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Abstract—A series of bis-triazole conjugates, N-aryl-2-(4-{[(1H-1,2,3-benzotriazol-1-yl)oxy]methyl}-1H-
1,2,3-triazol-1-yl)acetamides, have been synthesized via copper-catalyzed azide–alkyne cycloaddition, and their 
antitubercular activity against the human virulent H37Rv strain of Mycobacterium tuberculosis and anti-
microbial activity against some gram-positive and gram-negative bacteria and fungal strains have been 
evaluated. The synthesized derivatives with a 2,4-difluorophenyl and 4-nitrophenyl group on the amide nitrogen 
atom were the most active against M. tuberculosis with excellent MIC, IC50, and IC90 values (12, 15, 16 μM and 
48, 53, 62 μM, respectively). The highest antimicrobial activity was found for halogen-substituted compounds 
(MIC 0.24–16 μg/mL), while derivatives with electron-donating groups showed the lowest activity.
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INTRODUCTION

Tuberculosis (TB), an infection caused by Myco-
bacterium tuberculosis (MTB), remains the leading 
cause of worldwide deaths among infectious diseases 
[1]. The World Health Organization (WHO) reported 
that more than one-third of world’s population is 
infected with TB. The complete sequencing of the 
MTB genome was completed more than 10 years ago. 
Concurrently, the past decade has seen major progress 
in the understanding of TB and, as a result, several 
therapeutic leads have been identified to help contain 
the infection [2]. Recently, TMC207 (bedaquiline) was 
the first new anti-TB agent to be approved over 
40 years [3]. However, TB remains persistently pre-
valent, resulting in approximately two million deaths 
every year. In the same way, the development of 
antimicrobials has been one of the major advances in 
medical science [4]. However, the emergence of drug-
resistant populations of microorganisms has become 

a considerable cause of morbidity and death worldwide 
[5]. The design of new compounds to deal with 
resistant bacteria has become one of the most important 
areas of antibacterial research today. Five-membered 
nitrogen heterocycles exhibit a wide range of medicinal 
applications in the treatment of various diseases [6]. 
Among them, benzo-fused azoles containing three 
heteroatoms, such as benzoxadiazole, benzothiazole 
and benzotriazole [7, 8], have been extensively studied 
for their broad range of biological activity. However, 
few reviews focused on a single nucleus. Indeed, this 
paper aims to provide an overview of benzotriazole 
(BT)-based systems and their relevance in medicinal 
chemistry [9]. Although the main interest in BT is 
focused in the pharmaceutical field, suitably substituted 
benzotriazole derivatives can boost different biological 
properties, including pesticides, herbicides, and 
pharma ceuticals [10–17].

1,2,3-Triazoles proved to be among the most im-
portant nitrogen-containing five-membered hetero-
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cycles that have a wide range of applications in 
pharma ceuticals, supramolecular chemistry, organic 
synthesis, chemical biology, and industry [18]. 
1,3-Dipolar cycloaddition of a 1,3-dipole to a dipolaro-
phile (such as acetylene or alkyne) for the synthesis of 
1,2,3-triazoles is a well-known transformation in syn-
thetic organic chemistry, broadly known as “click 
chemistry approach” as prescribed by Sharpless; within 
the past few years it has become a premier component 
of synthetic organic chemistry [19].

In continuation of our earlier work on the synthesis 
and biological properties of various heterocyclic 
moieties [20, 21], herein, we report the synthesis of 
1H-1,2,3-benzotriazole–1H-1,2,3-triazole conjugates 
via the click chemistry approach and their antituber-
cular and antimicrobial activities.

RESULTS AND DISCUSSION

The synthetic pathway to target compounds 6a–6j 
is outlined in Scheme 1. Initially, compound 3 was 
synthesized by reacting 1H-benzotriazol-1-ol (1) with 
propargyl bromide (2) under drastic alkaline conditions 
in the presence of anhydrous potassium carbonate at 
70°C for 4 h. On the other hand, N-aryl-2-azidoacet-
amides 5a–5j were prepared in more than 75% yield 
from the corresponding aromatic amines which were 
treated first with chloroacetyl chloride and then with 
sodium azide in anhydrous acetone in 2 h for each step 
in the temperature range between 0°C and room tem-
perature. Finally, the cycloaddition of compounds 3 
and 5a–5j was carried out in a 1:1:1 mixture of tert-
butyl alcohol, water, and N,N-dimethylformamide in 

the presence of CuSO4 and sodium ascorbate to afford 
1,2,3-triazole derivatives 6a–6j. The products were 
purified by standard flash column chromatography on 
silica gel (60–120 mesh) using hexane–ethyl acetate at 
a ratio of 8:2 as eluent.

