
T H E  A Z O  C O U P L I N G  OF 1 - A R Y L  Q U A T E R N A R Y  S A L T S  

L E P I D I N E  A N D  Q U I N A L D I N E  A N D  S O M E  P R O P E R T I E S  

O F  T H E  R E A C T I O N  P R O D U C T S  

O. M. S t a s h k e v i c h ,  G. T .  P i l y u g i n ,  a n d  
V. V.  S t a s h k e v i c h  

OF 

UDC 547.831.2'79:542.959'943 

A se r ies  of fo rmazans  has been obtained by the coupling of 1-aryl lepidinium and 1 - a r y l -  
quinaldinium salts  with diazonium salts .  The formazans  have been converted by oxidation 
into te t razol ium salts  and by the action of acids into benzotr iazines .  The absorption spec-  
t ra  in the visible region have been measured  in neutral ,  alkaline, and acid media. 

The azo couplingof 1-alkylquinaldiuium salts forms mixtures  of mono- and bisazo derivat ives  [ 1], 
while that oflepidinium salt forms the monoazo derivat ives exclusively [2]. In contras t  to this, 1-phenyl-  
quinaldinium and 1-phenyllepidinium give bisazo derivat ives related to formazans  [3-5]. It appeared of 
in teres t  to study the question of how general  the formazan-produc ing  react ion is f rom the side both of the 
diazonium sal ts  and of the 1-arylquinaldinium and 1-aryl lepidinium sal ts  and also to study some t r ans -  
format ions  and optical proper t ies  of the react ion products.  

A ser ies  of quaternary  quinaldinium and lepidinium salts containing both electron-donat ing and elec-  
t ron-accept ing  substituents in the quinoline nucleus and in the phenyl radical  attached to the he terocycl ic  
ni trogen atom was introduced into the react ion with diazonium salts.  It was found that the direction of the 
azo coupling react ion does not depend on the nature  of the substituents in the quaternary  salt. The react ion 
took place with the formation of the fo rmazans  I-XXV (Tables 1 and 2). The introduction of s t rong e lec t ron-  
donating substi tuents such as two methoxy groups into the molecule of the quaternary  salt  lowered the act iv-  
ity of the methyl group, which led to a dec rea se  in the yields of the formazans  XIV and XX-XXII. The 
direct ion of the azo coupling react ion sca rce ly  depends on the diazonium salts  used, either.  The diazonium 
sal ts  f rom aniline, the i somer ic  toluidines, alkoxyanilines, naphthylamines,  nitroanil ines,  halogenoanilines,  
m-  andp-aminobenzoic  acids,  etc., reacted  with the formation of formazans .  

The azo coupling was ca r r i ed  out in pyridine with a molar  rat io of the quaternary  salt  to diazonium 
compound of 1 : 2. In an ethanolic medium in the p resence  of mineral  alkali, a large amount of by-products  was 
formed which decreased  the yield and interfered with the purif icat ion of the formazan.  Attempts to isolate mono- 
azo der ivat ives  f rom the react ion mixture  were unsuccessful .  When the diazonium salt  was gradually added 
to a pyridine solution of the quaternary  salt, only the formazan  was detected even in the f i r s t  portions of 
dye formed.  

In some cases ,  by changing the coupling conditions, it was possible to change the direct ion of the r e -  
action. Thus, p-ni t robenzenediazonium salts form formazans  with the qua ternary  quinoline derivat ives 
in pyridine. However, if a solution of 1-phenyllepidinium perchlora te  and a p-ni t robenzenediazonium salt  
(molar rat io 1:1)  in glacial  acetic acid is t reated with powdered sodium carbonate,  the solution rapidly 
deposits only the monoazo compound XXVI, which is s imi lar  to the compound obtained by the condensation 
of the same quaternary  salt  with sodium p-n i t robenzene-ant i -d iazoa te  [6]. The formazan  is not formed at 
a rat io of 1 : 2, either.  In this case,  the excess of diazonium salt is converted into p,pT-dinitrodiazoamino- 
benzene, which is difficult to separa te  f rom the monoazo compound and was identified f rom its spec t rum 

Chernovits State University.  Translated f rom Khimiya Geterotsiklicheskikh Soedinenii, Vol. 6, No. 
8, pp. 1104-1111, August, 1970. Original a r t ic le  submitted February  9, 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. 

1031 



(hmax 424 nm) and also by chromatography  in a thin l aye r  of A1203. The react ion  probably stops at the 
monocoupling s tage because  of the low solubility of the XXVI, which f o r m s  a prec ip i ta te .  

