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Abstract In order to find new lead compounds with high activity, a series of 1,2,4-triazole compounds were designed and
synthesized by using Uniconazole as temple compound. Their structures were confirmed by '"H NMR, *C NMR and HRMS
spectra, and the crystal structure of (£)-1-phenyl-2-(1H-1,2,4-triazol-1-yl)-3-(4-(trifluoromethyl)phenyl)allyl-benzoate (5a)
was determined by X-ray single crystal diffraction. The bioassay data showed that some of target compounds 5 exhibited good
activity (=>50%) against Sclerotinia sclerotiorum and Rhizoctonia solanimore at 50 pg/mL.
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cidal,®-'% anti-inflammatory,[!!1?1 antiviral,['*! anti-influen-
za,l' anticancer,!”! antioxidative,'" and anticonvul-
sant.l'"181 For example, the earliest triazole pesticide, tri-
amiphos, was synthesized by N.V-Pnlipn Dnphan compa-
ny in the early 1960s. After that, many 1,2,4-triazole anti-

1 Introduction

With the development of modern agriculture and the
improvement of environmental protection awareness pesti-
cide discovery had improved and evolved from wholesale

elimination to biological regulation.!! Since heterocyclic
compounds have wide biological activity, low toxicity,
high efficiency, and structural diversity, they have become
an area of focus in drug discovery.>*) Among heterocyclic
compounds, 1,2,4-triazole is a classic five-membering het-
erocycle used in medicinal and pesticidal industry, includ-
ing herbicidal.>®! antibacterial,/’! antifungal,[®! insecti-

* Corresponding authors. E-mail: xhliu@zjut.edu.cn; sjj@hsu.edu.cn
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fungals were discovered, such as triadimenol, triadimonol
diniconazole and uniconazole.

In our previous work triazole compounds (Z configura-
tion) were synthesized and exhibited certain fungicidal
activity.["] Since fluorine atoms have special properties of
bioactive compounds, such as metabolic stability, better
bioavailability,?>2!1 and always possessed excellent bio-
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logical activity,??! they were often introduced into the
structures of medicines or pesticides.!*3*! In order to dis-
cover new lead compounds, uniconazole was used as lead
compound, -Bu group was used instead of phenyl ring,
hydroxyl group was esterified, the chlorine atom was re-
placed by CF; atom on the phenyl ring, and a series of
1,2,4-triazole compounds (£ configuration) were designed
and synthesized (Figure 1). Some of the compounds
showed good fungicidal activity.

oH cl previous work

Uniconazole
E configuration

E configuration

Figure 1 Design strategy of the title compound 5

2 Results and discussion

2.1 Synthesis and spectra of target triazole com-
pounds

The synthetic route of 1,2,4-triazole compounds is
shown in Scheme 1. a-Bromoacetophenone 1 reacted with
1,2,4-triazole under base conditions to give 1-phenyl-2-
(1H-1,2,4-triazol-1-yl)ethan-1-one (2). Intermediate 2
mixed with 4-(trifluoromethyl)benzaldehyde according to
Knoevenagel condensation to give 1-phenyl-2-(1H-1,2,4-
triazol-1-yl)-3-(4-(trifluoromethyl)phenyl)prop-2-en-1-one
(3). In this process Dean-Stark trap was used, but a molec-
ular sieve could also be used in place of Dean-Stark trap.
Intermediate 3 reduced by NaBH4 gave 1-phenyl-2-(1H-
1,2,4-triazol-1-yl)-3-(4-(trifluoromethyl)phenyl)prop-2-en-
1-ol (4). Intermediate 4 was then esterified with different
acid to prepare target compounds Sa~5j.

2.2 Crystal structure of target compound 5a

The target compound 5 has two configurations: Z or E.
In order to determine the configuration, the target com-
pound 5a was analyzed by X-ray crystal diffraction. Some
representative bond angles and bond distances of com-
pound 5a are listed in supporting information. The molec-
ular structure and packing diagram of compound 5a are
illustrated in Figure 2.

