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The react ion of or thoformic  e s t e r  with o-hydroxychalcones in the presence  of perch lor ic  acid 
has yielded 4-ethoxy-5,9-dimethox-y-6,7-f iurof lavyl ium salts  which have been conver ted  by 
t r ea tmen t  with aqueous ethanol into 5 ,9-dimethoxy-6 ,7-furof lavones .  

It is known that khellin dilates the vesse l s  of the cardiac muscle ,  and flavones possess  a v i tamin-P  
(capil lary-strengthening) activity [1]. In view of this,  it appeared of in te res t  to obtain furoflavones with 
aromat ic  substituents in the position 2. Compounds of this type are difficultly access ib le :  previously,  only 
the s imples t  furoflavenes possess ing  v i tamin-P  activity [3] have been obtained by Baker ' s  method [2]. 

Continuing our investigations on the synthesis  of 4-ethoxyflavylium salts,  in the presen t  work this 
method has been used to synthesize previously  unknown furoflavylium salts f rom the corresponding o-  
hydroxychalcones (HI), ethyl or thoformate ,  and 70% perchlor ic  acid [4]. The chalcones (III) (Table 1) were 
obtained by the alkaline condensation of khellinone (II), obtained by the action of alkali on khellin (I) with 
aromat ic  aldehydes [3]. 

Intermediate  products  are  the 4-e thoxy-5 ,9-d imethoxy-6 ,7- furof lavyl ium salts  (VI) (Table 2), which 
were  obtained with yields of 30-40% when a mixture  of (III) with a perchlor ic  acid in an excess  of ethyl 
or thoformate  was heated (70-90~ for 50-60 min. 

The IR spec t ra  of the pyryl ium salts (VI) eachhave  anabsorpt ion band at 1610-1620 cm -1 (stretching 
vibrat ions of a pyryl ium cation [5]) which, in a number  of cases ,  overlaps the band (1600 cm -l) of the ab- 
sorption of the aromat ic  r ing.  ~bsorpt ion in the 1240-1280-cm -I region cor responds  to methoxy groups.  
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TABLE 1, Substituted 2 - H y d r o x y - 3 , 6 - d i m e t h o x y - 4 , 5 - f u r o c h a l c o n e s  (III) 

& 

k) 

Il ia C6Yls 
l l lb  4-CllaOC6HI 
Illc 3,4- (CHaO) 2CsHa 

Illd 3,4-Cite< 3 >C6H~ 
I l le  4-HOCeH4 

IIIf a -  Thienyl 

mp, Empirical 
~ a formula 

127cb C,  HIs()~ 
C,oltzA)~; 

15,cr Cadf,,,()~ 

172 ] C~uI-ll~,()6 

I25 ~ C~:H];OsS d 

Found,%! Calc . ,% ' IRspectrum, (Yield, 

C II C H 1~, e m ' l  i~ % 

' 82 
I 

[ 1620, 1550 

65 ~ ]' 5,1 65,6 5,2 i, 1625,1625, 1600,1600 1,560 I 8577 
I 

I I i625, lb05, 1550180 
6b,8:4,9 67,1 4,7 3250, 1625, 1605,] 75 

' 1545 i 
61,51, 4,0 61,8 42 I620, 1560 I85 

a F r o m  ethanol  (the chalcone IIIe f rom aqueous ethanol) .  
bCorresponds  to the l i terature  [7]. 
CCorresponds to the l i terature  [3]. 
dFound: S 9.4~;  Calculated: S 9.7~c. 

TABLE 2. 4 - E t h o x y - 5 , 9 - d i m e t h o x y - 6 , 7 - f u r o f l a v y l i u m  P e r c h l o r a t e s  (VI) 
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TABLE 3. 5 , 9 - D i m e t h o x y - 6 , 7 - f u r o f l a v o n e s  (VII) 
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There is a l so  an intense band in the 1070-1100-cm -1 region,  which is charac ter i s t i c  for the C10~ anion. 
the IR spectra  of the f lavones  (VII) (Table 3) an absorption band of the C = O  of a pyrone ring [6] is found 
in the 1635-1650-cm -~ reg ion .  

The m e c h a n i s m  of the dehydrogenation of the f lavanone s y s t e m  is conf irmed indirect ly  by the produc-  
tion of the 4 -e thoxybenzopyry l ium sa l t s  (IX) f rom the flavanone (VIII), ethyl  or thoformate ,  and perch lor ic  
acid.  

In the case  of  the cha lcones  (IIIa,f), the corresponding  pyryl ium sal ts  could not be i so lated  in the pure 
state;  n e v e r t h e l e s s ,  when the react ion  product  (IIIa) was  hydrolyzed,  the known [3] furof lavone (VIIa) was 
obtained in  l o w  v t e l d .  
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The reac t ion  of ethyl o r thoformate  with khellin in the p resence  of 70% perch lo r i c  acid gave 4 -e thoxy-  
5 ,9 -d ime thoxy-6 ,7 - fu roch romyl ium perch lo ra te  (X) which, on being boiled with water ,  was conver ted  
quant i ta t ively into 5 ,9 -d imethoxy-6 ,7 - fu rochromone  (XI). 