In con t ra s t  to other  diazonium sal ts ,  o -hydroxybenzene  and o-ca rboxybenzened iazon ium sa l t s  f o r m  
with 1 -a ry l l ep id in ium sa l t s  in pyridine solution the monoazo der iva t ives  XXVII-XXIX in the following way: 

CH 3 C H = N - - N H - - ~ - ~  

+ ".~.~ -- N2CI 
CIO~" v "~- CIO~" 

�9 �9 
I I R R XXVII-XXIX 

XXVI I  R=R'=H. R"~o-OH; XXVIII R=R'= H. R"= o-COOH: XXIX R=R'= Br. R"= o-COOH 

The reac t ion  of these  diazonium compounds with sa l t s  of 2-methylbenzothiazole  has  been found to 
take place  s imi la r ly  [7]. 

When it is imposs ib le  to obtain the fo rmazan  in one stage,  the method of coupling aldehyde a r y l h y d r a -  
zones with diazonium sa l t s  is used  [8]. The coupling of 4 - fo rmyl - l -pheny lqu ino l in ium pe rch lo ra t e  [9] with 
diazonium sa l t s  gave the u n s y m m e t r i c a l  fo rmazans  XXX-XXXII in the following way: 

o o~ I 

Q XXX-XXXII 
XXX R"= o-COOH~ XXXI R"= ~-COOH; XXXIJ R " = ~  = SOaH 

Like other  f o rmazans ,  the fo rmazans  that we obtained a re  smoothly oxidized by conc.HNO 3 to the 
co lo r l e s s  t e t r azo l ium sa l t s  XXXIII-XLI {Table 3). Reduction conver ts  the t e t r azo l ium sa l t s  into the initial 
f o rmazans .  

On being heated with conc.  H2SO 4, the fo rmazans  decomposed  with the fo rmat ion  of the benzo t r i az ines  
[10]. The acid c leavage of the fo rmazan  XXXII gave the benzot r iaz ine  XLII. 

ao~- 

XLII 

The f o r m a z a n s  obtained were  colored compounds the spec t r a  of which in the v is ib le  region had a single 
b road  absorpt ion band. When an ethanolic solution of a f o rmazan  was made alkaline,  the color  changed 
because  of the format ion  of the bisazo dye [5] in the following way: 

/R" R" 

/7-~,. 
N Nn ~"~ 

R-- --N /-- " "-'-----"-- 

The fo rmazans  d isso lve  in conc.  H2SO4, giving deeply colored blue, green,  or  v iole t  solut ions.  In the 
course  of t ime,  these  solutions become deeolor ized.  This pronounced change in color  may be connected with 
the format ion  of ha lochromic  doubly charged  ions: 
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T A B L E  3. The T e t r a z o l i u m  Sal ts  ~ /~N--N--Ar" 
2CIO? 

C o m  - 

pound A r  t A r  ~ 

XXXIII C6Hs C6Hs 
XXXIV[ p- CHaC~H~ p-CHaC~H~ 
XXXV[ p- CHaOCsH4 p-CHaOC~H4 

XXXVI{ p- CIC~H4 p-ClC~H4 
XXXVII[ C ~ H ~  o-HOOCC~H4 

XXXVIII C s H ~  p-HOOCC6H4 
XXXIX C 6 H s  p-HOaSC~H~ 

-c~ I \ ~  ! "--" 

O -C, 
I ' 

OCN~ 

8 r \ [ ~  

, 

t I 

Br 

mp, "C Empiricalformula 

2 0 3 - - 2 0 4  ~ C2sH21CI.~NsOs 
249--2501C~0H25CI2NsO8 
179--180 CaoH2sCI.~NsOIo 
198--190 C28HIgCI4NsO8 
~28~2~2,9] CegH~ICI~NsOIo 
248---249] C29H21CI.~NsO~o 
247--248 C~H~ICI~N~O~IS 

205--20ti ! C~gHmC14N~Os 

202--20~ C~H~gBr2CI2NsO8 

11,0 
11,0 
10,2 
10,1 
10,3 
10,6 
10,0 

9,5 

9.0 

Calcu- j .... 
~,%later , % i1ela, 

c, / N c, I 

I1,~ [1,5 11,4 40 
11,~ [0,7 10,8169 
10,~ 10,: 10,3 / 70 
20,1 [0,1 20,4[ 6l 
10,~ LO,4 10,61 55 
10,~ [0,4 10,6 41 
9,c~ 9, c 10,1 23 

19,7 9,6 19,6 41 

- -  8 , 9  - -  37 

R '  ~/, 

On dilution with water ,  the h a l o c h r o m i c  compounds  a r e  de s t royed .  

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

The q u a t e r n a r y  qu ina ld in ium and lep id in ium sal ts  w e r e  obtained as d e s c r i b e d  in the l i t e r a t u r e  [4,11-13 ]. 

