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A series of formazans has been obtained by the coupling of 1-aryllepidinium and 1-aryl-
quinaldinium salts with diazonium salts. The formazans have been converted by oxidation
into tetrazolium salts and by the action of acids into benzotriazines. The absorption spec-
tra in the visible region have been measured in neutral, alkaline, and acid media.

The azo coupling of 1-alkylquinaldivium salts forms mixtures of mono- and bisazo derivatives [1],
while thatoflepidinium salt forms the monoazo derivatives exclusively [2]. In contrast to this, 1-phenyl-
quinaldinium and 1-phenyllepidinium give bisazo derivatives related to formazans [3-5]. It appeared of
interest to study the question of how general the formazan-producing reaction is from the side both of the
diazonium salts and of the I-arylquinaldinium and l-aryllepidinium salts and also to study some trans-
formations and optical properties of the reaction products.

A series of quaternary quinaldinium and lepidinium salts containing both electron-donating and elec-
tron-accepting substituents in the quinoline nucleus and in the phenyl radical attached to the heterocyclic
nitrogen atom was introduced into the reaction with diazonium salts. It was found that the direction of the
azo coupling reaction does not depend on the nature of the substituents in the quaternary salt. The reaction
took place with the formation of the formazans I-XXV (Tables 1 and 2). The introduction of strong electron-
donating substituents such as two methoxy groups into the molecule of the quaternary salt lowered the activ-
ity of the methyl group, which led to a decrease in the yields of the formazans XIV and XX-XXII., The
direction of the azo coupling reaction scarcely depends on the diazonium salts used, either, The diazonium
salts from aniline, the isomeric toluidines, alkoxyanilines, naphthylamines, nitroanilines, halogenoanilines,
m- andp-aminobenzoicacids, etc., reacted with the formation of formazans.

The azo coupling was carried out in pyridine with a molar ratio of the quaternary salt to diazonium
compoundofl:2, Inanethanolic medium inthe presence of mineral alkali, a large amount of by-products was
formed which decreased the yield and interfered with the purification of the formazan. Attempts to isolate mono-
azo derivatives from the reaction 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 first portions of
dye formed.

In some cases, by changing the coupling conditions, it was possible to change the direction of the re~
action. Thus, p-nitrobenzenediazonium salts form formazans with the quaternary quinoline derivatives
in pyridine. However, if a solution of 1-phenyllepidinium perchlorate and a p-nitrobenzenediazonium salt
(molar ratio 1:1) in glacial acetic acid is treated with powdered sodium carbonate, the solution rapidly
deposits only the monoazo compound XXVI, which is similar to the compound obtained by the condensation
of the same quaternary salt with sodium p-nitrobenzene-anti-diazoate [6]. The formazan is not formed at
a ratio of 1: 2, either. In this case, the excess of diazonium salt is converted into p,p'-dinitrodiazoamino-
benzene, which is difficult to separate from the monoazo compound and was identified from its spectrum
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(AMmax 424 nm) and also by chromatography in a thin layer of Al,0;. The reaction probably stops at the
monocoupling stage because of the low solubility of the XXVI, which forms a precipitate,

In contrast to other diazonium salts, o-hydroxybenzene and o-carboxybenzenediazonium salts form
with 1-aryllepidinium salts in pyridine solution the monoazo derivatives XXVII-XXIX in the following way:
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The reaction of these diazonium compounds with salts of 2-methylbenzothiazole has been found to
take place similarly [7].

When it is impossible to obtain the formazan in one stage, the method of coupling aldehyde arylhydra~
zones with diazonium salts is used [8]. The coupling of 4-formyl-1-phenylquinolinium perchlorate [9] with
diazonium salts gave the unsymmetrical formazans XXX-XXXII in the following way:
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XXX R”= 0-COOH; XXXI R”= p-COOH; XXXII R”"=p-SO;H
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Like other formazans, the formazans that we obtained are smoothly oxidized by conc.HNO, to the
colorless tetrazolium salts XXXIII-XLI (Table 3). Reduction converts the tetrazolium salts into the initial
formagzans,

On being heated with conc. H,80,, the formazans decomposed with the formation of the benzotriazines
[10]. The acid cleavage of the formazan XXXII gave the benzotriazine XLII,

I \n :@

.

l'“ o,

O

The formazans obtained were colored compounds the spectra of which in the visible region had a single
broad absorption band, When an ethanolic solution of a formazan was made alkaline, the color changed
because of the formation of the bisazo dye [5] in the following way:

