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By replacing the amide bond into 1,3,4-oxadiazole moiety, a series of 1-phenyl-5-(trifluoromethyl)-1H-
pyrazole derivatives bearing 1,3,4-oxadiazole were synthesized and evaluated their antibacterial and
antifungal activity. The bioassay results revealed that compounds 7a and 7b showed the strongest
antibacterial activity toward pathogen Xanthomonas oryzae pv. oryzae with the EC50 values of 15.0 and
6.4 μg/mL, respectively; compound 6a exhibited comprehensive antifungal activity toward six kinds of
fungi; compound 6f could selectively inhibit the growth of Sclertinia sclerotiorum and Rhizoctonia solani
with the inhibition rates of 82.5 and 80.3% at the concentrate of 100 μg/mL, respectively; compound 7b
exerted good antifungal activity toward Fusarium oxysporum, Cytospora mandshurica, and Rhizoctonia
solani with the inhibition rates of 70.8, 69.5, and 71.5%, respectively. The results suggested that this kind
of compounds could be further studied as promising antimicrobial agents.
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INTRODUCTION

Compounds bearing the pyrazole moiety have exposed
powerful applications in the development of pharma-
ceuticals and agrochemicals for their extensive
bioactivities, such as antitumor, anti-inflammatory,
insecticidal, herbicidal, antifungal, and antibacterial
activities [1–16]. In the past decades, a series of pyrazole
derivatives had been commercialized, including
pyazosulfuron-ethyl (herbicide), [sedaxane, fluxapyroxad,
penflufen, pyrametostrobin, fenpyrazamine, pyraclo-
strobin, rabenzazole, penthiopyrad, furametpyr, bixafen]
(fungicides), and chlorantraniliprole (insecticide). Because
pyrazole compounds play a crucial role in the
development of pesticides, considerable works, and
efforts based on this skeleton are still going on [17–20].
For example, Fang and co-workers reported a series of
pyrazole oxime derivatives containing a 2-chloro-5-
thiazolyl moiety exhibiting good antifungal activities
toward Alternaria solani and Cercosporaa rachidicola
[21]. Padmavathi and co-workers had evaluated the
antifungal activity of a series of thiazolyl pyrazoles, and
found that nitro-substituted thiazolyl pyrazole exerted
significant antifungal activity toward Aspergillus niger

[22]. Obviously, compounds containing pyrazole groups
can be explored as the promising and preferred agents in
the development of novel high-efficient pesticide.

In our previous work, we have demonstrated 3-(or 5-)
trifluoromethyl-1H-pyrazole-4-carboxamide derivatives
exhibited antifungal and antibacterial activities toward
pathogenic bacteria and fungi [23,24]. Herein, the amide
bond was replaced by 1,3,4-oxadiazole, which was
verified as one of the key functional substructures in
the exploration and construction of new agrochemicals
[25–28]. Meanwhile, pyridinium scaffolds can modulate
the physical properties of a molecule, and bioactivities
are often enhanced by introducing the pyridinium
moieties into target compounds [29,30]. Therefore, a
series of 1-phenyl-5-(trifluoromethyl)-1H-pyrazole deri-
vatives bearing 1,3,4-oxadiazole (or both 1,3,4-
oxadiazole and pyridinium groups) were constructed and
evaluated their antibacterial and antifungal activities.

RESULTS AND DISCUSSION

Chemistry. The synthesis and structures of target
compounds (6a–6l, 7a–7b) are shown in Scheme 1. Briefly,
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the crucial intermediate 5-(1-phenyl-5-(trifluoromethyl) -
1H-pyrazol-4-yl)-1,3,4-oxadiazol-2-ol (5) was obtained by
treating the starting material ethyltrifluoroacetoacetate 1
with four steps including condensation, cyclocondensation,
hydrazidation, and cyclization [28]. A subsequent reaction
with halogenated reagents provided the target molecules
(6b–6l). While compounds 7a and 7b were synthesized via
incubating the bromide-tailored intermediates in pyridine at
60°C [29,30]. All the structures were characterized by IR,
1H NMR (Figure S1–S14, supplementary data), 13C NMR,
MS, and elemental analysis. In the 1H NMR spectra, the
singlet peak at 8.17–8.35 ppm is the proton signal for the
pyrazole ring of compounds (6a–6 l); while the chemical
shift of the pyrazole proton of compounds 7a and 7b
appears at 7.98 and 7.93 ppm, respectively.