The F o r m a z a n s  I -XXV. With v i g o r o u s  s t i r r i n g ,  a d i azon ium sa l t  so lut ion p r e p a r e d  in the usual  way 
f r o m  4 m m o l e s  of  the a p p r o p r i a t e  amine  was  added d ropwise  to a solut ion of  2 m m o l e s  of a q u a t e r n a r y  
sa l t  in 8-10 ml  of  pyr id ine  cooled  to - 5  to 0~ As  the d iazon ium sal t  was  added,  the r e a c t i o n  mix tu r e  be -  
c a m e  red .  The m i x t u r e  was kept  at  0~ fo r  2 h r  and then at r o o m  t e m p e r a t u r e  for  24 h r .  To i so la te  the  
f o r m a z a n ,  the r e a c t i o n  m i x t u r e  was di luted with wate r  and was then t r e a t ed  with an e x c e s s  of  HC10 4 (42%). 
The p rec ip i t a t e  that  depos i t ed  was  f i l t e red  off, ca re fu l ly  washed with hot wate r ,  and c r y s t a l l i z e d .  

4 - N i t r o p h e n y l a z o m e t h y l e n e - l - p h e n y l - l , 4 - d i h y d r o q u i n o l i n e  (XXVI)~ Solutions of  1 g (3.13 m m o l e s )  of  
1 -pheny l l ep id in ium p e r c h l o r a t e  in 20 ml of g l ac ia l  ace t i c  ac id  and of  p - n i t r o b e n z e n e d i a z o n i u m  ch lo r ide  
p r e p a r e d  f r o m  0~.43 g (3.13 m m o l e s )  of  p -n i t roan i l i ne ,  2 ml of  conc.HC1, and 0.3 g of  NaNO 2 in 3 ml of  
wa te r  w e r e  mixed  at  0~ With s t i r r i n g  and cool ing,  the r e su l t ing  solut ion was  t r e a t ed  with powdered  c a r -  
bona te  in o r d e r  to n e u t r a l i z e  the acid.  The init{ally ye l low solut ion g radua l ly  acqu i r ed  a r e d - b r o w n  co lo r ,  
and on f u r t h e r  neu t r a l i za t ion  a b l a c k - b l u e  p r ec ip i t a t e  was f o r m e d .  The y ie ld  of  c rude  dye was 0.8 g (69%). 
Af t e r  c r y s t a l l i z a t i o n  f r o m  e t h a n o l - a c e t o n e  (1:1)  it f o r m e d  a powder  with mp  176-177~ giving a r e d - o r a n g e  
co lo ra t ion  with conc.H2SO4. A m i x t u r e  with a s a m p l e  obta ined f r o m  p -n i t robenzene - - an t i -d i azoa t e  [6] showed 
no d e p r e s s i o n  of  the mel t ing  point~ Xmax 608 n m  (log e 4.59, ethanol);  on ac id i f ica t ion ,  Xmax 485 nm.  
Found,  %: C 71.9; H 4.5; N 15.2. Calcula ted fo r  C22H16N402, %: C 71.7;  R 4.3; N 15.2. 
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o-Hydroxyphenylhydrazone  of 4 -Formyl - l -pheny lqu ino l in ium Pe rch lo ra t e  (XXVII). A solution of 
0.68 g (6.28 mmoles )  of o-aminophenol  in 15 ml  of methanol and 1 ml  of conc.HCl was cooled to 0~ diazo-  
t ized with a solution of 0.5 g of NaNO z in 5 ml of water ,  and, with cooling to 0~ it was mixed with a so lu-  
tion of 1 g (3.13 mmoles )  of 1-phenyl lepidinium pe rch lo ra t e  in 30 ml  of pyridine.  No fo rmat ion  of a dye 
was observed .  Consequently, the reac t ion  mix tu re  was t r ea ted  with 30 g of finely c rushed  ice and 10 g of 
sodium carbonate .  After  s o m e  t ime,  the solution became  violet .  After  it had stood at  0~ for  70 hours ,  
the mix tu re  was diluted with water  and t rea ted  with 42% HC104 until  it gave an acid reac t ion  to Congo red ;  
it was then f i l tered,  and the prec ip i ta te  was washed until i t  was complete ly  f r ee  f r o m  sodium and pyr id inium 
pe rch lo ra t e s .  The yield of c rude  dye was 0.9 g (65%). After  two c rys ta l l i za t ions  f r o m  ethanol it f o rmed  
green  needles  with mp 259-261~ (decomp.), giving a c h e r r y  red colorat ion in conc.H2SO 4. }`max 532 nm 
(log e 4.61, ethanol); a lkal ine solution, }'max 546 nm. Found, %: C1 8.0; N 9.7. Calculated for  C22H18C1. 
N305, %: C1 8.1; N9 .6 .  

