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Acylation of benzo[b] -2- fury l  acetone was used to synthes ize  2,9-disubst i tuted benzofuro[3,2-  
c ]pyry l ium pe rch l o r a t e s ,  which were  conver ted in high yields  to the cor responding  benzofu ro -  
[3 ,2-c]pyr idines .  The molecu la r  d i ag ram of the pyry l ium cation is examined.  The IR, UV, 
and NMR s pec t r a  of the synthes ized  compounds a re  d iscussed .  

P rev ious ly  one of us and c o - w o r k e r s  developed a genera l  method for the a t t achment  of pyry l ium and 
pyridine r ings  to compounds of the furan [1], thiophene [2], and indole [1, 3] s e r i e s  by catalyt ic  acylat ion of 
the cor responding  he te ry l  acetones  with acid anhydrides  in the p r e sence  of pe rch lo r i c  acid.  In the p re sen t  
paper ,  we r e p o r t  the r e su l t s  of an invest igat ion of the appl icat ion of this method for the p repa ra t ion  of 
py ry l ium and pyridine der iva t ives  of benzofuran.  We studied the acylat ion of benzo[b] -2- fury l  acetone,  
which was obtained by reduct ion [4] of the product  of alkal ine condensat ion of 2 - fo rmylbenzofuran  [5] with 
ni t roethane via the following scheme:  
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11 R=CH3; III R=CzHs; IV R=C3HT; V R=CGHs; VI R=CH2CsI-Is; VII R=p-CHaOC6H4; 
VIII R=3,4-(CH30)2C6H3; IX R=CH=CHC6Hs. 

It was shown that  2 ,9-d ia lkyl -subs t i tu ted  benzofuro[3 ,2-c]pyryl ium sal ts  (II-IV) a re  fo rmed in good 
yields  (Table 1) in ' the acylat ion of I with al iphatic  acid anhydrides  (acetic,  propionic ,  and butyric) .  

The acylat ion of I with a r o m a t i c  and a l i pha t i e - a roma t i c  acids in the p resence  of polyphosphoric  acid 
(PPA) proceeds  under  mild conditions,  and the 2 - a r y l - a n d  2 -a ra lky l -9 -me thy lbenzo fu ro [3 ,2 -c ]py ry l ium 
or thophosphates  fo rmed  in the reac t ion  a r e  readi ly  conver ted  to c rys ta l l ine  pe r ch lo ra t e s  upon the addition 
of 70% perch lo r i c  acid (Table 1). 
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TABLE 1 
R 
I 

\ C H  a 

CIO~ 

p [ Empirical 
formula 

Found, 
% 

161CIaHuCIOs 

151Cj4H~aCIO6 

UV Calc,, 1 iR spec-k~ect r  u~ lg 
% [rum. u, ~ - ~ - 1  -d 

II CHa 

11I C=Hs 

tV CaHr 142 C~sH~sC[O~ 

V C6Hs 195 C~sH~3CIOs 

vi CH2--C6H5 178 CI,HIsCIO6 

VII p-CHaO--C6H4 221 C19H~sGIOr 

VIII / 3,4(CH30)=C6Ha 271 C2aHtTCIOs 

/ 
IX / CH=CH--CsHs 232 C_~H~sC!Os 

/ J 

1652, 
1582, 
1454, 
1650, 
[580, 
1470, 
1652, 
i584, 
1460, 
1625, 
1555, 
1440, 
1644, 
1574, 
t090 
1640, 
1660, 
1500, 
1090 
1630, 
1560, 
1090 

1640, 
1660, 
1455, 

9,0 

8,4 

9,2 

TABLE 2. Chemical Shifts of the Protons of the Pyrylium Salts 

pg•d CHa,  
3, ppm 

II 3,15 

III 3,20 

IV 3,12 

V 2,65 
V I 2,60 

VII 2,60 

CH8 

1 2 
CHz--CHa 
1 2 3 

CHe--CHz--CHa 

C6Hs 
C~HsCH=CH 
3,4- (CHaO) C6H3 

3,51 Singlet 

3,86 i quartet 
1,88 2 triplet 
334 1 triplet 
2,07 2 sextet 
1,33 3 triplet 

3,61 Singlet (6H) 

a- Subst ituent 

~, ppml Signa 1char ac te t~  ] 