The general bond angles and bond lengths of ring sys-
tems (1,2,4-triazole ring and phenyl ring) were in normal
ranges. For the 1,2 4-triazole ring, N(2)—C(17) [0.1313(2)
nm], N(1)—C(16) [0.1354(2) nm] and N(1)—C(15)
[0.1433(2) nm] bonds were a little longer than the normal
C=N (0.127 nm), which indicated electron delocalized on
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5a: R = Ph; 5b: R = 2-MeCgHy; 5¢: R = 2-FCgHy; 5d: R = 4-BuCgHy;
5e: R = 3-CICgHy; 5f: R = 4-PrCgHy; 59: R = 4-MeOCgH,; 5h: R =
2,4-ClyCgHg; 5i: R = 3-O,NCgHy; 5j: R = 2,3-Cl,CgH3

Scheme 1 Synthetic route of the target compound 5

Figure 2 Molecular structure and packing diagram of the title
compound 5a

1,2,4-triazole ring. The bond length of C(7)—O(2) is

http://sioc-journal.cn/ 4499



BIKE

0.12064(19) nm, which is according to C=O group. The
torsion angles of C(1)—C(7)—O0(1)—C(8) and O(2)—
C(7)—0(1)—C(8) were 177.98(11)° and —1.9(2)°, re-
spectively, which indicated that the phenyl ring and the
ester group were in the same plane. As shown in Figure 2,
the phenyl ring [C(9)~C(11)] is vertical with 1,2,4-tria-
zole ring [N(1), N(2), C(1), N(3), C(16)], with a dihedral
angle (6) of 89.2° with plane equation —35.322x+5.891
y+14.146z= —4.6004 and —3.253x—5.865y+ 14.404
z=—0.9652, respectively. On the other hand, the two
phenyl rings [C(1)~C(6) and C(19)~C(24)] are nearly
parallel with a dihedral angle (6) of 1.2°. The other rings
have dihedral angles (#) of 65.0°, 74.8°, 64.8°, and 76.0°,
respectively. There are also two intermolecular face-to-
face m-m stackings between the two benzene rings [C(1)~
C(6) and C(19)~C(24)] in the crystal. It is worth noting
that the two molecules of benzene ring-benzene rings are
centrosymmetric: the centroid distance of benzene
ring-benzene ring is 0.3837 nm. These m-m stackings
formed infinite one-dimensional chain structures. More
importantly, C(19) and N(1) in the target compound are on
the opposite side of C(15) and C(18), therefore it can be
concluded that the target compound 5a is E configuration.

2.3 Fungicidal activity of the compound

The results of antifungal activity against ten different
fungi are shown in Table 1. Most of the title compounds
exhibited moderate activity (>50%) against S. scleroti-
orum at 50 pg/mL, except compounds 5d and 5j. In addi-
tion to this, the target compound also showed good anti-
fungal activity against R. solani, except for compound 5j,
which performed the same as the positive control fluxapy-
roxad. Interestingly, the compound 5g possessed good ac-
tivity against G. zeae, which is higher than that of the posi-
tive control fluxapyroxad. It is worth noting that all target
compounds 5 exhibit moderate antifungal activity against
P. capsici, which are better than the positive control. For
example, compounds 5a (42.9%) and 5c¢ (42.9%) pos-
sessed moderate inhibitory activity against P. capsici,

which were better than the positive fluxapyroxad (16.7%).
In addition, the activity of Sb against P. infestans was also
higher than that of the control group. Unfortunately, the
target compounds had nearly no active activity against F.
oxysporum, C. arachidicola, P. piricola. The synthesis of
these new fungicides provides a basis for preparing lead
compounds with higher activity in the future.

