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Abstract

Plant diseases are serious and difficult to control. Novel and efficient pesticides

are urgently needed. A series of nortopsentin analogues were designed, synthe-

sized, and evaluated for their antiviral activities and fungicidal activities. Com-

pound 3g with higher antiviral activity than nortopsentin D and ribavirin

emerged as new antiviral lead compound. Further fungicidal activity tests

revealed that nortopsentin analogues displayed broad‐spectrum fungicidal

activities. Compounds 3a, 3d, and 3f displayed higher antifungal activities

against Cercospora arachidicola Hori than commercial fungicides carbendazim

and chlorothalonil. Current research has laid a foundation for the application

of nortopsentin analogues in plant protection.
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1 | INTRODUCTION

Viral diseases are the second most serious plant diseases
after fungi in agricultural production, and most crops
around the world are harmed to varying degrees. Plant
viruses are absolutely parasitic in plant cells, and the
materials, energy, and sites required for their replication
are provided by host cells. Because plants do not have a
complete immune system, it is difficult to control plant
viral diseases, which has always been a difficult and hot
issue in plant diseases and virology research.[1–3] Tobacco
mosaic virus (TMV), named for its first discovery in
tobacco, is the earliest discovered and most studied virus.
It is often used as a model virus in the development of
antiviral agents. Besides harming tobacco, TMV can also
infect more than 400 crops such as tomato, eggplant,
potato, pepper, and Solanum nigrum.[4,5] The existing
antiviral agents can only give moderate control effect
(antiviral agent ribavirin in Figure 1: less than 50% anti‐
TMV effect at 500 μg/mL), and the treatment effect is
poor. The prevention and treatment of viral diseases has
a long way to go.[6]

Natural products are the source of pesticide discovery.
However, the probability that a natural product directly
isolated from organisms can be directly used as a pesti-
cide for treating diseases is very low. Using these “basic
molecules” as structures to synthesize variants of active
molecules is an absolutely feasible way to develop pesti-
cides because of their immense structural diversity and
wide variety of biological activities.[7–10]

Bisindole alkaloids are a family of very important
natural products isolated from marine organisms.
Nortopsentins A to D (Figure 1) are one of the important
marine alkaloids. Biological activity research revealed
that nortopsentins A to D displayed interesting biological
activities such as cytotoxicity against P388 cells and anti-
fungal activity against Candida albicans.[11–13] A series of
nortopsentin analogues were reported in which the
central imidazole ring was replaced by several five‐
membered heterocycles such as bis‐indolyl‐
thiophenes,[14] ‐pyrazole,[15] ‐oxazoles,[16] ‐isoxazoles,[17]

‐furans,[17] ‐pyrroles,[18] ‐thiazoles,[19,20] and ‐1,2,4‐
FIGURE 1 Structures of ribavirin and nortopsentins A to D
oxadiazoles.[21] In the previous work, we found that
nortopsentin alkaloids had good antiviral activities
against plant viruses for the first time.[22] On the other
hand, 1,2,4‐triazole ring system is an important five‐
membered heterocycle ring found in many molecules
with significant biological activity.[23–25] Considering the
above findings, we designed and synthesized a series of
nortopsentin analogues containing 1,2,4‐triazole ring sys-
tem (Figure 2). The antiviral activities, fungicidal activi-
ties, and structure‐activity relationships were evaluated
systematically.
2 | RESULTS AND DISCUSSION

2.1 | Chemistry

According to previous structure‐activity relationships,[22]

nortopsentin analogues 3a‐3j were designed and obtained
by one‐step condensation reaction (Scheme 1) of com-
mercially available 1H‐indole‐3‐carbonitrile and corre-
sponding acylhydrazines 2a‐2j. As previously
reported,[26] some 1,2,4‐triazoles also exhibit tautomerism
(Figure 3). 1H NMR spectrum of nortopsentin 3b showed
a splitting of all signals, which could be suppressed by the
addition of 1% of CF3COOH into the deuterated solvent.
2.2 | Phytotoxic activity

The phytotoxic‐activity tests showed that the
nortopsentin analogues 3a‐3j were safe for testing on
plants at 500 μg/mL. The detailed test procedures can
be seen in the Supporting Information.
2.3 | Antiviral activity in vivo

The results of the anti‐TMV activities of the nortopsentin
analogues 3a‐3j are listed in Table 1 with nortopsentin D
and the commercial plant virucide ribavirin as the con-
trols. The inactive activities of all compounds listed in
Table 1 at 500 μg/mL were first tested, and the curative
activities and protective activities of compounds with
good inactive activities (inactive effect: less than 40%)
were further tested.