Bioactivities. Antibacterial activity. Turbidmeter test
[31,32] was employed to evaluate their antibacterial
activity against pathogen Xanthomonas oryzae pv. oryzae
(Xoo), which was regarded as one of the most serious
threats to rice and could result in huge economic losses
in rice-growing countries [33–35]. As a comparison of
the bioactivity, the commercial agricultural antibacterial
agents bismerthiazol (BT) and thiodiazole copper (TC)
were exploited. The preliminary bioassays indicated that
most of the target compounds showed certain inhibition
bioactivity against Xoo in the dosage of 200 or 100 μg/mL
(Table 1). Among them, compound 6a exhibited good
antibacterial activity with the inhibition rate of 72.0% at
the concentrate of 200 μg/mL, which was comparable
with that of BT (72.1%); compounds 7a and 7b exerted

the strongest antibacterial effect toward pathogen Xoo
with the inhibition rate up to 100% even at the
concentrate of 100 μg/mL. Further studies revealed that
EC50 values of compounds 7a and 7b against Xoo were
15.0 and 6.4 μg/mL (Table 2), respectively, which were
lower than that of the control agents BT (92.6 μg/mL)
and TC (121.8 μg/mL), suggesting that the two
compounds could be further studied as promising
antibacterial agents.

The preliminary structure–activity relationship (SAR)
was illuminated in accordance with the antibacterial
effect against Xoo. It was worth noting that the
substituents on 2-position of 1,3,4-oxadiazole showed a
significant impact on the antibacterial activity. For
compounds 6a–6l, the bioactivity was decreased when a
sterically hindered group was introduced on the hydroxyl
in comparison of that of compound 6a (R = H, 72.0%,
200 μg/mL), indicating that a large substituent (R) was
not favorable to the bioactivity. The substituents on the
benzyl group also affected the antibacterial activity. For
example, the order of activities followed (H, 6g, 52.2%,
200 μg/mL) > (4-Cl, 4-F, 4-CH3, 4-CF3, 3-F, 6h–6l,
<44.9%, 200 μg/mL), suggesting a substituent on the
benzyl moiety was not good for the bioactivity. The
bioassay result also revealed that the electronic effect of
substituents on the benzyl group exhibited the effect
toward the bioactivity. For example, an electron-donating
group (�CH3, 6j, 40.2%, 200 μg/mL) on the benzyl
moiety exerted higher antibacterial activity than that of
other electron-withdrawing groups (4-Cl, 6h, 22.4%; 4-F,

Scheme 1. Synthetic route of the target compounds (6a–6l, 7a, 7b).
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6i, 32.3%; 4-CF3, 6k, 22.1%). For compounds 7a and 7b,
the bioactivity was enhanced with the increase in the alkyl
chains, suggesting that even slight changes in the ratio
between hydrophobic and hydrophilic parts will affect
their bioactivities [30].

Fungicidal activity. The poison plate technique [36,37]
was used to examine the antifungal activity of the target
compounds (6a–6l, 7a–7b) against six kinds of
phytopathogenic fungi, Gibberella zeae (G. zeae),
Fusarium oxysporum (F. oxysporum), Cytospora

mandshurica (C. mandshurica), Phytophthora infestans
(P. infestans), Sclertinia sclerotiorum (S. sclerotiorum),
and Rhizoctonia solani (R. solani) at the concentrate of
100 μg/mL. While the hymexzaol and carbendazim were
chosen as the positive control for the comparison of the
bioactivity. As shown in Table 3, the bioassay results
revealed that most of the title compounds exhibited a
certain degree of antifungal activities toward the six kinds
of phytopathogenic fungi. Among them, compound 6a
exhibited comprehensive antifungal activity against six
kinds of fungi, which was comparable with that of
hymexazol; compound 6f could selectively inhibit the
growth of S. sclerotiorum and R. solani with the inhibition
rates of 82.5 and 80.3% at the concentrate of 100 μg/mL,
respectively; compound 7b exerted good antifungal activity
toward F. oxysporum, C. mandshurica, and R. solani with
the inhibition rates of 70.8, 69.5, and 71.5%, respectively.
Given the above results, this kind of compounds could be
further investigated as promising antifungal structures.

Table 2

EC50 values of 7a and 7b against pathogen Xoo.

Compound Regression equation EC50 (μg/mL) r

7a y = 2.186x + 2.429 15.0 � 1.3 0.94
7b y = 1.646x + 3.676 6.4 � 2.7 0.99
BT y = 1.499x + 2.052 92.6 � 2.1 0.98
TC y = 1.540x + 1.788 121.8 � 3.6 0.98

Table 1

Inhibition effect of target compounds (6a–6l, 7a–7b) against Xoo.

