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Abstract

Some new 1H-1,2,4-triazole derivatives containing ferrocenyl moiety were synthesized in various yields by the condensation of ferro-
cenecarboxaldehyde with 1-(1H-1,2,4-triazol-1-yl)-3-aryl-2-one in toluene. Their structures of all these new compounds have been con-
firmed with 1H NMR, IR, MS and elemental analysis. Their results of bioassay showed that some title compounds exhibited some degree
of antifungal and plant growth regulatory activities.
� 2006 Elsevier B.V. All rights reserved.
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1. Introduction

During the latest few decades, much attention has been
paid to the synthesis of 1H-1,2,4-triazole derivatives which
possess anti-inflammatory [1], antiviral [2], antimicrobial
[3], antitumorial [4], anticonvulsant [2], analgesic [5], anti-
hypotensive [6], antiparasitic, fungicidal, insecticidal, herbi-
cidal and plant growth regulatory activities [7]. Although it
was indicated that replacement of aromatic groups by the
ferrocenyl moiety has increased the antibacterial activities
of penicillin and cephalosporin antibacterials [8], the broad
application of ferrocenyl moiety to biologically active com-
pounds has not gained much attention. Encouraged by our
previous reported results [9], we designed and synthesized
some new 1H-1,2,4-triazole derivatives containing ferroce-
nyl moiety, which have been characterized by 1H NMR,
IR, MS spectra, together with elemental analysis and dif-
fraction analysis. Preliminary bioassay showed in vitro bio-
logical activities and plant growth regulatory activities.
0022-328X/$ - see front matter � 2006 Elsevier B.V. All rights reserved.
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2. Results and discussions

2.1. Synthesis of 2-bromo-1-aryl-ethanone (2) and 1-aryl-2-

(1H-1,2,4-triazol-1-yl)-ethanones (3)

Most of the 2-bromo-1-arylethanone derivatives 2 were
synthesized [10] by the reaction of ketones with bromine in
acetic acid with yields of 65–70%, pyridinium tribromide
was used for the bromination of 2-acetylpyridine and
3-acetylpyridine [11]. Without being purified, the interme-
diates 2 can be converted to 1-aryl-2-(1H-1,2,4-triazol-1-
yl)-ethanones 3 [12] (Scheme 1) in the next step.

2.2. Synthesis of 1-ferrocenyl-3-aryl-2-(1H-1,2,4-triazol-1-yl)-

prop-2-en-1-one derivatives (4)

The condensation of ferrocenecarboxaldehyde with
1-aryl-2-(1H-1,2,4-triazol-1-yl)-ethanones (3) were carried
out under nitrogen atmosphere in toluene using piperidine
and acetic acid as catalyst, sodium carbonate, potassium
hydroxide, and triethylamine were also used as the
catalysts, but the yields were lower. The reason may be
that the formation of enamines by piperidine and 1-
aryl-2-(1H-1,2,4-trizol-1-yl)-ethanones (3) improved the
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nucleophilicity of a-carbon atom of 1-aryl-2-(1H-1,2,4-tri-
zol-1-yl)-ethanones 3 (Scheme 1).

Of all the title compounds 4 separated by silica gel column
chromatography, Z isomers were the major ones except 4j

(R = 4-OCH3, E-isomer), the ratio of 4i (R = 4-OCH3, Z-
isomer) and 4j (E-isomer) is 94:6. Due to the bulkiness of
ferrocenyl unit, single crystal X-ray diffraction analysis of
compound 4q (Fig. 1) revealed that the substituted aryl
group was spatially repulsed and swerved to nearby the tria-
zole group, Z-isomers is the stable configuration of com-
pounds 4. It is worthy to note that in our previous work
[14] only one analogous example was able to be separated
on silica gel to give two pure Z and E isomers (Scheme 2).

