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Synthesis and Biological Activity of New Triazole Compounds
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Abstract: Six new N,N-bis(1,2,4-triazol-1-ylmethyl)amines

have been prepared in one step by condensation of 1-

(hydroxymethyl)triazole with a series of amines. These reactions were carried out in refluxed CH3;CN for 4 hours. The products were re-
cuperated with excellent and good yields (75-89.5%). Compounds (3a-f) were screened for their antifungal activity against the budding
yeast Saccharomyces cerevisiae and their antibacterial activity against Escherichia coli.
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1. INTRODUCTION

The chemistry of nitrogen containing multipodal molecules is
attracting current interest for the building of polynuclear metal
complexes, as a model for bioinorganic chemistry, materials sci-
ence, transport and activation of small molecules, as well as for the
discovery of new catalyst precursors [1, 4]. For example, polypyra-
zolyl compounds have been used as mimics of active sites in copper
oxidase [5]. The triazolyl ring seems to play a key role as antifungal
drugs, for example, fluconazole | is effective against oropharyngeal
and esophageal candidiasis [6, 7], although fosfluconazole 11 is less
active than I in vitro but has similar efficacy clinical profile in ani-
mal models and patients [8, 9] (Fig. 1).
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Fig. (1).

Meanwhile, these compound derivatives have been involved in
several types of chelating ligands, classified as a - 6 and 8 - electron
donating tridentate ligands with two N-donor sites of triazolyl rings
and one N-donor site of amine. The property behaviour of
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these new ligands and their reactivity is strongly dependent on the
electronic richness of the nitrogen atoms and on the steric hindrance
of the substituents [10]. Thus it seems crucial to synthesise a diver-
sity of this type of tridentate ligands (Scheme 1). One of our re-
search interests is the synthesis of new tridentate nitrogen donor
compounds which have biological activities such as antifungal [11]
and anticancer [12]. In addition, we are very interested in the study
of their catalytic activities such as isomerisation [13] and oxidation
reaction [14]. To our knowledge the 1,2,4-triazole unit has never
been incorporated into a tridentate symmetrical structure type (-N-
CH,-N- junction) or screened for biological activities. We report
here an easy and facile synthesis of six new N,N-bis(1,2,4-triazolyl-
1-ylmethyl)amines containing new bulky alkyl, aromatic, amino
acid groups at the central nitrogen atom with diverse substituents
and their antifungal and antibacterial biological activities.

2. RESULTS AND DISCUSSION
2.1. Synthesis

The synthesis of N,N-bis(1,2,4-triazol-1-ylmethyl)amines 3a-f
as outlined in Scheme 1 was carried out by refluxing one equivalent
of an amines 2a-f and two equivalent of 1-(hydroxymethyl)-1,2,4-
triazole 1 in CH5;CN for 4 hours.

The electronic effect of the substituents R (alkyl group or aryl
group) as an electro-donating or electro-accepting group represents
only one way to modify the coordination properties of donor sites
from the triazolyl rings. The nature of the substituents R, particu-
larly the electronic effect of alkyl versus aryl group R, and the steric
hindrance of R are also important factors. Thus, six bulky amines
2a-f, differently substituted in ortho, meta and para position, were
condensed with the precursors 1 [15] (Scheme 1). The electronic
impact of the different groups R is visible on the chemical shift in
proton and carbone NMR of the methylene bridge between the
central nitrogen atom and the triazolyl rings as well as on the two —
CH triazolique. As expected the hydrogen atoms of the triazolyl
rings are more strongly influenced by the nature of R according to
the observed values for 3e 8.00; 8.22 ppm (amino acid); 3a 7.75;
8.17 ppm (phenyl with attracting group on para and ortho) and for
3f 7.84; 8.18 ppm (alkyl group). Compounds 3d-e show two une-
quivalent methylene groups with partially overlapping signals as a
consequence of the chiral carbon centre. The methylene proton

© 2010 Bentham Science Publishers Ltd.
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Reaction conditions: one equivalent of amine 2a-f plus two equivalents of 1 in reflux CH3CN during 4 hours.

Scheme 1. Synthesis of N,N-bis(1,2,4-triazol-1-ylmethyl)amines 3a-f.

