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The propert ies  of 1,3-dimethyl-6,7-dialkoxy-2-benzopyrylium salts were studied. The 
heterocyclic oxygen atom is readily replaced by nitrogen by reaction of the 2-benzo- 
pyrylium salts with pr imary  amines, hydrazine, phenylhydrazine, glycine ethyl es ter ,  and 
hydroxylamine; reaction with secondary amines leads to naphthalene derivatives. The 
activities of the methyl groups in the 1 and 3 positions of the heterocyclic ring are com- 
pared. 

It is well known that monoeyelic pyrylium salts are highly reactive: they form various compounds of 
the heterocyclic and aromatic ser ies  on reaction with nucleophilic reagents [1]. At the same time, the 
propert ies  and reactions of 2-benzopyrylium salts remain virtually unstudied except for the reaction with 
ammonia, which leads to the formation of the corresponding isoquinolines [2-5] or alkaloids of the iso- 
quinoline series  [6]. 

In order  to fill this gap we have investigated the chemical propert ies  of 2-benzopyrylium salts in the 
case of condensation of 1,3-dimethyl-6,7-dimethoxy-2-benzopyrylium perchlorate (I) with several pr imary  
(methylamine, aniline, p-phenylenediamine, and glycene ethyl ester) and secondary (diethylamine, morpho- 
line) amines, hydrazine derivatives, hydroxylamine, and aromatic aldehydes. 

According to the results  of quantum-mechanical calculations the positive charge in the 1 position of 
2,benzopyrylium salts is higher by a factor of approximately three than in the 3 position, as is apparent 
from the following molecular diagramT : 
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In accordance with this, attack on the 2-benzopyrylium salts by nucleophilic reagents should occur at 
the site with the highest electron deficit, i.e., the 1 position of the heteroeycle.  

We have shown that the reaction of I with pr imary  amines and hydrazine derivatives proceeds via 
the following scheme: 

* For Communication IX, see [6]. 
T The quantum-mechanical calculation of the 2-benzopyrylium cation was carr ied out by V. I. Minkin using 
the MO LCAO method. 

Rostov-on-Don State University. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 10, 
pp. 1308-1312, October, 1970. Original article submitted June 2, 1969. 

�9 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

1218 



C H , ~ O ~  CH2' + NH2R ~-HC|O*" C H 3 0 ~  CH3 

C~iso1-..-/-. ~ ct~ e ct13o~ v ~  
CH a CH3 N HR 

CH~O ~ ~ ~ N R  -H20 C H 3 0 " f l ' C ~ N ' R c {  O (~ 
(~H 3 CH3 

R~i l  -CH~;III -C6H5; IV --CH2COOC2Hs; V~O; VI -NH2; VII -NHPh 

Quate rna ry  isoquinoline sa l t s  ]I and III a re  fo rmed  in high yields in the reac t ion  o'f I with p r i m a r y  
amines .  

React ion of I with p-phenylenediamine  p roceeds  s imi l a r ly  at both amino groups;  1 ,4-diphenylenebis-  
2 ,2 ' - (1 ,3-d imethyl -6 ,7-d imethoxy) i soquinol in ium d iperch lora te  (VII1) is  fo rmed  in the p r o c e s s :  

c . ~ o ~ c . ~  /__~ c . ~ ~ o c . ~  
~ N ~ .  

Ylll 

2-Benzopyry l ium sal t  I, l ike monocycl ic  pyry l ium sa l t s  [4], r e a c t s  r ead i ly  with glycine ethyl e s t e r  to 
f o r m  qua te rna ry  sal t  IV in high yie lds .  

React ion of sal t  I with hydroxylamine  p roceeds  in a manne r  s i m i l a r  to the reac t ion  with the common 
py ry l i um sa l t s  [7] to f o r m  an in te rmedia te  product  - 2-hydroxyl isoquInol ine pe rch lo ra t e  - which on t r e a t -  
ment  with a solution of alkal i  g ives  the N-oxide (V} of the subst i tuted isoquinoline.  The reac t ion  of the 
py ry l ium sa l t s  with secondary  amines ,  which leads  to the synthes is  of a roma t i c  amino compounds [1, 8], is 
of cons iderable  in te res t .  In th is  connection, one might expect  that d ia lkylamines  of the naphthalene s e r i e s  , 
which a r e  difficult to synthes ize  by o ther  methods ,  should be obtained on reac t ion  of pe r ch lo ra t e  I with 
secondary  amines .  Invest igat ion of the reac t ion  of I with morphol ine  and die thylamine conf i rmed  this a s -  
sumption.  