(7 ,5 

/ 7 0  7,88, 
8,38 

7,41, 
6,93, 
7,05, 

[1,9 

.1,4 

.0,9 

9,9 

9,5 

Aromatic protons, 

8, ppm 

7,8I, 7,91, 8,00, 8,17, 
8,20 
7,36, 7,57, 7,58, 7,64, 
7,76 

7,93, 8, I3, 8,28, 

7,50, 7,59, 7,67 
7,25, 7,75, 7,98 
7,28, 7,38, 7,61 

C ons 
% 

I0 

I0 

. I0 

7 

10 

10 

The s t r u c t u r e  of the compounds  was c o n f i r m e d  by IR and NMR s p e c t r o s c o p y .  The IR s p e c t r a  of the 
p y r y l i u m  s a l t s  con ta in  a b s o r p t i o n  bands  a t  1650 and 1530 em -1, which c o r r e s p o n d  to 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  s t r e t c h i n g  v i b r a t i o n s  of the h e t e r o r i n g .  The c h a r a c t e r i s t i c  bands  of the b e n z o f u r a n  r i n g  [6, 
7] a p p e a r  a t  1600-1622,  1270-1280,  and 1084-1110 c m  -1. The a b s o r p t i o n  band of the C104- an ion  i s  found 
at 1083-1095 cm - i .  

The s i g n a l s  of the oz ' -CH 3 g roup  (3H), the c h e m i c a l  sh i f t  of the p r o t o n s  of which depends  on the c h a r -  
a c t e r  of the  s u b s t i t u e n t  in the o~ p o s i t i o n  of the p y r y l i u m  r ing ,  a r e  o b s e r v e d  in the NMR s p e c t r a  of the s a l t s :  
in the  c a s e  of a l k y l  s u b s t i t u e n t s  (CH3, C2H5, and CaHT) , this  g roup  r e s o n a t e s  a t  6 3 .15-3 .22  ppm;  when the 
a l k y l  s u b s t i t u e n t s  a r e  ' r e p l a c e d  by a r y l  and a r a l k y l  s u b s t i t u e n t s ,  the s i gna l  of these  p ro tons  is  sh i f t ed  to 
s t r o n g e r  f ie ld  (2 .60-2 .65  p p m ) .  This  f ac t  i s  e x p l a i n e d  by s h i e l d i n g  of the CH 3 g roup  by the 7r e l e c t r o n s  of 
the b e n z e n e  r i n g  of the s u b s t i t u e n t  in the 2 pos i t i on .  Two s i n g l e t s  o f [he  p r o t o n s  ofc~- and a , - m e t h y l  g r o u p s  
a t ,  r e s p e c t i v e l y ,  6 3.15 and 3.51 ppm a r e  o b s e r v e d  in the s p e c t r u m  of 2 , 9 - d i m e t h y l b e n z o f u r o [ 3 , 2 - c ] p y -  
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Molecular diagram of the benzofuropyryl ium cation. 

NMR spec t rum of 2-s tyry l -9-methylbenzofuro[3 ,2-c]pyry l ium perchlora te  (in 
t r i f luoroacet ic  acid). 

r y l i u m p e r c h l o r a t e .  This so r t  of shift in the position of the signals of the methyl groups to weak field is due 
to the overal l  effect of their deshielding by the heteroatom of the pyryl ium ring and the 7r e lectrons of the 
benzofuran system.  Data on the chemical  shifts and spin-spin coupling constants of the pyryl ium salts are 
presented in Table 2. 

