
S Y N T H E S I S  OF o -  AND p - H Y D R O X Y A C E T O P H E N O N E S  AND 

2 - M E T H Y L - 4 , 6 - D I A R Y L P Y R Y L I U M  AND 2 - A R Y L - 4 - M E T H Y L -  

B E N Z O P Y R Y L I U M  S A L T S  BY A C E T Y L A T I O N  OF SOME P H E N O L S  

G. N. D o r o f e e n k o  and  V.  V.  T k a c h e n k o  UDC 547.577.814.5 

Acylation of phenols with acetic anhydride in the presence of 70% perchloric acid results in 
the synthesis of hydroxyaryl methyl ketones and substituted benzopyrylium s alte. 

It is known that acylation of aromatic hydrocarbons and ethers of phenols with acid anhydrides in the 
presence of 70% perchloric acid leads to 2-alkyl-4,6-diarylpyrylium salts [1,2]. 

It was not possible to synthesize pyrylium salts from phenols by this method [3], since phenol acetates 
are obtained by the action of acetic anhydride under mild conditions [4], while reaction with aliphatic acids 
in the presence of perchloric acid gives o-hydroxyaryl alkyl ketches [5]. 

In the present research we investigated the acetylation of phenols (phenol, m- and p-cresols, p-thymol, 
o-xylenol, and resorcinol) with acetic anhydride in the presence of perchloric acid. It was found that the 
formation of 2-aryl-4-methylbenzopyrylium or 2-methyl-4,6-diarylpyrylium salts was observed along with 
the formation of o- and p-hydroxyacetophenones when the reaction mixture was heated (100-135~ 

The direction of this reaction depends substantially on the structure of the phenol and the phenol- 
acetic anhydride-perchloric acid ratio. In the presence of equimolecular amounts of perchloric acid (re- 
agent ratio 1 :3 :1 ) ,  4-methylflavylium salts (IVa-e, Table 2) are isolated in good yields, and o-hydroxy- 
acetophenones are formed (30-80o/0 yields): 

R~COCH~ CH 3 / ~ R  

~'011 . HGI04 ~'~../ "0 II OH 

CH 3 
R . ~  -/~2 O R , ~  = H CIO,.. R 

Oil H CIO 4 OCOCH3 - H20 R 

OH 
I II IH IV 

The phenol acetates (I) formed in the f i rs t  step undergo Fries rearrangement to give o-hydroxyaceto- 
phenones (II, Table 1), which, under the reaction conditions, are condensed to chalcones (III), which are 
further cyclized to 4-methylflavylium salts (IV). 

Salts IV are formed readily in the acylation of p-substituted phenols (p-cresol and p-thymol) and are 
also obtained from those phenolic compounds (m-cres el and o-xylenol) which are converted primarily to o- 
hydroxyaeetophenones during the Fries rearrangement.  

Under similar  conditions, phenol also gives a low yield (4%) of 4-methyl-2-(2-hydroxyphenyl)benzo- 
pyrylium salt (IVe). When 70% HC104 is introduced into the reaction of o-hydroxyacetophenone with acetic 
anhydride, the yield of IVe, as expected, increases and reaches 41.6%. 

In the case of resorcinol, one observes the formation (in high yield) of resacetophenone or resodi- 
acetophenone, depending on thereagent  ratio. 4-Methyl- 7-acetoxy-2-(2,4-diacetoxyphenyl)benzopyrylium 
perchlorate (IVf) is formed from resorcinol in 12.4% yield only when the reagent ratio is 1 : 6 : 0.5. 
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A conf i rmat ion  of the p roposed  s cheme  for  the production of sa l t s  IV is the fact  that  o -hydroxyace te -  
phenones,  as a r e su l t  of se l f -condensa t ion  in acidic media,  fo rm the s a m e  sa l t s  as the cor responding  phenols.  

