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The reac t ion  of subst i tuted o-hydroxyacetophenones  with ethyl o r thoformate  in the p re sence  
of 70% perch lo r i c  acid gave 4-a lkoxybenzopyry l ium sal ts ,  which were  conver ted  to the c o r r e -  
sponding ch romones  in a lmos t  quanti tat ive yield on refluxing with wate r .  

o -Hydroxya ry l  alkyl ketones r e a c t  with ethyl o r thoformate  in the  p resence  of 70~c pe rch lo r i c  acid [1] 
or  other acid ca ta lys t s  [2] to give good yields of 4 -e thoxychromyl ium or 4-e thoxyisof lavyl inm sa l t s  [3], 
which have been used to obtain s e v e r a l  na tura l  ch romones .  

To fu r the r  study the range  of applicat ion of this method, we invest igated the condensation of a n u m b e r  
of o-hydroxyacetophenones  with ethyl o r thoformate  in the p r e sence  of 70% perch lor ic  acid.  As expected,  
this reac t ion  gave 4 -e thoxychromyl ium sal ts  ~rable 1) in good y ie lds .  

C.(OR~, + .ciO, [C.(OR)~]+CiO; + RO. 

0 0 0 OR 

- . . o .  [c .(o.>. l+c,o:  " " -  

cio~- 

The reac t ion  of resodiacetophenone with ethyl o r thoformate  p roceeds  pecul ia r ly .  In this case ,  one 
obtains the d i f f icu l t - to -pur i fy  4 - e thoxy-6 -ace ty l -7 -hyd roxybenzopyry l inm perch lo ra te  (I), which is con-  
ver ted  to 6 - ace ty l -7 -hyd roxych romone  {II) on t r ea tmen t  with water :  

O OC2H 5 OC2H 5 

E|O~ 2C10 4 
I II III 

When a t tempts  were  made to subsequent ly  condense I and II with ethyl o r thoformate  in o rde r  to ob-  
tain b i spy ry l inm sal t  III,  s ta r t ing  sal t  I was i so la ted  in both c a s e s .  

All of the synthes ized 4-a lkoxybenzopyry l ium sa l t s  a re  read i ly  conver ted  to the cor responding  
ch romones  (Table 2) in a lmos t  quanti tat ive yields  on heating with wate r .  Consider ing the high yields  and 
s impl ic i ty  of this method,  it can be a s sumed  that this method for  the p repara t ion  of chromones  is one of the 
m o s t  convenient  of the p rev ious ly  known methods .  

The IR spec t r a  of the 4-a lkoxybenzopyry l ium sa l t s  contain intense absorpt ion bands of the pyry l ium 
cation (1620-1630, 1530-1540, and 1460-1500 cm- i ) ,  the benzene ring (1590-1610 cm- l ) ,  alkoxy groups 
(1240-1260 cm-1),  hydroxyl  groups  (3410 cm- i ) ,  and the C10~ ion (1080-1090 cm-1) .  The IR s p e c t r a  of the 
synthes ized  ch romones  also a r e  in ag reemen t  with the l i t e ra tu re  data [1]. 
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TABLE 2 

R R' 

H CHa 

H H 

H H 

H OCHa 

CHa CHa 

0 

R 

R" 

H 

CHa 

OH 

H 

H 

�9 Empirical 
~:P'  formula 

95 a .  Cmtts02 

88 b CtotlsO~ 

944 c !C9H603 

I I0 d Clolt~Oz 

152 e i Cl~HloO~ 

IR spectrum, cm -1 

1630, 1600, 1460, 
1375, 1340, 1245 

1650, 1620, 1570, 
1460, 1375, 1240 
1640, t610, 1460, 
1380 
1630, 1600, 1460, 
1370, 1240 

1630, 1590, I460, 
1370, 1240 

UV s~c~ctrnm 
(in alcohol) 

~,n.  ~ n m  If e 

243 3,90 
250 3,88 
308 3,65 
245 3,95 
306 3,76 
250 3,93 

330 I 3,72 240 4,14 
248 4,16 
305 3,97 
244 4,13 
252 4,12 
305 3,87 

Yield, % 

85 

90 

80 

85 

80 

aAccording to [4], mp 72 ~ Found: C 75.1; H 5.0%. C10H802. Cal-  
culated: C 75.0; H 5.0%, bAccording to [4], mp 88-89 ~ CAccording 
to [5], mp 243 ~ dAccording to [6], mp 1100, eFound: C 75.9; H 
5.8%. CllH1002. Calculated: C 75.9; H 5.7%. 