According to the resu l t s  of quantum-mechanical  calculations ~ of the pyryl ium cation (by the P a r i s e r -  
P a r r - P o p l e  method [8]), the maximum posit ive-charge densities are  observed on the 2 and 9 (a and a,) 
ca rbon  atoms,  and the negative charge is concentrated on the 8 carbon atom (Fig. 1). Since the positive- 
charge density is a maximum on the 2 carbon atom, attack by nucleophilic reagents  should occur pr imar i ly  
at  this position. We have shown that a salt  with a s tyryl  substituent in the 2 position is formed in the con- 
densation of 2 ,9-dimethylbenzofuro[3,2-c]pyryl ium perchlorate  with benzaldehyde in glacial acetic acid (IX): 

Ct l  3 C H =C I t - -C~ I ' I  5 

CH 3 CH 3 " x. P P A  2. H C 1 0  4 

c,o: cm;- 
i l  IX 

The assumption of the possibili ty of the formation of a mixture of two products or of a condensation prod-  
uct containing two s t y r y l  substituents was rejected.  We isolated prec ise ly  IX; this was proved by identify- 
ing it with the compound obtained by acylation of I with cinnamic acid in the presence of PPA. Only a single 
signal of the protons of the a ' - m e t h y l  group is observed in the NMR spec t rum of IX at 6 3.15 ppm. Hence 
one can conclude that the condensation occur red  entirely at the a - m e t h y l  group (Fig. 2). 

Strong absorption bands at 253, 256, and 310 nm are  observed in the UV spect ra  of salts II-IV. The 
sys tem of energy levels calculated by the P a r i s e r  - P a r r - P o p l e  method with allowance for the configura- 
tion interaction of 20 singly excited orbitals for II cor re la tes  quite well with the spectra  of the pyryl ium 
salts and makes it possible to ass ign the long-wave absorption band to a 7r - -  7r* transit ion; the large ex- 
tinction value (Table 1) also indicates this type of transition. 

The 2,9-disubstituted benzofuro[3,2-c]pyryl ium salts readily exchange an oxygen atom of the pyryl ium 
ring for a nitrogen atom. 2,9-Disubstituted benzofuro[3,2-c]pyridines (Table 3) a re  isolated in high yields 
when ammonia is passed through alcohol suspensions of the sal ts .  

The s t ruc ture  of the pyridines was confirmed by the IR and NMR spectra .  A single signal of the p ro -  
tons of the a ' -CH~ group is observed in the NMR spect ra  of the pyridines.  The signals of the protons of 
the alkyl substituents in the a position of the pyridine ring lie at  2.61-2.70 ppm, compared with 2.56 ppm 
in the c a s e o f a r y l  substituents.  This shift is explained by the same reason as in the case of the pyryl ium 
salts ,  but the effect  of deshielding from the nitrogen atom of the pyridine ring and the aromat ic  substituent 
in the a position is less than f rom the oxygen atom (Table 4). 

Data on the UV spectra  of the pyridine bases are  presented in Table 3. The same reasoning that 
was used for the corresponding pyryl ium salts remains  valid for them. 

T We thank V. I. Minkin and co -worke r s  for the calculations.  
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TABLE 3 

Corn - 
pound 

XIII CH3 

XIV C2H5 

XV i C~Hz 

XV1 p-CHaO--C~H~ 

XVII CH=CH--C6Hs 

TABLE 4. 
idines 

R 

~ C H  3 

rnp Empirical Found, % 
R ~ formula c H 

64 CmHnNO 79,1 5,4 ~ 

421C~4HIaNO 79,8! 6.2 

55 / CIsHIsNO 79,8 6, I 

137 C,gH~NO2 78,5 5,2 

101 C20H,sNO183,8 5,4 

IR spec- ~pectrumt ~" 
- -  - - trum, u, ~ 

N I C H cm-i -~ co .~ 

,2 79,2 5,6 7,1 1635, 1600, 

.43 lii  1233, 
! 1070, " 