2.3. Biological activities

Some selected title compounds 4 were screened for their
biological activities in vitro against the Gibberella zeae,
Fig. 1. Molecular structure and crystallographic numbering scheme for
compounds 4q. Selected bond lengths (Å): O(1)–C(1) 1.216(4); O(2)–C(7)
1.365(4); O(3)–C(4) 1.376(4); N(1)–C(10) 1.436 (4); N(2)–C(12) 1.312(4);
O(3)–C(9) 1.405(4); O(2)–C(8) 1.430(4); C(10)–C(13) 1.332(4); C(13)–
C(14) 1.445(4); C(14)–C(15) 1.426(4). Selected bond angles (�): C(11)–
N(3)–C(12) 102.3(3); O(1)–C(1)–C(10) 120.2(3); O(1)–C(1)–C(2) 120.2(3);
C(10)–C(1)–C(2) 119.5(3); C(7)–O(2)–C(8) 117.8(3); C(4)–O(3)–C(9)
1117.9(3); C(11)–N(1)–N(2) 109.5(3); C(11)–N(1)–C(10) 129.8(3); C(7)–
C(2)–C(1) 121.9(3); C(3)–C(2)–C(1) 117.9(3); C(3)–C(4)–O(3) 124.5(3);
O(3)–C(4)–C(5) 115.4(3); O(2)–C(7)–C(2) 116.1(3); O(2)–C(7)–C(6)
124.5(3).
Alternaria solani, Cercospora arachidicola, Physalospora

piricola, Phomopsis asparagi, Cladosporium cucumerinum,
Sclerotinia sclerotiorum, and Piricularia oryzae at the con-
centration of 50 mg/L, and the relative inhibitory ratios
(%) against these fungi were listed in Table 1.

The screening data revealed that all selected compounds
4 showed some antifungal activities, among which 4a, 4b,
4c and 4f, showed 100% inhibitory ratios against P. oryzae,
C. cucumerinum, and S. sclerotiorum. Compared with
known commercial antifungal analog (Triadimenfon), the
antibacterial activities of most title compounds were not
encouraging, although some compounds manifested cer-
tain antibacterial activity. To the best of our knowledge,
a linkage between the triazole ring and the aryl group via
a carbon–carbon single or double bond is essential for fun-
gicidal activities. In addition, it has been proved that an
extended carbon backbone linking the triazole cycle and
the aryl group in an almost linear fashion possesses higher
activity than a distorted backbone. The X-ray structure of
(4q) shows that, because of the bulkiness of ferrocene, the
triazole cycle and the aryl group are not connected in such
a way, but via a bent linkage (Fig. 1). and most of this ser-
ies of compounds display low fungicidal activity. This may
imply that a bulky group close to the triazole cycle is not a
wise choice for the generation of compounds with fungi-
cidal activities.

The plant growth regulatory activities of the title com-
pounds were tested by wheat coleoptile and cucumber cot-
yledon test at the concentration of 10 mg/L. All of the
compounds exhibited low inhibitory activities on the
growth of wheat coleoptile and cucumber cotylendon,
and the inhibitory ratio is �3.2% to �15.3%.

3. Experimental

All reactions were carried out under N2 atmosphere with
the exclusion of moisture and monitored by TLC. 1H
NMR spectra were obtained at a Brucker AC-300 spec-
trometer in CDCl3 solution with TMS as internal standard,
and the Chemical shift values (d) were given in ppm. All
melting points were determined at a Yanaco-241 apparatus
and thermometer was uncorrected. Elemental analyses
were determined at a Yanaco CHN Corder elemental
analyzer. X-ray diffraction data were recorded at 293 K
at a Bruker Smart 1000 diffractionmeter (graphitemono-
chromatized Mo Ka radiation k = 0.7103 Å). Ferrocene-
carboxaldehyde was synthesized in yield of 70% [13],
2-bromo-1-(pyridine-2-yl)ethanone and 2-bromo-1-(pyri-
dine-3-yl)ethanone were prepared in yield of 92% [11].
The biological activity of the title compounds were assayed
at the Biological Assay Centre, Nankai University accord-
ing to procedures described previously [15].