Table 1. Chemical shift in *H NMR and **C NMR of the methylene bridge between the central nitrogen atom and the triazolyl rings and the -CH

triazolic
Compounds Vield 'HNMR 3 en BCNMRden H NMiiﬁa;gl)ppm H C NMR 5 en ppm (C triazol)
ppm (N-CH,-N) ppm (N-CH,-N)

3a 77.2% 5.84 54.69 7.75; 8.17 141.72; 146.97

3b 89.5% 5.62 7151 7.99;8.10 144.41;151.98

3c 85% 5.94 64.59 7.99; 8.68 144.64; 152.06

3d 84.5% 5.36 64.63 7.95; 8.56. 144.37;151.85

3e 81% 5.31;5.65 67.36; 71.96 8.00; 8.22 146.80; 151.98

3f 86% 5.06 66.16 7.84;8.17 143.57;151.82

resonances changed with the variation of the nature of the substitu-
ent on amines, which agree with the literature reported [16-18]. The
methylene protons are diastereotopic in the chiral ligands and their
signals appear as AB systems with similar germinal coupling con-
stants of 14.7Hz (3d) and 13.6Hz (3e) (Table 1).

The variation of the proton and carbon’s shift of the methylene
groups (5.06 to 5.84) and (54.69 to 71.96) could be correlated to the
tuning of the electronic richness of these ligands. One can envis-
aged that with the new electro attracting and/or bulky substituents,
these six ligands have more potential for different coordination
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Table2.  Antimicrobial Activity of the Compounds Evaluated
Against E. coli. (+): Active, (-): Not Active
Compound\Concentrations 1 mM 2mM
3a
3b
3c
3d
3e + +
3f + +

behaviour than reported similar ligands [19] as well as on their
biological activities.

2.2. Antibacterial and Antifungal Activities

We first evaluated the compounds for their antibacterial activity
against E. coli as described in Materials and methods. Compounds
3a, 3b, 3c and 3d showed no antibacterial activity when they were
used at 1 mM. Even higher concentrations of these compounds (2
mM) did not inhibit growth (Table 2). Whereas, the presence of 1
mM of compound 3e or 3f in the culture prevented the growth of E.
coli cells, demonstrating that these compounds have antibacterial
activity against E. coli (Table 2).

Regarding the antifungal activity, compounds were tested for
toxicity against the budding yeast (Saccharomyces cerevisiae) cells.
Cells were cultured in the presence of 1 mM of each compound and
assayed for growth inhibition in liquid culture as described in Mate-
rials and methods. Compounds 3a and 3b were not toxic to yeast
cells, whereas compounds 3c and 3d showed weak antifungal activ-
ity (Fig. 2A). Interestingly, compounds 3e and 3f displayed strong
antifungal activity (Fig. 2A), consistent with their antibacterial
activity against E. coli. Further evaluation of 3e and 3f compounds
has demonstrated that compound 3e was more potent than com-
pound 3f. As a matter of fact, when these two compounds were
used at 0.5 mM, 3e was much more toxic than 3f to yeast cells after
longer incubation with the compound (Fig. 2B). Compound 3d,
which has an acidic function, had little anti-fungal activity when
used even at 1 mM, indicating that the acidic functional group of
compound 3e is not critical for the anti-fungal activity of this com-
pound. Similarly, 3d had no anti-bacterial activity when used at 2
mM, demonstrating that the acidic functional group of compound
3e is not important for the anti-bacterial activity of this compound.
Therefore, our results suggest that the bulky nature as well as the
flexibility of the alkyl group at the central nitrogen atom of the
triazole compound is important for the biological activity.

3. EXPERIMENTAL SECTION

Melting point is uncorrected, proton NMR spectra of the com-
pounds dissolved in CDCl3, and DMSO were obtained with Bruker
300 spectrometer. Infrared spectra were recorded on a Perkin-Elmer
1310 spectrophotometer. Mass spectra were determined on a Mi-
cromass LCT, where tz refers to triazole and ar refers to aromatic
compounds).

