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Abstract. New azo compounds on the base of 2,3,3-
trimethyl-3H-indolenine were synthesized and character-
ized by FT-IR, NMR, and Mas-spectral analysis. The
synthesis was conducted in three different pathways: 1) by
reducing the nitro compound with Zn/NaOH in alcohol; 2)
by heating of 2,3,3-trimethyl-3H-indolenine-5-amine in
the presence of MnQ; in toluene, and 3) by diazotization
of 2,3,3-trimethyl-3H-indolenine-5-amine and treating the
resulting diazonium salt with the appropriate coupler.

Keywords: azo dyes, bis azo dye, reduction, 2,3,3-
trimethyl-3H-indolenine, synthesis.

1. Introduction

Azo dyes are the largest group of dye chemistry to-
day. They occupy a special place in terms of their use.
The area of application of azo dyes is mainly limited to
the textile, leather, and plastics industries, printing market,
paper manufacturing,’ bio-medical studies, non-linear
optical systems, photochromic materials, sensors, and
photo-sensitizers, molecular photoswitches, molecular
machines, linkers in biological macromolecules, guests in
inclusion complexes, surfactants, ligands, polymers, liquid
crystals.”"* The pharmacologic effect of these compounds
has also been identified, which has led to their widespread
use in medicine as antitumor, antifungal, antibacterial, and
antioxidant activities.'***

Azo-compounds are derivatives by one or more ni-
trogen-nitrogen double bonds -N=N-, where nitrogen
atoms are connected respectively to sp>-hybridized carbon
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atoms. Azo-compounds are expressed by the following
formula: Ar-N=N-R. The -N=N- chromophore group, as
the electron—withdrawin% group is principally responsible
for the color observed.”>°

The synthesis of azo dyes is distinguished by their
simplicity, which takes place in acid and alkaline condi-
tions, with the interaction of weak electrophiles (aryl dia-
zonium ion) and strong nucleophiles (activated aromatic
compound). The first stage involves N-nitrosation (diazo-
tization) of aromatic amines to diazonium salt in a mineral
acid area at low temperature, and the second stage takes
place by coupling the diazonium ion to an electron-rich
aromatic ring via an electrophilic aromatic substitution
reaction. The first step requires control to avoid side ef-
fects, formation of self-coupling product, or decomposi-
tion of the diazonium ion. After the coupling reaction, the
azo group bonded to the nucleophiles and yielded a de-
sired colored product.”*

In this study, we used three different pathways to
synthesize new azo compounds (Scheme 1), including the
classical way of syntheses, such as diazotization of amine
at low temperature and subsequent coupling of the result-
ing diazo salt with a coupler, also, reducing the nitro com-
pound by boiling in Zn dust in an alkaline solution, and by
heating the amine with MnO, in toluene.”"™*
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Scheme 1. General formula of azo dyes
based on 2,3,3-trimethyl-3H-indolenine

The structures of obtained compounds were estab-
lished using UV-Vis, FT-IR, NMR, and LC-MS analysis.

2. Experimental

2.1. Materials

All reagents used for synthesis were purchased
from commercial suppliers (HCI, H,SO4, NaNO,, MnO,,
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methyl isopropyl ketone, and Zn-dust were purchased
from Sigma-Aldrich; hexane, ethyl acetate, and methanol
were purchased from Merck) and the purification accord-
ing to standard literature methods (distillation) was done.

2,3,3-trimethyl-3 H-indolenine 3). 102 g
(1.04 mol, 56 mL) of 96% sulfuric acid were placed in a
small portion in a 500 mL four-necked flask equipped
with a mechanical stirrer, reflux condenser, dropping
funnel, thermometer, and an ice bath with 390 g of ice.
108 g (1.0 mol, 98.5 mL) of phenylhydrazine (1) were
added to the flask through the dropping funnel under stir-
ring and cooling at 273-293 K. Then methyl-isopropyl
ketone (2) in the amount of 92.5 g (1.0 mol, 115 mL) was
added dropwise to the mixture in over 55 minutes and the
reaction mixture was stirred and heated for three hours to
363 K. After finishing the reaction, the mixture was neu-
tralized with a 100 mL of 50% sodium hydroxide solution
up to pH 9. The mixture was transferred to a separatory
funnel and the oil layer was separated. The aqueous layer
was extracted two times with 150 mL of diethyl ether. The
ether extract was dried over magnesium sulfate, then con-
centrated in the vacuum, and obtained oil was distilled at
502-503 K. 2,3,3-trimethyl-3H-indolenine (3) as a yellow-
ish oil was obtained with a yield of 83%."'

