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N(triazolyl) N-(2-nitrophényl)diamine from N-(2-nitrophényl)diamine with a
good yield (80%). The newly synthesized compounds were characterized by

5eyg?2rg:i triazole derivative: elemgntal analysis, FT-IR, MS and NMR spectroscopies.‘ Th‘e antibgcterial
v’ synthesis; activity of _these corr_lpounds was evalua_ted and_ screened “zn_v_ztro ” using the
v characterization; disc diffusion technique against bacterial strains Gram-positive and Gram-
v’ antibacterial activity; negative. The antibacterial screening results reveal that the three compounds

M Allali scre_e_ned showed a good antibacterial activity against bacterial strains Gram-
mallali.ispits.fes@gmail.com positive (17-38 mm).

1. Introduction

Triazoles and their derivatives are well known to be effective pesticides, fungicides and insecticides [1-3] as
well as their anti-inflammatory, antimicrobial, antitumor, antibacterial, antifungal and antiviral agents [4-10].
They have been reported to be inhibitors of enzymes [11], antagonists and agonists of receptors [12-14] and they
shown neuroleptic, anti-HIV-1, cytotoxic, antihistaminic, and antiproliferative activities [15-19].Thus, the
design and synthesis of novel triazole derivatives are the prospective direction of medicinal chemistry for the
scientists working in this field.

The synthesis of triazoles by click chemistry was established by Sharpless et al. for a large type of reactions
[20]. These concept offer simple purification methods and benign reaction conditions, and which are therefore
particularly suited to link building blocks as the name suggests. Then Cu(l)-catalyzed azide-alkyne
cycloaddition (CuAAC) established by Huisguen has become the prime example of click reactions, being even
used synonymously with click chemistry and many applications thereof not only aimed to link two units
together but also to synthesize the triazole moiety [21]. This type of reaction was later classified by Huisgen as
(3+2) 1,3-dipolar cycloaddition, i.e. the concerted addition of a 1,3-dipole to a multiple bond [22].

We reported herein the synthesis of new [1,2,3]triazole derivative via the Cu(l)-catalyzed version of the
Huisgen reaction between a N-(2-nitrophenyl)ethylenediamine and a benzyl azide. The prepared compounds
were characterized by elemental analysis, FT-IR, MS and NMR spectroscopies.

The present study investigates the antibacterial activity of N-(2-nitrophenyl)ethylenediamine (1); N-(2
nitrophényl)propylenediamine  (2) and  N-[1-(4-Amino-benzyl)-1H-[1,2,3]triazol-4-ylmethyl]-N'-(2-nitro-
phenyl)-ethane-1,2-diamine (3) (Scheme.l) against Listeria, staphylococcus aureus, pseudomonas sp, and
escherichia coli.

2. Experimental details

2.1. Materials

Chemicals and solvents (reagent grade or better) were purchased from Sigma-Aldrich. Anhydrous solvents were
dried by usual procedures and stored over 4A molecular sieves under Argon before use. Chromatography was
carried out using basic Al,O;. 'H & *C-NMR spectra were recorded at room temperature in CDCl; on a
BRUKER AC 200 operating at 200.13 MHz for *H and 50.32 MHz for **C. Data are listed in parts per million
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(ppm) and are reported relative to tetramethylsilane; residual solvent peaks of the deuterated solvents were used
as internal standard. FT-IR spectra were obtained from KBr-pellets (if not other stated) on a Perkin Elmer
Spectrum 1000 spectrophotometer. Low resolution mass spectrometry was carried out on an Agilent 1100 Series
LC/MSD apparatus.
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Scheme 1: reported 1,2,3-triazole derivatives in the recent literature as anticancer agent and synthesized 1,2,3-
triazole derivative 3.

NO,

2.2. Synthesis

N-(2-nitrophényl)diamine 1 and 2 were prepared by following literature procedures [23].

(10 g, 0.063 mol) of 2- nitrochlorobenzene and diamine (0.67 mol) were stirred 1 h under reflux. The excess of
ethylenediamine was removed by distillation and the crude was acidified with 2 N HCI until pH = 6, then heated
to 90°C for 5 min and filtered to remove the impurities. The filtrate was cooled and the solid collected by
filtration to give 13.5 g of N-(2-nitrophenyl)diamine hydrochloride were collected as orange needles. The
product was dissolved in water (10 mL). The solution was basified at pH 12 and extracted twice with
chloroform (15 mL). The organic layer was dried over sodium sulfate, filtered and concentrated to dryness
under reduce pressure.