3.1. General Procedure

A mixture of N-hydroxymethyl-1,2,4-triazole (10 mmol) and
amine (5 mmol) in acetonitrile (25 mL) was stirred and refluxed in
a closed vessel for 4 hours. Then the acetonitrile layer was dried
and treated with anhydrous MgSO,. After filtration the solvent was
removed under vacuum and the crude products were washed with
water, diethylether or dichloromethane wasthen dried. The products
were analysed as such:
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Fig. (2). Cultures of S. cerevisiae were grown in the presence of the com-
pounds. Optical density was measured every 2 hours to follow cell growth.

N,N-bis((1H-1,2,4-triazol-1-yl)methyl)-3,5-dibromopyridin-2-
amine 3a

White solid (77.2%), Mp = 190-192°C, *H NMR (300MHz,
DMSO) 6 ppm: 8.17(s, 2H, CHyy); 8.03(s, 1H, CHp,); 7.80(d, 1H,
CHa); 7.75(s, 2H, CHy); 5,84(d, 4H, N-CH,-N). *C NMR
(75MHz, DMSO) & ppm: 151.89(CHp); 146.97(CHy);
141.72(CHay, CHy); 108.94(C-Br); 104.78(C-Br); 54.69(N-CH,-N).
IR (KBr, v cm) : 3317(C-H); 1501(C=N); 1303(N-0); 1270 (C-N);
674(C-Br). MS (ES) (m/z) (%) = 411.48(100); 245.60(99);
167.64(50.92); 265.04(40.74).

N,N-bis((1H-1,2,4-triazol-1-yl)methyl)-pyridin-4-amine 3b

White solid (89.5%), Mp = 148-150°C. ‘H NMR (300MHz,
DMSO) & ppm: 8.68 (s, 2H, -CHy,) 8.10 (d, 2H, -CH,, J = 3.73 Hz);
7.99 (s, 2H, -CHy), 6.77 (d, 2H, -CH,, J = 4.83 Hz); 5.62 (s, 4H, -
NCH,N-); 5.46 (s, 2H, Pyr-CH,N-). *C NMR (75MHz, DMSO) &
ppm: 152.21 (-CH,); 151.98 (-CHy); 150.18 (-CH,); 144.41 (-
CHy); 108.57(-CHy); 71.51 (-NCH,N-); 55.98 (Pyr-CH,N-). IR
(KBr, v cm™): 3258.4 (-CH); 1610 (-C=C); 1507 (-C=N); 1275 (C-
N); 1133; 995; 681. MS (ES) (m/z) (%) = 270.75(98); 189.77(73.4);
172.90(100).

N,N,N,N-tetrakis((1H-1,2,4-triazol-1-yl)methyl)benzene-1,4-
diamine 3c

White solid (85%), Mp = 179-181°C; *H NMR (300MHz,
DMSO) & ppm: 8.68 (s, 4H, -CHy,); 7.99 (s, 4H, -CHy,); 7.08 (s, 4H,
Ha); 5.94 (s, 8H, -N-CH,-N-). *C NMR (75MHz, DMSO) & ppm:
152.06 (-N=C,); 144.64 (-N=Cy,); 138.56 (-CH,); 116.38 (-CHy,);
64.59 (-NCH,N-). IR (KBr, v cm™): 3104 (-C-H); 3138; 2994; 1530
(-C=C-); 1505 (-C=N); 1265 (-C-N); 1196; 1130; 956; 801; 759;
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684. MS (ES) (m/z) (%) = 432.66 (50); 340.96 (48); 282 (100);
268.98 (33).

2-(bis((1H-1,2,4-triazol-1-yl)methyl)amino)propanoic acid 3d

White solid (84.50%), Mp = 124-126°C. ‘H NMR (300MHz,
DMSO) 5 ppm : 8.56(s, 2H, CHy); 7.95(s, 2H, CHyy); 5.36(q, 4H,
N-CH,-N, J = 14.7 Hz); 3.92(q, 1H, CH); 1.30(d, 3H,CH5). **C
NMR (75MHz, DMSO) & ppm:175.17(COOH); 151.85(CHy);
144.37(CHtr); 64.63(N-CH,-N); 58.39(CH); 14.55(CHs). IR (KBr,
v em™): 3109(0OH); 1509(C=N); 1275(C-N); 1138; 679. MS (ES)
(M/z) (%) =253.46(100); 175.84(34); 245.49(14.67); 167.73(3.6).

