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A method is p roposed  for  the synthes is  of 2 ,6-d iphenyl -sabs t i tu ted  py ry l ium sa l t s  and 7- 
hyd roxy-4 -e thoxych romyl ium sa l t s  with var ious  anions on the bas i s  of the condensation of 
ethyl o r tho fo rmate  with a l i p h a t i c - a r o m a t i c  ketches  in the p r e s e n c e  of acid ca ta lys t s  (hydro- 
gen chloride,  hydrogen b romide ,  hydrogen iodide, and 92~o sulfur ic  acid~ and Lewis acids 
(aluminum chloride,  f e r r i c  chlor ide,  and stannic chloride).  

The p rev ious ly  desc r ibed  methods for  the synthes is  of 2 ,6-diphenylpyryl ium sal ts  which have an active 
T -posi t ion were  based  on the condensat ion of phenylpropargyl  aldehyde or fl -chlorovinyl  phenyl ketone [2] 
with acetophenone. La te r  a method was found for p r epa r ing  2 ,6 -d ia ry l - subs t i tu t ed  pyry l ium sa l t s  by  con-  
densat ion of ethyl o r th fo rma te  with a l i p h a t i c - a r o m a t i c  and he te rocyc l i c  ketones in the p r e s e n c e  of pe rch lo -  
r ic  acid or  boron t r i f luor ide  e thera te  [3]. 

In this p a p e r  we p ropose  a method for obtaining 2 ,6-diphenyl-subs t i tu ted  pyry l ium sal ts  and 4-e thoxy-  
eh romyt ium sa l t s  on the  bas i s  of the condensation of ethyl o r thoformate  with a l i p h a t i c - a r o m a t i c  ketones 
(acetophenone and 2,4-dihydroxyacetophenone)  in the p r e sence  of var ious  acid ca ta lys t s  (hydrogen chloride,  
hydrogen b romide ,  hydrogen iodide, and concent ra ted  sulfur ic  acid) and s t rong and weak Lewis acids (alu- 
minum chloride,  f e r r i c  chlor ide,  and stannic chloride).  

As was p rev ious ly  shown in [3], the in t e rmed ia te s  in this reac t ion  a re  the p e r c h l o r a t e s  of dialkoxy-  
ca rbon ium ions which have C-a lkyla t ing  ability and are  obtained by the reac t ion  of ethyl o r thoformate  with 
anhydrous pe rch lo r i c  acid. 

We have obse rved  that  not only the pe r ch lo ra t e s  of the d ia lkoxycarbonium ions, but a lso  their  chlor ides ,  
b r o m i d e s ,  iodides, sulfates ,  etc.  can be  C-alkyla t ing agents in this react ion  (Table 1); this opens poss ib i l -  
i t ies for  the development  of a v e r y  s imple  and convenient method for  the synthes is  of 2 ,6 -d ia ry l - subs t i tu t ed  
py ry l ium sa l t s  with the indicated anions according  to the scheme  

c l t ( 0 % )  + l tx  - ~  [Cl t (OR)2~OX 0 ~ r o l l  

C H \  x O  or/~+ -or H~c/c"~i. .• 
-- 2 ROH J -- H20 H5C6 / C~H5 

H5c6 /C~o  o~C~c6H5 -- ltX HsCfi "/ ~O o /~C\c6H5 

x~cl-, Br. I;nsO~, a!cl), FeCl~, %SnCI~ 

Of significant interest is the fact that the dialkoxyearbonium chlorides, bromides, and iodides have 
high C-alkyla t ing abili ty;  alkylation of a l i p h a t i c - a r o m a t i c  ketones with these  sa l t s  is read i ly  accompl ished  
under  compa ra t i ve l y  mild  conditions in the absence  of any F r i e d e l - C r a f t s  reac t ion  ca ta lys t s .  The reac t ion  
is ca r r i ed  out with heat ing (60-75 deg) for  1 h of a mix tu re  of components  with subsequent bubbling of ga s -  
eous hydrogen halide through the m i x t u r e  for  3 to 6 h. The yields of the sa l t s  d e c r e a s e d  cons ide rab ly  on 
shor tening the t ime  of pa s s age  of the hydrogen halides.  
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T A B L E  1. C h a r a c t e r i s t i c s  of t he  S y n t h e s i z e d  C o m p o u n d s  

poun  C~ X /mp..C {  ppOaranco  m   ical ormuIa Fo..d,, O/o, I Calr162 ~ . I Yield, 

