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Pyrones and their analogs react  with methyl bromoacetate and methyl ~/-bromocrotonate 
in the presence of activated zinc to give, ultimately, carbomethoxymethyl- or (3-carbo- 
methoxy-2-propenyl)-substituted pyrylium salts. The Ivanov reagent from phenylacetic 
acid reacts with pyrones to give carboxybenzyl-substituted pyrylium salts.  

The conversion of pyrylium salts to compounds of the aromatic and heterocyclic ser ies  is wellknown 
[1]. Their  direct  practical  application (see [2], for example) has recent ly  been investigated. The possibil- 
ity of chemical bonding of pyrylium salts with other organic compounds with retention of the pyrylium ring 
(for example, copolymerization during the creation of modified plastics) extends their application consider-  
ably. Pyrylium cations with isolated carboxy or carbethoxy groups can probably be considered to be mo~t 
convenient for this purpose. The well-known organometallic syntheses of pyrylium salts from pyrones [2] 
do not make it possible to attach functional groups to heteroaromatic systems,  but they have led us to the 
idea of using the Reformatskii  reaction for this purpose [3]. 
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The reaction of 2,6-diphenyl-4-pyrone (I), 2,6-diphenyl-4-thiapyrone, 2,6-diphenyl-3-bromo-4- 
pyrone, flavone, and xanthone with methyl bromoacetate (or ethyl iodoacetate) in the presence of activated 
zinc in dry benzene gives the typical (for the Reformatskii  reaction) organometallic complex II, which is 
hydrolyzed to pyranol III on hydrolysis with dilute acetic acid. Pyranol III is converted to pyrylium per -  
chlorate IV on treatment with perchloric acid. The 2,6-diphenyl-4-carbomethoxymethylpyrylium salt is 
converted to carboxymethyl-substituted pyrylium perchlorate VI by hydrolysis,  but it is converted to 
pyridine V by the usual method. 

The reaction of methyl T-bromocrotonate  with pyrones (IV, when R = CH2CH=CHCOOCH3, R' = H) 
proceeds s imilar ly  and without any complications. 

This success naturally induced us to search for syntheses of pyrylium salts by means of other 
organometallic compounds. It was found that the Ivanov reagent obtaIned from sodium phenylacetate and 
isopropylmagnesium chloride by the method in [4] reacts with pyrones, flavones, and xanthone as with 
ordinary carbonyl compounds, and product VII is hydrolyzed to give pyranol VIII, from which it is easy to 
pass to pyrylium salt IX. The lat ter  in turn can be converted to pyridine X. 
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We were  unable to introduce a new reagen t  obtained f rom ~-ch lo roprop ion ic  acid [5] into the r e a c -  
tion. Neither  the Re fo rma t sk i i  reac t ion  nor  the Ivanov reagen t  could be used for  the synthes is  of pyry l ium 
sa l t s  f r o m  2 ,6-d imethylpyrone  and 2 ,4 -d imethy l -  and 2,4-diphenylcoumalin  or  for  the p repa ra t ion  of cyc lo -  
propenyl ium sa l t s  f rom diphenylcyclopropenone.  

The mos t  c h a r a c t e r i s t i c  bands in the IR s p e c t r a  of the pe r ch lo ra t e s  obtained are  affi l iated with the 
s y m m e t r i c a l  and a s y m m e t r i c a l  v ibra t ions  of the py ry l ium ring [6], These a re  the s t rong 8a band (in the 
Wilson class i f icat ion)  at  1610-1630 em -1 and the bands at  1520-1540 cm -1 (Sb) and 1470-1480 cm -1 (19a). 
The PMR spec t r a  of the synthes ized  compounds also conf i rm the i r  s t r u c t u r e .  Thus,  for  example ,  the spec -  
t r u m  of IX contains the s ingle t  of a methylidyne proton at  6 7.04 ppm.  The somewhat  e leva ted  chemica l  
shif t  of this group is explained by the dec r ea se  in the e lec t ron  densi ty on it  due to concentra t ion  of e l e c -  
t rons  on the carboxyl  group and the py ry l ium ring.  The signals  of the py ry l ium ring and the protons  of the 
2 ,6-phenyl  subst i tuents  a re  found at 7.5-8.2 ppm,  while the signal of the OH group is s i tuated at 8.43 ppm. 
The s inglet  of the phenyl protons  of the benzyl  subst i tuent  is obse rved  at  6 ppm.  P y r y l i u m  sa l t s  with 
ca rbomethoxymethy l  and ca rbomethoxypropeny l  subs t i tuents  also have s i m i l a r  spec t r a ,  Thus the s inglet  
at  6.46 ppm (IV, R = CH2COOCH 3) p robab ly  c o r r e s p o n d s  to the methylene group.  Here  a pronounced shif t  
to weak field due to the e l e c t r o n - a c c e p t o r  p r o p e r t i e s  of the ca rbomethoxy  group and the pyry l ium ring is 
also obse rved .  The group of over lapping s ignals  at  7.14-7.94 ppm c o r r e s p o n d s  to the chemica l  shifts  of 
the protons  of the py ry l ium ring and the 2 ,6-phenyl  subst i tuents .  