Compound

Inhibition rate (%)

Compound

Inhibition rate (%)

200 μg/mL 100 μg/mL 200 μg/mL 100 μg/mL

6a 72.0 � 1.7 39.0 � 1.7 6i 32.3 � 1.7 10.9 � 2.4
6b 43.3 � 1.5 32.4 � 2.2 6j 40.2 � 0.9 14.6 � 0.9
6c 40.3 � 0.8 21.4 � 3.1 6k 22.1 � 2.5 10.4 � 3.2
6d 42.8 � 3.4 16.7 � 3.6 6l 44.9 � 1.7 10.8 � 0.6
6e 41.1 � 1.8 9.3 � 1.8 7a 100 100
6f 37.3 � 3.2 33.2 � 1.5 7b 100 100
6g 52.2 � 3.1 41.4 � 2.8 BT 72.1 � 0.7 53.7 � 1.2
6h 22.4 � 2.5 10.3 � 3.2 TC 64.2 � 2.8 43.1 � 3.2

Table 3

Inhibition effect of title compounds toward phytopathogenic fungi at 100 μg/mL.

Compound

Inhibition (%)

G. zeae F. oxysporum C. mandshurica P. infestans S. sclerotiorum R. solani

6a 55.1 � 2.4 67.6 � 3.5 54.9 � 2.3 64.7 � 2.9 61.4 � 2.2 73.0 � 3.4
6b 29.9 � 2.0 24.7 � 1.9 21.0 � 1.7 19.0 � 1.5 5.8 � 1.3 21.6 � 1.6
6c 57.7 � 2.5 46.3 � 2.1 35.1 � 1.8 52.6 � 2.4 51.4 � 2.0 62.1 � 2.6
6d 34.1 � 1.7 26.4 � 1.7 19.2 � 1.6 38.4 � 2.0 55.3 � 2.0 55.5 � 2.4
6e 58.3 � 2.3 40.5 � 2.1 22.9 � 1.7 39.1 � 2.0 59.2 � 2.4 56.4 � 2.5
6f 40.5 � 1.8 30.1 � 1,9 44.2 � 1.9 38.8 � 2.2 82.5 � 4.0 80.3 � 4.0
6g 4.2 � 1.3 9.8 � 1.6 4.3 � 1.4 18 � 1.8 8.9 � 1.3 5.0 � 1.4
6h 8.8 � 1.5 15.5 � 1.6 5.8 � 1.4 14.9 � 1.8 5.6 � 1.3 5.3 � 1.5
6i 6.5 � 1.5 15.6 � 1.6 7.9 � 1.4 12.0 � 1.4 14.4 � 1.3 7.5 � 1.4
6j 9.1 � 1.4 10.8 � 1.7 6.4 � 1.4 15.9 � 1.7 6.1 � 1.3 14.1 � 1.5
6k 4.2 � 1.3 12.2 � 1.6 9.5 � 1.4 12.1 � 1.6 4.2 � 1.3 5.6 � 1.4
6l 2.7 � 1.4 9.5 � 1.6 6.1 � 1.4 9.3 � 1.8 5.8 � 1.3 5.0 � 1.4
7a 39.2 � 1.3 53.0 � 5.3 5.6 � 2.4 13.7 � 2.2 0 57.0 � 1.8
7b 39.8 � 1.6 70.8 � 1.5 69.5 � 3.7 43.2 � 4.5 0 71.5 � 1.5
Hymexazol 72.2 � 3.6 62.1 � 2.5 66.1 � 2.1 63.7 � 3.0 51.3 � 1.9 74.7 � 1.1
Carbendazim 100 100 100 100 100 100
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CONCLUSIONS

In summary, a series of 1-phenyl-5-(trifluoromethyl)-
1H-pyrazole derivatives bearing 1,3,4-oxadiazole were
synthesized and designed via replacing the amide bond
into 1,3,4-oxadiazole moiety, and their antibacterial and
antifungal activity were screened via turbidmeter test and
the poison plate technique, respectively. The bioassay
results revealed that compounds 7a and 7b showed the
strongest antibacterial activity toward pathogen Xoo with
the EC50 values of 15.0 and 6.4 μg/mL, respectively;
compound 6a exhibited comprehensive antifungal activity
toward six kinds of fungi, which was comparable with
that of hymexazol; compound 6f could selectively inhibit
the growth of S. sclerotiorum, and R. solani with the
inhibition rates of 82.5, and 80.3% at the concentrate of
100 μg/mL, respectively; compound 7b exerted good
antifungal activity toward F. oxysporum, C. mandshurica,
and R. solani with the inhibition rates of 70.8, 69.5, and
71.5%, respectively. The results indicated that this kind
of structures could be further studied as promising
antimicrobial agents.

EXPERIMENTAL

Instruments. Melting points of the compounds were
determined on a XT-4 binocular microscope (Beijing Tech
Instrument Co., China). The IR spectra were recorded on a Bruker
VECTOR 22 spectrometer. Elemental analysis was performed on
an Elementar Vario-III CHN analyzer (Hanau, Germany). NMR
spectra were obtained by using a JEOL-ECX-500 apparatus.
Chemical shifts were reported in parts per million (ppm) down
field from TMS with the solvent resonance as the internal
standard. Coupling constants (J) were reported in Hz and referred
to apparent peak multiplications. MS were recorded on an Agilent
ESI-MSD Trap (VL) mass instrument.