,8i79,65,2~ ~,6 1580,1630' 1450,1600' 
1190, 1220, 
1110, 855, 
754 

751 
78,9 5,2 -- 1600 1520, 

1250 I100, 
184o: 760 

84,2 5,3 --!1600, 1460, 
i1380, 1200, 
i!!oo, 750 

255 4 ]71 
28~ 4,141 90,9 
289 4,041 
300 4.081 
255 4.60I 
28C 4.441 93,4 
28g 4.381 
30~ 4,431 

254 4.]7} 
28( 4.00i 96,6 
28~ 3,961 
29~ 3.94} 

26( 4.171 
3 0 ~  4.041 93,3 
25~ 4,331 
30( 4.071 96,3 
33~ 4.0(}1 

Chemica l  Shifts of the P r o t o n s  of B e n z o f u r o [ 3 , 2 - c ] p y r -  

Comt CHa. 1 
pounJ 8' ppm t 

XIII 2,68 

XIV 2,62 

XV 2,61 

XV[ 2,58 

a Substituent 

R 1~. M. jt. 

CHa 2,55 

1Hr_C2H3 3 , 2 3  
1,40 

1 2 3 1 3,18 
CH2--CH2--CHa 0,781'74 

p'C~H4OCHa 3,77 (OCHa) 

Signal 
eKaracter 

Singlet 
I quartet 
2 triplet 
1 tEiplet 
2 sextet 
3 triplet 
Singlet 

l, HZ 

7,0 

7,2 

Aronn attc protons, 
5, ppm 

7,00, 7,23, 7,36, 7,69 
7,03, 7,30, 7,46, 7,84 

7,40, 7,50, 7,65, 7,78 

6,80, 6,95, 7,06, 7,31: 
7,61, 7,76 

Concl l . ,  
% 

I0 
I0 

10 

The abi l i ty  of  p y r y l i u m  sa l t s  to r ead i ly  undergo conve r s ion  to a r o m a t i c  s y s t e m s  [9] is e x t r e m e l y  un- 
usual .  We have s tudied the c o n v e r s i o n  of the b e n z o f u r o [ 3 , 2 - c ] p y r y l i u m  sa l t s  in a lkal ine  media .  C h r o m a t o -  
g raph ica l ly  pu re  1 - h y d r o x y - 2 , 3 - d i m e t h y l d i b e n z o f u r a n  (X) is obtained when 2 - e t h y l - 9 - m e t h y l b e n z o f u r o [ 3 , 2 -  
c ] p y r y l i u m  p e r c h l o r a t e  is heated  in aqueous a lcohol ic  sod ium hydroxide  solut ion:  

oil 

>).c., < .20  

c,o; ~ o .  

x! 

It is seen f rom the scheme presented  above that there is a possibil i ty for the formation of two iso-  
m e r l e  p roduc t s .  In this connect ion ,  it was n e c e s s a r y  to prove  that X r a t h e r  than XI o r  a mix tu re  of X and 
XI is fo rmed .  The NMR s p e c t r u m  of  the phenol ic  p roduc t  contains  s ingle ts  of the pro tons  of the methyl  
g roups  in the 2 and 3 pos i t ions  at  5 1.88 and 2.31 ppm, r e s p e c t i v e l y .  The s p e c t r u m  does not contain the 
t r i p l e t -  qua r t e t  that  is c h a r a c t e r i s t i c  for  the ethyl  g roup;  a diffuse s ignal  of the lone pro ton  of a hydroxyl  
g roup  is o b s e r v e d  at  4.85 ppm  (Fig.  3). The IR s p e c t r u m  a l so  c o n f i r m s  the p r e s e n c e  of a phenol ic  hydroxyl  
group (3653 cm-J) .  