The structure of compounds 6a–6j was confirmed 
by spectral data. The IR spectra of 6a–6j showed 
a strong absorption band at ~3340 cm–1 due to N–H 
stretching vibrations. The absorption band at 
~3063 cm–1 corresponds to stretching vibrations of 
aromatic C–H bonds, and the band at ~1760 cm–1 was 
assigned to the amide carbonyl group. Moreover, the 
band at ~1365 cm–1 indicated the presence of triazole 
C–N bond. In the 1H NMR spectra of 6a–6j, the NH 
proton resonated as a singlet at δ ~10.52 ppm. Two 
signals at δ ~5.71 and ~5.34 ppm were attributed to the 
OCH2 and NCH2CO methylene groups, respectively. 
The other proton signals appeared at expected posi-
tions. The 13C NMR spectra of 6a–6j showed two 
peaks at δC ~51 and ~63 ppm due to methylene carbons 
at two sides of the triazole ring. The triazole ring 
carbons resonated in the aromatic region, at δC ~142 
and ~128 ppm, which confirmed the cyclization. The 
positions of aromatic carbon signals were also con-
sistent with the theoretical values. The mass spectra of 
compounds 6a–6j showed the molecular ion peaks 
with m/z values corresponding to their molecular 
weights.

The synthesized compounds were evaluated for 
their antitubercular activity against H37Rv strain of 
Mycobacterium tuberculosis as a part of contract 
no. HHSN272201100009I/HHSN27200002 A14 
(NIAID division, USA and Department of Chemistry, 
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Saurashtra University, Rajkot). The standard screening 
(primary in vitro) included determination of the MIC, 
IC50, and IC90 values (minimum inhibitory concentra-
tion and concentrations required for growth inhibition 
by 50 and 90%, respectively) [22]. As per the data in 
Table 1, out of ten tested compounds, 6d was found to 
exhibit excellent activity (MIC 12 μM, IC50 15 μM, 
IC90 16 μM). Compound 6j was found to be moderately 

active as compared to other derivatives (MIC 48 μM, 
IC50 53 μM, IC90 62 μM).

All newly synthesized compounds were also 
screened for their antimicrobial activity (Table 2) at the 
Department of Microbiology, School of Science, RK 
University, Rajkot. The minimum inhibitory concen-
trations (MIC, μg/mL) were determined by the micro-
dilution method [23]. The MIC values of 6a–6j were 

Table 1. Antimycobacterial activities of compounds 6a–6j against M. tuberculosis H37Rv under aerobic conditions

Compound no. MIC, μM IC50, μM IC90, μM

6a >50 >50 >50

6b >50 >50 >50

6c >50 >50 >50

6d 12 15 16
6e >50 >50 >50

6f >50 >50 >50

6g >125 >125 >125

6h >50 >50 >50

6i >50 >50 >50

6j 48 53 62
Rifampicin 0.0065 0.0036 0.0071

Table 2. Antimicrobial activities of newly synthesized compounds 6a–6j

Compound no.