There  is an intense absorption band at 300-320 nm, which cor responds  to a v * --~ 7r transit ion,  in the 
UV spec t ra  of all of the benzopyryl ium salts obtained. 

There  are shor t -wave (240-245 nm) and long-wave (300-325 nm) absorption bands in the UV spect ra  
of the chromones .  The long-wave band in the spec t rum of 7-hydroxy-6-ace ty lchromone  is shifted to 375 
nm as a consequence of an increase  in the conjugation chain. 

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

o-Hydroxyary l  Alkyl Ketones. The star t ing substituted acetophenones were obtained by acetylation 
of the appropriate phenols with acetic anhydride in the presence  of 70% perchlor ic  acid at reagent  ra t ios  of 
1 : 3 : 1  and 1 : 3 : 0 . 5 ,  regarding which we will additionally communicate  in g rea te r  detail, 

Resodiacetophenone.  A 0.5-ml (0.005 mole) sample of 70% perchlor ic  acid was added with cooling to 
a solution of 1.1 g (0.01 mole) of resorc ino l  in 3.06 ml (0.03 mole) of acetic anhydride, and the mixture was 
refluxed for 10-12 mill. The reaction mixture began to c rys ta l l ize  when it was cooled. The resod iace to -  
phenone was removed by fil tration and washed with 50% ethanol to give 0.82 g (42%) of a product with mp 
182 ~ (from alcohol) [4]. 

2-Hydroxy-4-methoxyacetophenone.  A 7-ml (0.07 mole) sample of 70% perchlor ic  acid was added 
with cooling to a solution of 12.4 g (0.1 mole) of m-methoxyphenol  in 30.18 ml (0.3 mole) of acetic an-  
hydride,  and the mixture was refluxed gently for 4-5 rain and diluted with ether .  The mixture was fil tered, 
and the ether  solution was washed with ice water  and dried with anhydrous sodium sulfate. The solvent was 
removed by distillation, and the residue was steam-dist i l led to give 6.6 g (40%) of 2 -hydroxy-4-methoxy-  
acetophenone as co lor less  c rys ta l s  with mp 50 ~ [4]. 

4 -Ethoxy-7-methoxychromyl ium Perch lo ra t e .  A 0.5-ml (0.005 mole) sample of 70% perchlor ic  acid 
was added all at once to a solution of 0.83 g (0.005 mole) of 2-hydroxy-4-methoxyacetophenone and 4.4 ml 
{0.03 mole) of f reshly  distil led ethyl or thoformate ,  and the mixture was allowed to stand for 10-15 min. It 
was then diluted with ether,  and the result ing precipitate was removed by fil tration and reprecipi ta ted f rom 
glacial  acetic acid by the addition of ether  to give 1.29 g (85%) of product.  The other 4-a lkoxybenzopyryl i -  
urn salts (Table 1) were s imi la r ly  obtained. 

Chromones .  A total of 10-15 ml of water  was added to 0.01 mole of substituted 4-e thoxychromyl ium 
perchlora te ,  and the mixture was boiled for 1-2 min. The result ing color less  precipitate was removed by 
fil tration, air-dried,  and c rys ta l l i zed  f rom aqueous alcohol o r  water (Table 2). 
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6-Ace ty l -7 -hydroxychromone .  A 2 -ml  (0.02 mole) sample  of 70~ pe rch lo r i c  acid was added to a 
solution of 0.97 g (0.005 mole) of resodiacetophenone and 16 ml  of ethyl o r thoformate ,  and the mix tu re  was 
allowed to stand for  15-20 rain. It  was then diluted with a threefold  amount of e ther ,  and the resul t ing oil 
was t r ea t ed  with 30-40 ml  of wa te r .  The aqueous mix tu re  was boiled for  2-3 rain, and the resul t ing p r e -  
cipi tate was r emoved  by f i l t ra t ion and a i r -d r ied  to give co lo r l e s s  c ry s t a l s  with turquoise  luminescence  in 
UV light and mp 169 ~ (from alcohol).  IR spec t rum:  1660, 1630, 1610, 1460, 1380 cm - l .  UV spec t rum,  nm 
{loge): 255 (4.31), 284 (4.47), 373 (3.84). Found: C 64.6; H 4.0~.  CI1H804. Calculated:  C 64.7; H 3.9~c. 

The IR spec t r a  of m i ne ra l  oil pas tes  of the compounds were  r eco rded  with a UR-20 spec t ropho tom-  
e t e r .  The UV sp ec t r a  were  r eco rded  with a Specord uvv is spec t ropho tomete r .  
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