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P y r y l i u m  sa l t s  having no subst[ tuents  in posi t ion 4 r e a c t  with a r o m a t i c  and h e t e r o a r o -  
ma t i c  compounds fo rming  4 - a r y l -  and 4 -he t e ry lpy ry l i um der iva t ives .  The r eac t ion  
takes  p lace  through the s tage  of the fo rmat ion  of a py ran  which,  with an excess  of the 
init ial  py ry l ium sa l t ,  spl i ts  out a hydr ide  ion, a romat i z ing  into a t r i subs t i tu ted  py ry l i um 
cation. 

The e l ec t ron  densi ty  in 2 ,4 ,6- t r i subs t i tu ted  py ry l ium sa l t s  (with equivalent  substi tuents)  is such that 
nucleophil ic a t t ack take  s place p redominant ly  in the ~ posi t ion of the py ry l ium cation. Almos t  all  the t r a n s f o r -  
mat ions  of py ry l i um  sa l t s  (into py r id ines ,  subst i tu ted benzenes ,  azu lenes ,  etc.) a re  b a s e d  on this [1, 2]. 
If, however ,  the ~ posi t ion is  not subst i tuted,  nucleophilic a t tack  in posi t ion 4 is poss ib le .  Thus,  benzy l -  
m a g n e s i u m  b r o m i d e  and n i t romethane  (in the p r e s e n c e  of p o t a s s i u m  ter t -butoxide)  add to posi t ion 4 of 
2 ,6 -d iphenylpyry l ium sa l t s  [3]. Wizinger  et al .  [4, 5] have  condensed 7-unsubs t i tu ted  py ry l i um and th i a -  
py ry l ium sa l t s  with compounds containing act ive methylene groups  in the p r e s e n c e  of sodium ace ta te .  

On the ba s i s  os the genera l  ideas of the theory  of e lec t rophi l ic  subst i tut ion reac t ions  with the f o r m a -  
t ion of c a r b o n - c a r b o n  bonds,  it may  be  a s sumed  that py ry l ium sa l t s  having no subst i tuents  in at l e a s t  one 
of the a and ~/ posi t ions  will  r e a c t  with r e a c t i v e  a roma t i c  and he te rocyc l i c  compounds in the manner  of an 
e lec t rophi l ic  subst i tut ion:  

u 
] 

Attempts to perform such a reaction in benzene or toluene (for convenience in separating the prod- 
uct A from the unchanged pyrylium salt) did not give the expected result. However, in polar solvents (di- 
methylformamide, acetic acid), o~, 7-unsubstituted salts react with many aromatic and heterocyclic com- 
pounds with the formation of trisubstituted pyrylium salts. Thus, 2,6-diphenylpyrylium perch/orate readily 
acts with l-methylindole even without a catalyst; however, contrary to expectations, this forms the crys- 
talline 4-(l-methylindol-3-yl)-2,6-diphenylpyrylium perchlorate, l-Methylpyrrole, l-ethylindole, etc., 
react similarly. In a study of the reaction mechanism, it was found that the pyran formed as an intermedi- 
ate spl i ts  out a hydr ide  ion in the p re sence  of an excess  of 2 ,6-d iphenylpyry l ium pe reh lo ra t e ,  being con-  
ve r t ed  into a py ry l i um  cation in the following way: 
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The last  stage is confirmed by the fact that the 1,5-diketone obtained f rom 3-formyl-l-methylindole and 
acetophenone by a known method splits out hydride ion when it is boiled with 2,6-diphenylpyrylittm per-  
chlorate in dimethylformamide and undergoes aromatization into an indolyl-substi t~ed pyrylium salt 
identical with that obtained by the dehydrogenation of this diketone with triphenylmethyl perchlorate and 
with the salt obtained by the pyrylation of 1-methylindole with the diphenylpyrylittm cation: 

ph/ "OCV \Ph / Ph/'l~"O l'~Ph \ 
ClO~ ClO~ 

Under s imilar  conditions, the 1,5-diketone obtained from p-dimethylaminobenzaldehyde and acetophenone 
gives a 20 R yield of 4- (p-dimethylaminophenyl}-2,6-diphenylpyrylinm perchlorate.  The proposed pyryla-  
tion mechanism is also confirmed by the isolation from the reaction mixture of 2,6-diphenyl-4H-pyran, 
identified by its conversion into 2,6-diphenylpyrylium perchlorate.  

