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Abstract: A series of (1H-1,2,4-triazole -1-ylmethyl ) phenols, anilines, N-alkyl anilines, and N,N-
dialkyl anilines were prepared and their in vitro antifungal and antibacterial potential were
evaluated. The results revealed that 1,2,4-triazol-1-ylmethyl)phenols were much more fungitoxic

than 1,2,4-triazol-1-ylmethyl)anilines against all tested fungi. Compounds 1d, 1e and 1f exhibited very high
fungitoxic effect. The un-substituted phenols showed low fungicidal activity. The N-substituted anilines (2b-
e) showed higher fungicidal and bactericidal action than that of the un-substituted compound (2a).
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INTRODUCTION

Despite the recent introduction of new antifungal
agents with promising activity, invasive fungal
infections, ranking alongside bacterial infections, have
become a major cause of nearly 20 % reduction in the
yield of food and crops[1]. The primary and opportunistic
fungal infections increase rapidly perhaps due to the
easily gained and developed resistance to the current
antifungal compounds. Therefore, there have been
increasing interests focused on developing structural
variations of new fungicides and bactericides.

1,2,4-Triazole derivatives and their N-bridged
heterocyclic compounds play an important role in
agricultural, medicinal and industrial fields[9,3,2,5,8].
Biologically important and commercially available
compounds of this class are; triadimefon, triadimenol,
flusilazole, bitertanol, cyproconazole, which were and
still widely used as antifungal agents against mildews
and rusts of cereal grains, fruits, vegetables, and
ornamentals. However, the extensive application of such
compounds in agriculture and horticulture, led to
developing fungal resistance [6].

Prompted by the diverse activities of 1H-1,2,4-
triazole derivatives and in continuation of our ongoing
studies on novel biologically active molecules, we have
synthesized some of 1,2,4-triazole derivatives in order to
evaluate their antifungal and antibacterial potential
against, Helminthosporium sp, Macrofomina phaseolina,
Diplodia sp, Alternaria alternate, Fusarium oxysporium,
Rhizoctonia solani and Erwinia amylovora, Erwinia
carotovora sub sp. carotovora and Erwinia carotovora
sub sp. atroseptica. under laboratory conditions,
discussing aspects of the relationship between chemical
structure and antimicrobial activity.

MATERIALS AND METHODS

Synthesis:
General Experimental Procedures: 1H NMR were
recorded on a Varian spectrometer at 200 MHz using
teteramethylsilane as an internal reference in
hexadeuterodimethyl sulfoxide; Melting points were
measured with a kofler hot-stage apparatus and were
uncorrected. High resolution mass measurements were
performed on an AEL MS-30 mass spectrometer.

Preparat ion of O-(1H-1 ,2 ,4 - tr iazo l -1 -
ylmethyl)phenols (1a-f): A mixture of 1-
hydroxymethyltriazole (2.47 g, 25 mmol) and the
appropriate phenol (25 mmol) was heated in acetic acid
(25 ml) under reflux for the appropriate time. The
solvent was then removed under reduced pressure, and
NaHCO3 solution (10 N, 30 ml) was added. The solution
was extracted with ether (3 X 100 ml), washed with
water and dried over anhydrours MgSO4. Evaporation of
the solvent gave a residue which was purified by
column chromatography using hexane and ethyl acetate
(5:1 v/v) as eluent.

Synthesis of N-(1H-1,2,4-triazol-1ylmethyl)aniline
(2a): A mixture of aniline hydrochloride (3.12 g, 25
mmol), and 1-hydroxymethyl-1,2,4-triazole (2.47 g, 25
mmol) was heated in acetic acid (25 ml) under reflux
for 7 h. The solution was then poured onto ice-water
(200 ml), rendered alkaline with NaOH (2 N, 20 ml),
extracted with ethyl acetate (3 X 150 ml) and dried over
anhydrous MgSO4. The extracts were removed in vacuo,
and the residue was chromatographed with hexane and
ethyl acetate (5:1 v/v).
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Table 1: Preparation of (1H-1,2,4-triazol-1-ylmethyl)phenols,
anilines, N-alkyl anilines and N,N-dialkylanilines (1a-f and
2a-f and 3)

Compd Yield (%) mp
1a 65 140-41
1b 66 110-12
1c 68 160-61
1d 70 Oil
1e 73 124-25
1f 68 56-57
2a 62 99-100
2b 72 94-95
2c 63 59-60
2d 61 97-98
2e 65 79-80
2f 65 79-80
3 70 Oil

Synthesis of P-(1H-1,2,4- triazol-1-ylmethyl)-N-
methylaniline (2b-d): A mixture of N-substituted
aniline (25 mmol) and 1-hydroxymethyl-1,2,4-triazole
(2.47 g, 25) was heated in HCl acid (25 ml) under
reflux for 7 h. The resulting solution was rendered basic
with sodium hydroxide (2 N, 30 ml), extracted with
ethyl acetate (3 x 150 ml) and dried with anhydrous
MgSO4. The extracts were then removed in vacuo, and
the residue was chromatographed with hexane and ethyl
acetate (5:1 v/v).