2,3,3-trimethyl-5-nitro-3H-indolenine (4). 50 mL
(92 g, 0.93 mol) of 96% sulfuric acid were placed in a
250 mL four-necked flask equipped with a mechanical
stirrer, condenser, dropping funnel, thermometer, and ice
bath. 20 g (0.1256 mol, 20.16 mL) of 2,3,3-trimethyl-3H-
indolenine (3) were added dropwise through the dropping
funnel under stirring and cooling, maintaining the tempera-
ture below about 333 K. When the solution was cooled to
293 K a “nitration mixture” of nitric acid/sulfuric acid in Y4
ratio (7.56 g, 4.967 mL, 0.12 mol of nitric acid in 47 g,
0.48 mol, 25.58 mL of concentrated sulfuric acid) was
slowly added by dropwise under vigorous stirring, main-
taining the temperature up to 298 K. The mixture was
stirred for more than two hours at room temperature and
left overnight. The reaction was monitored by TLC. After
the reaction, it was poured into cold water, or ice, and caus-
tic soda was added in a small portion until pH9. The
formed nitro product was completely precipitated. The
precipitate was filtered off, washed until neutral, and dried
up. The product was purified by recrystallization from
ethanol/water and a yellow powder” was obtained with
m.p. 402-403 K (lit. 403-404 K). IR spectrum, wavenum-
ber, cm™: 3093, 1599 (C-H Aromatic), 2974, 1465-1449
(Methyl C-H asym. Stretch), 1514, 1334 (C-NO,), 1314
(aromatic tertiary amine CN stretch); '"H NMR (400 MHz,
CDCl;, 6 ppm): 1.33 (6H, s, 2CH3); 2.30 (3H, s, CH3);
7.64-66 (1H, d, J=8.5Hz, Ar); 823 (1H, dd, J=8.5,
J=2.4 Hz, Ar); 8.41-8.35 (1H, m, Ar); °C NMR (100 MHz,
CDCl; 8 ppm): 16.1 (1C, CHj;); 22.4 (2C, CH3); 54.79
(1C); 118 (1C, Ar); 120.2 (1C, Ar); 124.8 (2C, Ar); 145.5
(1C, Ar); 147.7 (1C, Ar); 159 (1C, Ar);
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2,3,3-trimethyl-3H-indolenine-5-amine (5). A
150 mL three-necked flask equipped with a reflux con-
denser, thermometer, and heating mantle was loaded with
11 g (0.2 mol) of iron powder and 45 mL of 7% acetic acid.
The flask was heated to 343-353 K for 15 min. Then a hot
solution of 10 g (50 mmol) of 2,3,3-trimethyl-5-nitro-3H-
indolenine (4) in 100 mL of ethanol was added in portions
to the reaction mixture. The mixture was boiled for 1 h.
After finishing the reaction 6 g (56.6 mmol) of sodium
carbonate were added and the mixture was stirred for 10
min. The mixture was cooled, and the precipitate was fil-
tered off and then washed with hot ethanol. It was concen-
trated in a rotary evaporator. The formed precipitate was
filtered and recrystallized from aqueous ethanol (2:1). M.p.
451-452 K (lit. 451 K).** IR spectrum, wavenumber, cm':
3317, 3188 (aromatic primary amine, NH stretch); 2957,
2922, 2861, 1473-1423 (methyl C-H asym/sym. stretch),
1647, 1615 (primary amine, NH bend), 1376, 1344 (aro-
matic tertiary amine, CN stretch), 3019 (C-H aromatic ring
stretch); 'H NMR (400 MHz, CDCls, & ppm): 1.03 (3 H, s,
CH3) 1.16 (3H, s, CH3), 2.1(3H, s, CH3) 4.97 (2H, s, NH,),
7.62(1H, d, j=8.1 Hz, Ar), 896 (1H, d, J=1.9 Hz, Ar),
8.51(1H, s, Ar); "C NMR (100 MHz, CDCl; & ppm): 15.84
(2C, CHs); 22.87 (1C, CH3); 40.74 (1C); 113.8 (1C, Ar);
120.7 (1C, Ar); 121.9 (1C, Ar); 129.18 (2C, Ar); 155.0 (1C,
Ar); 163.0 (1C, Ar);

