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SYNTHESIS OF 1,5-DISUBSTITUTED 1,2,3-TRIAZOLE VIA
MULTI-COMPONENT REACTION
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Abstract - 1,5-Disubstituted 1,2,3-triazoles are synthesized
viametal-free multi-component reaction from primary amine,
ketones and 4-nitrophenyl azide. The structure of three target
compounds including:1-(4-methoxybenzyl)-5-(4-methylphenyl)-
1H-1,2,3-triazole (1), 1-(4-methoxybenzyl)-5-(4-nitrophenyl)-1H-
1,2,3-triazole (2) and 1-(4-methoxybenzyl)-5-phenyl-1H-1,2,3-
triazole (3) is elucidated and identified by infrared spectroscopy,
nuclear magnetic resonance spectroscopic analysis and high
resolution mass spectrum. The formation of heterocyclic aromatic
1,2,3-triazole ring is approved by the appearance of singlet peak at
7.71 ppm in 1TH NMR corresponding with triazolyl proton. In
addition, antibacterial and antifungal activities of products are also
tested with three Gram-positive bacteria (B. subtilis, S. aureus and
L. fermentum), three Gram-negative bacteria (P. aeruginosa,
E.coli, S. enterica), and Candida albicans fungus.
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1. Introduction

The 1,2,3-triazole containing compounds showed large
biological activity spectrum such as antimalarial [1],
antibiotic [2], anticancer [3], anti-HIV [4], and antifungal
activities [5]. Therefore, 1,2,3-triazoles and their
derivatives have attracted more attention in order to
develop new drug candidates. The most popular protocols
to obtain 1,4- and 1,5-disubstituted 1,2,3-triazoles are the
metal-catalyzed azide-alkyne cycloaddition reactions [6].
However, the application of the above mentioned methods,
especially in medicinal chemistry is limited by the toxicity
of the heavy metals. In addition, it is noticed that biological
activities and binding affinities of 1,5-disubstituted 1,2,3-
triazoles towards some biological targets could be
improved as compared to 1,4-disubstituted derivatives
[7, 8]. Nevertheless, the synthetic methods towards
1,5-disubstituted 1,2,3-triazoles are quite rare and,
therefore, it is extremely necessary to build up a metal-free
method to synthesize these promising biologically active
compounds. In 1965, Pocar and his colleagues carried out
the reaction of an isolated imine/enamine, which was
derived from propylamine and acetone, with 4-nitrophenyl
azide and the product was 1-propyl-5-methyl-1,2,3-triazole
obtained by accidentally in moderate yield [9]. However,
the isolation of imine/enamine from the reaction mixture
and then use it for doing reaction with 4-nitrophenyl azide
will take more time and chemicals, and therefore, one-pot
multicomponent reaction should be considered. In 2016,
based on the results of Pocar, J. Thomas reported a general
metal-free route towards the synthesis of 1,2,3-triazoles
from primary amines and ketones [10]. This method was
then applied to the synthesis of artemisinin derivaties and
their anticancer as well as anti-HIV activities were also
evaluated [11, 12]. In addition, synthesis of
enantiomerically pure 1,2,3-triazoles derived from amino
esters based on the above mentioned route was also

reported by Wim Dehaen group [13]. It is clear that method
developed by J. Thomas and Wim Dehaen helped to widen
the diversity of 1,2,3-triazole containing compounds.This
paper will report the synthesis of three 1,5-disubstituted
1,2,3-triazoles from primary amine, ketone and
4-nitrophenyl azide,via multi-component reaction [10] and
biological activities of the desired products also concerned.
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Figure 1. Chemical structures of compounds 1-3

2. Experimental
Material

For column chromatography, silica gel 60 (0.063—
0.200 mm) (E. M. Merck) was used as the stationary phase.
All chemicals received from commercial sources (Acros,
Merck) were used without further purification.

General procedures

NMR spectra were acquired with Bruker Avance 500
MHz spectrometer at Chemistry Department, VNU — HUS
and chemical shifts (8) are reported in parts per million
(ppm) referenced to tetramethylsilane (TMS) or the
internal (NMR) solvent signals. Exact mass measurements
were acquired on QTOF LC/MS Agilent 6530
spectrometer at Vietnam Academy of Science and
Technology (VAST). IR spectra were recorded on 1S-
FTIR Shimadzu spectrometer at Chemistry Department,
VNU — HUS. All biological activity testing were carried
out at Vietnam Academy of Science and Technology
(VAST).

General procedure for synthesis of 1,5-disubstituted
1,2,3-triazole [10]

Ketone (1.16 mmol), primary amine (1.74 mmol), 4-
nitrophenyl azide [14] (1.26 mmol), 4 A molecular sieves
(100 mg), acid catalyst CH3COOH (1 — 2 drops) and
toluene (1.2 mL) were added to a reaction tube equipped
with a stirring bar and the reaction mixture was stirred at
100°C for 12 hours. The reaction was followed by thin
layer chromatography with the mobile phase of
hexane/ethyl acetate = 6/4. The crude product was then
purified by column chromatography with the eluent of
CH:Cl, and followed by a mixture of hexane and ethyl
acetate to obtain pure product.