Synthesis of P-(1H-1,2,4-triazol-1-ylmethyl)-N,N-
dialkylanilines(2e-f): A mixtureof N,N-dimethylaniline
(or N,N-dimethyl-3-methylaniline) (25 mmol) and
concentrated HCl (25 ml) was heated under reflux
for 1 h then the 1-hydroxymethyl-1,2,4-triazole (2.47
g, 25 mmol) was added and the whole was refluxed for
another 11 h. The resulting solution was rendered basic
with NaOH (5 N, 30 ml), extracted with ethyl acetate
(3 x 150 ml) and dried over anhydrous MgSO4.
Evaporation of the solvent gave a crude product
which was chromtographed with hexane and ethyl
acetate (5:1 v/v).

Preparation of N-(1H-1,2,4-triazol-1-ylmethyl)aniline
(3): A mixture of 1-hydroxymethyltriazole (94.14
g, 60 mmol) and aniline (5.58 g, 60 mmol) in aqueous
EtOH (80 ml, 25%) was stirred at room temperature for
2 h, and kept at 5 ºC overnight. The resultant white
precipitate was filtered off. The yellow oil was separated
from the aqueous media by decantation and dried in
vacuo to yield the desired product (7.3 g, 70%). The
yields and m.p. of all reported compounds are given in
Table 1.
Biological assay:
Test fungi: The five plant pathogenic fungi which are
chosen for the study were Botrydiplodia spp Alternaria
tennis, Helemin thosporium turicum, Fusarium
oxysporium and F. moniliform. The cultures of these

fungi were supplied by Department of Plant Pathology,
Faculty of Agriculture, Alexandria University and
maintained during the course of experiments on Czapek-
Dox Agar (CDA) medium at 28 ± 1 ºC.

Bacterial strains and media: Three phytopathogenic
bacteria: Erwinia amylovora, Erwinia carotovora sub sp.
carotovora, Erwinia carotovora sub sp. atroseptica were
provided by the Department of Plant Pathology, Faculty
of Agriculture, University of Alexandria, Egypt. The
bacterial strains were cultured in glycerol agar medium
at 28 ± 1 ºC. The medium contained peptone (5 g), beef
extract (3 g ), glycerol (20 ml) and agar (15 g) in
distilled water up to 1 liter.

Preparation of stock solutions: Stock solutions of
each tested compound were initially dissolved in
DMSO to enhance the solubility, then serially
diluted further with distilled water to achieve the
desired concentration (100, 200, 400, 600 and 800
mg/ml). The final DMSO concentration in the
experiments never exceeded 0.5 % (v/v), and an equal
amount was added to the control.

Measurement of antifungal activity: The radial growth
method of Zambonelli et al[10] was used for the
evaluation. An appropriate volume from the stock
solutions of the synthesized compounds was
dissolved in DMSO and added to the molten
medium (CDA: 15 ml) to obtain the desired
concentrations, Five different concentrations, ranged
from 100 to 800 μg/ml for each compound were
prepared. The fungal media which contains the test
compound was poured into each sterile Petri dish (90
mm diameter) at 40-45 ºC under aseptic conditions and
left to settle. Addition of DMSO alone to the
medium was served as control. Mycelial discs (5
mm diameter) of the plant pathogenic fungi, 8-day-
old were transferred aseptically to the center of Petri
dishes after solidification of the medium. The treatments
were incubated at 28 ± 1 ºC. The antifungal activity was
determined by measured the radial growth in terms of
diameter (mm) in all treatments at differed intervals till
the end of experiment (for the control reach to full
growth). Fungitoxicity was expressed as ED50 values
(mg/ml) and was determined by the probit analysis
method of Finney (Finney 1971). Five replicates for
each treatment were maintained and the entire exercise
was repeated three times.
Measurement of bacterial growth inhibition: The in
vitro measurement of growth inhibition was carried
out according to the method of Staskawicz and
Panopoulos[7] . One ml bacterial suspension (48 hrs old),
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yielding an approximate inoculum size of 108