General synthetic procedures for the target compounds
(6a). Intermediate 4 (14.80 mmol) was dissolved in a mixture
of THF (20.0 mL), and carbonyldimidazole (17.76 mmol),
and then triethylamine (6.0 mL) was added. The mixture was
stirred at room temperature for 6 h. After that, THF was
removed under reduce pressure. The crude residue was further
purified by flash column chromatography on a silica gel using
CH2Cl2 and CH3OH (100:1) as the eluant to afford the desired
product (6a).

5-(1-phenyl-5-(trifluoromethyl)-1H-pyrazol-4-yl)-1,3,4-oxa-
diazol-2-ol (6a). This compound was obtained as white solid;
yield 90.8%, m.p. 81 ~ 83°C. 1H NMR (500 MHz, DMSO-d6)
δ 12.75 (s, 1H, NH), 8.33 (s, 1H, pyrazole-H), 7.65–7.48 (m,
5H, benzene-H); 13C NMR (125 MHz, DMSO-d6) δ 177.9,
154.2, 141.1, 138.8, 130.9, 129.9, 126.6, 119.3 (q,
J = 270.9 Hz, CF3), 108.0; IR (KBr) ν: 3446, 3108, 3032, 1784,
1751, 1647, 1595, 1560, 1498, 1432, 1406, 1292, 1149, 952,
920, 771, 694, 661 cm�1; MS(ESI) m/z 297 [M + H]+; Anal.
Calcd. for C12H7F3N4O2: C, 48.66; H, 2.38; N, 18.91. Found:
C, 48.85; H,2.49; N, 19.17.

General synthetic procedures for the target compounds
(6b–6l). Intermediate 5 (1.01 mmol) was dissolved in a
mixture of THF (3.0 mL), H2O (3.0 mL), and NaOH
(1.11 mmol). Then, the halogenated agent (1.31 mmol) was
added and stirred at room temperature for 3 h. After that, THF
was removed under reduce pressure, and 30 mL CH2Cl2 was
added into the mixture. Finally, the organic layer was washed
by water, dried with anhydrous sodium sulfate, filtered, and
followed by the removal of the solvent under vacuum. The
crude residue was further purified by flash column
chromatography on a silica gel using ethyl acetate and
petroleum ether (1:10) as the eluant to afford the desired
product (6b–6l).

2-methoxy-5-(1-phenyl-5-(trifluoromethyl)-1H-pyrazol-4-yl)-
1,3,4-oxadiazole (6b). This compound was obtained as white
solid; yield 87.1%; m. p. 121 ~ 122°C; 1H NMR (500 MHz,
DMSO-d6) δ 8.35 (s, 1H, pyrazole-H), 7.64–7.52 (m, 5H,
benzene-H), 3.38 (s, 3H, CH3);

13C NMR (125 MHz,
DMSO-d6) δ 153.3, 146.0, 140.6, 138.9, 130.9, 129.9, 126.6,
119.4 (q, J = 270.6 Hz, CF3), 109.2, 33.1; IR (KBr) ν: 3105,
3073, 3021, 2957, 2921, 2849, 1784, 1653, 1604, 1540, 1496,
1463, 1404, 1296, 1195, 1136, 970, 879, 769, 743, 696,
664 cm�1; MS(ESI) m/z 311 [M + H]+; Anal. Calcd. for
C13H9F3N4O2: C, 50.33; H, 2.92; N, 18.06. Found: C, 50.68; H,
3.28; N, 18.03.

2-ethyloxy-5-(1-phenyl-5-(trifluoromethyl)-1H-pyrazol-4-yl)-
1,3,4-oxadiazole (6c). This compound was obtained as canary
yellow oily liquid; yield 85.8%; 1H NMR (500 MHz, DMSO-d6)
δ 8.35 (s, 1H, pyrazole-H), 7.71–7.48 (m, 5H, benzene-H), 3.75
(q, J = 7.2 Hz, 2H, CH2), 1.26 (t, J = 7.2 Hz, 3H, CH3);

13C
NMR (125 MHz, DMSO-d6) δ 152.8, 146.2, 140.6, 138.9,
130.9, 129.9, 126.6, 119.4 (q, J = 270.6 Hz, CF3), 109.2, 41.2,
13.6; IR (KBr) ν: 3124, 3072, 2984, 2940, 2854, 1790, 1646,
1596, 1558, 1532, 1505, 1304, 1187, 1143, 973, 953, 769, 746,
695, 658 cm�1; MS(ESI) m/z 325 [M + H]+; Anal. Calcd. for
C14H11F3N4O2: C, 51.86; H, 3.42; N, 17.28. Found: C, 51.96;
H, 3.80; N, 17.06.

