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A method is p roposed  for  the synthes is  of 2 - m e t h y l - 3 - c a r b e t h o x y p y r y l i u m  sa l t s  by the acid 
condensat ion of e thoxymethyleneace toace t ie  e s t e r  with alkyl a ry l ,  he te rocyc l i c ,  and cycl ic  
ketones  or  r e so rc ino l .  2 -Methy l -3 - -ca rbe thoxy-6-phenylpyry l ium pe rch lo ra t e  was condensed 
with benzaldehyde,  and the product  was subjected to acid hydro lys i s  and decarboxyla t ion  to 
2 - m e t h y l - 6 - p h e n y l p y r y l i u m  pe rch lo ra t e  to conf i rm the s t ruc tu re  of the synthes ized  sa l t s .  

One of us and c o - w o r k e r s  p rev ious ly  inves t iga ted  a method for  the synthes is  of pyry l ium sa l t s  on the 
bas i s  of the acid condensat ion of ca rbocyc l ic  hydroxymethylene  ketones with methyl  and methylene ketones 
and c r o s s  condensat ion of cycl ic  and alkyl aryl  ketones with ethyl o r tho fo rmate  [1, 2]. In o rde r  to obtain 
py ry l ium sa l t s  with a f ree  ~ posi t ion,  we studied the acid condensat ion of e thoxymethyleneace toace t ic  e s t e r  
(i) with s e v e r a l  alkyl a ry l  (acetophenone, 4-methoxyacetophenone,  3 ,4-dimethoxyacetophenone,  4 -hyd roxy -  
acetophenone,  propiophenone,  methyl  c~-naphthyl ketone,  and benzalacetone) ,  ca rbocye t i e  (cyclopentanone, 
cycloheptanone,  and te t ra lone) ,  and he te roeyc l i c  (2-acetothienone) ketones and with r e so rc ino l .  Py r y l i u m 
sa l t s  which contain a ca rbe thoxy  group in the 3-posi t ion of the pyry l ium ring were  thus obtained. 

The condensat ion of I with the indicated ketones p roceeds  smoothly  by heating a mix tu re  of equi-  
m o l e c u l a r  amounts  of the components  and 70% pe rch lo r i c  acid in glacial  acet ic  acid for  30 min .  However ,  
the yield of the py ry l ium sa l t s  does not exceed  20% under  these  condit ions.  When the reac t ion  is c a r r i e d  
out at r oom t e m p e r a t u r e  in dehydrat ing agents (acetic anhydride or  ethyl or thoformate)  in amounts n e c e s -  
s a r y  for  tying up the wa te r  contained in the 70~c pe rch lo r i c  acid and that l ibe ra ted  during the condensat ion 
at r oom t e m p e r a t u r e ,  the yields  of sa l t s  i nc rea se  to 60%. These  facts  indicate two poss ib le  s chemes  for  
the fo rmat ion  of the py ry l ium sa l t s  as a function of the conditions used to c a r r y  out the condensat ion.  In the 
f i r s t  ca se ,  the wa te r  contained in the 70% pe rch lo r i c  acid hydro lyzes  I to a f l -ke to-a ldehyde  which exis ts  in 
the hydroxymethylene  and aldehyde f o r m s ,  and the aldehyde fo rm [3], which is p r e sen t  in low concent ra t ions  
under  these  condit ions,  p r i m a r i l y  en t e r s  into the condensat ion.  
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The second scheme  includes the fo rmat ion  of a methy leneace toace t ic  e s t e r  ca rbonium ion {II) on t r e a t -  
ment  of I with anhydrous pe rch lo r i c  acid which, by reac t ing  with the enol fo rm of the methyl  ketone,  gives 
an unsa tu ra ted  1,5-diketone (III) which is cyc l ized  to a pyry l ium sa l t .  
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TABLE 1. 2-Methyl-  3-c arbethoxypyrylium Perch lo ra t e s  

El O2C'~/9 , '  

H3C/~I3/~'_R 
CIO 

4-CHaOC6H, 
3,4- (CHsO)~C6H3 
4-HOC~H4 
r 
C6I-I~ 
C H = C H - - C 6 H 5  

a, B - DLhy..~onaphtho 
Pentamethylene 

162 
i60 
201 
178 
195 
190 
180 
140 

Empirical 
formula 

CIsHITCIOs 
C17H19CIO~ 
CI5H15CIO8 
CIgHITCIOT 
CI6HIzCIO7 
C~7H~7CtO7 
C17H17CIO7 
C14H19C107 

c I H 

51,4 4,5 9,4 
50,1 I 4,8 8,3 
50,1[ 4,2 10,2 
57,71 4,3 8,8 
54,01 5,0 10,4 
55,5 / 4,5 9,4 
54,9 [ 4,7 9,4 
49,8 / 5,7 10,6 

