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STUDIES IN THE FIELD OF SYNTHETIC DYES 

LI. Synthesis of Formazans Based on N-Arylquinaldinium Salts and Their 
Conversion into Tetrazolium Salts* 
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The coupling of 1-arylquinatdinium saks with diazonium salts has giv- 
en a number of formazans of symmetrical structure with a 1-arylquino- 
line residue attached to the formazyl carbon atom. Unsymmetrical 
formazans have been synthesized by coupling the phenylhydrazone of 
2-formyl-l-phenylquinolinium perchlorate with diazoniurn salts. The 
oxidation of the forrnazans has given tetrazotium salts. 

Bisazo  compounds with s t r u c t u r e s  of the f o r m a z a n  
type have been  s tudied in f a i r ly  g rea t  de ta i l  [2]. How- 
ever ,  v e r y  l i t t le  has been  publ ished in the l i t e r a t u r e  
on f o r m a z a n s  with quinol ine  nuc le i  a t tached to the 
fo rmazy l  ca rbon  a tom [3-5] .  

It has been  r epor t ed  p r ev ious ly  [6] that  1 -pheny l -  
qu ina ld in ium p e r c h l o r a t e  r e ad i l y  r e a c t s  with d iazo-  
t ized an i l ine  and p - n i t r o a n i l i n e .  

Developing these  inves t iga t ions ,  we have p e r f o r m e d  
the coupling of 1 -pheny l -  and 1 - ( p - t o l y l ) - 6 - m e t h y l -  
qu ina ld in ium p e r c h l o r a t e  with a n u m b e r  of d i azon ium 
sa l t s .  The coupling led to the fo rma t ion  of the fo r rna -  
zans  I - X V  (see Table  1) in the following way: 

r , , , ~ _  c"~ + ~a~'~c' _ R \ ~  -~ --c~N--n"--a"N=N--a, 

~ c l 6 ,  I ~  cl61 

I R I-XV 
R 

R=H, CH3; Ar=CsHs, p-CH3C6H4, p-CHaOCsH4, p-C2HsOC6H4, 
p-CICsH4, p-BrCsHo p-NO2C6H4, a- and [~-Cl0He. 

The s t r u c t u r e  of the p roduc t s  obtained was shown 
by the s tepwise  syn thes i s  of the s  I by the r e -  
act ion of the phenylhydrazone  of 2 - f o r m y l - l - p h e n y l -  
qu ina ld in ium p e r c h l o r a t e  [7] with benzene  d i azon ium 
chlor ide .  The u n s y m m e t r i c a l  f o r m a z a n s  XVI-XXI  
were  syn thes ized  ana logous ly  (see Table  1): 

~ C H  = N--N fl--CBM~ + p-XC~'t,N O - ~ -  "~N-NH-C6ff' 
~ ~ ,~  C~N=N_C6HcX. p 

~ I v l -  x.XI 

X=CH3, C H 3 0 ,  C2HsO, El, Br, NO~. 

The abso rp t ion  m a x i m a  of the u n s y m m e t r i c a l  
f o r m a z a n s  a r e  obtained addi t ive ly  f r o m  those of the 
c o r r e s p o n d i n g  s y m m e t r i c a l  compounds ,  In al l  e a s e s ,  
the in t roduc t ion  of a subs t i t uen t  into the p a r a  pos i t ion  
of the phenyl  nuc leus  of the azo r e s i d u e s  leads  to a 
ba thoeh romic  effect  r e l a t i v e  to the unsubs t i tu t ed  c o m -  

pound [6]. 

*For communication L, see [I]. 

It is an interesting fact that the formazans XVIII, 
XIV, and XXI readily lose the anion under the action 
of alkali or in the air and are converted into the cor- 

responding bases: 

=C\  
L 

R 

1~= Cita, Ar=Ar'= 
p-NO2CGH4 (~ .... 590 nm); R=CHa, 

Ar=Ar'=a-CtoH7 ( E ~  560 nm); R=H, 
Ar= C6Hs, Ar'=p-NO2C6H4 (~max 549 nm). 

After storage for a short time, these formazans 
give, on a thin-layer chromatogram (AlzO3), two spots 
with absorption maxima corresponding to the salt and 

base forms. This is apparently connected with a pro- 
nounced weakening of the quinoline nucleus, which fa- 

vors the conversion of these formazans into the non- 
salt state with a deepening of the color by 132, 76, 
and 89 nm, respectively. In an acid medium the initial 

color is restored. 
The formazans are capable of many reactions, of 

which the most interesting is oxidation with the forma- 
tion of tetrazolium salts, which are widely used as re- 
dox indicators in histoehemistry [8]. The nitric acid 
oxidation of the formazans [9] I, Ill, XIV, and XVII 
gave the diperchlorates of the corresponding tetrazo- 

lium salts (Table 2), which formed light yellow mi- 

croerystalline powders. 
The UV spectrum of the tetrazolium salt XXII is 

characterized by two absorption bands, at 227 nm 

(log e 4.08) and 272 nm (log e 3.89). 
The action of an ethanolie solution of ascorbic acid 

on the tetrazoliurn salts reduces them to the initial 

formazans, which is shown by the identity of the ab- 
sorption spectra in the visible region. The tetrazoli- 

urn salts have been tested as indicators of redox pro- 

cesses in plants. 