2-propyloxy-5-(1-phenyl-5-(trifluoromethyl)-1H-pyrazol-4-
yl)-1,3,4-oxadiazole (6d). This compound was obtained as
white solid; yield 86.7%, m. p. 59 ~ 60°C; 1H NMR (500 MHz,
DMSO-d6) δ 8.35 (s, 1H, pyrazole-H), 7.59–7.53 (m, 5H,
benzene-H), 3.68 (t, J = 6.8 Hz, 2H, O-CH2), 1.73–1.65 (m,
2H, CH2), 0.87 (t, J = 7.4 Hz, 3H, CH3);

13C NMR (125 MHz,
DMSO-d6) δ 153.1, 146.2, 140.7, 138.9, 130.9, 129.9, 126.6,
119.4 (q, J = 270.3 Hz, CF3), 109.2, 47.5, 21.5, 11.2; IR (KBr)
ν: 3103, 2970, 2939, 2880, 1780, 1646, 1594, 1500, 1463,
1405, 1302, 1181, 999, 967, 770, 746, 697 cm�1; MS(ESI) m/z
339 [M + H] +; Anal. Calcd. for C15H13F3N4O2: C, 53.26; H,
3.87; N, 16.56. Found: C, 53.51; H, 4.01; N, 16.32.

2-isopropyloxy-5-(1-phenyl-5-(trifluoromethyl)-1H-pyrazol-
4-yl)-1,3,4-oxadiazole (6e). This compound was obtained as
white solid; yield 86.2%, m. p. 61 ~ 62°C; 1H NMR (500 MHz,
DMSO-d6) δ 8.34 (s, 1H, pyrazole-H), 7.59–7.53 (m, 5H,
benzene-H), 4.30–4.24 (m, 1H, CH), 1.30 (d, J = 6.8 Hz, 6H,
CH3);

13C NMR (125 MHz, DMSO-d6) δ 152.2, 146.2, 140.6,
138.9, 130.8, 129.9, 126.6, 119.4 (q, J = 270.3 Hz, CF3), 109.3,
48.5, 21.0; IR (KBr) ν: 3104, 3029, 2987, 2939, 2877, 2850,
1779, 1646, 1596, 1501, 1465, 1457, 1405, 1302, 1190, 963,
918, 766, 743, 693 cm�1; MS(ESI) m/z 339 [M + H]+; Anal.
Calcd. for C15H13F3N4O2: C, 53.26; H, 3.87; N, 16.56. Found:
C, 53.31; H, 4.10; N, 16.61.
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2-allyloxy-5-(1-phenyl-5-(trifluoromethyl)-1H-pyrazol-4-yl)-
1,3,4-oxadiazole (6f). This compound was obtained as canary
yellow solid; yield 81.0%, m. p. 77 ~ 78°C; 1H NMR
(500 MHz, DMSO-d6) δ 8.35 (s, 1H, pyrazole-H), 7.60–7.52
(m, 5H, benzene-H), 5.91 (ddd, J1 = 22.4, J2 = 10.6,
J3 = 5.4 Hz, 1H, CH=), 5.25 (d, J = 9.1 Hz, 2H, O-CH2), 4.37
(d, J = 5.3 Hz, 2H, =CH2);

13C NMR (125 MHz, DMSO-d6) δ
152.4, 146.3, 140.7, 138.9, 133.1, 130.9, 129.9, 126.6, 119.9,
119.4 (q, J = 270.6 Hz, CF3), 109.1, 48.2; IR (KBr) ν: 3106,
3022, 2959, 2927, 2853, 1781, 1646, 1595, 1499, 1465, 1419,
1405, 1303, 1183, 968, 928, 770, 696 cm�1; MS(ESI) m/z 337
[M + H] +. Anal. Calcd. for C15H11F3N4O2: C, 53.58; H, 3.30;
N, 16.66. Found: C, 53.30; H, 3.72; N, 16.22.

2-benyloxy-5-(1-phenyl-5-(trifluoromethyl)-1H-pyrazol-4-yl)-
1,3,4-oxadiazole (6g). This compound was obtained as white
solid; yield 84.3%, m. p. 98 ~ 99°C; 1H NMR (500 MHz,
DMSO-d6) δ 8.35 (s, 1H, pyrazole-H), 7.59–7.52 (m, 5H,
benzene-H), 7.42–7.28 (m, 5H, benzyl-H), 4.96 (s, 2H, CH2);
13C NMR (125 MHz, DMSO-d6) δ 153.1, 146.5, 140.7, 138.9,
135.8, 130.9, 129.9, 129.2, 128.5, 128.2, 126.6, 119.4 (q,
J = 270.1 Hz, CF3), 109.1, 49.5; IR (KBr) ν: 3116, 3031, 2962,
2927, 2852, 1781, 1642, 1596, 1501, 1465, 1452, 1419, 1305,
1189, 970, 959, 764, 747, 686 cm�1; MS(ESI) m/z 387
[M + H]+. Anal. Calcd. for C19H13F3N4O2: C, 59.07; H, 3.39;
N, 14.50. Found: C, 58.94; H, 3.75; N, 14.05.