78

Vo Viet Dai, Do Thi Phuong Thu, Nguyen Tran Nguyen

Synthesis of 1-(4-methoxybenzyl)-5-(4-methylphenyl)-
1H-1,2,3-triazole (1)

4-Methylacetophenone (168 mg, 1.26 mmol),
4-methoxybenzylamine (240 mg, 1.74 mmol),
4-nitrophenyl azide (204 mg, 1.26 mmol), 4 A molecular
sieves (100 mg), CH3COOH (1 - 2 drops), toluene
(1.2 mL). Product was obtained as dark yellow semi-solid
after purification by column chromatography. Yield: 88%.
IR cml: 3122.75, 2931.80, 1612.49, 1558.49, 1514.12,
1442.75. '"H NMR (500 MHz, CDCl;, TMS): § 7.70 (s, 1H,
triazole), 7.23 (d, J = 7.8Hz, 2H, benzene), 7.15 (d,
J =8.1Hz, 2H, benzene), 7.03 (d, ] = 8.6 Hz, 2H, benzene),
6.80 (d, J] = 8.7 Hz, 2H, benzene), 5.46 (s, 2H, CH,),
3.77 (s, 3H, OCHs), 2.41 (s, 3H, CH;). C NMR
(125 MHz, CDCls, TMS): & 159.57, 139.82, 138.25,
133.03, 129.78, 128.98, 128.85, 127.66, 123.99, 114.29,
55.42, 51.52, 21.48. HRMS Calc. for Ci7Hi7N30:
279.1372, found: 280.1444 [M + H"].

Synthesis of 1-(4-methoxybenzyl)-5-(4-nitrophenyl)-
1H-1,2,3-triazole (2)

4-Nitroacetophenone (207 mg, 1.26mmol),
4-methoxybenzylamine (240 mg, 1.74 mmol),
4-nitrophenyl azide (204 mg, 1.26 mmol), 4 A molecular
sieves (100 mg), CH3;COOH (1— 2 drops) and toluene
(1.2 mL). Product was obtained as off-white solid after
purification by column chromatography. Yield: 90%. IR
cm': 3118.90, 2918.30, 1600.92, 1520, 1452.40. '"H NMR
(500 MHz, CDCls3, TMS): 6 8.27 (d, J = 8.3 Hz, 2H,
benzene), 7.81 (s, 1H, triazole), 7.44 (d, J = 8.4 Hz, 2H,
benzene), 6.98 (d, ] = 8.4 Hz, 2H, benzene), 6.80 (d,
J = 8.7 Hz, 2H, benzene), 5.53 (s, 2H, CH»), 3.77 (s, 3H,
OCHj3). *C NMR (125 MHz, CDCl3;, TMS): § 159.80,
148.37, 135.97, 134.17, 133.55, 129.91, 128.61, 126.86,
12422, 114.50, 55.42, 52.12. HRMS Calc. for
Ci6H14N4O3: 310.1066, found: 311.1041 [M + H*].

Synthesis of 1-(4-methoxybenzyl)-5-phenyl-1H-1,2,3-
triazole (3)
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4-nitrophenyl azide (204 mg, 1.26 mmol), 4 A molecular
sieves (100 mg), CH;COOH (1 — 2 drops) and toluene
(1.2mL). Product was obtained as brown semi-solid after
purification by column chromatography. Yield: 93%. IR
cm': 3126.61, 2954.95, 1610.56, 1583.56, 1520.19,
1458.18. '"H NMR (500 MHz, CDCl;, TMS): 6 7.71 (s, 1H,
triazole), 7.44-7.42 (m, 3H, benzene), 7.28-7.26 (m, 2H,
benzene), 7.01 (d, J = 8.7 Hz, 2H, benzene), 6.79 (d,
J = 8.6 Hz, 2H, benzene), 5.47 (s, 2H, CH>), 3.75 (s, 3H,
OCH3).13C NMR (125 MHz, CDCls, TMS): & 159.39,
137.92, 133.21, 129.46, 128.92, 128.67, 127.50, 126.97,
114.12, 55.24, 51.35. HRMS Calc. for C16H15N3OZ
265.1215, found: 266.1287 [M + H*].

3. Result and discussion

Based on the invention of Pocar in 1965 [9], it is
clear that isolated imine/enamine could react with
4-nitrophenyl azide to obtain 1,5-disubstituted 1,2,3-
triazole in good yield. The Shiff base imine could be
resulted from ketone like acetophenone and primary amine
like 4-methoxybenzylamine via a reversible reaction:
ketone + amine = imine + H»O. The imine formation
reaction generally takes place under acidic condition and
therefore, the catalytic amount of CH3COOH was added to
the reaction mixture (Figure 2.). In addition, in order to
increase the yield, 4 A molecular sieves were also added to
the sealed tube to remove water that was produced during
the reaction [10].