cH~~ nHr 2 CH30"~CH3 CH30-~C"3 ~ CH~O"/F~CH~ 
c..o-v c. o.vy 

CH.~ 2 ~ R2N CH:~ R2N 

It turned out that 1 - (N-morpho l ino) -3 -methy l -6 ,7 -d imethoxynaph tha lene  was  obtained in quanti tat ive 
yield on b r i e f  heating of the s ta r t ing  m a t e r i a l s  in ethanol,  while 1 -d i e thy lamino-3 -me thy l -6 ,7 -d ime thoxy-  
naphthalene is fo rmed  in 59% yield since another  n i t rogen-conta in ing product  is obtained along with it, the 
s t ruc tu re  of which was  not es tabl i shed.  

In o r d e r  to study the r eac t iv i ty  of the methyl  group in the 2 -benzopyry l ium salt  we studied the con-  
densation of I and 1 ,3 -d ime thy l -6 ,7 -me thy lened ioxy-2 -benzopyry l tum pe rch lo ra t e  (IX) with va r ious  a lde-  
hydes of the a ro m a t i c  and he te rocyc l i c  s e r i e s .  It turned out that  the reac t ion  of 2 -benzopyry l ium sa l t s  
with the a ldehydes p roceeded  just  as r ead i ly  as in the case  of ~ -  and 7 - a l k y l p y r y l i u m  sa l t s  with va r ious  
s t r u c t u r e s  [9] v ia  the scheme 

+ R"--CHO _112 0 R, ~ j [ , . . . ~ O  

ICH CIO4~C' " 
II 
CH I~" 

It could be a s sumed  that the p r e s ence  of act ive methyl  groups  in the 1 and 3 posi t ions  might lead to 
the fo rmat ion  of a mix tu re  of two products  as well  as  condensation products  containing two s ty ry l  subst i tu-  
ents .  However ,  only one product  (as shown by chromatography)  is  a lways isola ted as a r e su l t  of this  r e a c -  
tion, v iz . ,  the 2 -benzopyry l ium salt  with a s tyry l  substi tuent  in the 1 posi t ion.  These  data a re  also s a t i s -  
f ac to r i ly  conf i rmed by the above -p re s en t ed  r e su l t s  of quan tum-mechanica l  calculat ion,  according to whieh 
the methyl  group in the 1 posi t ion should have cons iderably  higher  act ivi ty  than the methyl  group in the 3 
posi t ion of the he te rocyc le .  

In fact ,  only the s ta r t ing  py ry l ium sal t  was  isolated in an a t tempt  to condense 1 -pheny l -3 -me thy l -6 ,7 -  
d ime thoxy-2 -benzopyry l ium pe rch lo ra t e  with benzaldehyde in glacial  ace t ic  acid; this is  also proof  of the 
ine r tness  of the methyl  group in the 3 posi t ion.  
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TABLE 1. 1-Styryl -Subst i tu ted  2 -Benzopyry l ium Salts 

R' 

OCHa 

OCHa 

OCH~ 

OCHa 

OCHa 

OCHa 
OCHa 

R" 

OCH3 

OCH3 

OCHa 

OCHs 

OCH3 

OCH3 
OCH3 

CCH~O 
OCH~O 

OCH~O 

OCH20 

OCH~O 

R'" 

Empirical - Found, qo 
~P formula c 

3',4'-Dimeth- 306 E~2H!zCIO9 56,80 
oxyphenyl. 

3',4'-Methgl- 298-- ]C~IH19C,O9 [55,66 
enedioxypheny --30.2 ] ] [ 

p-Hvdroxv- m- ~.q6 , C=IH~IC O9 5'4,~ 
methoxyphenyl (ddc.) I I 

o-Hy.droxy- m- 967 C21H21CI09 i56,32 
me~mxy.~henyl 272-- C20HIsC1NO9 '!5~,94 rmNi~opnenyt 