2-((4-chlorobenzyl)oxy)-5-(1-phenyl-5-(trifluoromethyl)-1H-
pyrazol-4-yl)-1,3,4-oxadiazole (6h). This compound was
obtained as canary yellow solid; yield 85.2%, m. p. 80 ~ 82°C;
1H NMR (500 MHz, DMSO-d6) δ 8.34 (s, 1H, pyrazole-H),
7.63–7.50 (m, 5H, benzene-H), 7.43 (d, J = 8.4 Hz, 2H, 4-Cl-
benzyl-H), 7.37 (d, J = 8.4 Hz, 2H, 4-Cl-benzyl-H), 4.96 (s,
2H, CH2);

13C NMR (125 MHz, DMSO-d6) δ 153.1, 146.6,
140.7, 138.9, 134.8, 133.2, 130.9, 130.1, 129.9, 129.2, 126.6,
119.4 (q, J = 270.6 Hz, CF3), 109.1, 48.7; IR (KBr) ν: 3086,
3059, 3035, 2923, 2850, 1792, 1653, 1596, 1503, 1492, 1465,
1437, 1302, 1181, 970, 925, 765, 747, 690 cm�1; MS(ESI) m/z
421 [M + H]+. Anal. Calcd. for C19H12ClF3N4O2: C, 54.23; H,
2.87; N, 13.32. Found: C, 54.62; H, 3.25; N, 12.87.

2-((4-fluorobenzyl)oxy)-5-(1-phenyl-5-(trifluoromethyl)-1H-
pyrazol-4-yl)-1,3,4-oxadiazole (6i). A light yellow liquid,
yield 83.4%, 1H NMR (500 MHz, DMSO-d6) δ 8.17 (s, 1H,
pyrazole-H), 7.59–7.47 (m, 5H, benzene-H), 7.43 (dd, J1 = 8.6,
J2 = 5.3 Hz, 2H, 4-F-benzyl-H), 7.10 (t, J = 8.8 Hz, 2H, 4-F-
benzyl-H), 4.95 (s, 2H, CH2);

13C NMR (125 MHz, DMSO-d6)
δ 160.19 (d, J = 243.8 Hz, benzyl C), 153.21, 146.65, 140.76,
138.95, 132.76 (d, J = 2.6 Hz, benzyl C), 131.89 (d,
J = 8.3 Hz, benzyl C), 130.87, 129.95, 126.65, 119.41 (q,
J = 270.1 Hz, CF3), 116.09 (d, J = 21.3 Hz, benzyl C), 109.11,
48.71; IR (KBr) ν: 3072, 3046, 2947, 2923, 2852, 1784, 1653,
1598, 1559, 1506, 1472, 1433, 1325, 1179, 989, 959, 771,
694 cm�1; MS(ESI) m/z 405 [M + H] +; Anal. Calcd. for
C19H12F4N4O2: C, 56.44; H, 2.99; N, 13.86. Found: C, 56.70;
H, 2.92; N, 14.10.

2-((4-methylbenzyl)oxy)-5-(1-phenyl-5-(trifluoromethyl)-1H-
pyrazol-4-yl)-1,3,4-oxadiazole (6j). This compound was
obtained as white solid; yield 83.1%, m. p. 71 ~ 72°C; 1H
NMR (500 MHz, DMSO-d6) δ 8.34 (s, 1H, pyrazole-H), 7.60–
7.50 (m, 5H, benzene-H), 7.22 (d, J = 7.9 Hz, 2H, 4-CH3-
benzyl-H), 7.15 (d, J = 7.9 Hz, 2H, 4-CH3-benzyl-H), 4.90 (s,
2H, CH2);

13C NMR (125 MHz, DMSO-d6) δ 153.2, 146.5,
140.7, 138.9, 137.8, 132.8, 130.8, 129.9, 129.7, 128.2, 126.6,

119.4 (q, J = 270.3 Hz, CF3), 109.1, 49.3, 21.2; IR (KBr) ν:
3121, 3059, 3027, 2932, 2856, 1786, 1643, 1595, 1502, 1458,
1428, 1410, 1302, 1191, 973, 936, 772, 750, 695 cm�1; MS
(ESI) m/z 401 [M + H]+; Anal. Calcd. for C20H15F3N4O2: C,
60.00; H, 3.78; N, 13.99. Found: C, 59.90; H, 3.98; N, 14.24.