1,2-bis(2,3,3-trimethyl-3 H-indol-5-yl)-diazene
(6). Method A. A 150 mL three-necked flask equipped
with a reflux condenser, magnetic stirrer, and heating
mantle was loaded with 1.25 g (31.25 mmol) of NaOH in
5 mL water and 2 g (10 mmol) of 2,3,3-trimethyl-5-nitro-
3 H-indolenine (4) in 5 mL ethanol. 1.47 g (22.5 mmol) of
Zn dust were added in small portions under heating and
stirring and an additional 15 mL of ethanol was poured
into the flask, then it was heated to a boil. The reaction
mixture got red. It was filtrated using a Buchner funnel
and formed Zn(ONa),; unreacted Zn dust was washed up
with 10 mL of hot ethanol. The filtrate was cooled and
concentrated in a vacuum. The formed precipitate was
filtered, washed up with water until neutral, and dried in
the  vacuum.  1,2-bis(2,3,3-trimethyl-3H-indol-5-yl)-
diazene (6) was obtained as a dark orange powder. IR
spectrum, wavenumber, em™: 2961, 2925, 2858 (methyl
C-H asym/sym. stretch); 1586-1473 (open-chain azo
(-N=N-)), 1376, 1344 (aromatic tertiary amine CN
stretch), 3050 (C-H aromatic ring stretch); 'H NMR
(400 MHz, CDCl;, 6 ppm): 1.13 (3H, s, CH3) 1.37 (3H, s,
CH;), 1.48 (3H, s, CH3), 7.05-7.07(1H, d, j=8.6 Hz, Ar),
8.09-8.10 (1H, d, J=2.3 Hz, Ar), 8.14-8.16 (1H, dd, j=8.7,
23 Hz, Ar); "CNMR (100 MHz, CDCl; & ppm): 21.6
(2C, CH3); 25.0 (1C, CH3); 42 (1C), 118.9 (1C, Ar); 125.2
(1C, Ar); 142.5 (1C, Ar); 148.7 (2C, Ar); 159 (1C, Ar);
165 (1C, Ar); LC-MS, m/z (Irel, %): Found 344.3524
[M+1] (100%), Calculated m/z: 344.2001.
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Method B. A 100 mL three-necked flask equipped
with a reflux condenser, thermometer, and heating mantle
was loaded with 0.5 g (2.9 mmol) of 2,3,3-trimethyl-3H-
indolenine-5-amine (5) in 20 mL of toluene and 1.2 g
(14.5 mmol) of manganese(IV) dioxide were added. The
mixture was refluxed for 15 h with water removal (Dean-
Stark) and then the formed suspension was filtered,
washed several times with toluene, and the filtrate was
evaporated in a vacuum to give a dark orange solid (6). It
was recrystallized from methanol.