colony forming units [CFU]/ml was inoculated into
14 ml of glycerol agar medium in a glass Petri
dish (90 mm diameter). After the layer of agar and
bacterial suspension has been solidified, three holes of
10 mm diameter for each are punched into each plate
by a flamed corkborer. The agar was sucked out of
the holes by a glass tube connected to an aspirator.
Each hole was filled with 50 μl from each concentration
(tested compound). Each treatment was replicated three
times and the experiment was repeated twice. The Petri
dishes were allowed to pre-diffuse for 5 hrs at 4 ºC
followed by incubation for 48 hrs at 28 ±1 ºC.
Inhibition zone (mm) were determined by measuring
the clear zone of growth inhibition on a surface around
the holes. Two negative controls, water and DMSO,
were performed and did not display any inhibitory effect
on the growth of bacterial cultures.

RESULTS AND DISCUSSIONS

The fungicidal activity of the synthesized 1H-1,2,4-
triazole derivatives are presented in Table 2. The
un-substituted 1,2,4-triazole derivatives 1a (where; R1

= R2 = H) exhibited a considerable fungitoxic effect
particularly against A. tennis and Botryodiplodia spp

with ED50 values of 270, 285 µg/ml, respectively.
However, substituting the hydrogen atom in position 2
with methyl group as in compound 1b (where R1 = CH3

and R2 = H) dramatically reduced the fungicidal activity
against Botryodiplodia spp. and A. tennis. Interestingly,
the fungitoxicity was highly improved when the CH 3
was at 4-position (R1 = H and R2 = CH3) with ED5 0

values of 240, 250, 255, 260 and 270 µg/ml against A.
tennis, H. tursicum, Botryodiplodia sp, F. moniliform
and F. oxysporium. These results may indicate the
importance of methyl group position at the of phenyl
ring on the fungitoxicity. Importantly, increasing the
molecular weight or the bulk of the substituent group at
position 2 of the phenyl ring from methyl into iso-butyl,
sec-butyl or tert-butyl dramatically increased the
fungicidal activity as in compounds 1d, 1e, and 1f. The
most encouraging results against all tested fungi were
obtained when the substituted group, R1 was tertiary
butyl and R2 was methyl group. The ED50 value was
reduced to reach 8 µg/ml against A. tennis, 9 µg/ml
against Botryodiplodia spp., and F. oxysporium and 13
µg/ml against H. tursicum and 29 µg/ml against F.
moliniform. The enhanced fungicidal activity may be
due to the presence of C4H9 group which probably
increase the lipophilicity and subsequently increase the
penetration followed by increasing the compound
concentration level which could reach to the target.
These substituted bulky groups may lead to an increase
the basicity of the phenol ion giving high fungicidal
activity.

Table 2: Fungicidal activity of (1H-1,2,4-triazol-1-ylmethyl) phenols, anilines, N-alkyalanilines, and N,N-dialkyl anilines.

Compd R1 R2 R 3 ED50 (µg /ml)
---------------------------------------------------------------------------------------------------

BSP AT HT FO FM
1a H H - 285 270 710 690 590
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1b CH3 H - > 800 > 800 620 540 530
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1c H CH3 - 255 240 250 270 260
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1d i-C4H9 H - 12 11 27 23 84
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1e t-C4H9 CH3 - 9 8 13 9 29
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1f s-C4H9 CH3 - 30 40 32 30 79
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2a H H H > 800 > 800 680 510 > 800
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2b CH3 H H 400 800 440 420 530
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2c C2H5 H H 220 480 310 350 430
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2d C2H5 H CH3 200 450 360 320 420
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2e CH3 CH3 H 95 270 300 280 480
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2f CH3 CH3 CH3 230 250 230 240 380
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 - - - 240 260 95 175 285
i = iso, s = sec t = tertiary
BSP= Botryodiplodia sp, AT= Alternaria tennis, HT=Helminthosporium tursicum, FO= Fusarium oxysporium, FM= Fusarium moniliform.
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Table 3: Bactericidal activity of (1H-1,2,4-triazol-1-ylmethyl) phenols, anilines, N-alkylanilines, and N,N-dialkyl Anilines.
Compd R 1 R2 R 3 ED50 (µg /ml)