o -Carboxyphenylhydrazone  of 4 -Formyl - l -pheny lqu ino l in ium Pe rch lo ra t e  (XXVIII). This was obtained 
in a s i m i l a r  manne r  to compounds I-XXV f r o m  1 g (3.13 mmoles )  of 1-phenyl lepidinium pe rch lo ra t e  in 5 
ml  of pyridine and the diazonium sa l t  f r o m  0.45 g (3.13 mmoles )  of anthrani l ic  acid. The yield of c rude  dye 
was 1.15 g (79%). Dark  red  c r y s t a l s  with a g reen i sh  tinge having mp 258-259~ (decomp.) were  obtained 
af ter  two c rys ta l l i za t ions  f r o m  acet ic  acid. }`max 496 nm (log e 4.65, ethanol); in alkal ine solution, }`max 
526nm. Found, %: CI 7.8; N9.1. Calculated for C23HIsCIN30~, %: C1 7.6; N9.1. 

o- Carboxyphenylhydrazone of 6-Bromo- (p-bromophenyl)-4-formylquinolinium Perchlorate (XXIX). 
This was obtained from 0.96 g (2 mmoles) of 6-bromo-l-bromophenyllepidinium perchlorate in 25 ml of 
pyridine and the diazonium salt from 0.55 g (4 mmoles) of anthranilic acid. Violet-red microerystalline 
powder with mp 205-206~ (decomp, from ethanol-acetone), giving a cherry-red halochromism in conc. 

H2SO 4. Yield 1.15 g (92%), }`max 500 nm (log e 4.62, ethanol); in alkaline solution, }`max 520 nm. Found, 
%: Br + CI 31.4; N 6.9. Calculated for C23HI6Br2ClN30~, %: Br+CI 31.1; N 6.7. 

1-Phenyl-3- (l'-phenylquinolin-4'-yl)-5- (p-sulfophenyl)formazan Perchlorate (XXXII). A solution of 
a p--sulfobenzenediazonium salt obtained from 0.84 g (4.7 mmoles) of sulfanilic acid was added dropwise to 
a solution of 2 g (4.7 mmoles) of the phenylhydrazone of 4-formyl-l-phenylquinolinium perchlorate in 30 
ml of pyridine cooled to -10~ The mixture was kept at 0~ for 2-3 hr and was then diluted with water and 
treated with an excess of 42 % HCIO 4. The precipitate that deposited was filtered off, washed with water, 
and crystallized from ethanol. Red microcrystalline powder with mp 169-170~ Yield 1.45 g (44~0). }`max 
469nm (loge 4.41, ethanol). Found, %: CI 5.6; Nli.6. Calculated for C28H22CINsOTS, %: CI 5.8; Nli.5. 

The following were obtained similarly: XXX- dark red crystals with mp 153-154~ (from acetone), 
yield 45%, }`max 465 nm (log e 4.31, ethanol). Found, %: Cl 6.2; N 12.4. Calculated for CzsH22ClNsO6, ~0: 
C1 6.2; N 12.2. XXXI - brick-red crystals with mp 177-178~ yield 37%, }`max 460 nm (log e 4.48, ethanol). 
Found, %: CI 6.4; N 12.1. Calculated for C291122C]NsO6, %: Cl 6~ N 12.2. 

2,3-Diphenyl-5-(l'-phenylquinolin-4'-yl)tetrazolium Diperchlorate (XXXIII). A mixture of 2.65 g (5 
mmoles) of 1,5-diphenyl-3-(lV-phenylquinolin-4'-yl)formazan perchlorate [4] and 300 ml of HNO 3 (d 1.40) 
was heated at the boil and stirred until it had become completely decolorized and the solid matter had 
passed into solution. After the end of the reaction, the solution had acquired a straw-yellow color. It was 
cooled and filtered, and the tetrazolium salt was precipitated with 42 % HC104. Yield 1.25 g (40 %). After 
two crystallizations from a mixture of ethanol and water (2:1) it formed a yellow-orange microcrystalline 
powder with mp 203-204~ The salt is readily soluble in ethanol and sparingly soluble in water. 

Coml:~)unds XXXIV-XLI were obtained similarly. 

3-(l'-Phenylquinolin-4'-yl)benzotriazine Perchlorate (XLII). A solution of 1.8 g of the formazan 
XXXll in 20 ml of glacial acetic acid and 30 ml of conc.H2SO 4 was heated in the water bath until the blue 
color had changed to brown. Then the mixture was poured into cold water and treated with 5 ml of 42 % 
HC104. The precipitate that deposited was crystallized from acetone. Yellow-green powder with mp 180- 
181~ Yield 10%. Found, %: N 12.8. Calculated for C~2HIsCIN404, %: N 12.9. 

1. 
2. 

3. 
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