The abi l i ty  of p y r y l i u m  sa l t s  to undergo  c o n v e r s i o n  to dia lkylani l ines  on r eac t ion  with seeondary  
amines  is well known [10, 11]. l - D i m e t h y l a m i n o - 2 , 3 - d i m e t h y l d i b e n z o f u r a n  (XII) is f o rmed  via the following 
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"4 ~ ~ ~ ~ 
~. ppm 

Fig. 3. NMR spec t rum of 1-hydroxy-2 ,3-  
dimethyldibenzofuran (in benzene). 

scheme in the react ion of 2-e thyl-9-methylbenzofuro[3,2-  
c]pyrylium perchlorate  with aqueous alcoholic dimethylamine: 

--CH~ R2 s C~2_CH 3 

R2NH r~h- - - - - f~O 

CIO4- 
R2N ,,~ H2--CH3 Nr2 

XI1 

EXPERIMENTAL 

The IR spectra of mineral-oil pastes of the compounds 
were recorded with a UR-20 spectrometer. The NMR spec- 

tra of 10% solutions of the compounds were recorded with 
an RYa-2305 spec t romete r  with an operating frequency of 60 MHz at room tempera tu re  with t e t ramethy l -  
silane as the standard.  Tr i f luoroacet ic  acid was used as the solvent for the pyryl ium salts,  while carbon 
te t rachlor ide  was used for the pyridine compounds. The UV spect ra  were recorded  with a Speeord UV 
Vis spec t rometer .  

1-(2-Benzofuryl) -2-ni t ropropene.  A mixture of 30.6 g (0.21 mole) of 2-formylbenzofuran,  22.26 g 
(0.21 mole) of benzylamine,  and 50-70 ml of benzene was refluxed for 30 min on a boil ing-water  bath, after  
which the benzene was removed by distillation on a boil ing-water  bath under vacuum (water aspira tor) .  
The mixture was then cooled, 15.7 ml (0.21 mole) of nitroethane and 50 ml of glacial acetic acid were added, 
and the mixture was heated on a boil ing-water  bath for 20-30 rain. It was then cooled, and the precipitate 
was removed by fil tration and washed success ively  with glacial acetic acid, alcohol, and ether  to give 27 g 
of product. Water was added to the filtrate to precipitate another 13 g of product  to give a total of 40 g 
(92.8%) of br ight-yel low crys ta ls  with mp 85 ~ {from alcohol). Found: C 65.1; H 4.5; N 6.8%. CllHgNO 3. 
Calculated: C 65.3; H 4.4; N 6.9%. 

2-Benzofuryl  Acetone (I). Toluene (40 ml), 100 ml of water, 40.3 g of iron powder or filings, and 0.8 
g of anhydrous fer r ic  chloride were added to 40 g of 2-ni t ro-3-(2-benzofuryl)propene,  and the mixture was 
s t i r red  and heated at 75 ~ for 1.5 h, af ter  which 72 mlof  concentrated hydrochloric  acid was added. After 
all of the acid had been added, the mixture was heated for 30 rain and steam-dist i l led until 2.5 liter of dis-  
tillate had been collected. The toluene layer was separated,  and the aqueous layer  was extracted with ether.  
The ether ext rac t  was combined with the toluene layer  and dried over calcium chloride.  The solvent was 
removed by distillation, and the residue was vacuum-distilled to give 9.1 g (24.6%) of a color less  liquid 
with bp 153 ~ (11 mm). Found: C 70.4; H 5.5%. CllHI002. Calculated: C 70.7; H 5.7%. The semicarbazone 
was obtained as needles with mp 138 ~ (from alcohol). F o u n d :  C 62.6; H 6.0%. CI2H13N302. Calculated: 
C 62.3; H 5.6%. 

2,9-Dimethylbenzofuro[3,2-c]pyryl ium Perch lora te  (II). An aeylating mixture obtained f rom 5 ml of 
acetic anhydride and 1 ml (0.01 mole) of 70% perchlor ic  acid was added to 1.74 g (0.01 mole) of I, during 
which the mixture warmed up and turned reddish-brown.  After 10 min, a copious precipitate began to form; 
this was fil tered off immediately to give 1.98 g (66.4%) of a color less  crystal l ine product with mp 161 ~ (from 
glacial acetic acid). 