The p roposed  method for  the production of 4 -methy lbenzopyry l ium sa l t s  differs  favorably  f rom the 
recen t ly  developed method for the synthes is  of these  compounds by condensat ion of o-hydroxyacetophenones  
with a l ipha t i c -a romat i c  ketones [6] with r e s p e c t  to the convenience in the method and the access ib i l i ty  of 
the s ta r t ing  phenols .  

When p-hydroxyacetophenones  a re  fo rmed  in the F r i e s  r e a r r a n g e m e n t  and when the re  is a f r ee  
acyl ium cation in the reac t ion  mix ture  (1 : 3 : 0.5), the reac t ion  can proceed  via  a different  route  to fo rm 2- 
me thy l -4 ,6 -d i a ry lpy ry l ium sa l t s  (V), which a re  obtained in low yield (5-8%) v ia  the p rev ious ly  studied 
mechan i sm of acylat ion of a romat i c  compounds and methyl  ketones [2]. 

ca' 

COCH3 ~"~R R~ A~2o. 
--OR I HCIO4 CH 3 

OH Cm~- ~/---- 

V a - ~  

V .a R=CH,~, RI=H; b R = H ,  RI=COCH~; C R=Rt=H 

A conf i rmat ion  of the indicated s c h e m e  is the p repa ra t ion  of Vb f rom p-hydroxyacetophenone.  When 
the reac t ion  is c a r r i e d  out in the ca se  of phenol, o -acy la t ion  of the hydroxyl  group of the phenolic res idue  
is obse rved  (by the p r e s e n c e  in the IR s p e c t r a  of an absorpt ion band at 1760 c m - i ) .  Crys ta l l i za t ion  of Vb 
f r o m  acet ic  acid (boiling for  2-3 min) leads to hydrolyt ic  spli t t ing out of the acetoxy group to give the p e r -  
ch lo ra te  (Vc). The indicated t r ans fo rma t ion  is accompanied by a change in the co lor  of the s a l t  undergoing 
c rys ta l l i za t ion ,  by the d i sappearance  in the IR s p e c t r u m  of the band at 1760 c m  - l ,  and by the appearance  
of an absorp t ion  band of an OH group (3320-3330 c m  -1) [7]. 

2-Methyl -4 ,6-d i (4-hydroxyphenyl )pyr id ine  is obta ined  in 90% yield by t r e a t m e n t  of pe rch lo ra t e s  Vb,c 
in excess  dilute ammonia  solut ion.  

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

The IR s p e c t r a  of m i ne ra l  oil suspens ions  of the compounds were  r eco rded  with a UR-20 s p e c t r o m -  
e t e r .  The individuali ty of the compounds obtained was ver i f ied  by ch roma tog raphy  in a thin l aye r  of gypsum 
in b e n z e n e - c h l o r o f o r m  (7 : 8) [8]. The IR s p e c t r a  of all  of the pyry l ium sa l t s  obtained contain the a b s o r p -  
tion bands c h a r a c t e r i s t i c  for  the pyry l ium cation and the C10~ anion [9]. 

4 ,7 -Dimethy l -2 - (2 -hydroxy-4-methy lpheny l )benzopyry l ium Pe rch lo ra t e  (IVa) and 2 - H y d r o x y - 4 -  
methylacetophenone.  A solution of 10.8 g (0.1 mole) of m - c r e s o l  in 30.6 g (0.3 mole) of acet ic  anhydride 
was cooled, and 10 ml  (0.1 mole) of 70% perch lor ic  acid was added dropwise .  The reac t ion  mix ture  w a s  r e -  
fluxed carefu l ly  at 120-130 ~ for  30-40 min,  a f te r  which it  was diluted with a tenfold excess  of e ther  and 
allowed to s tand in a r e f r i g e r a t o r  for  2-3 h. The prec ip i ta ted  c ry s t a l s  were  r e m o v e d b y  f i l t ra t ion to give 
1 0 g  (55~c) of IVa with mp 245-24T (dec.). 