EXPERIMENTAL 

Symmetrical fotmazans (I)-(XV). With stirring, the diazonium 
salt prepared by the usual method from 6.4 mM of the appropriate 
amine was added in drops to a solution of 1 g (3.1 raM) of a 1-phenyl- 
quinaldinium pemhlorate in 10 ml of quinoline or a mixture of water 
and pyridine (1:1) cooled to 0 ~ C. 

After 5-7 hr, the reaction mixture was treated with ether where- 
upon the crude formazan precipitated in the form of a powder. The 
pure formazan was obtained after repeated washing of the powder with 
hot water to eliminate unchanged quaternary salt and crystallization 
from ethanol or acetic or formic acid. 
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C o m -  
poun~ R Ar 

XXII H CsH5 

XXIIII H C6H5 

XXI'v H p-CH3OC6H4 

XXV 2Hz a-C10Hr 

Ar z 

T a b l e  2 

R 

Empirical 
Mp, ~ formula 

p-CH3OC6H4 

p-CH3OCsH4 

~'C1oH7 

242--243 IC2sH21CI2NsOs 

204--205 C2oH2aCI2NsOo 

184--185 C3oH25C12NsO~0 

229--230 iC3sH29CI~NsOa 
F 

' Found, % '  Caleu, i ~ 
lated, % 

L .1.31111.421,1.18i11.34/00.0 
. 1 .29  11 .49  I 

i 

.055!1090 10.67 10.82 50 o.7911o.9711 1 
0,35[!0.48110-21110.34[ 66 
0.42 10.50 i l 
935 i 950 928 941 
9 1 4 1 i  1 9 1 5 2  " . 3o 

Stepwise synthesis of the fermazan I. A solution of 0.84 g (2 raM) 
of the phenylhydrazone of 2-formyl-l-phenylquinolinium perchlo- 
rate in 20 ml of pyridine cooled to 0 ~ C was coupled with a solution of 
the benzenediazoninm chloride obtained from 0.2 g (2.2 mM) of ani- 
line, 0.14 g of NaNQ, and 0.5 ml of hydrochloric acid (d 1.19). After 
a day, the reaction mixture was treated with water and the resin that 
deposited was carefully washed with water and crystallized first from 
ethanol and then from aqueous acetone (1:10). Dark red crystals with 
mp 234-235 ~ C were obtained ()-max 458 nm). Yield 0.56 g (54%). 
Found, %: N 13.60, 13.39. Calculated for CzsH22C1NsO4, %: N 13.26. 
A mixture with the substance obtained previously [6] gave no depres- 
sion of the melting point. 

The unsymmetrical formazans (XVI-XXI). The diazonium salt 
prepared in the usual way from 2.5 mM of the appropriate amine was 
added to a solution of 1 g (2.5 raM) of the phenylhydrazone of a 2-for- 
myl-l-phenylquinolinium perchlorate in 10 ml of pyridine cooled to 
0 ~ C. After the coupling reaction was complete, the reaction product 
separated in the form of an oil, which was converted by the addition 
of 42% HCIO4 into a crystalline mass. After washing with hot water 
and recrystallization from ethanol, compounds XVI-XXI were ob- 
tained in the form of lustrous brick-red crystals. 

The tetrazolium salt XXII. A solution of 1.32 g of the formazan I 
in 150 ml of HNOa (d 1,38) was heated with constant stirring until the 
evolution of oxides of nitrogen had ceased and the solution had be- 
come decolorized. The reaction was considerably accelerated by the 
addition of 2-3  drops of ethanol. The  colorless solution was filtered, 
diluted with water, and treated with 42% HCIO4o The flocculent pre- 
cipitate was crystallized from ethanol with the addition of a few drops 
of HNO3. 

Compounds XXIII-XXV were obtained similarly. 
(Phenylazo)-(1 -phenyt-l ,2 -dillydroquinol-2 -ylidene)'(4'  -nitro- 

phemylazo)methane. A solution of ! g (3.7 raM) of XXI in 10 ml of 

ethanol was treated with a 10% solution of NaOH, whereupon the color 
of the solution changed from red to violet. The substance precipitated 
in the form of a deep blue powder with mp 159" C (from ethanol). 
kma x 549 nm (ethanol). When the solution was acidified, it had )-max 
460 nm, which corresponds to the absorption maximum of the initial 
formazan. Found, %: N 17.89, 17.38. Calculated for C28Hz0N~Oz, %: 
N 17.79. 
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