The splitting off of a hydride ion by a pyrylium cation is possible only if there is a sufficiently high 
electron density in the ~/position of the pyran A (one greater  than in a ~/-unsubstituted pyran). In agree-  
ment with this, phenol ethers,  dialkylanilines, 1-alkylindoles, and 1-tetrahydroquinolines, and also nitrogen 
heterocycles ,  readily undergo the pyrylation reaction with the formation of the corresponding pyrylitun 
salts.  

The high yields of the end-products (see Table 1}, excluding the presence of any appreciable amounts 
of the intermediate pyran, show that the limiting stage in this synthesis is the pyranylation reaction and not 
the hydride t ransfer .  In accordance with the mechanism of an electrophilic reaction, electron-donating 
substituents orient the electrophilic attack of the pyryliura cation to the para position of the aromatic nu- 
cleus. This was shown by the independent synthesis by known methods of a number of compounds: 4-(1- 
methylindol-3-yl} -2,6-diphenylpyrylium perchlorate,  4- {para-dimethylaminophenyl)-2,6-diphenylpyrylium 
perchlorate ,  etc. 

Pyrylation takes place readily on boiling (30 min-2 h) a mixtttre of the reactants in a polar solvent, 
and the end-products are  generally isolated by the addition of ether to the cooled reaction mixture. 

Dimethylformamide and acetic acid have proved to be the most suitable solvents for this reaction, 
but in dimethylformamide the pyrylation of some compounds takes place more rapidly and with higher 
yields. Some compounds (for example, the dimethyl ether of resorcinol) do not undergo pyrylation in acetic 
acid. 

Some time ago, Wizinger et al. [4, 5], condensing ~-unsubstituted benzopyrylium and thiapyrylium 
salts with compounds containing active methylene groups in boiling acetic acid in the presence of anhydrous 
sodium acetate in order  to obtain cyanine dyes, mechanically t ransfer red  this method to the condensation of 
the salts mentioned with dimethylaniline. Proposing the reaction mechanism 

CH3COONa? [ S / - ~  C8 HS N (CHs)2 + l..l CIO4 + C6HsN(CH3)2 I/k~/" "H 

ClO~ B 

\ / 

CIO~ 
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TABLE I 

Mp,~ 3 o  ~ 

i 
I 4-Dlmethylamino- i 380 

[ phenyl (dec.) 
II 4=DiethylamLnophenyl 280--1 
Ill [ 4-Piperfdinophenyl 265--6 
IV 1,4-Diphenvlpiperazine- 300 

4',4"-diy~ (dec.) 
V 2,4-Dimethoxyphenyl 258--9 
VI 2,4,6-Trimett/oxyplienyl 150--3 
VII 2,4-Dihydroxyphenyl 249--5( 
VIII[ 2,4,6 -Trihydr oxyphenyl 1~5--6 
IX 1 -Methyltetrahydro - 279--8( 

quinorin-5 -yl 
X 1 -Ethyltetrahydro- 262--3 

quiffolin-5-~rI 
XI 1-Methyl-2,3-dihydr o- 285--6 

indol-5-X1 
X~I I -EthyI-2,3-dihydro- !295--6 

indo'l-5 -yl 292 
XIII [ 1 -Meth~lindol-3 -yl 
XIV 1-Ethylmdol-3-yl 1254--5 
XV 1-Methylpyrrol-2-yl 1250--1 

R 

.l~h/~Ph 
c,o; 

Empirical 
for mula c 

Found, % 

H Ci]N 

Caloulated, % I ~  

C 1 H CI 

C25H22CINO~ 

C27H~C1NO5 
C28H26CINO5 
CsoH4oCI2NaO 

C25H21CIOv 
C26H~CIO8 
C23HITCIOv 
C~HITCIO8 
C27H24CINO5 

C28H26CINO5 

C~H~,CINO5 

[C27H~4C INO5 

C~H~oC1NO5 
C~TH~C1NOs 
C2~HIsC1NOB 

67021497 ] 6 1284 6652]492787 
, 8,434,107,5715, 4 1744 67235,8217, - -[  , i ,  2 , 

69 06 5,34J,37 -- [68,43 5,29 7,23 
67 544 81 7,76 - -  66.7614,45~7,89 

54,76!4 82 7,50 -- 64,1014,49!7,58 
51 714 77 7,20 -- 62,38 4,61 7,12 
 2:04 4088,55,  - 6266,386 807 
59 9ff4 09 7 28 -- 60 40 3'72777 
58147~5',17 7133 -- r67',9215'03'!7'44 

70261544[729 - 7046529723 
57,88i4,92 7,97 2 95 67,38 4 75 7,66 

67,97 5,32 7,40 -- 167,92 5,03 7,44 

6764!4558063 19 6768434177C 
68,57i5,04 7[40 3,21i68 21 4,63i7 47 
64,3614,4519,2713,60164,23i4,38i8,65 