3.1. General procedure for the synthesis of 2, 3

To a vigorous stirred suspension of 1H-1,2,4-triazole
(5.52 g, 0.08 mol) and 2-bromo-1-arylethanones 2
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Table 1
Fungicidal activity of some compounds 4

Compound R Relative inhibitory ratio (%) (50 mg/L)

G. zeae A. solani C. ara. P. piri. P. asp. C. cucum. S. scler. P. oryzae

4a Ph 18.9 22.8 0 18.7 22.6 72.5 77.9 100
4b p-ClPh 12.3 23.9 16.2 16.6 19.6 86.9 100 51.7
4c p-BrPh 16.5 25.4 0 13.5 15.3 100 69.8 38.5
4f m-CH3Ph 15.2 11.1 0 0 13.8 79.8 100 85.1
4j 2-Pyridine 12.3 12.5 0 15.5 24.4 66.3 85.6 61.2
4k 3-Pyridine 11.7 10.5 0 22.5 0 54.9 46.8 47.3
4l 2.4-F2Ph 17.7 13.7 0 0 0 34.2 23.5 31.9
4m 2.4-Cl2Ph 16.7 30.8 23.1 18.9 14.6 26.8 52.2 66.2
4o 3.4-Cl2Ph 18.1 21.1 0 0 0 37.7 49.7 32.1
4p 4-FPh 17.6 29.8 0 23.6 24.9 55.5 60.0 19.4
4q 2.5-Cl2Ph 10.0 24.6 0 15.9 34.2 66.6 66.8 52.1

Table 2
physical properties and elemental analysis data for compounds 4

Entry R Yield (%) m.p. (�C) Elemental analysis (found/calcd.) (%)

C H N

4a Ph 82.6 155–156 65.95 (65.80) 4.58 (4.44) 10.78 (10.97)
4b p-ClPh 81.8 149–150 60.34 (60.36) 3.98 (3.83) 10.03 (10.06)
4c p-BrPh 81.5 127–128 54.48 (54.54) 3.41 (3.46) 8.97 (9.09)
4d m-BrPh 79.6 199–200 54.56 (54.54) 3.47 (3.46) 9.05 (9.09)
4e m-NO2Ph 80.7 178–179 58.60 (58.88) 3.83 (3.74) 13.06 (13.08)
4f m-CH3Ph 40.2 151–154 66.46 (66.50) 4.80 (4.78) 10.35 (10.58)
4g o-CH3Ph 41.9 151–152 66.50 (66.50) 4.75 (4.78) 10.40 (10.58)
4h p-CH3OPh(Z) 70.8 130–132 63.96 (63.92) 4.69 (4.60) 10.25 (10.17)
4i p-CH3OPh(E) 4.5 156–159 63.99 (63.92) 4.60 (4.60) 10.10 (10.17)
4j 2-Pyridine 36.9 146–147 62.65 (62.68) 4.06 (3.94) 14.45 (14.62)
4k 3-Pyridine 35.8 165–166 62.78 (62.68) 4.10 (3.94) 14.72 (14.62)
4l 2.4-F2Ph 79.6 155–156 60.12 (60.17) 3.59 (3.61) 10.13 (10.02)
4m 2.4-Cl2Ph 78.8 127–129 55.57 (55.75) 3.35 (3.35) 59.29 (9.29)
4n 3.4-Cl2Ph 73.9 172–173 55.86 (55.75) 3.34 (3.35) 9.28 (9.29)
4o 4-FPh 79.4 150–152 62.58 (62.86) 4.28 (4.02) 10.55 (10.47)
4p 2.5-Cl2Ph 76.7 152–154 55.74 (55.75) 3.48 (3.35) 9.28 (9.29)
4q 2.5-(CH3O)2Ph 58.7 191–193 62.49 (62.32) 4.87 (4.78) 9.57 (9.48)
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(0.05 mol) in 30 ml of acetone, was added triethylamine
(8.1 g, 0.05 mol) dropwise over a period of 1 h with the
temperature below 0 �C, and the reaction mixture was stir-
red for another 30 min at room temperature, Then the mix-
ture was filtered to move triethylamine hydrobromide salt
precipitates, the precipitates was washed with 3 · 10 ml of
acetone, and the filtrate was evaporated under reduced
pressure, and the residues was dissolved in 50 ml of chloro-
form, and washed with 2 · 25 ml of water. After evapora-
tion of chloroform, the yellow solid was recrystallized
with 2-propanol, and 1-aryl-2-(1H-1,2,4-triazol-1-yl)-etha-
nones (3) were obtained as white solids with yields of
35.8–81.8%.
3.2. General procedure for the synthesis of 4