Minimum inhibitory concentration (MIC), μg/mL

gram-negative gram-positive yeast fungus

E. coli 
ATCC 25922

P. aeruginosa 
ATCC 27853

E. faecalis 
ATCC 29212

S. aureus 
ATCC 25923

C. albicans 
ATCC 60193

6a 3.9 7.8 3.9 31.25 16

6b 0.49 0.49 12.5 31.25 15.6

6c <0.24 3.9 <0.24 31.25 3.9

6d 15.6 7.8 12.5 125 125

6e 3.9 0.49 125 – 62.5

6f 31.25 125 31.25 62.5 62.5

6g – – 125 16 –

6h 62.5 62.5 62.5 7.8 –

6i 62.5 125 62.5 16 250

6j 7.8 3.9 16 31.25 3.9

Ampicillin 10 >128 35 10 –

Fluconazole – – – – <8
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found in the range of <0.24 to 16 μg/mL in comparison 
to the standard drug ampicillin (MIC 10 μg/mL). 
Compounds 6b, 6c, and 6e showed excellent anti-
bacterial activity against Escherichia coli, Pseudo-
monas aeruginosa, and Enterococcus faecalis. Com-
pounds 6a, 6d, and 6j showed moderate inhibition at 
low concentrations (0.49–16 μg/mL) compared with 
the standard drug in two gram-positive and one-gram 
negative strains. Compounds 6f–6i were not inactive 
against E. coli, P. aeruginosa, and E. faecalis. Com-
pounds 6g, 6h, and 6i were efficient on one of the 
gram-positive strains, S. aureus, with MIC values 
ranging from 7.8 (6h) to 16 μg/mL (6g, 6i). In the 
antifungal study, compounds 6c and 6j exhibited a high 
activity against Candida albicans (MIC 3.9 μg/mL), 
while 6a and 6b showed moderate activity (MIC 
~16 μg/mL). None of the other synthesized molecules 
was found to exhibit a good antifungal activity as 
compared to fluconazole as a standard drug.

We also analyzed the influence of the electronic 
properties of substituents on the phenyl ring on the 
antimycobacterial activity. As seen in Table 1, only two 
compounds, 6d and 6j, showed promising activity as 
compared to other analogs. The results of antimicrobial 
and antifungal screening are quite unexpected, and 
compounds with halogen and nitro substituents, as well 
as a pyridine moiety, showed fairly high activity 
against some specific gram-positive and gram-negative 
bacterial  strains (E. coli ,  P. aeruginosa ,  and 
E. faecalis), while compounds with electron-donating 
groups showed comparable potency in only one bac-
terial strain (S. aureus). Only four compounds with 
a nitro group or a single halogen atom were potent in 
the antifungal strain (Table 2).

EXPERIMENTAL

The melting points were determined on a Büchi 
melting point apparatus. Thin-layer chromatography 
(TLC) was carried out on Eastman silica gel sheets 
with fluorescent indicators using hexane–ethyl acetate 
(3:7) as eluent; visualization of the chromatograms was 
done under UV light. The IR spectra were measured 
with a Shimadzu IR-435 spectrometer equipped with 
an ATR accessory. Elemental analysis was performed 
with a Hekatech Euro EA CHNSO analyzer, and the 
results were in good agreement (±0.3%) with the cal-
culated values. Positive ion electrospray mass spectra 
were recorded on an Agilent 7820A/5977B GC/MS 
instrument (Santa Clara, CA, USA). The 1H and 

13C NMR spectra were recorded in DMSO-d6 with 
a Bruker Avance II spectrometer at 400 and 100 MHz, 
respectively, using tetramethylsilane as internal refer-
ence. Chromatographic fractions were collected with 
a Büchi Rotavapor R-210 evaporator. Commercial 
reagents and solvents were not purified before use 
unless otherwise stated.

1-(Prop-2-yn-1-yloxy)-1H-benzotriazole (3). 
A dry round-bottom flask was charged with 1H-benzo-
triazol-1-ol (1, 1.6 g, 0.011 mol), propargyl bromide 
(1.67 g, 0.014 mol), anhydrous potassium carbonate 
(4.90 g, 0.035 mol), and DMF (6.5 mL), and the 
mixture was stirred at 70°C. After completion of the 
reaction (TLC, ethyl acetate–hexane, 3:7), the mixture 
(it turned to greenish black) was poured into crushed 
ice–water (25 g), and the solid product was filtered off 
with suction and dried.
N-Substituted 2-azidoacetamides 5a–5j (general 

procedure). A vacuum-dried round-bottom flask was 
charged with a solution of N-substituted 2-chloroacet-
amide 4a–4j (1.2 g, 0.005 mol) in 5 mL of acetone, the 
solution was cooled to 0°C, sodium azide (1.09 g, 
0.016 mol) was added, and the mixture was stirred at 
room temperature for 2 h. After completion of the 
reaction (TLC, ethyl acetate–hexane, 3:7), the mixture 
was poured into crushed ice–water (10 g), and the solid 
product was filtered off using a vacuum pump. The 
formation of 4a–4j was confirmed by TLC (yellowish–
reddish spot appeared in iodine vapor).
N-Substituted 2-(4-{[(1H-benzotriazol-1-yl)oxy]-

methyl}-1H-1,2,3-triazol-1-yl)acetamides 6a–6j 
(general procedure). A mixture of compound 3 (1 g, 
0.0057 mol), azide 5a–5j (1.12 g, 0.0057 mol), sodium 
ascorbate (1.37 g, 0.007 mol), and CuSO4·5H2O 
(1.82 g, 0.012 mol) in H2O–t-BuOH–DMF (1:1:1, 
4.5 mL) was stirred at room temperature for 3 h. After 
completion of the reaction (TLC), the mixture was 
poured into ice-cold water, and the solid product was 
filtered off, dried, and purified by column chromatog-
raphy on silica gel (60–120 mesh) using ethyl acetate–
hexane (8:2) as eluent.