3,10}91,0 

-- ,78,0 
- -  , 1 2 , 2  

-- ,11,1 

- -  , 6 4 , 0 ,  

- -  ,15,1 
-- ,63,6 
--53,5 
-- ,77,7 

37,5 

3,02 86,6 

- -  92,0 

3,05191,2 
2,94 88.6 
3.40185,3 

the au thor s  expla ined  the c o n v e r s i o n  of the i n t e rmed ia t e  p y r a n  B into a p y r y l i u m  sal t  as  be ing  the r e s u l t  
of oxidat ion with a t m o s p h e r i c  oxygen.  This  hypo thes i s  has  p r o v e d  to be e r r o n e o u s ,  s ince ,  we have found,  
the condensa t ion  of y - u n s u b s t i t u t e d  p y r y l i u m  sa l t s  with d ia lkylanf l ines  takes  p lace  iden t ica l ly  (with the 
s a m e  r a t e s  and yie lds)  in the p r e s e n c e  of a t m o s p h e r i c  oxygen and in an a t m o s p h e r e  of o x y g e n - f r e e  n i t rogen .  
The addi t ion of sod ium ace t a t e  to  th is  condensa t ion  is ob l i ga to ry ,  s ince  it  s c a r c e l y  af fec ts  the c o u r s e  of  
the r e a c t i o n .  Thus ,  the  condensa t ion  d e s c r i b e d  by  W i z i n g e r  e t  al.  [4, 5] is idenficM with  the p y r y l a t i o n  r e -  
ac t ion  d i s c u s s e d .  This is c o n f i r m e d  by  the i so la t ion  of 2 , 6 - d i p h e n y l - 4 H - p y r a n  f r o m  the r e a c t i o n  m i x t u r e  
(condensa t ion  of  2 , 6 - d i 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  with d imethy lan i l ine  a c c o r d i n g  to Wtz inge r ) .  

The t r i s u b s t i t u t e d  p y r y l i u m  sa l t s  tha t  we have  obta ined  have  s i m i l a r  p r o p e r t i e s  to those  a l r e a d y  
known (see ,  f o r  example ,  [6, 7]) ; when  a m m o n i a  is p a s s e d  into an e thanol ic  su spens ion  of  such  sa l t s  they  
a r e  c o n v e r t e d  s m o o t h l y  into the c o r r e s p o n d i n g  pyr id ines  (the p r o p e r t i e s  of some  of the  pyr id ine  a r e  g iven 
in Table  2). 

Appa ren t l y  the  p y r y l a t i o n  r e a c t i o n  is a g e n e r a l  one;  h o w e v e r ,  if the nuc leophi le  is i ncapab le  of c r e a t -  
ing the  r e q u i r e d  e l ec t ron  dens i ty  on the y - c a r b o n  a t o m  of the  p y r a n  A, the r e a c t i o n  m a y  s top at this  s t age  
(pyranyla t ion) .  

The IR s p e c t r a  of  the compounds  obtained show a s e r i e s  of c h a r a c t e r i s t i c  bands  which  can  be  used  
fo r  t he i r  iden t i f i ca t ion  (Table 3). 

The m o s t  c h a r a c t e r i s t i c  changes  in the s p e c t r a  of  the compounds  c o n s i d e r e d  a r e  to be found in the 
1650-1400 c m  -1 r e g i o n ,  w e r e  t h e r e  is a g roup  of bands  of  the  s y m m e t r i c a l  and a n t i s y m m e t r i c a l  s t r e t c h i n g  
v ib ra t ions  of the p y r y l i u m  ca t ion  and of the a r o m a t i c  subs t i tuen t s .  A s t r o n g  band  in the 1620-1650 c m  -1 
r e g i o n  (not ove r l apped  by  o the r  bands)  c o r r e s p o n d s  to s y m m e t r i c a l  s t r e t c h i n g  v ib ra t ions  of the p y r y l i u m  
r ing  (8a in W i l s o n ' s  c l a s s i f i c a t i o n  [8]). The band of the  8b a n t i s y m m e t r i c a l  s t r e t c h i n g  v ib ra t ions  in the 1520-  
1540 c m  -1 r e g i o n  (see Table  3) is a l so  e x t r e m e l y  c h a r a c t e r i s t i c  f o r  the ident i f ica t ion  of the  p y r y l i u m  r ing .  
The s e p a r a t i o n  of the  8a and 8b bands  (AUsa b = V~a - ~ab) amounts  to  90-115 c m  - l ,  i .e . ,  it is  c lose  to the  
va lues  of 8a-Sb in the  s p e c t r a  of o the r  subs t i tu ted  p y r y l i u m  sa l t s  [9, 10]. The r e s u l t s  given in Tab le  3 do 
not p e r m i t  any kind of c o r r e l a t i o n  be tween  the  shift  of the  8a and 81o bands  and the s tabi l i ty  of the p y r y l i u m  
ring. 
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T A B L E  2 