R~

N NH~<I_/ NaOH N N@
““QC.B / /__\ o, R—Q—N <“ “‘@

The formazans dissolve in conc. H,80,, giving deeply colored blue, green, or violet solutions. In the
course of time, these solutions become decolorized. This pronounced change in color may be connected with
the formation of halochromic doubly charged ions:
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TABLE 3. The Tetrazolium Salts NB Nt
N/ N=N—Ar
20109
' Calcu-
| | Yield,
Com- | | Found ,%elated, % ;Z
pound Ar/ ' Ar” mp, *C | Empirical 7 ’
formula N [Cl|N ’ cl
|
XXXIII] CgHs CgHs 203—204; CpsHa CloN5Og 11,0/11,6/11,2|11,4] 40
XXXV p- CH;sCesH4 p-CHaCsHs 249—250 C3oHgsCIpN5Osg 11,011,2/10,7/10,8] 69
XXXV| p- CH30CeH, | p-CH3;0CsH, 179—180! C3oHasClNsOye  |10,2{10,5110,2]10,3] 70
XXXVI| p- CICgH, p-CICqH, 198199 C25H;4C14N505 10,1{20,1]10,1/20,4| 61
XXXVIL}  CgH5 0-HOOCCgH, | 228—2029| CooHp CLoNsOy  [10,3/10,2 10,4/10,6| 55
XXXVIII| C¢Hs p-HOOCC:H, |248--249 CaoHClbNsOyo  |10,6(10,4110,4{10,6] 41
XXXIX| CgHs p-HO,SCsH, | 247—248, CysH,CIeNsOpS 110,00 9,9 9,9, 10,1] 23
Y
N
XL o 89‘@“3‘ 205—206 CosHpCLNsOs | 95(19,7) 9,6/196 41
2(:]04
.
ocH,
Br\ N .
. o) o
XLI N ‘ 202—203| CgsH;gBryClsNsOg| 9,0 —| 89 3
' +O
2¢109
| T
Br
R’ ?n R’ T"
7\ AN/

On dilution with water, the halochromic compounds are destroyed.

EXPERIMENTAL
The quaternary quinaldinium and lepidinium salts were obtained as described in the literature [4,11-13].

The Formazans I-XXV. With vigorous stirring, a diazonium salt solution prepared in the usual way
from 4 mmoles of the appropriate amine was added dropwise to a solution of 2 mmoles of a quaternary
salt in 8-10 ml of pyridine cooled to -5 to 0°C. As the diazonium salt was added, the reaction mixture be-
came red. The mixture was kept at 0°C for 2 hr and then at room temperature for 24 hr. To isolate the
formazan, the reaction mixture was diluted with water and was then treated with an excess of HCIO, 42%).
The precipitate that deposited was filtered off, carefully washed with hot water, and crystallized,

4-Nitrophenylazomethylene-1-phenyl-1,4-dihydroquinoline (XXVI), Solutions of 1 g (3,13 mmoles) of
1-phenyllepidinium perchlorate in 20 ml of glacial acetic acid and of p~nitrobenzenediazonium chloride
prepared from 0:43 g (3.13 mmoles) of p~nitroaniline, 2 ml of conc,HCl, and 0.3 g of NaNO, in 3 ml of
water were mixed at 0°C, With stirring and cooling, the resulting solution was treated with powdered car-
bonate in order to neutralize the acid, The initially yellow solution gradually acquired a red-brown color,
and on further neutralization a black-blue precipitate was formed. The yield of crude dye was 0.8 g (69%).
After crystallization from ethanol—acetone (1:1) it formed a powder with mp 176-177°C giving a red-orange
coloration with conc.H,80,, A mixture with a sample obtained from p-nitrobenzene-anti-diazoate [6] showed
no depression of the melting point. A, .. 608 nm (log £ 4.59, ethanol); on acidification, Amax 485 nm,
Found, %: C 71.9; H 4.5; N15.2, Calculated for CyyH;;N,O,, %: C71.7; H 4.3; N 15.2,
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o-Hydroxyphenylhydrazone of 4-Formyl-1-phenylquinolinium Perchlorate (XXVII). A solution of
0.68 g (6.28 mmoles) of o~aminophenol in 15 ml of methanol and 1 ml of conc.HCI was cooled to 0°C, diazo~-
tized with a solution of 0.5 g of NaNO, in 5 ml of water, and, with cooling to 0°C, it was mixed with a solu-
tion of 1 g (3.13 mmoles) of 1-phenyllepidinium perchlorate in 30 ml of pyridine. No formation of a dye
was observed., Consequently, the reaction mixture was treated with 30 g of finely crushed ice and 10 g of
sodium carbonate, After some time, the solution became violet, After it had stood at 0°C for 70 hours,
the mixture was diluted with water and treated with 42% HClO, until it gave an acid reaction to Congo red;
it was then filtered, and the precipitate was washed until it was completely free from sodium and pyridinium
perchlorates. The yield of crude dye was 0.9 g (65%). After two crystallizations from ethanol it formed
green needles with mp 259-261°C (decomp.), giving a cherry red coloration in conc.H,SO,, Amax 532 nm
(log £ 4.61, ethanol); alkaline solution, A 546 nm, Found, %: Cl 8.0; N 9.7. Calculated for CgH,Cl-
N;O;, %: Cl 8.1; N 9.6,