Found % Calc., a~ 
CI . C t H CI 

I 

9,5 
8,8 

10,0 
8,5 

10,0 
9.6 
9,6 

10,5 

51,5 4,6 
50,6 t 4,7 
50,1 t 4,2 
58,0 ] 4,3 
53,81 4,8 
55,3 I 4,6 
55,3 4,6 
50,1 5,7 

Yield, 
% 

60 
50 
48 
40 
53 
34 
49 
40 

The thus synthesized pyryl ium salts  display CH acid proper t ies  f rom the methyl group in the 2-pos i -  
tion by react ing with benzaldehyde.  Thus 2-methy l -3-carbe thoxy-6-phenylpyry l ium perchlorate  readi ly 
forms 2 - s ty ry l -3 -ca rbe thoxy-6 -pheny lpy ry l ium perchlora te  (IV) with benzaldehyde. 2 -Me thy l -3 -ca rb -  
e thoxy-6-phenylpyryl ium perchlora te  undergoes hydrolysis  and decarboxylat ion on refluxing in a mixture 
of concentra ted  hydrochlor ic  and glacial  acetic acids to form the previously  repor ted  [4] 2 -methy l -6 -phenyl -  
pyryl ium perchlora te  (V). These facts conf i rm the proposed s t ruc tu res  of the pyryl ium salts .  

ph/[~c..~,.~o / ~ c o , e t  phc. o ~ c o ~ E t  
Ph CH 3 P h _ _ C H = C H P h  

c,o,e cio~ c,o,e 
V IV 

In anhydrous media,  compound I also condenses smoothly with resorc ino l  to give 2 - m e t h y l - 3 - c a r b -  
e thoxy-7-hydroxychromyl ium perchlora te  in 48% yield.  All of the synthesized perchlora tes  are crysta l l ine  
substances which are soluble in polar  solvents to give solutions with green opalescence.  The IR spec t ra  of 
the 3-carbe thoxypyryl ium sal ts  contain, in addition to bands which are  cha rac te r i s t i c  for  substituted pyry l i -  
um salts  [5], a ve ry  intense band at 1720-1730 cm -1, which is due to an e s t e r  grouping bonded to an a r o m -  
atic ring [6, 7]. 

In cont ras t  to the previously  descr ibed two special  cases  of the synthesis  of pyryl ium salts  which 
contain a carbethoxy group [8, 9], our  proposed method is a general  one, since it makes it possible to 
synthesize compounds of this type with diverse  substitutents (see Table 1). 

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

Ethoxymethyleneacetoacet ic  Es te r  {i). This was obtained by our  modification of the method in [10]. A 
mixture  of 120 g (1 mole) of acetoacet ic  e s te r ,  240 g (1.75 mole) of ethyl or thoformate ,  and 285 g (2.85 mole) 
of acetic anhydride was heated at 120 ~ for  1 h and at 140 ~ for 1 h. The unchanged ethyl or thoformate  and 
acetic anhydride were  removed  by distillation, and the residue was vacuum distilled to give 145-155 g (80- 
8570) of a f ract ion with bp 140-145 ~ (14 ram). 

2 -Methy l -3 -ca rbe thoxy-6-phenylpyry l ium Pe rch lo ra t e .  A total of 4 ml of 70% perchlor ic  acid was 
added dropwise with cooling to a mixture of 7.2 g (0.04 mole) of I and 5 g (0.04 mole) of acetophenone in 
16 g of acetic anhydride and 20 ml of absolute e ther .  The mixture was allowed to stand at r o o m  t e m p e r a -  
ture  for  2 h. It was then diluted with e ther ,  and 8.5 g (61%) of fine c rys ta l s  with mp 187-189 ~ (from acetic 
acid) were  f i l tered.  IR spec t rum:  1720, 1618, 1480, 1560, and 1095 cm -1. Found %: C 52.3; H 4.4; C1 10.1. 
C15H15C10 7. Calculated %: C 52.5; H 4.4; C1 10.4. 

Compound I was s imi la r ly  condensed with 4-methoxyacetophenone,  3,4-dimethoxyacetophenone, 4- 
hydroxyacetophenone,  propiophenone, methyl  o~-naphthyl ketone, and tetralone.  

2 . - -Methyl-3-carbethoxy-5,6- t r imethylenepyryl ium Pe rch lo ra t e .  A total of 0.9 g (0.01 mole) of cyc lo-  
pentanone, 5 ml of acetic anhydride, 8 ml of absolute ether ,  and 1 ml (0.01 mole) of 70% perchlor ic  acid 
were added dropwise with cooling to 1.8 g (0.01 mole) of I. The mixture  was allowed to stand for  2 h, and 
crys ta l l iza t ion  was initiated by rubbing or  by dilution with e ther  to give 1.63 g (54%) of a product  which was 
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pur i f ied  by r ep rec ip i t a t ion  f r o m  ni t romethane  by e the r  to give s i l ve ry  pla te le ts  with mp 169 ~ which decom-  
posed on prolonged s to rage .  IR spec t rum:  1730, 1620, 1584, 1470, and 1096 cm -1. Found %: C 46.6; H 
5.1; C1 12.0. C12H15C107. Calcula ted  %: C 46.9; H 4.9; C1 11.6. 