~_~ NH;
NH

X

N07

1 from ethylenediamine (10g), orange oil (10.8 g, 95%)

'H NMR (300 MHz, CDCls) 84(ppm) : 1.32 (s large, 2H, NH,), 3.04 (m, 2H, NCH,), 3.35 (m, 2H, NCH,), 6.62
(m, 1H, H-5), 6.85 (dd, 1H, J =0.9 Hz et J = 8.7 Hz, 1H, H-3), 7.41 (m, 1H, H-4), 8.13 (dd, 1H, J=1.6 Hz et J
= 8.7 Hz, H-6), 8.24 (s large, 1H, NH)

C NMR {'H} (80 MHz, CDClI3) 8¢(ppm) : 40.8 (NCH,), 45.7 (NCH,), 113.6 (C-3), 115.3 (C-5), 126.9 (C-6),
133.0 (C-2), 136.2 (C-4), 145.6 (C-1)

IR (KBr) : vy.y = 3371 cm™

EA :(CgH11N;0,, HCI) calculated (Found) : C = 44.2 (44.2); H = 5.6 (5.6); N = 19.7 (19.3), MP = 261°C. MS:
calcd. for CgH1;N3O, [M + H]" 182.0, found 182.0.

NH/\/\NHZ

NO,

2 from 1,3-diaminopropane (13.85 g), red-orange oil (11.34 g, Rdt = 92%).

'H NMR (300 MHz, CDCls) 8,(ppm): 1.82 (g, 2H, J= 7.0 Hz, CH,), 2.82 (t, J = 7.0 Hz, 2H, NCH,), 3.33 (m,
2H, NCH,), 6.56 (m, 1H, H-5), 6.80 (m, 1H, H-3), 7.35 (m, 1H, H-4), 8.04 (m, 1H, H-6), 8.11 (s large, 1H, NH)
C NMR {*H} (80 MHz, CDCI3) 8c(ppm) : 32.3 (CH,), 39.8 (NCH,), 41.0 (NCH,), 113.9 (C-3), 115.7 (C-5),
126.9 (C-6), 131.8 (C-2), 136.4 (C-4), 145.7 (C-1).

IR (KBr) : vy = 3334, 3372 cm™

MS (DCI/NHs) : [M+H]" = 196, calculated (Found) for (CoH13N30,, HCI) : C = 46.7 (46.8); H = 6.2 (6.1); N =

18.2 (18.2). MP = 174°C.
9
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To (nitrophenyl)diamine (8.52 mmol) in 10 mL acteonitrile/water (1:1, v/v) was added triethylamine (20 mmol)
and propargyl bromide (2.05 g, 34.04 mmol). After stirring at rt for 2 h, 4-( azidomethyl)aniline (8.52 mmol),
sodium ascorbate (2 mmol) and CuSO, (0.5 mmol) were added to the reaction mixture, and was stirred at room
temperature over night. The reaction mixture was concentrated in vacuum to give a crude oil residue. The pure
products were purified by liquid chromatography (LC) on silica with mixtures of CH,Cl,—~MeOH as eluents.

3 'THNMR(250 MHz, CDCl5): d 8.42 (sl, 1H, NH), 8.16 (d, 1H, Harom), 7.67 (s, 2H, Hiazol), 7.27-7.47 (m, 5H,
Harom), 6.80 (d, 1H, Harom), 6.64 (t, 1H, Haom), 5.51 (s, 4H, CH,aniline), 3.79 (s, 4H, CH,triazol), 3.40 (m, 2H,
C'H,NH), 2.87 (m, 2H, C,H,N).

MS: calcd. for CygH,NoO, [M + H]* 367.2, found 367.2.

IR (KBr) : vy = 3370 cm™

2.3. Antimicrobial activity

2.3.1. Tested microorganisms

The essential oil was tested on different microorganisms, including Gram positive bacteria — Listeria
monocytogenes, Staphylococcus aureus, Gram negative bacteria — Escherichia coli, Pseudomonas Sp. These
species were inoculated on the culture medium Mueller-Hinton agar. All the Microorganisms were procured
from the Microbial Type Culture Collection (MTCC), of Laboratoire Régional de Diagnostic Epidémiologique et
d’Hygiene du Milieu, Direction Régionale de la Santé, Hopital EL GHASSANI, Fes, Maroc.

2.3.2. Disk-diffusion assay

The disk diffusion method was used for the determination of antibacterial activity. Bacterial species were
cultured on Muller Hinton agar media. Sterile filter paper disc was saturated with 10 pl of 0.5 pl/ml v/v solution
of the synthesized compounds under investigation in dimethyl sulfoxyde (DMSO). DMSO alone showed no
inhibition. The plates and discs were then incubated at 37 °C for 24 h. Each experiment was replicated three
times. The antimicrobial activities were evaluated by measuring the inhibition zone diameters (millimeters)
surrounding each disk [24].