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

The ]R s p e c t r a  of KBr pel le ts  were  r eco rded  with a UR-20 spec t ropho tome te r .  The PMR spec t r a*  
were  r e c o r d e d  with a YaMR-5535 s p e c t r o m e t e r  (40 MHz); the in ternal  s tandard  was cyclohexane,  the so l -  
vent was dimethyl  sulfoxide (DMSO), and the chemica l  shifts  a re  conver ted  to the 5 sca le .  

2 ,6 -Dipheny l -4 -ca rbomethoxymethy lpy ry l ium p e r e h l o r a t e  (IV). A mix ture  of 2.5 g (0.01 mole) of 
2 ,6 -d ipheny l -T-pyrone  , 3 g (0.1 g-a tom)  of zinc, and 3 g (0.02 mole) of methyl  b romoace t a t e  in 5 ml of d ry  
benzene was heated until i t  began to boil spontaneously,  a f t e r  which it  was ref luxed for  another  10-15 rain, 
cooled, and decomposed  with 50 ml  of 4% acet ic  acid.  The pyranol  was ex t rac ted  with e ther ,  and the ex -  
t r a c t  was dr ied  and t r ea t ed  with 1.5 ml  of 70% perch lo r i c  acid.  Workup gave 2.9 g (7.3%} of a product  with 
mp 235 ~ 

P y r y l i u m  sa l t s  were  s i m i l a r l y  obtained f rom thiapyrone,  flavone, xanthone, and methyl  b romoace ta t e ,  
ethyl iodoacetate ,  and methyl  b romocro tona te  (see Table 1). 

2 , 6 - D i p h e n y l - 4 - h y d r o x y - 4 - c a r b o m e t h o x y m e t h y l - 4 H - p y r a n  (III). This compound was isola ted af ter  
evapora t ion  of the e ther  e x t r a c t  of the preceding  e x p e r i m e n t  and was c rys t a l l i zed  twice f rom hexane to 
give c o l o r l e s s  needles  with mp 133 ~ in 70% yield.  Found,~- C 62.3; H 5.3. C20HI8 Q .  Ca lcu la ted ,~ .  C 
62.1; H 5.6. 

2 , 6 - D i p h e n y l - 4 - h y d r o x y - 4 - c a r b o x y m e t h y l - 4 H - p y r a n .  A solution of 1.2 g (0.021 mole) of KOH in 1.7 
ml of wa te r  was added s lowly to a solution of 2.25 g (0.007 mole} of ca rbome thoxymethy lpy ran  III in 35 ml  
of ethanol,  a f te r  which the mix ture  was ref luxed for  4 h. The resu l t ing  po tass ium sal t  was d isso lved  in 
the min imum amount  of wa te r  and acidif ied to pH 1 with hydrochlor ic  acid.  The reac t ion  product  was ex -  
t r a c t ed  with e ther ,  and the e x t r a c t  was washed  with concent ra ted  NaC1 solution, dried,  and evapora t ed  to 
give 1.6 g (74%) of a product  with mp 73 ~ ( f rom hexane) .  Found,%: C 74.2; H 5.2. C19H~604. C~lculated,%: 
C 74.0;H 5.2~ 

*We s ince re ly  thank L. M. Kaplan for  record ing  the s p e c t r a  and ass i s t ing  us in the i r  in te rpre ta t ion .  
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~" formula 

IVa 
X[ 
XII 
IVa 
IVb 
IVa 
1X 
XI 
XII 
[Vb 
IVa 
IVa 
IVb 

CH2COOCHa 
CH2COOCH~ 
CH2COOCH3 
CH~COOC2H~ 
CH2COOCHa 
CH=COOCH~ 
C'6HsCHCOOH 
C6HsCHCOOH 
C6HsCHCOOH 
C~H~CHCOOH 
C~H~CHCOOH 
CH~CH=CHCOOCH~ 
CH~CH=CHCOOCHa 

H 235 CzoHITCIO7 
208--/209 CtsHI~CIO7 
220T:21 Ca6HIaCIO7 

H C21H19CIO7 
~H r 229 C2oH17C106S a 

222 C2oHt6BrC107 b 
255 C2sHI~C'IO7 
226 C~HtTCIOz 
201 C'elH~CIO7 

H 221 C2~H~C106S c. 
r 171 C2~HI~BrC'IG-~ 

252 C~HmC1Or 
H 222 C22Ha9CIO6S e 

Found,% Calc.,% 

C H I C I  C [H C! 

