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Abstract—New amination reactions of 5-chloro-4-nitrobenzofurazane with different amines were studied. The
reactions of 5-chloro-4-nitrobenzofurazane with 2,4,6-trichloro-, para-acetyl-, and para-carboxyethylanilines
gave the products of aromatic nucleophilic substitution of the chlorine substituent in the nitrogenous
heterocycle, the composition and structure of which was established by chemical, physical, and
physicochemical methods and X-ray diffraction analysis. The thermal stability was studied by synchronous
thermogravimetry and differential scanning calorimetry (TG-DSC). The synthesized compounds showed a
high antibacterial and antimycotic activity against human and animal pathogenic microflora.
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Electrophilic—nucleophilic interactions are the most
common processes in the synthetic organic chemistry
of such nitrogenous heterocycles as substituted
benzofurazanes and their oxides [1-10]. The methods
for activation of aromatic heterocycles and, conse-
quently, involvement them in nucleophilic aromatic
substitution reactions are well known. The most used
approach is the introduction of -electron-acceptor
substituents, for example, nitro groups, into such
systems. 5-Chloro-4-nitrobenzofurazane is quite a
reactive system containing an electrophilic benzofura-
zane ring which is prone to aromatic nucleophilic
substitution (SyAr) reactions due to the presence of an
electron-acceptor substituent, specifically, nitro group.
The amination of 5-chloro-4-nitrobenzofurazane with
different amines occurs by the SyAr mechanisms and
leads to the products of aromatic nucleophilic sub-
stitution of the chlorine substituent in the six-
membered ring with HCI elimination.

It is well known that substituted benzofurazanes and
their oxides exhibit broad-range biological activity [1-5].

According to our previous findings gave unam-
biguous evidence showing that the reactions of di-
chlorodinitrobenzofuroxane and -furazane with dif-
ferent phosphines and amines in an alcohol-ether

medium form exclusively the products of nucleophilic
aromatic substitution of the CI and NO, substituents in
the nitrogenous heterocycle [6—10].

Aimed at extending the range of biologically active
compounds, we reacted 5-chloro-4-nitrobenzo[c]-
[1,2,5]oxadiazole 1 with such substituted anilines as
para-acetyl-, para-carboxyethyl-, and 2,4,6-trichloro-
aniline in an ether—alcohol medium to synthesize the
corresponding nucleophilic substitution products. The
three reactions all gave monosubstituion products 3, 5,
and 7, respectively.

The reaction chloronitrobenzofurazane 1 with 2,4,6-
trichloroaniline 2 at room temperature in a 1 : 3 ethanol—
diethyl ether binary solvent resulted in the isolation of
4-nitro-N-(2,4,6-trichlorophenyl)benzo[c][1,2,5]oxa-
diazole-5-amine 3 (Scheme 1) as needle-like dark
orange crystals, mp 138.4°C.

The composition and structure of the synthesized
compound were confirmed by physical and physico-
chemical methods, including X-ray diffraction (XRD)
analysis (Figs. 1 and 2). As seen from the figures, the
trichlorophenylamino substituent in the aromatic ring
of benzofurazane is orthogonal to the benzofurazane-
ring plane due to steric strain.
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Fig. 1. General view of compound 3 in a crystal.

Interesting results were obtained in the reactions
5-chloro-4-nitrobenzofurazane with two other struc-
turally similar substituted anilines. Compound 1 readily
reacts with ethyl p-aminobenzoate 4 in an alcohol—
ether medium at room temperature to form product 5
(Scheme 2) as orange crystals, mp 260.3°C (TG-DSC
data). The reaction of compound 1 with p-acetylaniline
6 in an alcohol-ether medium at room temperature
gives product 7 (Scheme 3) as bright orange crystals,
mp 257.3°C.

The composition and structure of compounds 5 and
7 were studied by elemental and XRD analysis and IR
and NMR spectroscopy. Synchronous TG-DSC analysis
revealed almost no weight loss up to the melting point,
thereby providing evidence for a high thermal stability

Fig. 2. Crystal packing of compound 3.

of the synthesized compounds. On the basis of the
obtained compounds 5 and 7 were identified as the
monosubstitution products ethyl {4-(4-nitrobenzo[c]-
[1,2,5]oxadiazol-5-yl)amino}benzoate (5) and 1-{4-[(4-
nitrobenzo[c][1,2,5]oxadiazol-5-yl)amino]phenyl } etha-
none (7). Their IR spectra display absorption bands in
the range 34503500 cm™', characteristic of the N—H
bond in secondary amines, and a band at 1260 cm ',
characteristic of the C—N bond in secondary amines.
The strong band at 1700 cm ™' is assignable to the C=0
bond and the bands around 1620 cm™ provide evidence
for the presence a benzofurazane C=N-O bond.

The structure of 1-{4-[(4-nitrobenzo[c][1,2,5]oxa-
diazol-5-yl)aminoJphenyl}ethanone 7 was confirmed
by XRD analysis (Figs. 3 and 4).
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Fig. 3. General view of compound 7 in a crystal.

Thus we found that the reactions of 5-chloro-6-
nitrobenzofurazane with substituted anilines in an
alcohol-ether medium involve nucleophilic substitu-
tion of the chlorine substituent in the furazane hetero-
cycle. The characteristics of the synthesized com-
pounds are listed in Table 1.

Products 3, 5, and 7 were tested for biological
activity against pathogenic and conditionally patho-
genic human and animal microflora. Compounds 3 and
7 showed the highest activity (Table 2), and they can
be recommended for further study as a potential anti-
septic and an antimycotic anti-inflammatory agents,
respectively.