2.4 Molecular docking

The target of triazole fungicides is sterol 14a-deme-
thylase (CYP51), therefore molecular docking between
compound 5¢ and sterol 14a-demethylase (CYP51)! was
performed according to the reference method and carried
out by using Discovery Studio 2.5 software. The crystal
structure of sterol 14a-demethylase (CYP51) (PDB:5JLC)
was downloaded from the PDB bank ((http://www.
rcsb.org). As shown in Figure 3, compound 5c¢ is well-
matched to the active pocket of sterol 14a-demethylase
(CYP51). The compound 5S¢ was discovered to constitute a
bidentate combination with the Fe?*. The benzene ring
formed n-m stacking interaction with pyrrole ring in the
porphyrin. It was observed that the distance between the
benzene ring and pyrrole ring was 0.57 nm. Meanwhile,
there is a hydrogen bond between the CF3 and the amino
acid residue Val 462 with the distance of 0.21 nm.

Figure 3 Molecular docking diagram of compound Sc¢ with
target sterol 14a-demethylase (CYP51)

Table 1 Inhibition rate (%) of target compounds 5a~5j at 50 ug/mL*

Compd. AS GZ PI PC SS BC RS FO CA PP
5a 15.4 30.4 25.0 429 53.6 333 54.8 13.6 8.3 8.3
5b 7.7 30.4 313 393 62.5 9.5 429 4.5 16.7 8.3
5¢ 11.5 30.4 25.0 429 67.9 333 50.0 4.5 8.3 8.3
5d 11.5 8.7 12.5 25.0 26.8 333 31.0 9.1 8.3 8.3
Se 7.7 17.4 6.3 25.0 53.6 23.8 38.1 4.5 16.7 25.0
5f 15.4 17.4 6.3 32.1 53.6 38.1 50.0 9.1 25.0 333
5g 38.5 52.2 18.8 39.3 58.9 38.1 66.7 4.5 25.0 333
5h 23.1 17.4 12.5 25.0 50.0 333 38.1 4.5 16.7 8.3
5i 23.1 21.7 12.5 35.7 57.1 333 38.1 13.6 25.0 8.3
5j 11.5 8.7 25.0 35.7 35.7 23.8 14.3 13.6 8.3 8.3
CK 0 0 0 0 0 0 0 0 0 0

Fluxapyroxad 88.9 28.6 27.3 16.7 96.4 63.6 88.4 100 44.4 84.6

@ Alternaria solani (AS), Gibberella zeae (GZ), Phytophthora infestans (PI), Phytophthora capsici (PC), Sclerotinia sclerotiorum (SS), Botrytis cinerea (BC),
Rhizoctonia solani (RS), Fusarium oxysporum (FO), Cercospora arachidicola (CA), Physalospora piricola (PP).
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3 Conclusions

In conclusion, a series of triazole compounds containing
trifluoromethyl phenyl groups were designed and synthe-
sized through substitution, condensation, reduction, and
esterification reactions. The bioassay showed that some
compounds exhibited good fungicidal activity at 50 pg/mL.
The structure-activity relationship was studied using mo-
lecular docking.

4 Experimental section

4.1 Instruments and reagents

Melting points were determined using an X-4 digital
microscopic melting point detector (Taike, Beijing, China)
and uncorrected. '"H NMR spectra were measured on a
Bruker AV-500 instruments using TMS as an internal
standard and CDCl; as the solvent. HRMS was determined
on an Agilent 1200RRLC-6520 instrument. All the reagents
are of analytical grade or freshly prepared before use. An-
alytical TLC (Huanghai, Qingdao, China) was performed
on silica gel GFs4.