4; 59,4 4,2 
4,2f 9,0f 57,113,9 

54,3 4,0/10,7 / 54,5] 3,8 
60,6 5,8 / 8,8J 60,2 / 4,5 
57,3 4,3 7,6157,114,0 
49,6 3,4! 7,9, 49,7]3,3 
64,5 4,3 7,51 64,4 4,1 

/62,5 3,8] 8,5 62,3 3,9 
3,91 7,7 60,9 3,6 
3,9 7,4 61,8/4,8 

/54J 4,2 6,1 55,0 3,3 
4,21 8,7 61,414,4 
4,0 i 7,9 59,2/4,3 

Yield, 

i % 
8.7r 73 
9,2] 92 
[0,0168 
8.4171 
8.4162 
74[ 51 
7.6160 
8.1153 
~.41 64 
%51 52 
6.51 53 
8,21 62 
8,01 64 

aFound,%: S 7.8. Calculated,%: S 7.9. bFound,%: Br 17.5. Ca lcu-  
lated,%: Br  16.6. CFound,%: S 6.7. Calculated,%: S 6.6. dFound,%: 
Br  13.7. Calculated,%: Br  14.5. eFound,%: S 7.7. Calculated,%: S 
7.2. 

2 , 6 -D ipheny l -4 - ca rboxym e t hy l py ry l i um P e r c h l o r a t e  (VI). A mix tu re  of 4.04 g (0.01 mole) of p e r -  
ch lora te  IV and 1.2 g (0.02 mole) of KOH in 30 ml  of 70% ethanol was ref luxed for  15 min,  a f te r  which the 
hot solution was f i l t e red  and diluted with 50 ml  of 4% acet ic  acid.  The p rec ip i t a t ed  c r y s t a l s  were  r e m o v e d  
by f i l t ra t ion,  dr ied ,  and conver t ed  to the py ry l ium sa l t  in d ry  e the r  by addition of pe rch lo r i c  acid.  Workup 
gave 3.2 g (84%) of a product  with mp 250-251 ~ ( f rom ni t romethane) .  Found,%. C 58.0; H 4.3; C1 9.4. 
C19HI~C107. Calculated,%: C 58.5; H 3.8; C1 9.1. 

2 ,6 -Dipheny l -4 - ( a -ca rboxybenz 'y l )py ry l ium p e r c h l o r a t e  (IX). A solution of 2.5 g (0.01 mole) of 2,6-  
d i p h e n y l - y - p y r o n e  in 5 ml  of d ry  benzene was added to an Ivanov r eagen t  obtained f rom 1.6 g (0.01 mole) 
of sodium phenylaceta te  and 0.011 mole of i sop ropy lmagnes ium chlor ide ,  a f t e r  which the mix tu re  was 
hea ted  for 1 h, cooled,  and decomposed  with 100 ml of 4% acet ic  acid.  The pyranol  was e x t r a c t e d  with 
e the r ,  and the e x t r a c t  was dr ied  and t r ea t ed  with 1.5 ml  of 70% perch lo r i c  acid.  The sa l t  was s epa ra t ed  
and c r y s t a l l i z e d  f rom n i t romethane  to give 2.8 g (60%) of a product  with mp 254-255 ~ The c h a r a c t e r i s t i c s  
of the py ry l ium sal ts  obtained f r o m  thiapyrone,  xanthone,  f l avone ,  and the Ivanov reagen t  a re  p re sen ted  in 
Table 1. 

2 ,6 -Dipheny l -4 -ca rbomethoxymethy lpyr id ine  (V). A suspension of 4 g (0.01 mole) of pe r ch lo ra t e  IV 
in 20 ml  of methanol  was sa tu ra t ed  with gaseous  ammon ia .  It  was then cooled to prec ip i ta te  c rys ta l l ine  
pyridine V. A port ion of the p roduc t  was p rec ip i t a ted  f rom the f i l t ra te  by addition of wa te r .  The yield of 
product  with mp 129 ~ ( f rom hexane) was 2.4 g (80%). Found, %: C 79.6; H 5.8; N 4.2. C20HITNO 2. Ca lcu -  
lated,%: C 79.2; H 5.6; N 4.6. 

The same  method was used to obtain 2 ,6 -d ipheny l -4 - (3 -ca rbome thoxy-2 -p ropeny l )py r id ine  (V, R = 
CH2CH =CHCOOCH~, R'  = H) in 50% yield (mp 135.5 ~ Found,%: C 80.6; H 5.2; N 4.0. C22HI9NO 2. Ca lcu-  
lated,%. C 80.2; H 5.2; N 4.1) and 2 ,6 -d i pheny l -4 - a - ca rboxybenzy l )py r id ine  (X) in 55% yield (mp 138 ~ 
Found,%: C 82.2; H 5.1; N 3.4. C25HIgNO 2. Calculated,%: C 82.1; H 5.2; N 3.8). 

1 .  
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