Pereh lora tes  III and IV were s imi la r ly  obtained (Table 1). 

2 -Phenyl -9-methylbenzofuro[3 ,2-c]pyryl ium Perchlora te  (V). A mixture of 0.37 g (2 mmole) of I, 
0.25 g (2 mmole) of benzoic acid, and 5 g of polyphosphoric acid was heated with vigorous s t i r r ing  on a 
boil ing-water  bath for 30 rain. It was then poured over ice and tr i turated to give a da rk-green  or thophos-  
phate, which was converted to the perchlora te  by the addition of 0.3 ml of 70% perchlor ic  acid to an aqueous 
suspension of the salt. The precipi tate  was removed by fil tration and washed with ether to give 0.56 g 
(73.7%) of da rk-green  c rys ta l s  with mp 199 ~ (from glacial acetic acid). 

Pe rch lo ra t e s  VI-VIII were s imi lar ly  obtained (Table !). 

.2-Styryl-9-methylbenzofuro[3,2-c]pyrYlium Perchlora te  (IX). A mixture of 0.3 g (i mmole) of II, 
0.16 g (1.5 mmole) of benzaldehyde, 2 ml of glacial  acetic acid, and 1 drop of 70% perehlor ic  acid was 
heated for 1.5 h, af ter  which it was cooled, and 0.25 g (66%) of orange c rys ta l s  with mp 230 ~ (from glacial 
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acetic acid) was removed by filtration. The product did not depress  the melting point of a sample ob- 
tained by acylation of I with cinnamic acid. 

1-Hydroxy-2,3-dimethyldibenzofuran (X). A solution of 1.6 g of sodium hydroxide in 3 ml of water 
was added to 2 g (6.4 mmole) of perchlorate  III in 10 ml of alcohol, and the mixture was refluxed for 6 h. 
It was then cooled, diluted with 60 ml of water,  and extracted with ether.  The aqueous layer was acidified 
with hydrochloric  acid to give 0.6 g (44.25%) of yellow crys ta ls  with mp 146 ~ (from alcohol). Found: 
C 78.9; H 5.2%. C14H1202. Calculated: C 79.2; H 5.6%. 

] -Dimethylamino-2,3-dimethyldibenzofuran (XII). A mixture of 0 .4g  (1.2 mmole) of perchlorate  III, 
0.1 ml of 33% aqueous dimethylamine solution, and 3 ml of alcohol was heated on aboi l ing-water  bath, after 
which the solvent was removed by distillation and sodium hydroxide solution was added until the mixture 
was alkaline. It was then extracted with ether.  The ether extract  was washed with water and dried with 
calcium chloride. The ether was evaporated to give XI. Purification by chromatography with a column 
filled with aluminum oxide (with chloroform as the solvent) gave 0.2 g of l ight-gray crys ta ls  (65.5%) with 
mp 171 ~ Found: C 80.8; H 6.7; N 5.6%. C16H17NO. Calculated: C 80.5; H 7.0; N 5.8%. 

2,9-Dimethylbenzofuro[3,2-c]pyridine (XII1). Gaseous ammonia was passed through a suspension of 
1 g (3 mmole) of 2 ,9-dimethylbenzofuro[3,2-c]pyryl ium perchlora te  in ethanol for 10 min, after which the 
mixture was Poured into ice water.  The aqueous mixture was extracted with ether,  and the extract  was dried 
with calcium chloride. The alcohol was evaporated to give a yellow oily product. Purification by chroma-  
tography with a column filled with aluminum oxide (with chloroform as the solvent) gave 0.6 g (90.9%) of 
yellow crys ta ls  with mp 64 ~ The picrate  had mp 254 ~ (from alcohol). 

Compounds XIV-XVII were obtained via a s imi lar  method (Table 3). 
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