4.2 Synthesis
4.2.1 Synthesis of 1-phenyl-2-(1H-1,2,4-triazol-1-yl)-
ethan-1-one (2)

To a solution of a-bromoacetophenone (19.90 g, 0.10
mol) and 1,2,4-triazole (7.60 g, 0.11 mol) in acetone (150
mL), NEt; (11.13 g 0.11mol) was added dropwise at 0 C.
The mixture was stirred for 60 min at 0 ‘C and then
stirred for another 60 min at room temperature. After the
reaction, the mixture was filtered and acetone evaporated.
Product by recrystallization with isopropanol formed as
white crystals, yield 82.71%. m.p. 106~107 ‘C (lit.[?®
113~115 C); '"H NMR (500 MHz, CDCl3) J: 8.21 (s, 1H,
triazole-H), 8.16 (s, 1H, triazole-H), 7.87~7.81 (m, 2H,
ArH), 7.68~7.57 (m, 2H, ArH), 7.55~7.48 (m, 2H, ArH),
7.35~7.23 (m, 3H, ArH), 6.94 (d, J/=1.0 Hz, 1H, =CH).
4.2.2 Synthesis of 1-phenyl-2-(1H-1,2,4-triazol-1-yl)-
3-(4-(trifluoromethyl)phenyl)prop-2-en-1-one (3)

To a solution of intermediate 2 (5.62 g, 30 mmol) in
toluene (30 mL), p-trifluoromethylbenzaldehyde (5.75 g,
33 mmol) was added. Piperidine was dropwise to mixture
and refluxed for 7 h. Then the solvent was removed. The
residue was purified by column chromatography (petrole-
um ether/ethyl acetate (PE/EA), V/V=1/1) to obtain a pale
yellow solid 3, yield 55.6%. m.p. 196~197 ‘C; 'H NMR
(500 MHz, CDCls) o: 8.21 (s, 1H, triazole-H), 8.16 (s, 1H,
triazole-H), 7.87~7.81 (m, 2H, ArH), 7.68~7.57 (m, 2H,
ArH), 7.55~7.48 (m, 2H, ArH), 7.35~7.23 (m, 3H, ArH),
6.94 (d, J=1.0 Hz, 1H, =CH); HRMS (ESI) calcd for
CisHi3F3N;0 [M+H]" 344.1005, found 344.1001.

4.2.3 Synthesis of 1-phenyl-2-(1H-1,2,4-triazol-1-yl)-
3-(4-(trifluoromethyl)phenyl)prop-2-en-1-ol (4)

To a solution of intermediate 3 (2.40 g, 7.00 mmol) and
PEGe00 (0.50 g, 0.83 mmol) in methanol (15 mL), sodium
borohydride (0.42 g, 11.0 mmol) was added in portions with

Chin. J. Org. Chem. 2021, 41, 4498~4503

© 2021 Chinese Chemical Society & SIOC, CAS

stirring at 0 °C. The mixture continued to be stirred for 4 h
at 0 ‘C. After the reaction was completed, the methanol was
evaporated. The residue was poured into water (10 mL)
containing 5 mL of dilute HCI. Then, it was washed by
CH)Cl, (20 mLX3), the organic layer was dried with
Na,SO4 and evaporated to give a yellow oil, yield 91.20%.
"HNMR (500 MHz, CDCl5) 8: 7.95 (s, 1H, triazole-H), 7.42
(s, 1H, triazole-H), 7.30~7.24 (m, 4H, ArH), 7.23~7.14
(m, 4H, ArH), 6.93 (d, /=1.0 Hz, 1H, =CH), 6.80 (s, 1H,
ArH), 5.65 (s, 1H, CH), 5.12 (s, 1H, OH); HRMS (ESI)
caled for CigHisFsN;O [M + H] © 346.1162, found
346.1157.

4.2.4 General synthesis of target compound 5

To a solution of intermediate 4 (0.25 g, 0.72 mmol), 4-
dimethylaminopyridine oxide (DMAP) (0.09 g, 0.72
mmol), l-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (EDCI) (0.28g, 1.44 mmol) in CH>CL (5
mL), substituted benzoic acid (0.80mmol) was added. The
mixture was stirred at room temperature for 4 h. Then the
solvent was removed and purified by column chromatog-
raphy [Vea/Vee=1/2] to obtain the target compound 5.