General Experimental Procedure of Diazotiza-
tion (8a, b) method A:

A mixture of 1g (5.74 mmol) of 2,3,3-trimethyl-
3H-indolenine-5-amine (5) in 2.3 mL of 32% HCI and
2.3 mL of water were placed in a 100 mL beaker equipped
with a magnetic stirrer. The clear solution was drowned in
an ice bath and was diazotized with 0.349 g (5.74 mmol)
of sodium nitrite dissolved in 1.43 mL of water at 273-
282 K. To the clear diazo solution 0.54 g (5.74 mmol) of
phenol (I) in 21.5 mL of water, 0.2296 g (5.74 mmol) of
sodium hydroxide and 2.12 g (20 mmol) of sodium car-
bonate were added at a low temperature in a small portion.
The mixture was stirred at room temperature overnight.
Then it was filtered off and washed with a 10% of sodium
chloride solution. The obtained sediment suspension in
water is then acidified to a weak acid reaction by adding
hydrochloric acid. After that, the obtained precipitate was
filtered, washed up to neutral with water, and dried.

4-((2,3,3-trimethyl-3 H-indol-5-
yl)diazenyl)phenol (8a): IR spectrum, wavenumber, cm’
': 3254 (phenolic OH stretch), 3030 (C-H aromatic ring
stretch), 2923 (methyl C-H asym /sym. stretch), 1592-
1474 (open-chain azo (-N=N-)), 1386, 1346 (aromatic
tertiary amine CN stretch); 'H NMR (400 MHz, CDCl, &
ppm): 1.20 (3H, m, CH3) 1.36 (3H, s, CH3), 2.93 (3H, s,
CHj), 6.75 (1H, s, Ar), 7.22-7.34 (1H, d, j=8.2, Ar), 8.57
(1H, s, Ar), 8.66 (1H, s, Ar), 8.98 (1H, dd, J=8.2, 1.9 Hz,
Ar), 9.03 (1H, s, Ar), 9.25 (1H, s, Ar) 10.46 (1H, s, OH);
C NMR (100 MHz, CDCl; & ppm): 24 (2C, CHz); 39.37
(1C, CH;) 53.64 (1C); 145.8 (3C, Ar) 149.1 (2C, Ar);
151.37 (4C, Ar); 155.4 (3C, Ar); 161.37 (1C, C-OH); LC-
MS, mvz (Irel, %): Found 279.1372 [M+1] (100%), Calcu-
lated m/z: 279.2391.

1-((2,3,3-trimethyl-3 H-indol-5-
yldiazenyl)naphthalen-2-ol (8b): IR  spectrum,
wavenumber, em’: 3226 (OH-stretch), 2975, 2860
(methyl C-H asym/sym. stretch), 1616-1497 (open-chain
azo (-N=N-)), 1382 (aromatic tertiary amine CN stretch),
3030 (C-H aromatic ring stretch); 'H NMR (400 MHz,
CDCls, 6 ppm): 1.36 (6H, s, CH3), 2.27 (3H, s, CHs3), 7.09
(1H, t, Ar), 7.29 (2H, m, Ar), 7.49 (1H, m, Ar), 7.64 (1H,
m, Ar), 7.88 (1H, m, Ar), 8.04 (2H, m, Ar), 8.73 (2H, d,
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j=8.4 Hz, Ar), 9.76 (1H, s, OH); “C NMR (100 MHz,
CDCl; & ppm): 12.9 (1C, CHj;); 24.46 (2C, CH;); 44.5
(1C) 109 (2 C, Ar); 111.47 (2C, Ar); 114.7 (2C, Ar);
124.9 (2C, Ar); 125.17 (2C, Ar), 136.7 (2C, Ar), 142.5
(1C, Ar); 144.2 (2C, Ar), 150 (1C, Ar), 181.03(1C, C-
OH); LC-MS, mvz (Irel, %): Found 329.4272 [M+1]
(100%), Calculated m/z: 329.1528.

General Experimental Procedure of Diazotiza-
tion (6, 8c,d) method B:

A mixture of 1 g (5.74 mmol) of 2,3,3-trimethyl-3H-
indolenine-5-amine (5) in 2.3 mL of 32% HCl and 2.3 mL
of water were placed in a 100 mL beaker equipped with a
magnetic stirrer. The clear solution was drowned in an ice
bath and diazotized with 0.349 g (5.74 mmol) of sodium
nitrite dissolved in 1.43 mL of water at 273-282 K. To the
clear diazo solution 0.91 g (0.92 mL, 5.74 mmol) of 2,3,3-
trimethyl-3H-indolenine (3) in 1 mL HCI and 3.2 mL of
water were added in small portions under stirring and cool-
ing. After finishing the reaction, 2.6 g (30 mmol) of sodium
acetate in 11 mL of water were added. The formed precipi-
tate was filtered, washed with water, and recrystallized
from  alcohol.  1,2-bis(2,3,3-trimethyl-3H-indol-5-yl)-
diazene (6) was obtained as a red powder.