2-(4-{[(1H-Benzotriazol-1-yl)oxy]methyl}-1H-
1,2,3-triazol-1-yl)-N-(4-nitrophenyl)acetamide (6a). 
Yield 90%, light green solid, mp 180–182°C. IR spec-
trum, ν, cm–1: 3294 (N–H), 3093 (C–Harom), 1705 
(C=O), 1573, 1350 (NO2), 1303 (C–N), 1218 (C–O). 
1H NMR spectrum, δ, ppm: 11.08 s (1H, NH), 8.40 s 
(1H, 5-H), 8.28 d (2H, Harom), 8.05 d (1H, Harom), 
7.83 d (2H, Harom), 7.53 d (2H, Harom), 7.44 d (1H, 
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Harom), 5.74 s (2H, CH2), 5.44 s (2H, CH2). 13C NMR 
spectrum, δC, ppm: 170.5, 156.1, 148.9, 147.6, 140.3, 
139.5, 133.4, 132.1, 129.5, 129.5, 128.1, 124.3, 124.3, 
117.0, 108.7, 61.5, 52.3. Mass spectrum: m/z 394 [M]+. 
Found, %: C 52.70; H 3.10; N 28.20; O 16.00. 
C19H19N7O2. Calculated, %: C 51.78; H 3.58; N 28.42; 
O, 16.23.

2-(4-{[(1H-Benzotriazol-1-yl)oxy]methyl}-1H-
1,2,3-triazol-1-yl)-N-(4-chlorophenyl)acetamide 
(6b). Yield 80%, light yellow solid, mp 190–192°C. IR 
spectrum, ν, cm–1: 3279 (N–H), 3124 (C–Harom), 1689 
(C=O), 1365 (C–N), 1234 (C–O), 825 (C–Cl). 
1H NMR spectrum, δ, ppm: 10.61 s (1H, NH), 8.39 s 
(1H, 5-H), 8.05 d (1H, Harom), 7.62 d (2H, Harom), 
7.53 d (2H, Harom), 7.42 d (3H, Harom), 5.71 s (2H, 
CH2), 5.36 s (2H, CH2). 13C NMR spectrum, δC, ppm: 
169.6, 158.1, 143.9, 139.2, 137.6, 134.0, 133.5, 133.5, 
130.5, 129.0, 125.8, 125.8, 122.9, 112.1, 111.4, 59.2, 
52.3. Mass spectrum: m/z 383 [M]+. Found, %: 
C 52.20; H 4.70; N 25.50; O 8.50. C17H14ClN7O2. 
Calculated, %: C 53.20; H 3.68; N 25.55; O 8.34.

2-(4-{[(1H-Benzotriazol-1-yl)oxy]methyl}-1H-
1,2,3-triazol-1-yl)-N-(4-fluorophenyl)acetamide 
(6c). Yield 60%, light yellow solid, mp 184–186°C. IR 
spectrum, ν, cm–1: 3309 (N–H), 3070 (C–Harom), 1681 
(C=O), 1365 (C–N), 1219 (C–O), 1057 (C–F). 
1H NMR spectrum, δ, ppm: 10.52 s (1H, NH), 8.39 s 
(1H, 5-H), 8.04 d (1H, Harom), 7.60 t (2H, Harom), 
7.52 d (2H, Harom), 7.43 t (1H, Harom), 7.20 t (2H, 
Harom), 5.72 s (2H, CH2), 5.34 s (2H, CH2). 13C NMR 
spectrum, δC, ppm: 171.5, 162.4, 155.3, 145.1, 136.8, 
135.0, 133.9, 128.9, 127.2, 127.2, 120.3, 119.7, 119.7, 
116.0, 108.3, 60.9, 51.3. Mass spectrum: m/z 367 [M]+. 
Found, %: C 56.20; H 3.90; N 25.79; O 8.88. 
C17H14FN7O2. Calculated, %: C 56.58; H 3.84; 
N 26.69; O 8.71.