In this paper, acetophenone, 4-methoxybenzylamine and
4-nitrophenyl azide were starting materials chosen to
optimize the temperature condition for the triazole synthesis
(Figure 2). It is well documented that imine is the
thermodynamically controlled product formed by the
reaction between aldehyde or ketone with primary amine.
Moreover, imine can be converted into enamine through
tautomerization in which a hydrogen atom and a double
bond will be shifted [15]. Triazole product was not produced
if the one-pot reaction was carried out at room temperature
even if it was magnetically stirred up to 48 hours.
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1-(4-methoxybenzyl)-5-phenyl-1H-1,2, 3-triazole

Figure 2. Synthesis of 1-(4-methoxybenzyl)-5-phenyl-1H-1,2,3-triazole from acetophenone,
4-methoxybenzylamine and 4-nitrophenyl azide
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However, heating the reaction mixture at 60°C in
48 hours resulted in product 1-(4-methoxybenzyl)-5-
phenyl-1H-1,2,3-triazole in 60 to 65% yield. When the
reaction was heated up to 100°C, the yield could be reached
approximately 93%. Therefore, the experimental work has
shown that imine was formed via the thermodynamically
controlled reaction [10].

The formation of 1,2,3-triazole ring was confirmed by
the presence of an absorption band at the wavenumber of
3126 cm’, in the FTIR spectrum of 1-(4-methoxybenzyl)-
5-phenyl-1H-1,2,3-triazole, which arise from the =C—H
stretching of the triazole.

In addition, the stretching vibration of C=C bond of the
triazole resulted from the absorption of infrared energy
corresponding with the wavenumber of 1610 cm'. Moreover,
the N=N stretching of 1,5-disubstituted 1,2,3-triazole was
represented by absorption peak at 1583 cm!. Similarly,
the above mentioned characteristic peaks were also observed
in the FTIR spectra of other triazole compounds.

The presence of the characteristic singlet peak at the
chemical shift of § 7.71 ppm in 'H NMR spectra of all three
products corresponded with triazolyl proton at position 4.
'H NMR spectra of triazole 1 and 2 appeared four doublet
peaks in the region of 0 6.5 to 8.0 ppm due to the presence
of two 1,4-disubstituted benzene rings. Methylene groups
were linked to both benzene and triazole aromatic ring, and
therefore, singlets located at around 5.5 ppm were
characteristic of two protons of the above group. Moreover,
three protons of methoxy groups (—OCH3) were shown by
singlet peak at approximately 3.7 ppm. The high resolution
mass spectral analysis were found to be in accordance with
the molecular weights of three triazole compounds.

Antibacterial activity

All products were examined for their antibacterial
activity against P. aeruginosa, E.coli, S. enterica, B.
subtilis, S. aureus and L. fermentum. The antibacterial
activity of three compounds was compared with standard
drug ampicillin. The half maximal inhibitory concentration
(IC50) values were summarized in Table 1. The results
obtained from antibacterial studies presented that all
compounds possessed weak activities against tested
bacteria with IC50 values higher than 128 pg/mL.

Table 1. Antibacterial and antifungal activities of three triazoles

ICs0 (ng/mL)
Triazole Gram (+) Gram (-) Fungus
S. B. L. S. . P. Candida
e . |E.coli . .

aureus|subtilis|fermentum|enterica aeruginosalalbicans

1 >]128 | >128 | >128 >]28 | >128| >128 68.41

2 >]128 | >128 | >128 >]28 | >128| >128 >128

3 >]128 | >128 | >128 >]28 | >128| >128 52.41

Antifungal activity

All three compounds were tested for their antifungal
activity against fungus Candida albicans and
Amphotericin B was used as the standard drug. The half
maximal inhibitory concentration (IC50) values against
Candida albicans were calculated and summarized in
Table 1. The results showed that triazoles 1 and 3 exhibited

better activity against Candida albicans, with the IC50
values of 68.41 pg/mL and 52.41 pg/mL, respectively, as
compared to triazole 2.

4. Conclusions

Three 1,5-disubstituted 1,2,3-triazoles were
synthesized via one-pot three-component reaction and
evaluated for their biological activity against
P. aeruginosa, E.coli, S. enterica, B. subtilis, S. Aureus,
L. Fermentum and Candina albicans. The reaction was
approved to be thermodynamically controlled process in
which the yield was increased from 65% to 93% when the
reaction was heated from 60°C to 90°C. Compound 1 and
3 exhibited significant antifungal activity against Candida
albicans and therefore, they are promising molecules for
further biological testing.

Acknowledgements: Authors would like to thank Prof. Dr
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2. FTIR, HRMS, 1H NMR, 13C NMR of 1-(4-methoxybenzyl)-5-phenyl-1H-1,2,3-triazole
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4. FTIR, HRMS, 1H NMR, 13C NMR of 1-(4-methoxybenzyl)-5-(4-methylphenyl)-1H-1,2,3-triazole
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