
2 , 4 , 4 - T r i m e t h y l - l , 3 - d i o x a n i u m  P e r c h l o r a t e  (I). A total of 1 ml  (0.01 mole) of 70~ HC104 solution was 
added dropwise to a mix tu re  (prepared at - 5  ~ of 4 ml  of acet ic  anhydride and 1.16 g (0.01 mole) of 4 ,4-di -  
m e t h y l - l , 3 - d i o x a n e .  Af ter  10 rain, the mix tu re  was diluted with ether ,  during which an oil was l iberated.  
The oil c rys t a l l i zed  rapidly when the mix tu re  was s t i r r ed .  Workup gave 1.71 g (75%) of a product  with mp 
52-54 ~ (methylene chlor ide,  e ther) .  Found: C 33.2; H 5.6; C116.0~o. C~HilC1O G. Calculated:  C 33.6; H 5.6; 
C116.6~o. P e r c h l o r a t e s  I-IV, VII, and VIII were  s i m i l a r l y  obtained. 
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SYNTHESIS OF 4-ETHOXYFLAVYLIUIM 

SALTS AND FLAVONES 

G. N. Dorofeenko, V. V. Tkachenko, 
V. I. Yakovenko, V. V. IViezheritskii, 
and 1~. T. Oganesyan 

UDC 547.814.5 

4-Ethoxybenzopyry l ium sa l t s ,  which a re  conver ted  to the cor responding  f lavones in quanti tat ive 
y ie lds  by refluxing with water ,  were  synthesized by condensation of o-hydroxyacetophenones  
with a roma t i c  aldehydes in the p r e s ence  of ethyl o r thoformate  and 70T0 pe rch lo r i c  acid. 

The p rev ious ly  descr ibed  methods for  the synthes is  of 4-a lkoxybenzopyryl ium sal ts  were  based  on the 
reac t ion  of ethyl o r tho fo rma te  with o-hydroxycha lcones  [1] o r  of ethyl o r thoformate  with (~-acyl)hydroxy- 
acetophenones [2] in the p r e s e n c e  of 70~0 pe rch lo r i c  acid. We have recent ly  p roposed  a method for  the p r e p -  
a ra t ion  of 4-e thoxyf lavyl ium sa l t s  on the bas i s  of acid condensation of o-hydroxyacetophenones  with a romat i c  
aldehydes in the p r e s e n c e  of ethyl o r thoformate  and 700/0 pe rch lo r i c  acid [3]. As compared  with o ther  methods 
[1, 2], this method fo r  the synthes is  of 4-e thoxyf lavyl ium sal ts  is the s imples t  method, is sa t i s fac tor i ly  r e -  
producible ,  and is convenient  for  the p r epa ra t i on  of natural  f lavones and the i r  synthetic  analogs,  which find 
appl icat ion as r egu la to r s  of the nervous  sys t em,  s t imu la to r s  of the activity of the hea r t  musc le s ,  andhave p-  
v i tamin  activi ty [4]. 
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TABLE 1. 4-Ethoxyflavylium Salts I 

R R' 

0It  

OH 

OH 

OH 

OH [ 

OH 

C1 

Cl 

c1 

c[ 

dl 

Cl 

[-I 

OH 

OCH3 

OH 

i 
!OCH3 

i OCOCH3 

!OCHs 

OH 

H 

:H~ 
,2H3 

OCH20 

OCH20 

H 

H 

OCH2 

OCH8 

H 

195 

188 

205 

163 

232 

207 

132 

162 

212 c 

14# 

107 

112 I 

A b s o r p t i o n  
bands  in  t h e  IR 
spectra, cm "l 

1640 1610 1530 
1510 1090 
1630 1525 1600 
i510 1080 
3450 1620 1600 
15301080 
1630 1600 
1540 1500 1080 

33001640 
1600 1100 
3400 1640 

Found, % 

c IHI  c~ 

I 
E m p i r i c a l  I Calc.,  % 

f o r m u l a  J- c I '~I Cl 

W- 

o 

1600 1540 
1630 1605 1550 
1505 1090 

1640 1600 
1530 1080 
1705 1620 1550 
I510 1610 ll00 

1630 1600 
1530 1090 
1620 1600 1530 
1070 
1620 1610 1550 
1500 1090 

QTH~sCIO7 55,7 4,1 16 

C,T]-h~CtOs 153,3 3,9 50 

C~9H:9C109 !53,5 4,5 73 

Gls,Hl;CIO9 52,4 4,1 98 

CI5H13CtO7S 148,3 3,5 72 
i 

CIsHIsC109 52,6 3,7 98 

C1sHI4CI208 [50,4 3,3 54 
I 

CIsHIGCI207 52,1 3,9 75 
I 

ClgH~sCIOs [51 4 3,6 78 i ' 

C,9!4,.~C!:.0a [51,0 4,1 83 

C]8H~C120~ 50,1 3,7 83 

CITH,-,.C]2Os [53,1 3,7 12 
! 
I 

aFrom glacial  acetic .  
b2- (e -Thienyl ) -4 -e thoxy-6-hydroxychromyl iumperchlorate .  Found: 
S 8.6~ Calculated: S 8.6~ 
c From nitromethane.  
dFrom acetic anhydride. 

In  order to m a k e  a further study of the range of application of this method, we investigated the condensa-  
tion of 2,5-dihydroxy and 2-hydroxy-5-chloroacetophenones  with a number of aromatic aldehydes and ethyl 
orthoformate in the presence  of perchloric  acid. 
flavylium salts  I in good yie lds  (Table 1). 