To a stirred solution of 1-aryl-2-(1H-1,2,4-triazol-1-yl)-
ethanones (3) (0.01 mol), 2.36 g (0.011 mol) ferrocenecar-
boxaldehyde in dry toluene (50 ml), was added five drops
of piperidine and five drops of glacial acetic acid at room
temperature under nitrogen atmosphere. The mixture was
then heated to reflux and kept at this temperature until
completion of the reaction in 4–6 h, meanwhile, while the
water generated was evaporated off. The toluene was evap-
orated off in vacuum and the residue was purified by chro-
matography on silica gel with the solvent system of ethyl
acetate and petroleum ether (60–90 �C) to afford desired



Table 3
1H NMR spectra data for compounds 4

Entry R 1H NMR(d)

4a Ph 3.88 (s, 2H, C5H4), 4.30 (s, 5H, C5H5), 4.56 (s, 2H, C5H4), 7.25 (s, 1H, @CH), 7.28–8.00 (m, 5H, Ar), 8.10 (s, 1H, TrH), 8.30 (s,
1H, TrH)

4b p-ClPh 3.76 (s, 2H, C5H4), 4.16 (s, 5H, C5H5), 4.45 (s, 2H, C5H4), 7.18 (s, 1H, @CH), 7.33 (d, 2H, ArH), 7.52 (d, 2H, ArH), 7.86 (s,
1H, TrH), 8.21 (s, 1H, TrH)

4c p-BrPh 3.86 (s, 2H, C5H4), 4.26 (s, 5H, C5H5), 4.56 (s, 2H, C5H4), 7.26 (s, 1H, @CH), 7.36 (d, 2H, ArH), 7.73 (d, 2H, ArH), 8.33 (s,
1H, TrH), 8.47 (s, 1H, TrH)

4d m-BrPh 3.92 (s, 2H, C5H4), 4.33 (s, 5H, C5H5), 4.59 (s, 2H, C5H4), 7.36 (s, 1H, @CH), 7.76 (s, 4H, ArH), 7.56 (s, 1H, TrH), 8.02 (s, 1H,
TrH)

4e m-NO2Ph 3.86 (s, 1H, C5H4), 4.26 (s, 5H, C5H5), 4.56 (s, 2H, C5H4), 7.26 (s, 1H, @CH), 7.52–8.13 (m, 4H, ArH), 8.33 (s, 1H, TrH), 8.67
(s, 1H, TrH),

4f m-CH3Ph 2.45 (s, 3H, CH3), 3.89 (s, 2H, C5H4), 4.33 (s, 5H, C5H5), 4.59 (s, 2H, C5H4), 7.33–7.60 (m, 5H, @CH, ArH), 7.66 (s, 1H, TrH),
8.30 (s, 1H, TrH)

4g o-CH3Ph 3.86 (s, 3H, OCH3), 3.89 (s, 2H, C5H4), 4.26 (s, 5H, C5H5), 4.53 (s, 2H, C5H4), 7.12 (d, 2H, ArH), 7.38 (s, 1H, @CH), 7.78 (d,
2H, ArH), 7.66 (s, 1H, TrH), 8.30 (s, 1H, TrH)