-----------------------------------------------------------------------
EA ECA ECC

1a H H - 520 500 500
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1b CH3 H - 530 480 400
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1c H CH3 - 450 450 400
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1d i-C4H9 H - 400 430 370
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1e t-C4H9 CH3 - 270 420 330
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1f s-C4H9 CH3 - 350 400 330
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2a H H H >800 800 >800
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2b CH3 H H >800 >800 800
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2c C 2H5 H H 520 590 620
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2d C 2H5 H CH 3 >800 >800 >800
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2e CH3 CH3 H 800 740 >800
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2f CH3 CH3 CH 3 >800 680 >800
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 - - - 400 370 360
EA =Erwinia amylovora, ECA=Erwinia carotovora sub sp atroseptica,
ECC= Erwinia carotovora sub sp carotovora

(1H-1,2,4-triazol-1-ylmethyl)-N-alkyl and N,N-
dialkyl anilines (2b-d and 2e-f) were less toxic against
all tested fungi. The ED50 values of the un-substituted
compound 2a (R1 = R2 = R3 = H) was < 800 µg/ml
against Botryodiplodia sp., A. tennis and F. moniliform.
Compound 2a was moderately toxic against F.
oxysporium and H. tursicum with ED50 values of 510
and 680 µg/ml. Introducing, ethyl group at the amino
group of aniline improved the fungitoxic effect more
than methyl group (compound 2c and 2d versus 2b). The
presence of two methyl groups at the amino was better
than one methyl (2e versus 2b). Compound 3 which is
a good example in this respect where methyl-1,2,4-
triazole was substituted on the amino group and the
ED50 values were 95, 175, 240, 260, and 285 µg/ml-1

against H. tursicum, F. oxysporium Botryodiplodia spp.,
A. tennis, , and F. moniliform, respectively (compound
3 versus 2a).

From, the previously mentioned observations, the
results revealed that 1,2,4-triazol-1-ylmethyl)phenol
derivatives (1a-f) were much more fungitoxic than 1,2,4-
triazol-1-ylmethyl)anilines (2a-f) against all tested fungi.
Compounds 1d (R1 = i-C4H5 and R2 = H), 1e (R1 = t-
C4H9 and R2 = CH3) and 1f (R1 = s-C4H9 and R2 = CH3)
exhibited very high fungitoxic effect. The un-substituted
phenols and anilines were low active. The excellent
fungitoxic action of the three 1,2,4-triazole derivatives
(1d, 1e and 1d) indicates clearly the basic requirement
of the butyl group located on position-2 of the phenol
ring. The N-substituted anilines (2b-e) showed higher
fungicidal action than that of the un-substituted
compound (2a). The susceptibility of the tested fungi

depends on the type of the fungi and the compound
structure.

The bactericidal properties of phenols, anilines, N-
alkylanilines, N,N-dialkylani lines 1,2,4-triazole
derivatives against three plant pathogenic bacteria;
Erwinia amylovera, E. carotovera sub atroseptica and
E. carotovera sub carotovera are recorded in Table 3.
The un-substituted derivative (1a, where; R1 = R2 = H)
exhibited moderate effect against all tested bacteria
while introducing methyl group in position-2 and/ or
position-4 at the phenyl ring gave a little improve in the
bactericidal activity. However, increasing the molecular
weight of the substituted group from methyl to butyl
group in position-2 of the phenol ring caused an
increase in the bactericidal activity particularly in the
case of tert-butyl group (1e) which was more than iso-
butyl (1d) or secondary butyl (1f). The ED50 values were
270, 330 and 420 µg/ml on E. amylovora, E. caratovera
sub caratovera and E. carotovera sub. Atoseptica,
respectively.

(1H-1,2,4-triazol-1-ylmethyl)anilines,N-alkylanilines
and N,N-dialkyl- anilines (compounds 2) were almost
non toxic (ED50 value was <800 µg/ml) except
compound 2c which showed notable bactericidal
activity (ED50 values were 520, 590 and 620 µg/ml)
against E. amylovora, E. carotovera sub. Attoseptica and
E. caratovera sub caratovera, respectively.

The link between methyl-1,2,4-triazole at the amino
group of aniline as in compound 3 exhibited better
bactericidal activity than the link at carbon of the aniline
ring where the ED50 values were 400, 370, and 360



J. Appl. Sci. Res., 2(12): 1314-1318, 2006

1318

µg/ml on E. amylovora, E. carotovera sub. atroseptica
and E. caratovera sub caratovera, respectively. It could
be conclude that the presence of tert-butyl (C4H9) in
position 2 of the phenol ring exhibited high
bactericidal activity. Compounds of type 2 were all
non toxic except 2c (R1 = C2H5, R2 = R3 = H) which
exhibited moderate bactericidal activity.
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