2,6-bis(bis((1H-1,2,4-triazol-1-yl)methyl)amino)hexanoic acid 3e

Oil yellow (81%), *H NMR (300MHz, DMSO) & ppm: 8.22(s,
4H, -CHy); 8.00(s, 4H, -CHy,)

5.65(s, 4H, N-CH,-N); 5.31(q, 4H, N-CH,-N, J = 13.6); 3.6(t,
1H, N-CH-COOH); 2.65(t, 2H, N-CH,-CH,); 1.5(m, 2H, CH-
CHy); 1.25(m, 4H, CH,-CH,-CH,-CH,). *C NMR (75MHz,
DMSO) & ppm: 175.21(C=0); 151.98(CHy); 146.80(CHy);
71.96(N-CH,-N); 67.36(N-CH,-N); 63.57(N-CH-COOH); 49.57(N-
CHy-CH,); 29.74(N-CH-CH,); 26.52(N-CH,-CH,); 23.23(N-CH-
CH,-CH,). IR (KBr, v cm™): 3409(0-H); 3117(C-H); 2937(C-H);
1653; 1511(C=N); 1276(C-N); 1135; 970; 679.

N,N-bis((1H-1,2,4-triazol-1-yl)methyl)-2-methylpropan-1-amine
3f

Oil white (86%), *H NMR (300MHz, DMSO) & ppm: 8.17(s,
2H, CHy); 7.84(s, 2H, CHy); 5.06(s, 4H, N-CH,-N); 2.38(d, 2H,
CH,); 1.72 (m, 1H, CH); 0.75 (d, 6H, CHs). **C NMR (75MHz,
DMSO) § ppm: 151.82(CHy); 143.57(CHy); 66.16(N-CHy-N);
58.11(s, 1C, C%); 26.17(CH); 20.03(CHs). IR (KBr, v cm™): 3116(-
C-H); 2960; 2872; 1509(C=N); 1274(C-N); 1136; 1020; 964; 747;
679; 643. MS (ES) (m/z) (%) = 233.06(100); 134.08(66.66);
202.96(40).

3.2. Determination of the Antibacterial Activity

The antibacterial activity against E. coli (DH5 a strain) has
been determined in liquid medium (LB, Laury Broth) using the
phenol red indicator (32661, Riedel-de Haen). The bacterial isolate
was cultivated overnight at 37°C under aeration. Then, a fraction of
the overnight culture containing roughly 1x10° bacterial cells was
used to inoculate the test tube. After inoculation, the test tube con-
taining the compound and the phenol red indicator was incubated at
37°C. Twenty-four hours later, the bacterial overgrowth was deter-
mined by visual observation as the culture become turbid. Bacterial
overgrowth was also determined by the colour change of the culture
from pink-red to orange and then yellow following the acidification
http://en.wikipedia.org/wiki/Acidof the medium. In the presence of
a compound with antibacterial activity, the culture stays limpid and
the phenol red indicator remains pink-red. Each test was repeated
three times at least.

3.3. Determination of the Antifungal Activity

The yeast (Saccharomyces cerevisiae) strain BY4741 [20] was
used in the growth rate study. Growth rate of yeast cells was meas-
ured as the optical density of cells at 600 nm as a function of time
(hours) in rich medium. Yeast cells were diluted from an overnight
culture to an O.D. (600 nm) of ~0.08 and allowed to grow until the
0O.D. (600 nm) reached ~0.14, ensuring that the cells were in loga-
rithmic phase. Drug was then added and growth rate was measured.
All compounds were diluted in 100% DMSO, and all assays, in-
cluding the “no drug” control, contained 1% DMSO.
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4. CONCLUSION

In conclusion, we have synthesised new variety of tripodal
compounds bearing 1,2,4-triazolyl moiety with good to excellent
yields. Their biological activities have been performed; antifungal
against yeast cells of (Saccharomyces cerevisiae) and antibacterial
against (Escherichia coli). The structural and the electronic diver-
sity of these products affected their biological activities. Further
developments on this subject to understand their mechanistic inter-
actions are currently in progress.