3. Results and Discussions:
3.1. Synthesis and characterization of 3:

n
cl HzN/\Wr'1\|H2 HJ\)\NHZZHCI Huisguen \\(\ J©/
>
: -‘NOZ n=1,2 [j:NOZ 1, n= 1 @ 3

2,n=2

Scheme 2: One-pot synthesis of 3 via the Cu(l)-catalyzed Huisgen reaction.

Compound 3 was isolated in fair to good yield using the one-pot Cu(l)-catalyzed Huisgen reaction [25] from 2-
Nitrochlorobenzene (i.e Scheme 2).The product was purified by silica chromatography to give satisfactory
yield (65%) (Figure 1).

3 structure was unambiguously ascertained by 'H & **C NMR, FT-IR, and ES*-MS. *H NMR spectrum of this
compound exhibit the expected time-averaged 2-fold symmetry and the characteristic aromatic singlet between
6.5 and 8.5 ppm for aromatic protons and the triazol proton at 7.68 ppm at the NMR time scale (CDCl;, 298 K).
Further information about the isolation and full characterization of this compound is provided in the
experimental section.

4. Antimicrobial activity:

The antimicrobial activity of the synthesized compounds was tested against four different microorganisms:
Gram positive bacteria — Listeria monocytogenes, Staphylococcus aureus, Gram negative bacteria — Escherichia
coli, Pseudomonas Sp. These species were inoculated on the culture medium Mueller-Hinton agar. Antibacterial
activity was determined using the disc diffusion assay and the developing inhibition zones were quantified
(Table 1). The results of antibacterial activity of the synthesized products are reported in Table 1. The
antibacterial activity was measured in terms of zone inhibition diameter (ZI, in mm). the results showed in
general, according to the classification of Duraffourd et al.[26], that 1 exhibited a good activity against Gram-
positive bacteria (17-38 mm) and moderate activity on Gram-negative bacteria (12-20 mm) and that 2 and 3 are
inactive on Gram negative bacteria whereas they exhibit good activity on Gram positive bacteria. The
Staphylococcus aureus strain (SRSA) showed the greatest sensitivity with a an inhibition zone of 38 mm in the
presence of the three products, followed by Listeria monocytogen with an inhibition zone range of 6-38 mm.
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Figure 1: Mass spectrum of 3

Table 1: Antibacterial activity data.

Inhibition zone diameter (mm)

o _Gram positive bacteria Gram negative bacteria

S Listeria S. aureus E. coli Pseudomonas Sp

°

o

c

> IR I - — I w w w w w w m m m m m m 0 0 e ) 0

SmMTP s g B SR E YRR 8 R Y gE LgE R

1 6 20 36 36 17 > 20 28 > > 25 12 15 12 18 15 20 14 - - - 13
38 38 38

2 10 24 38 3% 30 > 20 - > > 2 3 - 10 10 - - - - - - -
38 38 38

3 10 - 3 38 2 > 23 1 > 212 13 - - - - - - - - - - 28
38 38

All the products tested did not show activity against the tested Pseudomonas Sp strains except against SP36 and
SP12. The Escherichia coli strains, developed resistance to 2 and 3. The excellent response of 1 than 2 suggests
the dependence of antibacterial activity of the length of carbon chain of the organic N,N-diamine. Introduction
of triazole moiety and especially aniline attached to the triazole nucleus resulted in loss of antibacterial activity
due to the decrease of the lipophilicity of the molecule which did not allow it to enter the bacterial cell
membrane.

All products have an almost similar structure; they differ only by the position of nitro group or the presence or
not of triazole moiety. The findings of the present study revealed that the considerable variations of these effects
were seen with each structural change, the possible electronic effects induced by the nitro group are responsible
for the inhibitory actions of the studied bacteria.

Conclusion

In summary, we reported in this paper the synthesis of new compound containing [1,2,3]triazole using the one-
pot Cu(l)-catalyzed Huisgen reaction. The structure of the synthesized compounds was confirmed by IR, NMR,
and Mass spectra. All the synthesized compounds were screened for their in-vitro antibacterial activity against
gram-positive and gram-negative bacteria. In summary, preliminary results indicate that Compound 1, displays a
good antibacterial activity against Gram positive bacteria, and Gram negative bacteria. Introduction of triazole
moiety on 1 resulted in loss of antibacterial activity against Gram negative bacteria.
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