~), r-conjugation in both rings of the chromane 
(1620, 1470 cm-~), and C 5 and C 7 substitution (1380 cm -1) [9]. 

When the spectrum was recorded in chloroform, the presence of a hydroxy group (3030 cm -~) and of 
C 3 and C 7 substitution (1470 cm -~) was observed, and an absorption band also appeared at 1520 cm -~ 

In the NMR spectrum of the substance in chloroform, in addition to a multiplet in the 2.1-2.2-ppm 
region, which is character is t ic  of the signals of the protons of acetyl groups, and a number of signals cor-  
responding to the protons of the benzene rings, there is a singlet at 8.28 ppm, characterist ic  for  a flaven- 
3-ol [10] (in the anthocyans, a singlet in the 8.1-ppm region). This signal is absent from the NMR spectrum 
of the substance in carbon tetrachloride. The hydrolysis of the substance with alcoholic (ethanolic, p ro-  
panolic, or  isopropanolic) hydrogen chloride for 50-60 rain formed cyanidin chloride, the identit?¢ of which 
was confirmed by UV and IR spectra and by a comparison with a reference  sample. 

The reaction product formed in the reduction of quercetin pentaacetate probably consists of a mixture 
of acetyl derivatives of f lav-2-en-3-ol  and f lav-3-en-2-ol .  
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In o r d e r  to find the o p t i m u m  conditions for  p e r f o r m i n g  the reduct ion react ion  and to i nc r ea se  the 
yield of  product  we p e r f o r m e d  a mul t i fac tor ia l  exper iment  of  the 22 type and c a r r i e d  out a s t eepes t  ascent  
to the opt imum region [11]. 

The following r e g r e s s i o n  equation was obtained 

Y = 31,7 + 8.4 xl + 9,8 x2 + 0,2 xl x2. (I) 

The theore t ica l  va lues  of the yield of product  (percentage of cyanidin chloride)  calculated f r o m  the 
equation agreed sa t i s fac to r i ly  with the exper imenta l  f igures ,  which shows the adequate nature  of the equa-  
tion of the p r o c e s s .  I ts  adequacy was evaluated by F i s h e r ' s  c r i t e r ion  [12]. 

The coeff icients  of  the r e g r e s s i o n  equation (I) obtained as the r e su l t  of the exper iment  enabled us to 
move into the region of the opt imum and to de te rmine  that the highest  yield of product  (52.2-52.4%) can be  
obtained when the reduct ive acetylat ion react ion is p e r f o r m e d  at 130-140 ° C fo r  126-138 rain. A fu r the r  
r i s e  in the t e m p e r a t u r e  and inc rease  in the t ime lowered the yield of cyanidin chloride.  

Assuming that the hydro lys i s  of the reduced quercet in aceta te  is a f i r s t - o r d e r  react ion  and is  de-  
sc r ibed  by the equation 

d x  __ k X ,  (ID 
d~: 

where  x is the amount of  substance;  k is  the hydro lys i s  r a t e  constant; and ~- is the t ime,  we de te rmined  
the r a t e  constant  of  hydro lys i s  at different  react ion  t imes ,  us ing one of the solutions of Eq. (II). 

C 

- 2  3031g--Co 
k 

where  c is  the amount of  s ta r t ing  m a t e r i a l  at t ime  T and c o is the initial amount of s ta r t ing  ma te r i a l ,  g. 

The study of the hydro lys i s  p r o c e s s  showed that its highest  r a t e  was in propanol.  

After  ~50% of the substance  had been conver ted  into cyanidin chloride,  the format ion  of by-p roduc t s  
(d imers  and oxidation products} was observed,  and the re fo re  it does not appear  poss ib le  to i nc rea se  the 
yield by lengthening the t ime  of hydro lys i s .  