(E)-1-Phenyl-2-(1H-1,2,4-triazol-1-yl)-3-(4-(trifluoro-
methyl)phenyl)allyl benzoate (5a): Yellow solid, yield
46.37%. m.p. 148~150 ‘C; 'H NMR (500 MHz, CDCl5) ¢:
8.10 (s, 1H, triazole-H), 8.09~8.07 (m, 2H, ArH), 7.67 (s,
1H, triazole-H), 7.59 (t, J=7.5 Hz, 1H, ArH), 7.49~7.42
(m, 6H, ArH), 7.40~7.33 (m, 3H, ArH), 7.04 (s, 1H, CH),
6.99 (s, 1H, =CH), 6.96 (d, J=8.3 Hz, 2H, ArH); 3C
NMR (400 MHz, CDCl3) ¢6: 164.95, 151.51, 143.26,
136.99, 135.66, 134.14, 133.87, 129.78, 129.25, 129.14,
128.85, 128.74, 125.88, 125.85, 125.81, 125.77, 125.56,
70.55. HRMS (ESI) calcd for C25H19F3N302 [NI“‘H]Jr
450.1424, found 450.1423.

(E)-1-Phenyl-2-(1H-1,2,4-triazol-1-yl)-3-(4-(trifluoro-
methyl)phenyl)allyl 2-methylbenzoate (Sb): Yellow solid,
yield 58.38%. m.p. 96~98 C; 'H NMR (500 MHz,
CDCl;) o: 8.10 (s, 1H, triazole-H), 8.01 ~7.94 (m, 1H,
ArH), 7.65 (s, 1H, triazole-H), 7.48~7.42 (m, 5H, ArH),
7.39~7.33 (m, 3H, ArH), 7.26 (t, J/=7.4 Hz, 2H, ArH),
7.03 (s, 1H, CH), 6.96 (s, 2H, ArH), 6.94 (s, 1H, =CH),
2.57 (s, 3H, CH3); 3C NMR (400 MHz, CDCl5) J: 165.47,
152.75, 144.39, 140.96, 136.37, 135.81, 132.60, 131.91,
130.52, 129.06, 128.94, 128.81, 128.45, 127.39, 126.95,
12591, 125.70, 75.69, 21.73. HRMS (ESI) calcd for
C26H21F3N302 [N["‘Hrr 4641580, found 464.1577.