ACKNOWLEDGEMENTS

The authors would like to thank the Academy of Sciences for
the Developing World (TWAS) and “la Commission Universitaire
pour le Développement (CUD, Belgium)” for their support.

REFERENCES

[1] (a) Hanot, V.; Robert, T. Synthesis and preliminary study of Cu(ll) and
Pd(11) complexes with a new chelating bis(triazolyl)triazenido ligand. J. Co-
ord. Chem., 1994, 32(4), 349-352. (b) Pate, J. E.; Cruse, R. W.; Karlin K. D;
Solomon, E. I. Vibrational, electronic, and resonance Raman spectral studies
of [Cuy(YXLO)]", a copper (IlI) peroxide model complex of oxyhemo-
cyanin. J. Am. Chem. Soc., 1987, 109(9), 2624-2630.

[2] El Zemity S. R.; Radwan, M. Synthesis and structure-activity relationships
for anticipated molluscicidal activity of some 2-amino-5-substituted pyridine
derivatives. Pestic. Sci., 1999, 55(12), 1203-1209.

[3] (@) Xu, X.-Y.; Chen, J.-L.; Luo, Q.-H.; Shen, M.-C.; Huang, X.-Y.; Wu, Q.-J.
Synthesis and crystal structure of new phenoxy oxygen bridged binucleair
cadmium(l1) polyaza cryptate. Polyhedron, 1997, 16(2), 223-227. (b) Kumar,
M.; Aran, V.J.; Navarro, P. New proton ionizable 3,5-disubstituted pyrazolz
cryptands able to form Tripyrazolate-derived Di- and Tetra- Nuclear
complexes of Cu?" or Zn*. Tetrahedron Lett., 1995, 36(12), 2161-2164.

[4] Togni, A.; Venanzi, L. M. Nitrogen donors in organometallic chemistry and
homogeneous catalysis. Angew. Chem. Int. Ed. Eng., 1994, 33(5), 497-526.

[5] Gamez, P.; Aubel, P. G.; Driessen W.L.; Reedijk, J. Homogeneous bio-
inspired copper-catalyzed oxidation reactions. Chem. Soc. Rev., 2001, 30(6),
376-385.

[6] Johnson, D. S;; Li, J. J. The art of Drug Synthesis, Wiley, USA 2007.

[7] Richardson, K.; US 4404216 Patent GB 2099818 (to Pfizer Limited UK),
1983.

[8] Bentley, A.; Butters, M.; Green, S.P.; Learmonth, W.J.; MacRae, J. A.;

Morland, M.C.; O’Connor, G.; Skuse, J. The discovery and process devel-
opment of a commercial route to the water soluble prodrug fosfluconazole.
Org. Process Res. Dev., 2002, 6(2), 109-112.

[9] Butters, M.; Catterick, D.; Craig, A.; Curzons, A.; Dale, D.; Gillmore, A;
Green, S. P.; Marziano, I.; Sherlock, J.-P.; White, W. Critical Assessment of
Pharmaceutical Processes A Rationale for Changing the Synthetic Route.
Chem. Rev., 2006 106(7), 3002-3027.

[10] (a) Cousinité, S.; Gressier, M.; Alphonse, P.; Menu, M.-J. Silica-Based
Nanohybrids Containing Dipyridine, Urethan, or Urea Derivatives. Chem.
Mater., 2007, 19(26), 6492-6503; (b) Bares, J.; Richard, P.; Meunier, P.;
Pirio, N.; Padelkova, Z.; Cernosek, Z.; Cysajova, |.; Ruzicka A.; Or-
ganometallics, 2009, 28(10), 3105-3108.

[11] Waring, M. J.; Ben-Hadda, T.; Kotchevar, A. T.; Ramdani, A.; Touzani, R,;
El Kadiri, S.; Hakkou, A.; Bouakka, M.; Ellis, T. 2,3-Bifunctionalized qui-
noxalines: Synthesis, DNA interactions and evaluation of anticancer, antitu-
berculosis and antifungal activity. Molecules, 2002, 7, 641-656.