;S 1 ~yryi ~-5273 C2,HzlCtO7 , !62,07 
i Thlenyl" >280 C~sH~zCISO7 51.92 

I(dec.) ! 
3 ',4'-Dimeth- 292 C21H19C'O9 55,38 
oxyphenyl 

3',4'-Methyl- (~10) C2oH,sC]O9 55.34 
enedioxypheny: 
Phenyl %-~ C19H~6C107 5~,4'6 

m-Ni=ophenyl ~8~. C,gH14CIN09 52,2'2 

a-(f'-Bromo- 289 C~TH~2BrC'O~ 4'4,85 
furyD (dec.) 

calc., ~ 1e- 

ll C[ C H Cl 

5.26 8,02!56,59 4,937,6054 

4,31790!559342278~ 53 

774556~ 4647,8450 4,91 ' I ' ~ ' 

4'331858!5516946478446 

4,08726'5316377786 55 

7971614014,858,2048 
5O5[ 8160 52,3614,121 8,60 82 4,15! 

/ I 4,,5 7,18155,94t4,22 / 7< 55 
3,65 8,24,5523/3,45 / 8.17 6I 

3,52 7,79 82 35/3,22/ 8,15 71 

2,63 !4,7, 44,ao / 2,52125,29 78 

*Found %: S 7.31. Calculated %: S 7.75. 

It should a lso  be noted that,  according to the l i t e r a tu re  [10], 1 ,3-dimethyl isoquinol ine and its quat-  
e r n a r y  sal t  f o r m  only 1 - s ty ry l - subs t i t u t ed  isoquinolines on reac t ion  with a ldehydes.  

The 1 - s ty ry l - subs t i t u t ed  2 -benzopyry l ium sa l t s  obtained with methoxy and methylenedioxy groups  in 
the benzene r ing at tached to the he te rocyc le  by a vinyl group (X, Xl) a re  close s t ruc tura l  analogs  of i so -  
quinoline alkaloids and a r e  read i ly  conver ted  to isoquinolinium sa l t s  on heating of I with methylamine  in 

acetone:  

c , , . o ~ c . ~  / o ~ C . .  

R=R'=--OCH3; R,R'=--OCH2 O- 

The s t r u c t u r e s  of the compounds obtained were  conf i rmed f r o m  the IR spec t roscop ic  data.  Thus the 
absorp t ion  bands at 1620 and 1550 cm -1, c h a r a c t e r i s t i c  for  qua te rna ry  isoquinoline de r iva t ives ,  and at 
1600, 1580, and 1500 c m  -1, specif ic  for  a roma t i c  s y s t e m s ,  a re  p re sen t  in the spec t r a  of all the isoquin-  

ol inium sa l t s .  

The IR spec t r a  of the 1 - (N-morphol ino) -  and 1 -d ie thy lamino-3-methy l -6 ,7 -d imethoxynaphtha lenes  
a re  c h a r a c t e r i z e d  by intense v ibra t iona l  bands at 1602 and 1580 cm -1 and stil l  m o r e  intense bands at 1500 
and 1450 cm-1; this is typical  for  the s t re tching v ibra t ions  of condensed benzene r ings  [11]. 

The p r e sen ce  in the IR spec t r a  of the products  of condensation of 2 -benzopyry l ium sa l t s  with a lde-  
hydes  of g roups  of bands in the in te rva l s  1656-1648, 1584-1539, 1468-1418, 1280-1250, and 1050-1000 cm -1 
a t t e s t s  to the fact  that these compounds a re  2 -benzopyry l ium sa l t s  [3]. However ,  in this case  the f requen-  
c ies  of the s y m m e t r i c a l  va lence  v ib ra t ions  of the here to  r ing (the 8a band in the Wilson c lass i f ica t ion  [12]) 
a re  shifted by 8-14 cm -1 as compared  with the analogous f requencies  of the 1 ,3 -d ime thy l -2 -benzopyry l ium 
sal ts .  Thus the introduction of s tyry l  subst i tuents  into the 1 posi t ion of 2 -benzopyry l ium sa l t s  leads  to a 
long-wave shift of the 8a band. 