(E)-1-Phenyl-2-(1H-1,2,4-triazol-1-yl)-3-(4-(trifluoro-
methyl)phenyl)allyl 2-fluorobenzoate (Sc): Yellow solid,
yield 72.35%. m.p. 93~95 C; 'H NMR (500 MHz,
CDCl;) o: 8.08 (s, 1H, triazole-H), 8.01 ~7.94 (m, 1H,
ArH), 7.69 (s, 1H, triazole-H), 7.61~7.52 (m, 1H, ArH),
7.48~7.42 (m, 4H, ArH), 7.38~7.32 (m, 3H, ArH), 7.23 (4,
J=17.6 Hz, 1H, ArH), 7.20~7.14 (m, 1H, ArH), 7.07 (s,
1H, CH), 7.04 (s, 1H, =CH), 6.96 (d, /J=28.2 Hz, 2H,
ArH); 3C NMR (400 MHz, CDCls) 6: 163.33, 162.88,
162.85, 160.75, 152.73, 144.47, 135.94, 135.86, 135.51,
135.27, 135.18, 132.52, 130.90, 130.57, 129.11, 128.91,
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128.85, 127.50, 126.94, 125.67, 124.25, 117.26, 117.04,
76.28. HRMS (ESI) calcd for C25H18F4N302 [NI‘f’H]Jr
468.1330, found 468.1327.
(E)-1-Phenyl-2-(1H-1,2,4-triazol-1-yl)-3-(4-(trifluoro-
methyl)phenyl)allyl 4-(tert-butyl)benzoate (5d): White
solid, yield 55.16%. m.p. 95~96 ‘C; 'H NMR (500 MHz,
CDCls) ¢: 8.08 (s, 1H, triazole-H), 8.05~8.01 (m, 2H,
ArH), 7.68 (s, 1H, triazole-H), 7.50~7.48 (m, 2H, ArH),
7.47~7.42 (m, 4H, ArH), 7.38~7.32 (m, 3H, ArH), 7.03
(s, 1H, CH), 6.98 (s, 1H, =CH), 6.95 (d, /=8.3 Hz, 2H,
ArH), 1.34 (s, 9H, ¢-Bu); *C NMR (400 MHz, CDCls) ¢:
164.85, 157.45, 152.71, 144.35, 136.29, 135.80, 129.67,
129.02, 128.89, 128.83, 127.62, 126.84, 126.46, 125.62,
75.66, 35.16, 31.04. HRMS (ESI) caled for Cy9H27F3N30,
[M+H]" 506.2050, found 506.2061.
(E)-1-Phenyl-2-(1H-1,2,4-triazol-1-yl)-3-(4-(trifluoro-
methyl)phenyl)allyl 3-chlorobenzoate (Se): Yellow solid,
yield 48.75%. m.p. 148~151 C; 'H NMR (500 MHz,
CDCls) o: 8.10 (s, 1H, triazole-H), 8.04 (t, J=1.8 Hz, 1H,
ArH), 7.98~7.94 (m, 1H, ArH), 7.64 (s, 1H, triazole-H),
7.59~7.55 (m, 1H, ArH), 7.46 (d, /=8.3 Hz, 2H, ArH),
7.43~7.36 (m, 6H, ArH), 7.04 (s, 1H, CH), 6.97 (s, 2H,
ArH), 6.95 (s, 1H, =CH); *C NMR (400 MHz, CDCl5) 4:
163.75, 152.81, 144.37, 135.91, 135.34, 134.78, 133.63,
131.03, 129.95, 129.76, 129.26, 129.01, 128.83, 127.90,
127.86, 126.87, 125.73, 125.70, 76.27. HRMS (ESI) calcd
for C25H18C1F3N302 [M‘i‘H]Jr 4841034, found 484.1028.
(E)-1-Phenyl-2-(1H-1,2,4-triazol-1-yl)-3-(4-(trifluoro-