2-((trifluoromethylbenzyl)oxy)-5-(1-phenyl-5-(trifluoromet-
hyl)-1H-pyrazol-4-yl)-1,3,4-oxadiazole (6k). This compound
was obtained as canary yellow solid; yield 78.1%, m. p.
81 ~ 82°C; 1H NMR (500 MHz, DMSO-d6) δ 8.35 (s, 1H,
pyrazole-H), 7.73 (d, J = 8.1 Hz, 2H, benzyl-H), 7.61–7.50 (m,
7H, benzene H & benzyl-H), 5.08 (s, 2H, CH2);

13C NMR
(125 MHz, DMSO-d6) δ 153.2, 146.8, 140.8, 140.6, 138.9,
130.9, 129.9, 128.9, 126.6, 126.1, 124.7 (q, J = 272.4 Hz,
benzyl-CF3), 119.4 (q, J = 270.7 Hz, pyrazole-CF3), 109.1,
48.9; IR (KBr) ν: 3067, 3048, 2953, 2927, 2854, 1792, 1653,
1599, 1559, 1501, 1472, 1419, 1325, 1169, 998, 969, 761, 747,
684, 668 cm�1; MS(ESI) m/z 455 [M + H]+; Anal. Calcd. for
C20H12F6N4O2: C, 52.87; H, 2.66; N, 12.33. Found: C, 52.77;
H, 3.07; N, 12.25.

2-((3-fluorobenzyl)oxy)-5-(1-phenyl-5-(trifluoromethyl)-1H-
pyrazol-4-yl)-1,3,4-oxadiazole (6l). A white solid, yield
79.7%, m. p. 96 ~ 98°C; 1H NMR (500 MHz, DMSO-d6) δ
8.35 (s, 1H), 7.60–7.51 (m, 5H), 7.40 (td, J1 = 8.3, J2 = 6.4 Hz,
1H), 7.19 (dd, J1 = 9.6, J2 = 4.4 Hz, 2H), 7.14 (td, J1 = 9.1,
J2 = 2.6 Hz, 1H), 4.99 (s, 2H, CH2);

13C NMR (125 MHz,
DMSO-d6) δ 162.60 (d, J = 242.5 Hz, benzyl-C), 153.12,
146.71, 140.77, 139.83 (d, J = 7.9 Hz, benzyl-C), 138.95,
131.15 (d, J = 8.5 Hz, benzyl-C), 130.90, 129.95, 126.66,
125.80 (d, J = 2.2 Hz, benzyl-C), 119.43 (q, J = 270.0 Hz,
CF3), 116.59 (d, J = 22.3 Hz, benzyl-C), 115.36 (d,
J = 21.3 Hz, benzyl-C), 109.08, 48.89; IR (KBr) ν: 3118, 3081,
2963, 2930, 2852, 1783, 1645, 1593, 1501, 1486, 1449, 1419,
1306, 1189, 971, 946, 763, 748, 681 cm�1; MS(ESI) m/z 405
[M + H]+; Anal. Calcd. for C19H12F4N4O2: C, 56.44; H, 2.99;
N, 13.86. Found: C, 56.82; H, 3.27; N, 13.84.

General synthetic Procedures for the target compounds
(7a–7b). Intermediate 5 (1.01 mmol) was dissolved in a
mixture of DMF (10.0 mL), and NaOH (1.21 mmol). Then the
dibromo-substituted alkane (1.51 mmol) was added and stirred
at room temperature for 5 h. After that, 30 mL ethyl acetate was
added into the mixture. Later, the organic layer was washed by
saturated NH4Cl, water, dried with anhydrous sodium sulfate,
filtered, and followed by the removal of the solvent under
vacuum. The crude product was incubated in pyridine at 60°C
for 12 h. After that, the extra pyridine was removed under
reduced pressure. The crude residue was further purified by
flash column chromatography on a silica gel using CH2Cl2 and
CH3OH (6:1) as the eluant to afford the desired product (7a–7b).