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

1 ,3-Dimethyl -  6 ,7 -d imethoxy-2-benzopyry l inm pe rch lo ra t e  (I) and 1 ,3 -d imethy l -6 ,7 -methy lened ioxy-  
2 -benzopyry l ium pe rch lo ra t e  we re  obtained by acetyla t ion of 3 ,4-dimethoxyphenylacetone [2]~ 
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1 ,2 ,3 -Tr imethy l -6 ,7 -d imethoxyisoqu ino l in ium P e r c h l o r a t e .  Methylamine (0.2 ml  of a 20% solution) 
was  added to a suspension of 0.1 g of I in acetone,  the mix tu re  was ref luxed for  5 min,  and the prec ip i ta ted  
pa le -ye l low c r y s t a l s  we re  f i l te red  to give 60% of a product  with mp 261 ~ ( ace tone -a l coho l ) .  IR spec t rum:  
1642, 1620, 1524, 1514, 1225, 1104 cm - I .  Found %: C 50.03; H 5.22; C1 10.31. CI4HIsCINO 6. Calculated %: 
C 50.67; H 5.42; C1 10.70. 

1 ,3 -Dimethy l -2 -phenyl -6 ,7 -d imethoxyisoquino l in ium P e r c h l o r a t e .  A mix tu re  of 0.2 g of I and 1 ml  
of aniline was  ref luxed in 4 ml  of ethanol on a wa t e r  bath for  1.5 h. The prec ip i ta ted ,  c o l o r l e s s  c r y s t a l s  
we re  f i l t e red  and washed with e ther  to give 66~ of product  with mp 298 ~ ( e thano l -wa te r ) .  IR spec t rum:  
1640, 1616, 1584, 1518, 1274, 1106 cm - I .  Found %: C 57.28; H 5.23; C1 9.30. CIgH20CINO 6. Calculated %: 
C 57.97; H 5.09; C1 9.02. 

1 ,3 -Dimethy l -2 -amino-6 ,7 -d imethoxy i soqu ino l in ium P e r e h l o r a t e .  Hydrazine  hydra te  (0.3 ml) was  
added to  0.64 g of I in 5 ml  of ethanol.  Dissolving of I with heating and slow prec ip i ta t ion  of a c o l o r l e s s  
substance  was obse rved .  Work-up gave 0.59 g (89%) of long, fine need les  with mp 254 ~ (ethanol). IR spec -  
t rum:  1620, 1570, 1524, 1500, 1380, 1270, 1100, 1000 em -1. Found %: C 47.30; H 5.23; C1 11.05. 
C13H17C1N206. Calculated %: C 46.91; H 5.11; C1 10.97. 

1 ,3 -Dime thy l -2 -benza lamino-6 ,7 -d ime thoxy-2 - i soqu ino l in ium P e r c h l o r a t e .  Thi s compound was  ob-  
tained by refluxing a mix tu re  of 0.25 g of 1 ,3 -d imethy l -2 -amino-6 ,7 -d imethoxy i soqu ino l in ium p e r c h l o r a t e ,  
0.2 ml of benzaldehyde,  and 5 ml  of glacia l  acet ic  acid for  1 h. On cooling 0.31 g (99~) of a l igh t -co lo red  
product  with mp 246 ~ (ethanol) p rec ip i ta ted .  IR spec t rum:  1630, 1618, 1576, 1518, 1384, 1270, 1240, 1100 
cm -i. Found %: C 57.18; H 5.29; C1 8.22. C20H21CIN20 ~. Calculated %: C 57.07; H 4.99; CI 8.44. 

1,3-Dimethyl-2-phenylamino-6,7-dimethoxyisoquinolinium Perchlorate. This compound was obtained 
by refluxing a mixture of 0.2 g of I, 0.1 g of phenylhydrazine, and 3 ml of absolute ethanol for 1 h on a 
water bath. The product began to precipitate from the hot solution. On work-up 0.2 g (80%) of product 
with mp 245 ~ (acetic acid) was obtained. IR spectrum: 1620, 1600, 1572, 1510, 1370, 1264, 1100, 1000era -I. 
Found %: C 56.19; H 5.36; C1 8.91. CigH21CIN206. Calculated %: C 55.88; H 5.14; CI 8.69. 

1,4-Phenylenebis-2,2 '-(1,3-dimethyl-6,7-dimethoxyisoquinolinium) Perchlorate. This compound was 
similarly obtained from 0.64 g of I, 0.11 g of phenylenediamine, and 5 in] of ethanol. The yield was 0.43 g 
(60%) and the melting point was above 380 ~ IR spectrum: 1636, 1620, 1576, 1520, 1378, 1270, 1100, 1006 
cm -i. Found %: C 54.04; H 4.93; C] 9.57; N 3.68. C321-I34Cl2N2Oi2. Calculated %: C 54.16; H 4.79; CI 10.01; 
N 3.94. 