2-(4-{[(1H-Benzotriazol-1-yl)oxy]methyl}-1H-
1,2,3-triazol-1-yl)-N-(2,4-difluorophenyl)acetamide 
(6d). Yield 75%, light yellow solid, mp 190–192°C. IR 
spectrum, ν, cm–1: 3340 (N–H), 3001 (C–Harom), 1705 
(C=O), 1334 (C–N), 1242 (C–O), 1095 (C–F). 
1H NMR spectrum, δ, ppm: 10.52 s (1H, NH), 8.38 s 
(1H, 5-H), 8.05 s (1H, Harom), 7.89 s (1H, Harom), 7.52 s 
(2H, Harom), 7.41 t (2H, Harom), 7.03 s (1H, Harom), 
5.73 s (2H, CH2), 5.46 s (2H, CH2). 13C NMR spec-
trum, δC, ppm: 168.3, 164.9, 157.6, 154.0, 142.2, 
137.3, 133.8, 129.1, 128.3, 124.9, 120.8, 117.6, 115.0, 
113.4, 110.1, 61.9, 53.1. Mass spectrum: m/z 385 [M]+. 
Found, %: C 53.98; H 2.30; N 26.45; O 8.07. 

C17H13F2N7O2. Calculated, %: C 52.99; H 3.40; 
N 25.45; O 8.30.

2-(4-{[(1H-Benzotriazol-1-yl)oxy]methyl}-1H-
1,2,3-triazol-1-yl)-N-(3-chlorophenyl)acetamide 
(6e). Yield 50%, yellow solid, mp 182–184°C. IR spec-
trum, ν, cm–1: 3309 (N–H), 3063 (C–Harom), 1760 
(C=O), 1365 (C–N), 1265 (C–O), 833 (C–Cl). 
1H NMR spectrum, δ, ppm: 10.67 s (1H, NH), 8.38 s 
(1H, 5-H), 8.05 d (1H, Harom), 7.78 s (1H, Harom), 
7.52 s (2H, Harom), 7.42 t (3H, Harom), 7.17 d (1H, 
Harom), 5.73 s (2H, CH2), 5.37 s (2H, CH2). 13C NMR 
spectrum, δC, ppm: 170.5, 160.9, 144.5, 141.6, 135.0, 
135.7, 133.9, 132.6, 129.4, 127.2, 124.9, 123.5, 122.0, 
117.8, 107.2, 63.3, 51.6. Mass spectrum: m/z 383 [M]+. 
Found, %: C 52.40; H 4.25; N 25.55; O 8.55. 
C17H14ClN7O2. Calculated, %: C 53.20; H 3.68; 
N 25.55; O 8.34.

2-(4-{[(1H-Benzotriazol-1-yl)oxy]methyl}-1H-
1,2,3-triazol-1-yl)-N-(4-bromophenyl)acetamide 
(6f). Yield: 52%, yellow solid, mp 188–190°C. IR 
spectrum, ν, cm–1: 3317 (N–H), 3063 (C–Harom), 1681 
(C=O), 1396 (C–N), 1242 (C–O), 740 (C–Br). 
1H NMR spectrum, δ, ppm: 10.60 s (1H, N–H), 8.38 s 
(1H, 5-H), 8.04 d (1H, Harom), 7.54 d (6H, Harom), 
7.42 t (1H, Harom), 5.72 s (2H, CH2), 5.35 s (2H, CH2). 
13C NMR spectrum, δC, ppm: 171.2, 156.3, 145.3, 
138.9, 136.6, 134.8, 134.8, 134.5, 127.7, 126.5, 126.5, 
123.2, 121.1, 114.8, 110.1, 59.9, 52.5. Mass spectrum: 
m/z 427 [M]+. Found, %: C 47.99; H 3.99; N 20.98; 
O 7.90. C17H14BrN7O2. Calculated, %: C 47.68; 
H 3.30; N 22.90; O 7.98

2-(4-{[(1H-Benzotriazol-1-yl)oxy]methyl}-1H-
1,2,3-triazol-1-yl)-N-(3,5-dimethylphenyl)acetamide 
(6g). Yield 70%, crimson solid, mp 168–188°C. IR 
spectrum, ν, cm–1: 3243 (N–H), 3020 (C–Harom), 1717 
(C=O), 1344 (C–N), 1262 (C–O). 1H NMR spectrum, 
δ, ppm: 10.68 s (1H, NH), 8.43 s (1H, 5-H), 8.05 t (2H, 
Harom), 7.64 d (2H, Harom), 7.43 s (2H, Harom), 7.05 s 
(1H, Harom), 5.57 s (2H, CH2), 5.41 s (2H, CH2), 3.38 s 
(6H, CH3). 13C NMR spectrum, δC, ppm: 171.4, 154.8, 
145.1, 141.3, 141.3, 139.2, 137.9, 134.6, 132.0, 129.9, 
120.2, 115.6, 115.6, 112.6, 106.2, 62.9, 51.3, 27.7, 
27.2. Mass spectrum: m/z 377 [M]+. Found, %: 
C 59.43; H 5.79; N 24.79; O 9.99. C19H19N7O2. 
Calculated, %: C 60.47; H 5.07; N 25.98; O 8.48.