[12] El Kodadi, M.; Benamar, M.; Bouabdallah, I.; Zyad, A.; Malek, F.; Touzani,
R.; Ramdani, A.; Melhaoui, A. New synthesis of two tridentate bipyrazolic
compounds and their cytotoxic activity tumor cell lines. Nat. Prod. Res.,
2007, 21, 947-952.

[13] (a) Lavastre, O.; Touzani, R.; Garbacia, S. Thin layer chromatography for the
detection of unexpected reactions in organometallic combinatorial catalysis.
Adv. Synth. Catal., 2003, 345, 974-977; (b) Le Notre, J.; Touzani, R.; La-
vastre, O.; Bruneau, C.; Dixneuf, P. H. Homologation of monoterpenoids
into new sesquiterpenoids via tandem isomerization/claisen rearrangement
reactions with three-component ruthenium catalysts, and Ru(methallyl)2
(COD) revealed by high throughput screening techniques. Adv. Synth. Catal.,
2005, 347, 783-791.

[14] El Kodadi, M.; Malek, F.; Touzani, R.; Ramdani, A. Synthesis of new tripo-
dal ligand 5-(bis(3,5-dimethyl-1H -pyrazol-1-ylmethyl)amino)pentan-1-ol,
Catecholase activities studies of three functional tripodal pyrazolyl N-donor
ligands, with different copper (ll)salts. Catal. Commun., 2008, 9, 966-969;
(b) Bouabdallah, I.; Touzani, R.; Zidane, I.; Ramdani, A. Synthesis of new
tripodal ligand: N,N-bis[(1,5-dimethyl-3- yl)methyl] benzylamine. Catecho-
lase activity of two series of tripodal ligands with some copper (I1) salts. Ca-
tal. Commun., 2007, 8, 707-712.



Synthesis and Biological Activity of New Triazole Compounds

[15]

[16]

[17]

[18]

Pevzner, M. S.; Ivanov, P. A.; Gladkova, N. V.; Sushchenko, O. N.; Tver-
dokhlebov, V. P.; Myasnikova, Z. S. Heterocyclic nitro compounds. 25. 1-
Hydroxymethyl-3-nitro-124-triazoles and their derivatives. Chem. Heterocy-
cl. Compd., 1980, 16, 189-194.

Niklas, N.; Walter, O.; Alsfasser, R. Chiral quadridentate ligands derived
from amino acids and some zinc complexes thereof. Eur. J. Inorg. Chem.,
2000, 1723-1731.

Niklas, N.; Walter, O.; Alsfasser, R.; Dipicolylglycyl-phenylalanine zinc(l1):
a metallopeptide with a built-in conformational switch and its homochiral he-
lical coordination polymer. J. Chem. Soc., Chem. Commun., 2003, 1586-
1587.

Boussalah, N.; Touzani, R.; Bouabdallah, I.; El Kadiri, S.; Ghalem, S. Syn-
thesis, structure and catalytic properties of tripodal amino-acid derivatized
pyrazole-based ligands. J. Mol. Catal. A Chem., 2009, 306, 113-117.

[19]

[20]

Letters in Drug Design & Discovery, 2010, Vol. 7, No.1 45

(a) Touzani, R.; Ramdani, A.; Ben-Hadda, T.; El Kadiri, S.; Maury, O.; Le
Bozec, H.; Dixneuf, P. H. Efficient synthesis of new nitrogen donor contain-
ing tripods under microwave irradiation and without solvent. Synth. Com-
mun., 2001, 31(9), 1315-1321; (b) Touzani, R.; Garbacia, S.; Lavastre, O.;
Yadav, V. K.; Carboni, B. Efficient Solution Phase Combinatorial Access to
a Library of Pyrazole- and Triazole-Containing Compounds. J. Comb.
Chem., 2003, 5(4), 375-378.

Brachmann, C.B.; Davies, A.; Cost, G.J.; Caputo, E.; Li, J.; Hieter, P.; Boe-
ke, J. D. Designer deletion strains derived from Saccharomyces cerevisiae
S288C: A useful set of strains and plasmids for PCR-mediated gene disrup-
tion and other applications. Yeast, 1998, 14, 115-132.