The e ther  solut ion was washed with ice water  and dr ied  over  sodium sulfa te .  The solvent  was r.e- 
moved by dist i l lat ion,  and the res idue  was s t e a m  dis t i l led .  The usual  t r ea tmen t  of the dis t i l la te  gave 4 g 
(27~0) of 2 -hydroxy-4-methy lace tophenone  (Ha) with bp 107 ~ (7 nlm). The o-hydroxy ketches (IIb-d, 
Table 1) and pe rch lo ra t e s  (IVb-e, Table 2) were  s i m i l a r l y  obtained. 

4 -Methy l -2 - (2 -hydroxyphenyl )benzopyry l ium Salts (We). A__: A 0.68 g (0.005 mole) s ample  of o -  
hydroxyacetephenone was ref luxed care fu l ly  at 120-135 ~ for  20 min  in a mix ture  of 1.5 ml  (0.015 mole) of 
acet ic  anhydride and 0.5 ml  (0.005 mole) of 70% perch lo r i c  acid.  The mix tu re  was cooled, diluted with 
e ther ,  and f i l t e red  to give 0.35 g(41.6%) of IVe with mp 230-231 ~ (glacial  acet ic  acid).  

B. A 0.68 g s am p l e  of o-hydroxyacetophenone was ref luxed at 120-135 ~ for  30 min in a mix tu re  with 
2 ml  of acet ic  acid and 0.5 ml  of 70% perch lo r i c  acid.  The mix tu re  was cooled and diluted with e ther  to 
give 0.084 g (10%) of a product;  no mel t ing-poin t  depress ion  was obse rved  for  a mix tu re  of this product  
with pe r ch lo ra t e  IVe, and the i r  IR s p e c t r a  were  identical .  
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4-Methy l -7 -ace toxy-2 - (2 ,4 -d iace toxypheny l )benzopyry l ium P e r c h l o r a t e  (IVf). A 0.5 ml (0.05 mole) 
s amp le  of 70% HCIO 4 was added dropwise  ca re fu l ly  with cooling to 1.1 g (0.01 mole) of r e s o r c i n o l  d issolved 
in 6 ml  (0.06 mole) of acet ic  anhydride,  and the mix tu re  was heated at  90-95 ~ for  15-20 rain. An excess  of 
e the r  was added, and the mix tu re  was allowed to s tand in  a r e f r i g e r a t o r  for  3-4 h. The p rec ip i t a t ed  oil was 
r ep rec ip i t a t ed  two to th ree  t imes  f r o m  acetone solution by the addition of e ther ,  a f te r  which the addition o f  
a s m a l l  amount  of acetone (1.5-2 ml) gave 0.31 g (12.4%) of co lo r l e s s  c r y s t a l s  of IVf with mp 181-182 ~ 

Resacetophenone.  A 1.1 g (0.01 mole) s amp le  of r e s o r c i n o l  was dissolved in 3.1 ml  (0.03 mole) of 
acet ic  anhydride,  a f te r  which the solution was cooled and 1 ml  (0.01 mole) of 70% perch lo r i c  acid was 
added dropwise .  The mix ture  was heated  at 90-95 ~ for  40-50 rain, a f te r  which it  was diluted with wa te r  to 
give 1.06 g (70%) of resace tophenone  with mp 146 ~ (rap 146 ~ [10]). 

2 -Methy l -4 ,6 -d i (2 -me thy l -4 -hydroxypheny l )pyry l ium P e r c h l o r a t e  Wa) and 2 - M e t h y l - 4 - h y d r o x y a c e t o -  
phenone. A 10.8 g (0.1 mole) s am p l e  of m - c r e s o l  was dissolved in 30.6 ml  (0.3 mole) of acet ic  anhydride, 
a f t e r  which the mix tu re  was cooled,  and 5 ml  (0.05 mole) of 70% perch lo r i c  acid was added. The mix tu re  
was then heated at  90-95 ~ for  30-40 rain. The resu l t ing  py ry l ium sa l t  was prec ip i ta ted  with a tenfold excess  
of e the r  as a pa r t i a l ly  c ry s t a l l i z ed  oil .  Reprec ip i ta t ion  of the oil f r o m  ni t romethane  or  acet ic  acid gave 
1.55 g (7.6Vc) of pe rch lo ra t e  Va with mp 250-252 o (glacial acet ic  acid).  Found,%: C 59.0; H 4.8; C1 8.5. 
C20H19C107. Calculated,  %: C 59.1; H 4.7; C1 8.7. IR s p e c t r u m :  1120, 1534, 1590, 1620, 3250-3270 c m  - l .  
The e ther  ex t r ac t  was washed with water ,  and the e ther  was r emoved  by dist i l la t ion.  The res idue  was 
s t e a m  dist i l led,  and the new res idue  was allowed to s tand to give 3 g (20%) of 2 - m e t h y l - 4 - h y d r o x y a c e t o -  
phenone with mp 127 ~ (rap 128 ~ [10]). 