N,N-diethyl-4-((2,3,3-trimethyl-3 H-indol-5-
yl)diazenyl)aniline (8c): IR spectrum, wavenumber, em’:
3050 (C-H aromatic ring stretch), 2968, 2926 (methyl C-
H asym/sym. stretch), 1594-1512 (open-chain azo (-N=N-
)), 1390, 1349 (aromatic tertiary amine CN stretch),
'HNMR (400 MHz, CDCls, & ppm): 1.12 (3H, s, CHs)
1.37 (3H, s, CH;), 1.43 (3H, s, CHj3), 7.05(1H, d,
j=8.6 Hz, Ar), 8.09 (1H, d, J=2.3 Hz, Ar), 8.15 (1H, dd,
j=8.7, 2.3 Hz, Ar); "CNMR (100 MHz, CDCl; 8 ppm):
12.9 (1C, CHs); 24.46 (2C, CH3); 44.5 (1C) 109 (2C, Ar);
111.47 (2C, Ar); 114.7 (2C, Ar); 1249 (2C, Ar); 125.17
(2C, Ar), 136.7 (2C, Ar), 142.5 (1C, Ar); 144.2 (2C, Ar),
150 (1C, Ar), 181.03 (1C, C-OH);

4-((2,3,3-trimethyl-3 H-indol-5-
yl)diazenyl)aniline (8d): IR spectrum, wavenumber, cm’
I 3366, 3214, 3116, (NH; stretch), 3031 (C-H aromatic
ring stretch), 2963, 2925, 2861 (methyl C-H asym/sym.
stretch), 1599-1457 (open-chain azo (-N=N-), 1400, 1309
(aromatic tertiary amine CN stretch), 'H NMR (400 MHz,
CDCl;, 6 ppm): 0.9 (6H, s, CH3) 2.07 (3H, s, CH3), 5.17
(2H, s, NHy), 7.52-7.54 (2H, d, j=8.6 Hz, Ar), 7.71 (2H, d,
J=23 Hz, Ar), 7.93 (1H, m, Ar); 8.13 (lH, s, Ar), 8.44
(1H, s, Ar); "CNMR (100 MHz, CDCl; 8 ppm): 28.07
(1C, CH,); 28.17 (1C, CHj); 36.5 (1C), 44.9 (1C), 112.1
(1C, Ar); 116.5 (1C, Ar); 124.6 (1C, Ar); 125.9 (1C, Ar);
127.1 (1C, Ar), 1274 (1C, Ar), 127.6 (1C, Ar), 128.8 (2C,
Ar), 140.5 (1C, Ar), 143.7 (2C, Ar); 177.1 (1C); LC-MS,
m/z (Irel, %): Found 279.1659 [M+1] (100%), Calculated
m/z 278.1531.
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2.2. Methods

Fourier transform infrared spectra (FTIR) were re-
corded at Nicolet TM iS50 FTIR Spectrometer—Thermo
Fisher Scientific, the mfrared region 4000-400 cm ' (scan
32, resolution 4cm'); UV spectra were recorded on
GENESYS 50 s?ectrophotometer Thermo Fisher Scientific.

'H and "CNMR spectra were recorded on Bruker
NMR-400 (400 MHz) in DMSO-dg, or CDCl;, with TMS
as the internal standard. Mass spectra were recorded on
Agilent Technologies 6539 Accurate —Mass Q-TOF
LC/MS. Monitoring of the reaction progress and assess-
ment of the purity of synthesized compounds were done
by TLC (thin layer chromatography) on Silica gel on TLC
PET-foils plates in Hexane/Ethyl acetate, 2:1 eluent sys-
tem, visualization in an iodine chamber, and UV-light.