As expected, this reaction led to the formation of 4-ethoxy-  

CHO O62H5 O 

R\~COCH3 [ ~  CH (OC?'15)3 p. ,~ . . .~ [ .~  " /]_~ '%"3 R ~i W' 

R' li 

All of the synthesized 4-ethoxybenzopyryl ium salts  are converted to the corresponding flavones (Table 2) 
in quantitative yields when they are refluxed with water. 

The IR spectra of perchlorates  I contain absorption bands of the pyryl ium cation (1620-1640, 1530-1540 
cm-1), the benzene ring (1590-1610 cm- l ) ,  and the C10~- anion (1080-1100 cm-1). An absorption band at 1630- 
1660 cm -1 (pyrone ring vCO) is present  in the [R spectra of the f lavones.  

The hydroxyl group undergoes acylation during crystal l izat ion of 4 -e thoxy-6-ch loro-4 ' -hydroxyf lavy l ium 
perchlorate from acetic anhydride, as evidenced by the appearance in the IR spectrum of an absorption band of 
an ester  group at 1765 cm -1. 

6H~OC-.~COCH3 

R = C6H4OCHs- p 

~ H 3 

/ R , . . ' ~ O ~ - - . . R  
2CIO~ 

R C H = C H C O ~  H5 

CIO~" 

IV 

0 II R C H = C H C O ~  
HO~.O/~,R 
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The reac t ion  of resodiacetophenone with anlsaldehyde and ethyl o r thoformate  p roceeds  in a pecu l i a r  
manner .  Instead of the expected d ipe rch lo ra te  III, pyry l ium sal t  IV, which is conver ted  to flavone V when it 
is refluxed with water ,  is formed.  The IR s pec t rum of V (in ni t romethane)  contains the absorpt ion  band of a 
hydroxyl group at 3600 cm -1. 

The condensation of o-hydroxy ketones  with a~forraylthiophene,  which leads  to the fo rmat ion  of 2- (~- 
th t eny l ) -4 -e thoxy-6-hydroxychromyl ium pe rch lo ra t e  (Table 1), p roceeds  s imi l a r ly .  

E X P E  R I M  E NTA L 

The IR spec t r a  of mine ra l  oil pas te s  of the compounds were  recorded  with a UR-20 s p e c t r o m e t e r .  

4 -E thoxy-6 -hydroxy-4 ' -me thoxyf l avy l ium Perch lo ra t e .  A 0 .2-ml  sample  of 7070 pe rch lo r i c  acid was 
added dropwise  to a mix tu re  of 0.31 g (0.002 mole) of 2 ,5-dihydroxyacetophenone,  0.84 g (0.006 m o l e ) o f v e r a t r a l -  
dehyde, and 2.8 ml  of f resh ly  disti l led ethyI or thoformate ,  and the mix tu re  was allowed to stand at  room t e m -  
pe ra tu re  for  3 h. The prec ip i ta ted  c ry s t a l s  of the pe rch lo ra t e  were  removed  by f i l t ra t ion to give 0.63 g (81%) 
of a product  with mp 224 ~ (from acet ic  acid). IR spec t rum:  3330, 1630, 1560, and 1100 cm -1. Found: C 55.0; 
H 4.28; C19.270. ClaH17C108. Calculated:  C 54.5; H 4.3; C18.970. The remaining  compounds of the I type 
were  s imi l a r ly  p r epa red .  

4 -E thoxy-6 - (p -me thoxyc innamoyl ) -7 -hydroxy-4 ' -me thoxyf l avy l ium Pe reh lo ra t e  (IV). A total  of 2 ml of 
70% perch lo r i c  acid was added dropwise to a mix tu re  of 1.96 g (0.01 mole) of resodiacetophenone,  12.2 g (0.06 
mole) of anisaldehyde,  and 28 rnl of ethyl or thoformate ,  and the mix tu re  was allowed to stand at  room t e m p e r -  
ature for  3 h. The prec ip i ta ted  c r y s t a l s  of the pe rch lo ra t e  were  removed  by f i l t ra t ion to give 3.7 g (66%) of a 
product  with rap 230 ~ (from nitrornethane).  IR spec t rum:  1645, 1610, 1520, 1500, and 1080 cm - l .  Found: C 
61.0; H 4.9; C16.0%. C28H25C1010. Calculated:  C 60.4; H 4.5; C16.4%. 

6-Hydroxy-4 ' - rae thoxyf lavone .  Water  (100 ml) was added to 0.78 g of 4 -e thoxy-6 -hydroxy•  
flavsrliura pe rch lo ra t e ,  and the mix tu re  was refluxed for  2-4 min.  The co lo r l e s s  prec ip i ta te  was removed by 
f i l t ra t ion and a i r  dried to give 0.5 g {91%) of a product  with rap 236 ~ (from ethanol). IR spec t rum:  3360, 1645, 
1600, and 1500 cm -1. Found: C 72.8; H 4.4%. C16H1204. Calculated:  C 72.9; H 4.3%. The r emain ingf l avones  
of the II type were  s imi l a r ly  p repa red .  

6 - (p -Methoxyc innamoyl ) -7 -hydroxy-4 ' -methoxyf lavone  W). A 0.56-g (0.001 m o l e ) s a m p l e  of pe r ch lo ra t e  
1V was mixed with 100 ml  of wa te r  and the mix tu re  was refluxed for  5 min.  The co lo r l e s s  p rec ip i t a te  was r e -  
moved by f i l t ra t ion and a i r  dried to give 0.41 g {9670) of a product  with mp 244 ~ (from ethanol). IR spec t rum:  
3600, 1670, 1640, 1610, and 1520 cm -1. Found: 72.4; H 5.1%. C26H20OG. Calculated:  C 72.9; H 4.7%. 
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