1-(6-((5-(1-phenyl-5-(trifluoromethyl)-1H-pyrazol-4-yl)-1,3,
4-oxadiazol-2-yl)oxy)hexyl)pyridin-1-ium bromide (7a). A
white liquid; yield 55.0%; 1H NMR (500 MHz, CDCl3) δ 9.27
(d, J = 10.0 Hz, 2H, pyridine-H), 8.55 (t, J = 7.5 Hz, 1H,
pyridine-H), 8.12 (t, J = 5.0 Hz, 2H, pyridine-H), 7.98 (s, 1H,
pyrazole-H), 7.32–7.42 (m, 5H, phenyl-H), 4.85 (t, J = 7.5 Hz,
2H, CH2-N), 3.68 (t, J = 7.5 Hz, 2H, CH2-O), 1.97–2.02 (m,
2H, CH2), 1.67–1.73 (m, 2H, CH2), 1.35–1.38 (m, 4H, 2CH2);
13C NMR (125 MHz, CDCl3) δ 153.3, 146.6, 145.8, 144.9,
140.0, 138.8, 130.1, 129.3, 128.8, 125.8, 120.1, 117.9, 109.0,
61.8, 45.8, 31.6, 27.8, 25.7, 25.3. MS(ESI): m/z 458 [M-Br] +;
Anal. Calcd. for C23H23BrF3N5O2: C, 51.31; H, 4.31; N, 13.01.
Found: C, 50.92; H, 4.51; N, 12.65.
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1-(7-((5-(1-phenyl-5-(trifluoromethyl)-1H-pyrazol-4-yl)-1,3,4
-oxadiazol-2-yl)oxy)heptyl)pyridin-1-ium bromide (7b). A
white liquid; yield 45.1%; 1H NMR (500 MHz, CDCl3) δ 9.34
(d, J = 5.0 Hz, 2H, pyridine-H), 8.47 (t, J = 7.5 Hz, 1H,
pyridine-H), 8.07 (t, J = 5.0 Hz, 2H, pyridine-H), 7.92 (s, 1H,
pyrazole-H), 7.28–7.38 (m, 5H, phenyl-H), 4.82 (t, J = 7.5 Hz,
2H, CH2-N), 3.62 (t, J = 7.5 Hz, 2H, CH2-O), 1.89–1.95 (m,
2H, CH2), 1.61–1.63 (m, 2H, CH2), 1.19–1.26 (m, 4H, 2CH2);
13C NMR (125 MHz, CDCl3) δ 153.2, 146.4, 145.6, 145.0,
139.9, 138.7, 130.3, 130.1, 130.0, 129.2, 128.7, 125.8, 120.0,
117.9, 109.0, 61.9, 45.9, 31.7, 28.7, 28.5, 27.9, 26.0, 25.8; MS
(ESI): m/z 486 [M-Br]+; Anal. Calcd. for C25H27BrF3N5O2: C,
53.01; H, 4.80; N, 12.36. Found: C, 53.32; H, 4.69; N, 12.18.

In vitro antibacterial bioassay (turbidimeter test). In our
study, all the synthesized target compounds were evaluated for
their antibacterial activities against Xoo by the turbidimeter test
in vitro. Dimethylsulfoxide in sterile distilled water served as a
blank control, Bismerthiazol and Thiodiazole Copper served as
the positive controls. Approximately 40 μL of solvent NB
(1.5 g beef extract, 2.5 g peptone, 0.5 g yeast powder, 5.0 g
glucose, and 500 mL distilled water; pH = 7.0–7.2) containing
Xoo, incubated on the phase of logarithmic growth, was added
to 5 mL of solvent NB containing the test compounds and
positive control. The inoculated test tubes were incubated at
28 � 1°C and continuously shaken at 180 rpm for 24–48 h until
the bacteria were incubated on the logarithmic growth phase.
The growth of the cultures was monitored on a microplate
reader by measuring the optical density at 595 nm (OD595) given
by turbiditycorrected values = ODbacterial wilt � ODno bacterial wilt,
and the inhibition rate I was calculated by I = (C � T)/C × 100%.
C is the corrected turbidity values of bacterial growth on untreated
NB (blank control), and T is the corrected turbidity values of
bacterial growth on treated NB. The results of antibacterial
activities (expressed by EC50) against Xoo was calculated with
SPSS 17.0 software. The experiment was repeated three times.

Antifungal activities assay. All title compounds were
dissolved in DMSO (1.0 mL) and then added into 9.0 mL
sterilized water containing Tween 20 (1%) before mixing with
potato dextrose agar (PDA, 90.0 mL). The compounds were
tested at a concentration of 100 μg/mL. The stock solution was
transferred into three 9 cm diameter of Petri dishes evenly.
Then, mycelia dishes of approximately 4 mm diameter were cut
from the culture medium and inoculated in the middle of the
PDA plate aseptically. The inoculated plates were incubated at
27 � 1°C for 5 days. DMSO in sterile distilled water was used
as the negative control, whereas hymexazol and carbendazim
served as the positive control. Each treatment condition
consisted of three replicates. Radial growth of the fungal
colonies was measured, and the data were statistically analyzed.
Inhibitory effects on these fungi were calculated by the formula
I = [(C � T)/(C � 0.4)] × 100%, where C represents the diameter
of fungal growth on untreated PDA, T represents the diameter of
fungi on treated PDA, and I represents the inhibition rate.
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