COiTI - 

pound 

XVI 
XVII 

XVIII 

XIX 
XX 

4-Dimethylaminophenyl 
1-Methyltetrahydro- 

quinorin-5-yl- 
1-Meth~1-%3-dihydro- 

indol-5-yl 
1-Methylihdol-3-yl 
1-Methylpyrrol-2-yl 

R 

p h / ~ \ P h  

mp. ~ 
(~om ..Iformula ernanol) / 

C2~HmN2 138 C27H24N~ 124--5 

151 C26H~N2 

144,5 C2~H2oN~ 
138 C~HIsN2 

Found, % 
c ] H 

86,19 6,36 
86,08 6,84 

86,62 5,91 

86 53" 85:781 5,50 5,83 

t Calculajed % 
N C [ H N 

8,5  6, 8 8,00 
6,86 6,38 7,44 

- -  86,19 6,07 -- 

7,93 8856:9~ 5,55 7,48 
5,80 -- 

T A B L E  3. I R  S p e c t r a  of  t h e  P y r y l i u m  Sa l t s  S y n t h e s i z e d  

Corn- Vibrations of the pyrylium ring Vibrariom of the benzen, ring 

pound 8a 8b Jga 19b 8a 8b 19a 19b 

I 

II 
III 
1V 
V 

VI 
VII 

VIII 
IX 
X 

XI 
XII 

XIII 
XIV 
XV 

1645s 
1620m 
1645s 
1630m 
1630m 
1625s 
1630infl 
1660m 
1645m 
1645m 
1643m 
1650m 
1640s 
1635s 
1618s 

t530s 
1532m 
1520m 
1535infl 
1540m 
1520infl 
1540infl 
1530infl 
1530m 
1530s 
1530m 
154om , 
1545s 
1535s 
1530s 

1475s 
1490s 
1490s 
1488s 
1490s 
1488s 
1486s 
1485s 
1485s 
1489s 
1487s 

1486s 
1478s 

1425s 
1425s 
1420infl 
1425s 
1420m 
1420m 
1420m 

1415m 
1425m 
1417s 
1425infi 
1425s 
1435m 
1410m 

1595infll 1557m 
I~0m I 1555 s 
16{)0s I 1550m 
1590infl/ 1570s 
1600s I 1560m 
1600tntll 1575infl 
15n)s I 1570s 
1600s I 1575s 
m(Jos I 1550m 
]600s I 1550m 
m02s I 1542m 
I51U~ I - -  

1590m I - -  
1609inlll --  

1565m 

1495s 

1520m 
1517m 
1490s 
1518m 
1517m 
1488s 
1490s 
1500s 
1503s 
1500s 

1503infl 

1450mfl 
1445in 
1440infl 

1445m 

1445m 
1445m 
1445infl 
1440m 
1440infl 
1445m 
1450infl 
1445m 
1440w 

* The  n u m b e r s  c o r r e s p o n d  wi th  t h o s e  in T a b l e  1. 

F a i r l y  s t r o n g  b a n d s  in the  1480-1490 and 1410-1425 c m  -1 r e g i o n  can  b e  a s c r i b e d  to the  s y m m e t r i c a l  
and  a n t i s y m m e t r i c a l  s t r e t c h i n g  v i b r a t i o n s  of  a h e t e r o c y e l e  of  t y p e s  19a and  19b, r e s p e c t i v e l y ,  in W i l s o n ' s  
c l a s s i f i c a t i o n  [8]. T h e y  m a y  a l s o  be  u s e d  to  c o n f i r m  the  p r e s e n c e  of  a p y r y l i u m  ca t ion .  