2 -Methy l -4 ,6 -d i (4 -ace toxyphenyl )pyry l ium P e r c h l o r a t e  (Vb). A. As in the p repa ra t ion  ov Va, Vb was 
obtained f rom 0.94 g (0.01 mole) of phenol, 3.06 ml  of acet ic  anhydride,  and 0.5 ml  (0.005 mole) of p e r -  
chlor ic  acid by heating the mix tu re  at 95-100 ~ for  10-15 rain. The product  [0.18 g (8%)] was yellow and had 
mp 223 ~ (glacial  acet ic  acid).  Found, %: C 5 7 . 0 ;  H 4.3; C1 7.6. C22H19C109, Calculated,  %: C 57.1; H 4.2; 
C17 ,7 .  IR spec t rum:  1090, 1540, 1595, 1630, 1760 cm - i ,  

B. A 3.1 ml (0.03 mole) s am p l e  of acet ic  anhydride and 0.3 ml (0.003 mole) of 70% perch lo r i c  acid 
were  added to 1.36 g (0.01 mole) of p-hydroxyacetophenone,  and the mix ture  was heated on a water  bath for  
1-2 rain, a f te r  which it was allowed to s tand at  room t e m p e r a t u r e  for 10-15 min.  Cooling and dilution with 
e ther  p rec ip i ta ted  0.69 g (30%) of a pe r ch lo ra t e  with mp 223 ~ (glacial  acet ic  acid). No mel t ing-poin t  de-  
p r e s s ion  was obs e rved  for  a mix tu re  of this product  with pe rch lo ra t e  Vb, and the i r  IR s p e c t r a  were  identical .  

2 -Methy l -4 ,6 -d i (4 -hydroxyphenyl )pyry l ium P e r c h l o r a t e  (Vc). A 0.4 g s amp le  of pe rch lo ra t e  Vb was 
ref luxed for 2-3 rain in g lac ia l  acet ic  acid in the p r e s e n c e  of a drop of 70% perch lor ic  acid. The mix ture  
was cooled, diluted with e ther ,  and f i l te red  to give 0.30 g of the pe rch lo ra t e  (Vc) with mp 264-265 ~ (glacial 
acet ic  acid). Found: C 57.2; H 4.2; C19.2 .  CisHisC107. Calculated,  %: C 57.1; H 4.0; C19 .4 .  IR s p e c t r u m :  
1120, 1600, 1630, 3320-3330 c m  - l .  

2 -Methyl -4 ,6-d i (4-hydroxyphenyl )pyr id ine .  An excess  (4-5 ml) of a 22% ammonium hydroxide so lu -  
tion was added to 0.46 g (0.001 mole) of 2 -methy l -4 ,6 -d i (4 -ace toxypheny l )pyry l ium sa l t  Vb, and the mix ture  
was allowed to stand for  s e v e r a l  hour s .  The reac t ion  product  was r emoved  by f i l t ra t ion  and dried to give 
025  g (90%) of co lo r l e s s  c r y s t a l s  with mp 276 ~ ( f rom ni t romethane) .  Found, %: C 78.2; H 5.8; N 4.9. 
C18HtsNO 2. Calculated,  %: C 78.0; H 5.4; N 5.1. IR s p e c t r u m :  1520, 1590, 1605, 3380, 3420 cm -1. 
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