EXPERIMENTAL 

Reductive Acetylation. A solution of 0.25 g of quercetin pentaacetate (8 " 10 -4 mole}, obtained as 
described previously [8] in 15 ml of acetic anhydride was treated with 0.2 g of freshly fused sodium acetate 
and l.O g of the corresponding metal powder (Mg, Zn, Sn, Fe), taking a Latin square as the experimental 
flan. 
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Plan of the exper iment :  

Reducing agent: 

A l - Zn; A 2 - Mg; A 3 - Sn; A 4 - Fe 

react ion  time: 

B~ - 4 0 ' ,  B 2 - 6 0 ' ;  B 3 - 90'; B 4 -  120' 

t empera tu re :  

C ~ -  75°; C 2 - 9 5 ° ;  C 3 -  115°; C 4 - 1 3 5 ° C  

The bes t  r e su l t s  w e r e  obtained on using zinc dust as  reducing 
agent with a react ion  t ime of 90-120 rain at 115-135~C. 
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TABLE 1. Hydro lys i s  Rate Constants  for  
Different  Reaction T i m e s  

Time, 
min 

20 
30 
40 
50 

Recipro- 
c lg c ~  cal ot 
co Co log c /c  0 

In boiEng propanol 

0,550 1,740 --0,260 
0,425 1,628 --0,372 
0,890 ],590 --0,410 
0,360 1,556 --0,444 

0.0299 
0.0286 
0.0266 
0.0204 

Ivlean 0,0263 
In isopropanol-3 N hydrochloric acid (1:1) 

(boiling water bath) 

10 0.835 1.920 --0.080 0.0184 
30 0.605 1.782 --0.218 0.0169 
40 0.477 1.678 --0.322 0.0185 
50 0.430 1,~34 --0.366 0.0168 

Mean 0,0176 

In the opt imizat ion of the p r o c e s s  of obtaining 
reduced  quercet in  aceta te  with zinc dust, the expe r i -  
ments  were  p e r f o r m e d  at  100-160 ° C for  a t ime of 90- 
162 rain (at 140-160 ° C the mix tu re  was heated  in sea led  
tubes). The r e su l t s  and the r e g r e s s i o n  equation have 
been given above. In all cases ,  a f t e r  the end of the r e -  
action t h e m i x t u r e  was f r eed  f r o m  m e t a l  powder  and 
poured into a tenfold volume of water .  After  a day, the 
p rec ip i t a te  was sepa ra ted  off, washed with water ,  and 
dr ied in a vacuum des icca to r  ove r  phosphorus  pentoxide 
to constant  weight. 

Hydrolys is  of  the Reduced Quercet in  Acetate .  The 
reduced quercet in  aceta te  (0.1 g) was hydro lyzed  with a 
mix tu re  of i sopropanol  (or propanol)  and 3 N hyd ro -  
chlor ic  acid (1 : 1) in the boil ing wa te r  bath o r  an a i r  
bath fo r  40 min.  The resul t ing  br ight  r ed  solution 
(where zinc or  magnes ium was used), a f t e r  cooling, was 
t r a n s f e r r e d  to a 100-ml measu r ing  f lask  and the volume 
was brought  up to the m a r k  with the s ame  mix tu re  of 
solvents .  A definite vo lume of t he so lu t ion  was again 

diluted with the mix tu re  to obtain the opt imum values  of the optical  density,  and the amount of cyanidin 
chloride was de te rmined  in a SF-4A spec t ropho tomete r  at  540 nm. Chemical ly  p u r e  cyanidin chlor ide  was 
used to cons t ruc t  the ca l ibra t ion curve.  

The yield of cyanidin chlor ide with d i f ferent  t imes  of hydro lys i s  was as follows: 

t ime,  rain 5 10 15 20 25 30 40 50 55* 

yield,  % 1 . 1 8 . 2 1 6 . 2 2 3 . 0 2 8 . 0 4 0 . 5 4 4 . 4 5 4 . 4 5 7 . 0  

The calculat ion of the hydro lys i s  r a t e  constants  is given in Table 1. 

SUMMARY 

The reducf ive  ace ty la t ion  of quercet in  under  the action of var ious  reducing agents and of different  
t imes  and t e m p e r a t u r e s ,  and also the convers ion  of the f lavonols  obtained into cyanidin chlor ide have been 
studied by the methods  of the ma thema t i ca l  planning of exper imenta t ion .  
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*When heat ing was p e r f o r m e d  for  more  than 55-60 min, another  two reac t ion  products  appeared.  
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