4h p-CH3O-Ph(Z) 3.86 (s, 3H, OCH3), 3.89 (s, 2H, C5H4), 4.26 (s, 5H, C5H5), 4.53 (s, 2H, C5H4), 7.12 (d, 2H, ArH), 7.38 (s, 1H, @CH), 7.78
(d,2H, ArH), 7.66 (s, 1H, TrH), 8.30 (s, 1H, TrH)

4i p-CH3O-Ph(E) 2.50 (s, 3H, OCH3), 3.89 (s, 2H, C5H4), 4.33 (s, 5H, C5H5), 4.59 (s, 2H, C5H4), 7.41 (s, 1H, @CH), 7.53 (s, 1H, ArH), 7.56 (s,
1H, TrH), 8.36 (s, 1H, TrH)

4j 2-Pydine 3.86 (s, 2H, C5H4), 4.28 (s, 5H, C5H5), 4.51 (s, 2H, C5H4), 7.84–7.93 (m, 3H, PyH) 8.635, 8.649 (s, 1H, PyH), 8.43 (s, 1H,
@CH), 8.18 (s, 1H, TrH), 8.22 (s, 1H, TrH)

4k 3-Pydine 3.84 (s, 2H, C5H4), 4.25 (s, 5H, C5H5), 4.55 (s, 2H, C5H4), 7.71 (s, 1H, @CH), 7.415–8.00 (3H, m, PyH), 8.952 (s, 1H, PyH),
8.15 (s, 1H, TrH), 8.24 (s, 1H, TrH)

4l 2.4-F2Ph 3.68 (s, 2H, C5H4), 4.16 (s, 5H, C5H5), 4.24 (s, 2H, C5H4), 7.25–7.53 (3H, m, ArH), 7.36 (s, 1H, @CH), 8.13 (s, 1H, TrH), 7.82
(s, 1H, TrH)

4m 2.4-Cl2Ph 3.80 (s, 2H, C5H4), 4.54 (s, 5H, C5H5), 4.57 (s, 2H, C5H4), 7.38–7.82 (2H, m, ArH), 7.47 (s, 1H, ArH), 7.71 (s, 1H, @CH), 8.17
(s, 1H, TrH), 8.21 (s, 1H,TrH)

4n 3.4-Cl2Ph 3.84 (s, 2H, C5H4), 4.45 (s, 5H, C5H5), 4.54 (s, 2H, C5H4), 7.50–7.58 (2H, m, ArH) 7.84 (s, 1H, ArH), 7.65 (s, 1H, @CH), 8.13
(s, 1H, TrH), 8.23 (s, 1H, TrH)

4o 4-FPh 3.83 (s, 2H, C5H4), 4.50 (s, 5H, C5H5), 4.52 (s, 2H, C5H4), 7.16–7.20 (m, 2H, ArH), 7.72–7.78 (m, 2H, ArH), 7.63 (s, 1H,
@CH), 8.15 (s, 1H, TrH), 8.22 (s, 1H, TrH)

4p 2.5-Cl2Ph 3.45 (s, 2H, C5H4), 4.25 (s, 5H, C5H5), 4.56 (s, 2H, C5H4), 7.26–7.42 (3H, m, ArH), 7.748 (s, 1H, @CH), 8.17 (s, 1H, TrH), 8.22
(s, 1H, TrH)

4q 2.5-(CH3-O)2Ph 3.79 (6H, m, OCH3), 3.81 (s, 2H, C5H4), 4.21 (s, 5H, C5H5), 4.78 (s, 2H, C5H4), 6.88–7.01 (3H, m, ArH) 7.53 (s, 1H, @CH),
8.15 (s, 1H, TrH), 8.16 (s, 1H,TrH)
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2-(1H-1,2,4-triazol-1-yl)1-ferrocenyl-3-aryl-prop-2-en-1-one
derivatives 4 in various yields. The physical properties, ele-
mental analysis data and 1H NMR spectra of compounds 4

thus synthesized were listed in the Tables 2 and 3,
respectively.
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