The  g r o u p s  of  b a n d s  in the  1600 and 1550-1570 e m  -1 r e g i o n s  (8a and 8b) and the  1490-1500 and 1440-  
1450 c m  -1 r e g i o n s  (19a and 19b r e s p e c t i v e l y )  a r e  c o n n e c t e d  wi th  the  a b s o r p t i o n  of t he  pheny l  s u b s t i t u e n t s .  
Band  8b h a s  no i n d e p e n d e n t  va lue  fo r  i d e n t i f i c a t i o n .  Band  8a,  the  s t r o n g  b a n d  of C = C s y m m e t r i c a l  s t r e t c h -  
ing v ~ r a t i o n s  of t he  b e n z e n e  r i n g  ( 1 9 0 ,  and  the  m i d d l e  band  of the  a n t i s y m m e t r i c a l  v i b r a t i o n s  (19b) (ap-  
p e a r i n g  h e r e  in t he  f o r m  of i n f l ec t i ons )  can  b e  u s e d  fo r  the  i d e n t i f i c a t i o n  of pheny l  s u b s t i t u e n t s .  

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

The IR s p e c t r a  o f  t h e  c o m p o u n d s  s y n t h e s i z e d  w e r e  t a k e n  in p a r a f f i n  o i l  on a UR-10  s p e c t r o p h o t o m e t e r .  

4 - ( 2 , 4 - D i m e t h o x y p h e n y l ) - 2 , 6 - d i p h e n y l p y r y l i u m  P e r c M o r a t e  (V).. A s o l u t i o n  of 3.3 g (0.01 mole)  of  
2 , 6 - d i p h e n y l p y r y l i u m  p e r c b l o r a t e  and 1.4 g (0.01 mole)  of the  d i m e t h y l  e t h e r  of  r e s o r c i n o l  in  20 m l  of d r y  
d i m e t h y l f o r m a m i d e  w a s  h e a t e d  a t  the  b o i l  f o r  2 h. The coo l ed  r e a c t i o n  m i x t u r e  w a s  t r e a t e d  wi th  50-70 m l  
of e t h e r  and  l e f t  to  c r y s t a l l i z e  in  the  r e f r i g e r a t o r .  The  r e s u l t i n g  b r o w n  c r y s t a l l i n e  m a t e r i a l  was  f i l t e r e d  
off and  w a s  w a s h e d  w i th  co ld  a c e t i c  a c i d  and  wi th  e t h e r .  Y ie ld  1.5 g (64%), m p  258-259~ ( f r o m  n i t r o -  
m e t h a n e ) .  

4 - ( 1 - M e t h y l - 2 , 3 - d i h y d r o i n d o l - 5 - y l ) - 2 , 6 - d i 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  (XI). A m i x t u r e  of  3.3 g (0.01 
mole )  of  2 , 6 - d i 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  and 0.7 g (5.3 m m o l e )  of 1 - m e t h y l i n d o l t n e  in 20 m l  of d r y  d i -  
m e t h y l f o r m a m i d e  w a s  b o i l e d  f o r  45 ra in .  A f t e r  c o o l i n g ,  the  p r o d u c t  f o r m e d  c r y s t a l l i z e d ,  and i t  w a s  f i l -  
t e r e d  of f ,  w a s h e d  wi th  e t h e r ,  and  d r i e d .  Y ie ld  2.0 g (86.6%), rap  285-286~ ( f rom n i t r o m e t h a n e ) .  
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The pyrylation of N-substituted anilines, indole s, pyr ro les ,  indolines, and tetrahydroquinoline s and 
of phenol ethers and other compounds (Table 1} was car r ied  out similarly.  Some of the compounds ob- 
tained were converted into the corresponding pyridines (Table 2) by the usual methods. 

4-(1-Methylindol-3-yl)-2,6-diphenylpyrylium Perchlorate  (XIII). A mixture of 3.3 g (0.01 mole) of 
2,6-diphenylpyrylium perchlorate and 1.3 g (0.01 mole) of 1-methylindole in 50 ml of glacial acetic acid 
was boiled for 3 h. The initial pyrylium salt f i rs t  dissolved, and then the pyrylium perchlorate product 
precipitated. After cooling, it was fi l tered off, washed with a small amount of cold acetone and with ether,  
and dried. Yield 1.0 g (43.4%), mp 292~ (from nitromethane). It gave no depression of the melting point 
with an authentic sample [6] of 4-(1-methylindol-3-yl)-2,6-diphenylpyrylium perchlorate.  

Similarly, dimethylaniline was pyrylated in acetic acid with a yield of 48.7%. 

2,6-Diphenyl-4H-pyran was isolated f rom the reaction mixture (in the pyrylation of dimethylaniline 
and of 1-methylindole) by chromatography on a column of alumina with petroleum ether,  bp 40-60~ as 
the eluent; mp of the product 89-90~ (from petroleum ether).  Found, ~0: C 86.47; H 6.31. CtTH~40. Cal- 
culated, ~o: C 87.18; H 5.99. 
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