OCH3 CIO~" OCH a 

X XI 

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

The IR spec t r a  were  taken on a UR-20 spec t ropho tomete r  in paraff in  oil. 

o -Hydroxycha lcones .  2 ' - H y d r o x y - 3 ' , 4 , 6 ' - t r i m e t h o x y - 5 ' , 4 ' - f u r o c h a l c o n e  (llIb). To a hot solution of 
0.5 g of khellinone and 0.25 g of anisaldehyde in 10 ml of ethanol was added 2 ml  of 50~c caust ic  soda. The 
reac t ion  mixture  was left  overnight  at room t e m p e r a t u r e ,  and the prec ip i ta te  that  had formed was f i l te red  
off, washed with dilute hydrochlor ic  acid, and then c rys t a l l i zed  f rom ethanol to give yel low-brown c r y s t a l s  
with mp 137~ The chalcones (IIIa,c,f) (Table 1) were  obtained s i m i l a r l y .  

The chalcones  (IIId,e) were  obtained in the same way, except  that the react ion mixture  was heated in 
the wa te r  bath until  a dark  red prec ip i ta te  had been formed (1 h 30 min to 2 h) and was then left  at room 
t e m p e r a t u r e  for  10-12 h. 

4 -Ethoxy-3  T,4 ' ,5 ,9- te t ramethoxy-6 ,  7-furof lavyl ium Pe rch lo ra t e  (VIc). A mix ture  of 0.9 g (2.5 
mmoles )  of the chalcone (IIIc), 11 ml  of f resh ly  dist i l led or thoformic  e s t e r ,  and 0.8 ml  (8 mmoles)  of 70g 
HC104 was heated at 80-90~ under  ref lux for  1 h. The cooled mixture  was t r ea t ed  with 11 ml  of o r tho-  
fo rmic  e s t e r  and was heated for another  5-7 min at  60-70~ After  cooling, the solution was diluted with 
e the r  and was left  in the r e f r i g e r a t o r  for  5-10 h. The brown c r y s t a l s  (0.5 g, 40%) that  deposited were  
f i l t e red  off and were  washed with e the r .  After  precipi ta t ion with e ther  f rom hot g lac ia l  acet ic  acid, they 
were  r e c r y s t a l l i z e d  (Table 2). 

The Furof lavones  (VII). Boiling 1 g (2 mmoles)  of the pe rch lo ra te  (VIc) in aqueous ethanolic solution 
gave a 70-80% yield of 3 ' ,4T,5 ,9- te t ramethoxy-6 ,7- furof lavone ,  mp 183~ The other  furof lavones (VIIb,d,e) 
were  obtained s i m i l a r l y  (Table 3). 

4 -E thoxy-5 ,9 -d ime thoxy-6 ,7 - fu roch romyl ium Pe rch lo ra t e  (X). To a solution of 4.8 g (0.02 mole) of 
khellinone and 60 ml  (0.4 mole) of f r e sh ly  dist i l led or thoformic  e s t e r  was added 4 ml  (0.04 mole) of 70% 
perch lo r i c  acid.  After  60-80 min,  the mix ture  was diluted with e the r  and the red  c ry s t a l s  that deposited 
(5.0 g, 70%) were  f i l te red  off; mp 136~ (from glacia l  acet ic  acid).  IR spec t rum,  c m - i :  1635, 1610, 1585, 
1530, 1100. Found, %: C 47.7; H 3.8; C1 10.0. C15HIsC109. Calcula ted ,Z:  C 48.1; H 4.0; C1 9.5. 

5 ,9 -Dimethoxy-6 ,7 - fu rochromone  (XI). A mix ture  of 0.38 g of the sa l t  (X) and 40-50 ml  of wa te r  was 
boiled for  3-5 min .  The co lo r l e s s  prec ip i ta te  that deposited was f i l te red  off and dr ied.  Yield 0.24 g 
(quantitative),  mp 182~ [3]. 

Dehydrogenat ion of the Flavanone.  To 0.22 g (1 mmole)  of flavone were  added 1.1 ml  of f r e sh ly  
dis t i l led or thoformic  e s t e r  and 0.1 ml  Of 70% HC104, The mix ture  was heated at 60-70~ for  3-4 min and 
was diluted with e t h e r .  The co lo r l e s s  c r y s t a l s  of the sa l t  (IX) that deposi ted (.14 g, 40~) were  f i l te red  off 
and r e c r y s t a l l i z e d  f rom acetic  acid, mp 185~ According to the l i t e ra ture  [4], mp 184~ 
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