1,3-Dimethyl-2-carbethoxymethyl-6,7-dimethoxyisoquinolinium Perchlorate. Compound I (0.64 g) 
was mixed with an equimolecular amount of an alcohol solution of excess glycine ethyl ester and heated for 
1 h. An oil separated on cooling which crystallized completely on addition of ether to give 0.7 g (87%) of a 
product with rap 206 ~ (from ethanol). IR spectrum: 1726, 1642, 1620, 1576, 1520, 1502, 1380, 1278, 1100, 
1012 em -i. Found %: C 51.15; H 5.74; Cl 9.04. CITH22CINO8. Calculated %: C 50.53; H 5.44; C1 8.79. 

1,3-Dimethyl-6,7-dimethoxyisoquinoline N-Oxide. Hydroxylamine hydrochloride (0.69 g) in 5 ml of 
absolute ethanol with a drop of phenolphthalein was placed in a three-necked flask equipped with a stirrer 
and a dropping funnel, and an alcoholic solution of sodium ethoxide was added dropwise with water cooling 
for 30 min until a color developed. The precipitate was filtered, 0.64 g of I was added to the alcoholic solu- 
tion of hydroxylamlne, and the mixture was refluxed for 1 h. The solution was cooled, and the filtered prod- 
uct was dissolved in a dilute solution of alkali and extracted with chloroform. A colorless product [0.42 g 
(90%)] with mp 155 ~ (from ethanol) was obtained after drying and removal of solvent. IR spectrum: 1620, 
1600, 1514, 1370, 1246, 1186, 1154, 1004 em -I. Found %: C 66.56; H 6.23. Ci3HIsNO 3. Calculated %: C 
66.94; H 6.43. 

1-N-Morpholino-3-methyl-6,7-dimethoxynaphthalene. A mixture of 0.64 g of I, 0.44 ml of morpholine, 
and 3 ml  of ethanol was  ref luxed for  1 h. The reac t ion  mix tu re  was diluted with a solution of alkali;  and 
0.56 g (98%) of a c o l o r l e s s  product  with mp 164 ~ ( f rom ethanol) was  f i l te red  off. IR spec t rum:  1610, 1580, 
1506, 1374, 1260, 1110, 1030, 980 cm - t .  Found %: C 71.58; H 7.45; N 5.20. CITH21NO 3. Calculated %: C 
71.08; H 7.31; N 4.87. 

1 -Die thy lamino-3-methy l -6 ,7 -d imethoxynaphtha lene .  This compound was s i m i l a r l y  obtained f r o m  
0.64 g of I and 0.8 ml of diethylamine in 5 ml  of ethanol.  Pur i f ica t ion  was  c a r r i e d  out in a column filled 
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with aluminum oxide (chloroform solvent). The f irs t  fraction with bp 277 ~ (according to Sivolobov) was 
collected. IR spectrum: 1604, 1580, 1498, 1370, 1240, 1136, 1010 cm -1. Found ~c: C 74.16; H 8.49. 
CITH23NO2. Calculated %: C 74.72; H 8.42. 

1-Styryl-3-methyl-6,7-dimethoxy-2-benzopyrylium Perchlorate .  A mixture of 0.2 g of I and 0.1 ml 
of freshly distilled benzaldehyde was refluxed for 2-3 h in glacial acetic acid. Red crystals precipitated 
during the refluxing period were fi l tered from the hot solution and washed with hot acetic acid and ether to 
give 0.12 g (50%) of a product with mp 290-293 ~ (from acetic acid). IR spectrum: 1650, 1612, 1546, 1506, 
1308, 1104 em -l .  Found %: C 59.32; H 4.26; C1 8.08. C20H19C107. Calculated %: C 59.04; H 4.67; C1 8.73. 

1- (3' ,4'-Dimethoxystyryl) -2,3-dimethyl-6,7-dimethoxyisoquinolinium Perchlorate.  A mixture of 
0.47 g of I, 0.5 ml of aqueous methylamine, and 5 ml of acetone was refluxed on a water bath for 15 min. 
Cooling precipitated 0.43 g (89%) of yellow crystals  with mp 2600 (from acetic acid). IR spectrum: 1620, 
1592, 1562, 1508, 1380, 1270, 1090, 1016 cm -1. Found %: C 56.87; H 5.44; C1 6.86. C23H26C1NO 8. Calcu- 
lated %: C 57.44; H 5.51; C1 7.39. 
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