I Cl 

II Br 

llI I 
i 

IV 'HS04 

V AICI~ 

VI FeCI4 

VII V2SnCI6 

113 

182 

152 

169 

300 

182--183 

268 

Light-rose plates 

IAght-brown plates 

Dark-violet plates 

yellow-brown plates 

C2range plates 

Red-violet plates 

yellow needles 

C6H5/~NC68 s 
X@ 

CI7HIoC!O 

ClvHi~BrO 

ClvHl3IO 

C17H1405S 

CITHI3AICI40 

C1vH13CI4FeO 

C3M~CI60~Sn 

75,4 

64,9 

56,4 

61,8 

4,7 

3,9 

3,2 

4,0 

12,5 

25,0 

35,0 

S 8,9 

A1 8,1 

Fe 12,1 

Sn 12.l 

76,0 

65,2 

56,7 

61,8 

4,8 

4,2 

3,6 

4,3 

13,2 

25,5 

35,2 

S 9,1 

AI 8,7 

Fe 13,0 

Sn 14,9 

63 

20 

80 

92 

97 

93 

68 

VIII 

IX 

X 

XI, 

Cl 

7 r 

FeCb, 

211 Ligixt-brown needles 

2'85. Dark-brown needles 

189--190 Dark-violet needles 

300 Red-brown plates 

C21't s 

X@ 
CnHuCIO~'H20 

ClIHuBr03 

CnHnlOs 

' CuHuCI4FeOa 

53,7 

48,3 

43,6 

4,9 

3,7 

3,I 

13,8 

29,0 

37,6 

Fe 14,0 

54,0 

48,7 

43,7 

5,3 

4,0 

3,3 

14,5 

29,5 

38,4 

Fe 14,3 

70 

70 

95 

60 

T A B L E  2. M a j o r  A b s o r p t i o n  B a n d s  in t h e  IR S p e c t r a  of  2 , 6 -  

D i p h e n y l p y r y l i u m  and  7 - H y d r o x y - 4 - e t h o x y c h r o m y l i u m  S a l t s  

COITI - 
pound 

I 
II 

IIt 
IV 
V 

VI 
VII 

VIII 
IX 
X 

XI 

Major vibration bands of the pyrylium r-m~ em-: 
8a 

1616 
1618 
1616 
1620 
1618 
1618 
1618 
1625 
1631 
1626 
1626 

sb 

1540 
1567 
1538 
1515 
1536 
1540 
1546 
1568 
1578 
1572 
1580 

19a 

1462 
1484 
1460 
1497 
1446 
1460 
1460 
1461 
1463 
1464 
1463 

19b 

1443 
1410 
1412 
1410 
1410 
1410 
1410 

i Vibrations of 
the benzene 
ring, crn71 

1592 
1596 
1588 
1595 
1600 
1580 
1596 
1606 
1592 
1611 
1602 

Vibrations of the 
alkoicy group, 
cm --  

1240 
1260 
1240 
1259 

T h e  s t r u c t u r e s  of t h e p y r y l i u m s a l t s  w e r e  p r o v e d  b y  c o n v e r t i n g  t h e m ,  b y  t h e  a c t i o n  of a m m o n i u m  h y -  
d r o x i d e ,  to  2 , 6 - d i p h e n y l p y r i d i n e  and,  by  r e a c t i o n  w i t h  700 p e r c h l o r i c  a c id ,  to  t h e  p r e v i o u s l y  d e s c r i b e d  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  [1-3] .  