Melting points were determined on a Stuart
SM10G (melting temperatures of synthesized azo com-
pounds were determined). It was found that they change
color during the heating process, in particular, they
darken, decrease in volume, and then turn black. There-
fore, melting temperatures are not specified.

3. Results and Discussion

The synthesis of azo compounds was conducted
according to Scheme 2. The initial compound (3) was
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synthesized by a one-step reaction. The condensation
reaction of phenylhydrazine (1) with methyl isopropyl
ketone (2) was conducted in the acidic area and 2,3,3-
trimethyl-3H-indolenine (3) was obtained as a yellowish
0il.* Nitration of compound (3) with nitration agent at a
molar ratio of 1:1:4 (compound 3: HNO; / H,SO4) was
carried out and product (4) was obtained with a yield of
85%.%

The reduction of nitro compound (4) was studied in
two ways, namely, by using easily oxidized metal in the
acidic environment® (Fe/CH;COOH) (a) and by using
freshly activated zinc dust in the alkaline solution™ (b)
(Scheme 3).

Observation of the experiments showed that in the
acidic environment (a) the first nitroso compound (4a) as
an intermediate was formed, which was finally reduced to
2,3,3-trimethyl-3 H-indolenine-5-amine (5) with a 65 %
yield. By using freshly activated Zn dust in the alkaline
solution (b), as an intermediate, nitroso compound (4a)
was first formed, which was transferred to hydroxylamine
(4b), and finally, a bis azo (6) was formed (Scheme 3).
The yield of the obtained azo compound (6) was 76 %. It
should be noted that depending on the amount of
Zn/NaOH, different compounds (6), (4a), or (4b) can be
obtained according to Scheme 4. The use of an excessive
amount of Zn/NaOH leads to the formation of amine (5),
which was experimentally confirmed (Scheme 4).

Zn/NaOH

7

Mn02 coupler 11V, 3)

toluene

6, 8a-d

Scheme 2. Synthesis pathway of bis-azo and azo compounds

a
ON
/ —
N

ON HOHN HoN
— —
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N N
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4 ON HOHN { )
) /7 N N
b N N 6
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Scheme 3. The reduction of 2,3,3-trimethyl-5-nitro-3 H-indolenine:
(a) reduction with Fe/CH;COOH and (b) reduction with Zn/NaOH
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Scheme 4. Reduction of 2,3,3-trimethyl-5-nitro-3H-indolenine with Zn/NaOH: (b) molar ration
of compound (4) : Zn : NaOH as 1:2:4, (¢) molar ration of compound (4) : Zn : NaOH as 2:5:10,
and (d) excessive amount of Zn/NaOH
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Scheme 5. Synthesis of 2,3,3-trimethyl-3 H-indolenine-5-diazonium chloride

The azo dyes with different couplers were synthe-
sized by diazotization of 2,3,3-trimethyl-3H-indolenine-5-
amine (5) in an acidic solution, followed by coupling with
phenol (I), beta-naphthol (II), 2,3,3-trimethylindolenine
(3), N,N-diethylaniline (III), and aniline (IV) according to
Schemes 5 and 6. Treatment of nucleophilic 2,3,3-
trimethyl-3H-indolenine-5-amine (5) with the electro-
philic nitrosonium cation nitrosates the nitrogen of amine
(5) and leads to the formation of diazonium salt (7). The
temperature of the reaction mixture was kept below 273-
282 K. Diazonium salt (7) can be represented by the fol-
lowing two electronic structures, in which the positive
charge is shared by both nitrogen atoms.” >

A coupling of diazonium salt (7) with phenol (I)
and beta-naphthol (II) was implemented in the pH range
of 8-10. Since diazonium salts are weak electrophiles,
they react with phenol (I) and beta-naphthol (II), which
were activated by strong electron-donating groups. As a
result, C-coupling was formed with the mentioned com-
pound, and corresponding azo dyes (8a) and (8b) were
obtained. By coupling compound (7) with 2,3,3-
trimethylindolenine (3), N,N-diethylaniline (III), and ani-
line (IV) in a slightly acidic medium, compounds (6), (8c),
and (8d) were synthesized (Scheme 6).