max

o~ Carboxyphenylhydrazone of 4~-Formyl-1-phenylquinolinium Perchlorate (XXVIII). This was obtained
in a similar manner to compounds I-XXV from 1 g (3.13 mmoles) of 1-phenyllepidinium perchlorate in 5
ml of pyridine and the diazonium salt from 0,45 g (3.13 mmoles) of anthranilic acid. The yield of crude dye
was 1.15 g (79%). Dark red crystals with a greenish tinge having mp 258-259°C (decomp,) were obtained
after two crystallizations from acetic acid. Amax 496 nm (og & 4.65, ethanol); in alkaline solution, A
526 nm. Found, %: Cl 7.8; N 9.1. Calculated for C,3H;sCIN;Og, %: Cl 7.6; N 9.1,

max

o~ Carboxyphenylhydrazone of 6-Bromo-(p~bromophenyl)-4-formylquinolinium Perchlorate (XXIX),
This was obtained from 0.96 g (2 mmoles) of 6~bromo~I-bromophenyllepidinium perchlorate in 25 ml of
pyridine and the diazonium salt from 0,55 g (4 mmoles) of anthranilic acid. Violet-red microcrystalline
powder with mp 205-206°C (decomp, from ethanol—acetone), giving a cherry-red halochromism in conc.
H,80,. Yield 1.15g (92%), Amax 500 nm (log & 4.62, ethanol); in alkaline solution, A,y 520 nm, Found,
%: Br + Cl 81,4; N 6.9, Calculated for CpH, ¢Br,CIN;O4 %: Br+Cl 31.1; N6.7.

1-Phenyl-3~{1 -phenylquinolin-4'-y1)- 5~ (p~suifophenyl)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~1-phenylquinolinium perchlorate in 30
ml of pyridine cooled to =10°C. The mixture was kept at 0°C for 2-3 hr and was then diluted with water and
treated with an excess of 42% HCIO,. The precipitate that deposited was filtered off, washed with water,
and crystallized from ethanol. Red microcrystalline powder with mp 169-170°C., Yield 1.45 g (44%). Amax
469 nm (log € 4.41, ethanol). Found, %: Cl 5.6; N11.6. Calculated for C,H,,CIN;O,S, %: Cl5.8; N11.5.

The following were obtained similarly: XXX - dark red crystals with mp 1563-154°C (from acetone),
yield 45%, Apax 465 nm (log € 4.31, ethanol). Found, %: Cl 6.2; N12.4, Calculated for C,gH,,CIN;O4, %:
Cl 6.2; N12.2, XXX — brick-red crystals with mp 177-178°C, yield 37%, M max 460 nm (log & 4.48, ethanol).
Found, %: Cl 6.4; N12.1, Calculated for CygH,,CIN;Og, %: Cl 6.2; N12.2,

2,3-Diphenyl-5-(1'-phenylquinolin-4'-yl}tetrazolium Diperchlorate (XXXII), A mixture of 2.65 g (5
mmoles) of 1,5~diphenyl-3-(1'-phenylquinolin-4'-yl)formazan perchlorate [4] and 300 ml of HNO; (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% HCIO,. 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°C. The salt is readily soluble in ethanol and sparingly soluble in water,

Compounds XXXIV~XLI were obtained similarly,

3~(1*-Phenylquinolin-4'-yl)benzotriazine Perchlorate (XLII). A solution of 1.8 g of the formazan
XXXII in 20 ml of glacial acetic acid and 30 ml of conc.H,80, 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%
HClO;. The precipitate that deposited was crystallized from acetone. Yellow-green powder with mp 180~
181°C. Yield 10%. Found, %: N 12.8. Calculated for C,H;;CIN,O,, %: N 12.9.
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