EXPERIMENTAL

The solvents were purified by standard procedures
[11]. All starting reagents were used freshly distilled
and identified by comparison of their physicochemical
characteristics with published data.

The purity and thermal stability of the synthesized
compounds were studied by synchronous thermal
analysis (TG-DSC) on a NETZSCH STA 449C

Fig. 4. Crystal packing of compound 7.

instrument in the temperature range from 20 to 400°C
in an argon medium; heating rate 10 deg/min. The IR
spectra were measured on a Thermo Avatar 360 FT-IR
spectrometer in the range 500-3700 cm ' for Nujol
suspensions or in thin films between KBr plates. The
NMR spectra were measured on a Bruker Avance III
400 spectrometer. The XRD patterns were obtained on
a Bruker AXS APEX-II CCD instrument, MoK,
radiation (A 0.71073 A), at 293(2) K, using APEX2
[12] and SAINT software [13]. Absorption was
included using SADABS software (version 2.10) [14].
Structure solution and least-squares refinement were
performed using SHELXS97 [15] and SHELXL-2014
software [16].

Synthesis of compounds 3, 5, and 7 (general proce-
dure). A 1 : 2 mixture of 5-chloro-4-nitrobenzofura-
zane in an alcohol—ether binary solvent was stirred at
room temperature from 2 h to 2 weeks and then left to
stand at room temperature for 2 weeks. Transparent
crystals formed and were separated, washed with
diethyl ether, and dried. The yields of the reaction
products, spectral characteristics, and elemental
analyses are listed in Table 1.
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Table 1. Yields, melting points, and elemental analyses of compounds 3, 5, and 7
Comp. | Yield mp X Found, % Calculated, %
e o~ v, cm’ Formula
no. % C C H N C H N
3 61 138.4 3310 (NH), 1630 (C=N-0),| 40.01| 1.02 | 16.00 | C;;HsCI;N,O; | 40.06 | 1.39 15.58
1523 (NO,), 980 (N-0O),
770 (C-Cl)
5 81 260.3 3450 (NH), 1700 (C=0), 54.85 | 3.53 | 17.19 | Cy;sHpN4Os 54.88 | 3.66 17.07
1620 (C=N-0), 1523 (NO,),
980 (N-0)
7 80 257.3 3500 (NH), 1670 (C=0), 56.13 | 3.09 | 18.56 | C14H;oN4O4 56.38 | 3.36 18.79
1620 (C=N-0), 1527 (NOy),
980 (N-0)

Table 2. Antimicrobial activity of compounds 3, 5, and 7 and reference compounds (¢ = 50 pg/mL) estimated by the growth
inhibition for pathogenic and conditionally pathogenic microflora (mm)

3 11 10 0 12 18
5 0 0 9 8 10
7 21 11 9 11 25
Penicillin 23 13 8 6 -
Nitrofungin 0 0 0 0 11

Crystals of compound 3 rhombic, C;;HsCI3N4Os,
crystal dimensions 0.090x0.272x0.886 mm’, M
359.55 g/mol, space group Pna2,, Z 8, a 24.850(8), b
14.148(4), ¢ 7.959(3) A, V 2798.2(16) A’, d.u.
1.707 g/em’, 1 0.672 mm ', collected reflections 25410
(32 <h<33,-18<k<18,-10 <7 <10), in the 0
range from 1.64° to 28.43°, 6944 unique (R, 0.0605)
and 4509 observed reflections [/ > 2c(/)], 398
refinement parameters, R; 0.0478, wR, 0.0834, maximal
residual electron density 0.249 (—0.232) e/A’. The
crystal data were deposited at the Cambridge Crystallo-
graphic Data Center (CCDC 1563496).

Crystals of compound 7 rhombic, crystal dimen-
sions 0.220%x0.241x0.491 mm>, M 298.26 g/mol, space
group Pbca, Z 8, a 7.407(15), b 13.45(3), ¢ 25.80(5) A,
V 2570.09) A°, doge 1.541 g/em®, p 0.117 mm ',
collected reflections 20273 (-9 <h <9,-17 <k <17,
—34 <[ < 33), in the 6 range from 3.03° to 28.27°,
3135 unique (R; 0.1284) and 1407 observed reflec-
tions [/ > 20(/)], 204 refinement parameters, R,
0.0621, wR, 0.1517, maximal residual electron density
0.325 (-0.410) e/A*. The crystal data were deposited at

the Cambridge Crystallographic Data Center (CCDC
1563495).

The antimycotic and antibacterial activity of
substituted benzofurazanes 5—7 was tested on the test
cultures of pathogenic and conditionally pathogenic
microflora: Staphylococcus aureus (ATCC 29213),
Escherichia coli (ATCC 25922), Pseudomonas
aeruginosa (ATCC 27853), Bacillus subtilis (B-
10641), and Candida albicans (ATCC 885-653). The
one-day cultures of microorganisms were washed out
with saline solution from slant plain agars,
standardized by McFarland turbidity standard no. 0.5
(1.5x10® CFU/mL), and inoculated on nutrient media
using swab tubes, after which the test and reference
compounds (Penicillin and Nitrofungin) were
introduced into wells made in the inoculated nutrient
medium. The nutrient medium was Sabouraud agar for
Candida yeast-like fungi and Mueller—Hinton broth for
conditionally pathogenic microflora. The dishes were
incubated for 35°C for 24-48 h, and the bacterial
growth inhibition zone diameter was then measured to
an accuracy of 0.1 mm (Table 2).
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