As we mentioned above, the synthesis of bis azo
compound (6) was implemented in three different ways

according to Scheme 2. Initially, it was conducted by
heating 2,3,3-trimethyl-5-nitro-3H-indolenine (4) in the
presence of Zn dust with NaOH in the methanol area,
where the molar ratio of the reacting components was
1:2.2:3 (nitro compound (4) : Zn : NaOH). The reaction
proceeds very quickly, the red color of the reaction mix-
ture already indicates the formation of a bis azo com-
pound (6). It is desirable to remove the excess catalyst
from the reaction mixture immediately after the reaction
finishes. The yield of the bis azo compound (6) by the
mentioned method was 76 %. Bis-azo synthesis was also
conducted by oxidation of amine (5). It has been experi-
mentally proven that manganese dioxide as an oxidizing
catalyst is actively used in the oxidation of organic com-
pounds. It is quite an effective catalyst for the oxidation of
amines, where neutral solvents are often used as the reac-
tion medium.” In our case, the reaction was carried out by
heating 2,3,3-trimethyl-3H-indolenine-5-amine (5) with
MnO; in toluene, where the molar ratio between the react-
ing components was 1:5 (amine (5) : MnO,). The reaction
was continued at heating for 15 hours, and the yield of the
obtained bis azo compound (6) was 32%. Furthermore, bis
azo compound (6) was obtained with the yield of 67% by
the method described above, namely, by coupling diazo
salt (7) with 2,3,3-trimethylindolenine (3) in an acidic
environment.
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Scheme 6. Synthesis of azo compounds from 2,3,3-trimethyl-3 H-indole-5-diazonium chloride (7)

3.1. FT-IR, '"H NMR, and *C NMR Spectra

The structure of the synthesized compounds (3)-(6)
and (8a-d) was proved by IR and NMR spectroscopy and
mass spectrometry. The IR spectra of compounds (3)-(6)
and (8a-d) manifest the characteristic absorption bands of
the aromatic ring at 3093-3022 and 1630-1599 cm™. The

absorption bands of C=N groups in the aromatic ring are
observed in their characteristic regions of the spectrum at
1385-1310 cm™, respectively. The absorption bands of C—
NO; and NH, for compounds (4) and (5) are observed at
1334, 1514, and 3317, 3188 cm'l, respectively. -N=N-
groups absorption of compounds (6), (8a-d) appeared at
1616-1473 cm’.

8a
35
3 6
2.5
ad
2
8c
1.5
1 8b
0.5
4]
a5 0 200 400 600 800 1000 1200
8a —— E)-4-((2,3,3-trimethyl-3H-indol-5-yl)diazenyl)phenol MeOH 6(Abs)
8b —— (E)-3-((2,3,3-trimethyl-3H-indol-6-yl)diazenyl)naphthalen-2-ol MeOH(Abs)
6 (2)-1,2-bis(2,3,3-trimethyl-3H-indol-5-yl)diazene MeOH (Abs)
8c (Z)-N,N-diethyl-4-((2,3,3-trimethyl-3H-indol-5-yl)diazenyl)aniline MeOH 2(Abs)
8d —— (2)-4-((2,3,3-trimethyl-3H-indol-5-yl)diazenyl)aniline MeOH(Abs)

Fig.1. Ultraviolet spectrum of synthesized azo compounds (6a-e)
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Table 1. The yield, color, and UV spectrum of compounds (6) and (8a-d)

Compound Color Yield, % UV spectrum, A, nm (log a)#
8a yellow 85 302 (3.383)

8b milky 65 296 (2.704), 238 (1.23)

6 dark orange 81 378 (3.601), 234 (1.715)

6 (Zn/NaOH) dark orange 76

6 (MnOy/toluene) dark orange 32

8c red 78 460 (1.622),266 ( 0754)