2 -Me thy l -3 - ca rbe t hoxy -5 ,6 -pen t am e t hy l enepy ry l i um pe rch lo ra t e  was s i m i l a r l y  synthes ized .  

2 - M e t h y l - 3 - c a r b e t h o x y - 6 - ( ~ - t h i e n y l ) p y r y l i u m  P e r c h l o r a t e .  A total  of 1 ml  (0.01 mole) of 70% p e r -  
ch lor ic  acid, 1.3 g (0.01 mole) of 2-acetothienone,  and 1.8 g (0.01 mole) of I were  added dropwise  with cool -  
ing to 4 ml  of acet ic  anhydride.  The mix tu re  began to c rys t a l l i ze  on standing for  2 h. The prec ip i ta te  was 
f i l te red  and washed with a sma l l  amount of acet ic  acid and e the r  to give 1.6 g (50%) of sa l t  with mp 188 ~ 
(from acet ic  acid). IR spec t rum:  1724, 1620, 1565, 1478, and 1102 cm -1. Found %: C 44.8; H 3.8; C1 9.9; 
S 8.9. ClaHI3C1OTS. Ca lcu la t ed%:  C 44.7; H 3.7; C1 10.2; S 9.2. 

2 - M e t h y l - 3 - c a r b e t h o x y - 6 - s t y r y l p y r y l i u m  perch lo ra te  was s i m i l a r l y  synthes ized .  

2 - M e t h y l - 3 - c a r b e t h o x y - 7 - h y d r o x y c h r o m y l i u m  P e r c b l o r a t e .  A total  of 1 ml  (0.01 mole) of 70% p e r -  
chlor ic  acid was added dropwise  with cooling and s t i r r i ng  to a mix tu re  of 4 ml  of acet ic  anhydride,  1.8 g 
(0.01 mole)  of I, 1.1 g of r e so rc ino l ,  and 15 ml  of absolute e the r .  The prec ip i ta t ion  of a c rys ta l l ine  product  
was immed ia t e ly  obse rved .  Af ter  30 rain, the mix tu re  was diluted with 40 ml  of absolute e ther ,  and 1.6 g 
(48%) of s i l v e r y - g r a y  p la tes  with mp 184 ~ (from acet ic  acid) was obtained by f i l t ra t ion.  IR spec t rum:  1724, 
1625, 1580, 1555, 1468, 1422, and 1105 cm -1. Found%: C 47.0; H 4.0; C1 10.4. C13HI3C108. Calcula ted %: 
C 46.8; H 3.9; C1 10.7. 

2 - S t y r y l - 3 - c a r b e t h o x y - 6 - p h e n y l p y r y l i u m  P e r c h l o r a t e .  A mix tu re  of 3.4 g (0.01 mole) of 2 - m e t h y l - 3 -  
c a rbe thoxy -6 -pheny lpy ry l i nm pe rch lo ra t e  and 1.6 g (0.015 mole) of benzaldehyde in 6 ml  of glacia l  acet ic  
acid was ref luxed for  1.5 h, cooled, and poured into 100 ml  of absolute e ther .  The mix tu re  was allowed to 
s tand overnight  in a r e f r i g e r a t o r  to give 4 g (93%) of fine red  c r y s t a l s  with mp 193 ~ (from acet ic  acid).  IR 
s p e c t r u m :  1722, 1634, 1618, 1570, 1559, 1480, 1405, and 1103 cm -i .  Found %: C 61.4; H 4.4; C1 8.0. 
C22H19C107. Calcula ted  %: C 61.2; H 4.4; C1 8.2. 

2 -Methy l -6 -pheny lpy ry l ium P e r c h l o r a t e .  A mix tu re  of 3.4 g (0.01 mole)  of 2 - m e t h y l - 3 - c a r b e t h o x y -  
6 -phenylpyry l ium pe rch lo ra t e ,  20 ml  of acet ic  acid, and 12 ml  of concent ra ted  hydrochlor ic  acid was r e -  
fluxed for  2.5 h, cooled,  1 ml  (0.01 mole) of 70~c pe rch lo r i c  acid and 20 ml  of e the r  were  added, and the r e -  
sulting mix tu re  was al lowed to stand overnight  in a r e f r i g e r a t o r  to give 0.6 g (13%) of sa l t  with mp 139 ~ 
(from acet ic  acid) [4]. 

The IR s p e c t r a  of m i ne ra l  oil pas tes  of the synthes ized  s amp le s  were  obtained with an IKS-14 s p e c -  
t r o p h o t o m e t e r  at 600-1800 cm -1 (NaC1 p r i s m) .  
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