methyl)phenyl)allyl 4-propylbenzoate (5f): White solid,
yield 55.32%. m.p. 99~101 C; 'H NMR (500 MHz,
CDCls) o: 8.10 (s, 1H, triazole-H), 8.00 (d, /=8.2 Hz, 2H,
ArH), 7.72 (s, 1H, triazole-H), 7.58 (t, J/=7.4 Hz, 2H, ArH),
7.45~7.41 (m, 3H, ArH), 7.40~7.32 (m, 4H, ArH), 7.02
(s, 1H, CH), 6.99 (s, 1H, =CH), 6.96 (d, /=8.2 Hz, 2H,
ArH), 2.65 (t, J=7.5 Hz, 2H, CH,), 1.70~1.61 (m, 2H,
CH>), 0.94 (t, J=7.3 Hz, 3H, CH3); *C NMR (400 MHz,
CDCl;) o: 164.94, 152.60, 149.17, 144.36, 136.23, 135.76,
133.59, 130.11, 129.82, 129.04, 128.91, 128.84, 128.76,
128.43, 127.71, 126.85, 126.71, 125.69, 125.65, 75.69,
38.06, 24.21, 13.71. HRMS (ESI) caled for Cy9H24F3N30,
[M-+H]" 492.1893, found 492.1861.
(E)-1-Phenyl-2-(1H-1,2,4-triazol-1-yl)-3-(4-(trifluoro-
methyl)phenyl)allyl 4-methoxybenzoate (5g): White solid,
yield 44.10%. m.p. 93~94 °C; 'H NMR (500 MHz,
CDCls) ¢: 8.08 (s, 1H, triazole-H), 8.06~8.03 (m, 2H,
ArH), 7.67 (s, 1H, triazole-H), 7.46 (d, J=8.3 Hz, 2H,
ArH), 7.43~7.40 (m, 2H, ArH), 7.38~7.33 (m, 3H, ArH),
7.00 (s, 1H, CH), 6.98 (s, 1H, =CH), 6.97~6.94 (m, 4H,
ArH), 3.86 (s, 3H, OCH3); 1*C NMR (400 MHz, CDCI5) 4:
164.57, 163.89, 152.69, 144.33, 136.34, 135.88, 131.87,
129.00, 128.89, 128.83, 127.59, 126.83, 125.67, 121.58,
113.89, 75.61, 55.48. HRMS (ESI) calcd for C»7H20F3N303
[M+H]" 480.1530, found 480.1530.
(E)-1-Phenyl-2-(1H-1,2,4-triazol-1-yl)-3-(4-(trifluoro-
methyl)phenyl)allyl 2,4-dichlorobenzoate (Sh): Yellow
solid, yield 66.16%. m.p. 82~84 ‘C; 'H NMR (500 MHz,
CDCls) o: 8.10 (s, 1H, triazole-H), 7.85 (d, J=28.5 Hz, 1H,
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ArH), 7.63 (s, 1H, triazole-H), 7.49~7.45 (m, 3H, ArH),
7.39~7.35 (m, 4H, ArH), 7.34~7.31 (m, 2H, ArH), 7.04
(s, 1H, CH), 7.01 (s, 1H, =CH), 6.95 (d, /=8.2 Hz, 2H,
ArH); 3C NMR (400 MHz, CDCls) 6: 163.65, 163.15,
152.79, 150.58, 144.47, 143.80, 139.08, 139.03, 135.65,
135.37, 135.24, 135.13, 135.06, 133.79, 133.01, 132.89,
131.25, 131.22, 129.27, 129.14, 128.99, 128.81, 128.35,
128.02, 127.76, 127.28, 127.02, 125.71, 124.79, 75.88.
HRMS (ESI) calcd fOI' C25H|7C12F3N302 [M + H] *
518.0644, found 518.0717.