8d reddish 74 392 (1.975), 238 (1327)

* compounds (6) and (8a-d) were registered in MeOH

The ultraviolet spectrum (Fig. 1) of synthesized azo
compounds was studied in methanol. The characteristic
absorptions of the azo groups appear at 378 nm to 494 nm.
These observations confirm that the aromatic systems on
either side of the azo bond between the © and n electrons
are conjugated and the given absorption band is due to the
azo group. In the case of compound (8b), where we have a
conjugated system of 2,3 3-trimethyl-3H-indolenine (3)
with 2-naphthol and —N=N- azo group, the absorption
maximum occurs at 494 nm, whereas for compound (8a),
containing phenol ring, the absorption maximum occurs at
378 nm. The absorption maxima for (6), (8¢c), and (8d)
appear in the range of 392-460 nm (Table 1).

In 'H NMR spectra of synthesized compounds (4)-
(6) and (8a-d), aromatic proton signals appear as singlets,
doublets, doublets of doublets, and multiplets depending
on the influence of the respective substituents in the 8.96-
6.95 ppm range. NH, group signals appear as singlets at
5.16 and 4.97 ppm (compounds (3) and (6e)). Proton sig-
nals of the CH3 group in the spectra of compounds (4)-(6)
and (8a-d) appear as multiples in the high field region of
the spectra. Proton signals of the OH group of compounds
(8a) and (6b) appear as singlet signals at 10.31 and
9.76 ppm.

In *C NMR spectra of compounds (4)~(6) and (8a-
d), the carbon atom signals of the CH;3 group appear in the
16.1-39.37 ppm high field region. Resonance signals of
functional groups C=N appear in the 40.0-54.79 ppm
regions. The carbon atom signals of the C—OH appear in
the 161.37-181.03 ppm regions, respectively. Resonance
signals of the aromatic ring appear in the 109-165 ppm
regions, respectively.

4. Conclusions

Synthesis of azo compounds based on 2,3,3-
trimethyl-3H-indolenine was conducted by the reduction
of the nitro compound using Zn dust in the presence of
NaOH aqueous solution; by heating of 2,3,3-trimethyl-
3H-indolenine-5-amine in toluene in the presence of
MnO,; and by diazotization of 2,3,3-trimethyl-3H-

indolenine-5-amine and its interaction with the appropri-
ate couplers it was experimentally proven that azo com-
pounds were obtained in a relatively good yield by diazo-
tization of amine and its subsequent interaction with cou-
plers. By reducing the nitro compound using Zn/NaOH, it
was possible to obtain bis azo with a higher yield, com-
pared with heating the amine in toluene using a MnO,
catalyst. The structures were determined by IR, NMR, and
mass spectral analyses, which were consistent with the
structures of the synthesized compounds.
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CHHTE3 JEAKHNX A30BAPBHUKIB HA OCHOBI
2,3,3-TPUMETWJI-3H-IHAOJEHIHY

Anomayin. Hoei azocnonyxu Ha ocnoei 2,3,3-mpu-
Memun-3H-inooneniny cunme3o8ano U 0XapaxmepusosaHo 3a
oonomoeorw I49-, AMP- i mac-cnexmpanvrozco ananizy. Cunmes
npoeOOUNI MpboMa pisHUMU mapupymamu: 1) 6iOHOeNeHHIM
Himpocnonyku 3a oonomozoro Zn/NaOH y cnupmi; 2) Haepi-
sanusim 2,3, 3-mpumemun-3H-inoonenin-5-aminy 6 npucymuocmi
MnO, 6 monyoni; 3) oJiasomyeanusim 2,3,3-mpumemun-3H-
iHOOeHIH-5-amiHy 1I 06POOKOI OMPUMAaHOi coai Jia30HI0 6i0-
N0GIOHOI0 a30CKAA006010.

Knruosi cnosa: azobaperuxu, dic-azo6aperux, 8i0H06-
aenns, 2,3,3-mpumemun-3H-inoonenin, cunmes.