2-(4-{[(1H-Benzotriazol-1-yl)oxy]methyl}-1H-
1,2,3-triazol-1-yl)-N-(4-methoxyphenyl)acetamide 
(6h). Yield 77%, off-white solid, mp 200–202°C. IR 
spectrum (ATR), ѵ, cm-1: 3317 (NH), 3124 (CH), 1678 
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(C=O), 1379 (CN), 1274 (C–O). 1H NMR spectrum, δ, 
ppm: 10.65 s (1H, NH), 8.39 s (1H, 5-H), 8.34 d (2H, 
Harom), 8.05 d (1H, Harom), 7.90 d (2H, Harom), 7.52 d 
(2H, Harom), 7.35 d (1H, Harom), 5.71 s (2H, CH2), 
5.22 s (2H, CH2), 4.17 s (3H, OCH3). 13C NMR 
spectrum, δC, ppm: 171.8, 163.4, 158.0, 145.8, 138.6, 
136.1, 133.3, 128.5, 124.1, 124.1, 123.3, 117.0, 115.8, 
115.8, 110.6, 60.5, 51.3, 49.8. Mass spectrum: m/z 379 
[M]+. Found, %: C 57.99; H 3.52; N 26.50; O 12.00. 
C18H17N7O3. Calculated, %: C 56.99; H 4.52; N 25.84; 
O 12.65

2-(4-{[(1H-Benzotriazol-1-yl)oxy]methyl}-1H-
1,2,3-triazol-1-yl)-N-(pyridin-2-yl)acetamide (6i). 
Yield 90%, light yellow solid, mp 202–204°C. IR spec-
trum, ν, cm–1: 3365 (N–H), 3042 (C–Harom), 1702 
(C=O), 1324 (C–N), 1216 (C–O). 1H NMR spectrum, 
δ, ppm: 10.89 s (1H, NH), 8.45 s (1H, 5-H), 8.28 s (1H, 
Harom), 8.05 d (2H, Harom), 7.69 s (1H, Harom), 7.54 d 
(1H, Harom), 7.38 d (2H, Harom), 7.21 d (1H, Harom), 
5.83 s (2H, CH2), 5.32 s (2H, CH2). 13C NMR spec-
trum, δC, ppm: 172.6, 159.2, 156.9, 150.4, 143.9, 
140.5, 135.9, 133.3, 128.2, 123.6, 119.0, 117.5, 114.3, 
106.8, 62.2, 51.3. Mass spectrum: m/z 350 [M]+. 
Found, %: C 55.85; H 3.03; N 32.98; O 8.13. 
C16H14N8O2. Calculated, %: C 54.85; H 4.03; N 31.98; 
O 9.13

2-(4-{[(1H-Benzotriazol-1-yl)oxy]methyl}-1H-
1,2,3-triazol-1-yl)-N-(5-nitropyridin-2-yl)acetamide 
(6j). Yield 92%, yellow solid, mp 210–212°C. IR spec-
trum, ν, cm–1: 3298 (N–H), 3162 (C–Harom), 1718 
(C=O), 1580, 1317 (NO2), 1331 (C–N), 1245 (C–O). 
1H NMR spectrum, δ, ppm: 10.62 s (1H, NH), 8.37 s 
(1H, 5-H), 8.10 d (1H, Harom), 7.96 t (1H, Harom), 
7.65 d (2H, Harom), 7.58 s (1H, Harom), 7.34 d (2H, 
Harom), 5.68 s (2H, CH2), 5.32 s (2H, CH2). 13C NMR 
spectrum, δC, ppm: 171.3, 161.0, 154.1, 148.0, 145.9, 
139.6, 137.5, 134.1, 133.6, 128.2, 122.6, 117.0, 114.7, 
111.6, 61.2, 53.3. Mass spectrum: m/z 395 [M]+. 
Found, %: C 47.64; H 4.28; N 32.89; O 15.19. 
C16H13N9O4. Calculated, %: C 48.61; H 3.31; N 31.89; 
O 16.19.
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