(E)-1-Phenyl-2-(1H-1,2,4-triazol-1-yl)-3-(4-(trifluoro-
methyl)phenyl)allyl 3-nitrobenzoate (5i): White solid,
yield 23.17%. m.p. 133~135 ‘C; 'H NMR (500 MHz,
CDCl3) o: 8.93~8.89 (m, 1H, ArH), 8.48~8.43 (m, 1H,
ArH), 8.40 (d, J =7.9 Hz, 1H, ArH), 8.13 (s, 1H, tria-
zole-H), 7.70 (t, J=8.0 Hz, 1H, ArH), 7.67 (s, 1H, tria-
zole-H), 7.49~7.39 (m, 7H, ArH), 7.09 (s, 1H, CH), 6.99
(s, IH, =CH), 6.98 (d, J=8.3 Hz, 2H, ArH); '3C NMR
(400 MHz, CDCl3) od: 162.97, 152.74, 148.34, 144.46,
135.53, 135.42, 134.96, 131.08, 129.94, 129.47, 129.13,
128.84, 128.50, 127.98, 127.46, 126.89, 125.80, 125.77,
124.71, 76.81. HRMS (ESI) calcd for C25H18F3N404 [M+
H]" 495.1275, found 495.1271.

(E)-1-Phenyl-2-(1H-1,2,4-triazol-1-yl)-3-(4-(trifluoro-
methyl)phenyl)allyl 2,3-dichlorobenzoate (5j): Yellow
solid, yield 33.25%. m.p. 103~105 °C; 'H NMR (500
MHz, CDCl;) ¢0: 8.11 (s, 1H, triazole-H), 7.67 (dd, J=7.8,
1.6 Hz, 1H, ArH), 7.64 (s, 1H, triazole-H), 7.47 (d, J=8.3
Hz, 2H, ArH), 7.45~7.42 (m, 2H, ArH), 7.41~7.36 (m,
3H, ArH), 7.31~7.27 (m, 2H, ArH), 7.04 (s, 1H, CH), 6.99
(s, IH, =CH), 6.95 (d, J=8.3 Hz, 2H, ArH); '3C NMR
(400 MHz, CDCl3) o0: 163.71, 152.75, 144.49, 135.66,
135.60, 135.04, 134.81, 133.64, 131.91, 131.73, 131.04,
130.71, 129.95, 129.31, 128.99, 128.80, 128.03, 127.33,
127.04, 125.75, 125.72, 124.94, 122.24, 76.96. HRMS
(ESI) calcd fOI‘ C25H17C12F3N302 [N[‘i‘H]Jr 5180644,
found 518.0644.

4.3 X-ray crystal structure determination

The crystal of compound Sa with dimensions of 0.32
mm X 0.28 mmX0.24 mm was mounted on a CCD area
detector with a graphite-monochromated Mo Ka radiation
(A=0.071073 nm) by using a phi and scan modes at 296(2)
K in the range of 4.466°<0<51.878°. The crystal belongs
to monoclinic system with space group P2:/n and crystal
parameters of a=1.2134(7) nm, b=1.1142(7) nm, c¢=
1.6953(14) nm, a=90°, f=110.565(18)°, y=90°, V=
2.146(3) nm®, D.=1.391 g/cm’. The absorption coefficient
#£=0.108 mm ! and Z=4. The structure was solved by
direct methods with SHELXS-97%71 and refined by the
full-matrix least squares method on F? data using
SHELXL-97. The empirical absorption corrections were
applied to all intensity data. The H atom of N—H was ini-
tially located in a difference Fourier map and was refined
with the restraint Uiso(H) = 1.2Ueq(N). Other H atoms
were positioned geometrically and refined using a riding
model, with d(C—H)=0.093~0.097 nm and Uiso(H)=
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1.2 Ueq(C) or 1.5 Ueq(Cmethyl).
4.4 Fungicidal activity

The fungicidal activity of compounds 5a~5j were tested
in vitro against Gibberella zeae (GZ), Phytophthora
infestans (PI), Phytophthora capsici (PC), Sclerotinia
sclerotiorum (SS), Rhizoctonia solani (RS), Alternaria
solani (AS), Botrytis cinerea (BC), Fusarium oxysporum
(FO), Cercospora arachidicola (CA), Physalospora
piricola (PP) and their relative percent inhibition (%) has
been determined using the mycelium growth rate method!?®
and fluxapyroxad was used as positive control. Each com-
pound was dissolved in dimethyl sulfoxide (DMSO) with
1% tween to prepare the 10000 mg/L stock solution. The ten
fungi were inoculated into a petri dish containing 50 pg/mL
stock solution and incubated in a 25 ‘C biochemical incu-
bator in dark. The solvent DMSO with 1% tween was used
as blank assay. The fungicidal effect was investigated 3 d
later. Each process is repeated 3 times. The inhibition of
compounds compared to the blank assay was calculated via
the following equation:

Inhibition(%)=(CK— AI)/CK X 100%

where CK is the average diameter of mycelia in the blank
test and Al is the average diameter of mycelia in the pres-
ence of those compounds.

4.5 Docking studies

Molecular docking between compound 5¢ and sterol 14a-
demethylase (CYP51) was done using Discovery Studio 2.5
software. The binding sites were generated from the sterol
14a-demethylase structure (PDB code: 5JLC). The detailed
method was done according to our previous work.[>”)

Supporting Information The 'H NMR, *C NMR and
HRMS spectra of intermediates and target compounds 5a~
5j. Selected crystallographic data and selected molecular
structure parameters of compound 5a. The Supporting In-
formation is available free of charge via the Internet at
http://sioc-journal.cn.
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