U n d e r  s i m i l a r  c o n d i t i o n s  7 - h y d r o x y - 4 - e t h o x y c h r o m y l i u m  s a l t s  a r e  f o r m e d  in h igh  y i e l d s  b y  t h e  c o n -  

d e n s a t i o n  of  2 , 4 - d i h y d r o x y a c e t o p h e n o n e  w i t h  e t h y l  o r t h o f o r m a t e .  

O%H 5 

n o / - . . : / \ o ,  nx no / xO 
x~ cJ: st: I-,rect; 

T h e  s t r u c t u r e s  o f  t h e  c o m p o u n d s  o b t a i n e d  w e r e  p r o v e d  b y  c o n v e r t i n g  t h e m  to  t h e  p r e v i o u s l y  d e s c r i b e d  

p e r c h l o r a t e  [4] and to  t he  c o r r e s p o n d i n g  7 - h y d r o x y c h r o m o n e  b y  the  a c t i o n  of w a t e r .  

T h e  IR  s p e c t r a  o f  t h e  s y n t h e s i z e d  s a l t s  ( T a b l e  2) c o n t a i n  i n t e n s e  a b s o r p t i o n  b a n d s  w h i c h  c o r r e s p o n d  

to  the  v a l e n c e  v i b r a t i o n s  of  the  p y r y l i u m  and b e n z e n e  r i n g s .  
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E X P E R I M E N T A  L 

2,6-Diphenylpyrylium Sulfate. Concentrated (92%) sulfuric acid [4 ml (0.08 mole)] was added to a so- 

lution of 2.4 ml (0.02 mole) of acetophenone in 20 ml of freshly distilled ethyl orthoformate. The solution 
was allowed to stand for 12 h and then diluted with ether. The resulting yellow-brown crystals, which fluo- 
reseed strongly, both in solution and in the solid state, were filtered to give 3.1 g (92%) of a product with 
mp 169 deg (from glacial  acetic acid). 

2 ,6-Diphenylpyryl ium Chloride. ,~ mix ture  of 2.4 g (0.02 mole) of acetophenone and 20 ml of f resh ly  
dis t i l led ethyl o r thoformate  was heated for  1 h on a water  bath at 60 deg with pas sage  of a s t r e a m  of hydro-  
gen chlor ide through the mixture .  The solution was then sa tura ted  for  another 2 h with hydrogen chloride 
and allowed to stand for  12 h. P a l e - r o s e  p la tes  fo rmed  on ex t r eme  dilution with e ther  and were  f i l tered 
and dried. 

2 ,6-Diphenylpyryl ium perch]o ra te  fo rmed  in quanti tat ive yield by t r e a t m e n t  of the solution of the chlo- 
r i d e i n g l a c i a l  acet ic  acid with 70% pe rch lo r i c  acid. The orange c r y s t a l s  had mp 220 deg [3]. This sample  
did not dep re s s  the mel t ing  point of an authentic sample  of 2 ,6-diphenylpyryl ium pe rch lo ra t e .  2 ,6-Diphenyl-  
pyridine was obtained in 86% yield by t r e a t m e n t  of the chlor ide with ammonium hydroxide and had mp  81 deg 
[5]. 

7 -Hydroxy -4 -e thoxych romyl ium B r o m i d e . . 4  solution of 1.52 g (0.01 mole) of 2 ,4-d ihydroxyace tophe-  
none in 30 ml of f r e sh ly  dis t i l led ethyl o r thoformate  was heated for 1 h at 70 deg on a water  bath while 
pass ing  a s t r e a m  of hydrogen b romide  through the mix ture .  The solution was then sa tu ra ted  for  another 
6 h with hydrogen b romide  and allowed to stand for  12 h. Ex t reme  dilution of the mix tu re  with e ther  yielded 
brown c ry s t a l s  which were  f i l tered,  washed with e the r ,  and dried to give 1.9 g (70%) of a product  with mp 
285 deg (from alcohol)~ 

.4 quantitative yield of 7 -hydroxychromone  with mp 218 deg [4] was fo rmed by heating the b romide  
with water .  

1. 

2. 
3. 
4. 
5. 
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