As depicted in Table 1, the nortopsentin analogues 3a‐
3j containing 1,2,4‐triazole showed good antiviral activi-
ties in vivo. Compound 3e showed the same level of bio-
logical activity as nortopsentin D but higher than
ribavirin. Among these compounds, compound 3g
displayed the best antiviral activity, which is higher than
that of nortopsentin D and ribavirin. Compared with
nortopsentin D, 3a exhibited relatively low activity. The



FIGURE 2 Design of nortopsentin analogues [Color figure can be viewed at wileyonlinelibrary.com]

SCHEME 1 Synthesis of 3a‐3j

FIGURE 3 Tautomerization of 1,2,4‐triazole

TABLE 1 In vivo antiviral activities of compounds 3a−3j,
nortopsentin D and ribavirin against TMV.

Compd Concn
(μg/mL)

Inactive
effect (%)a

Curative
effect (%)a

Protective
effect (%)a

3a 500 28±3 — —

3b 500 40±1 32±3 36±2
100 10±1 6±2 10±1

3c 500 14±3 — —

3d 500 10±3 — —

3e 500 45±4 42±3 39±1
100 19±1 17±2 11±3

3f 500 23±1 — —

3g 500 48±1 42±2 45±3
100 23±2 20±1 22±1

3h 500 9±3 — —

3i 500 8±2 — —

3j 500 33±3 — —

Nortopsentin
D

500 45±2 40±3 37±1
100 20±2 17±2 12±1

Ribavirin 500 38±1 36±2 37±2
100 12±1 11±1 9±2

Abbreviation: TMV, tobacco mosaic virus. Activity data with prominent were
presented in bold.
aAverage of three replicates; All results are expressed as mean ± SD.
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substitution of benzene ring for indole ring is beneficial
to the improvement of biological activity (inhibitory
effect: 3b > 3a). The introduction of fluorine atom in
the ortho‐ and meta‐position of benzene ring would lead
to a sharp decrease in activity (inhibitory effect:
3b > 3c, 3d), and the introduction of fluorine atom in
the para‐position would be beneficial to the improvement
of activity (inhibitory effect: 3e > 3b). The introduction of
trifluoromethyl at the ortho‐position of benzene ring
leads to a decrease in activity (inhibitory effect:
3b > 3f), while the introduction of trifluoromethyl at
the para‐position is beneficial to the improvement of
activity (inhibitory effect: 3g > 3b). Compounds 3h‐3j
displayed lower antiviral activities than 3b, which indi-
cated that the introduction of chlorine atom and methoxy
group are bad for activity. From the above structure‐
activity relationship, it can be seen that the 1,2,4‐triazole
ring and benzene ring regions are very sensitive, and
minor changes will have a great impact on the activity.
2.3.1 | In vitro fungicidal activity

Nortopsentin analogues 3a‐3j were also evaluated for
their fungicidal activities with nortopsentin D and com-
mercial fungicides carbendazim and chlorothalonil as
controls.

The fungicidal activities of 3a‐3j were evaluated in
mycelial growth tests[27] conducted in artificial media
against 14 plant pathogens at a rate of 50 μg/mL. The
results showed that these compounds also exhibited
broad‐spectrum fungicidal activities (Table 2). Com-
pounds 3a‐3j displayed higher antifungal activities than

http://wileyonlinelibrary.com


TABLE 2 In vitro fungicidal activities of compounds 3a‐3j, nortopsentin D, carbendazim, and chlorothalonil against 14 kinds of fungi

Compound

Fungicidal Activities (%)a/50 μg/mL

F.C C.H P.P R.C B.M W.A F.M A.S F.G P.I P.C S.S R.S B.C

3a 16 ± 2 60 ± 1 35 ± 3 33 ± 3 14 ± 2 24 ± 1 13 ± 1 48 ± 3 16 ± 1 16 ± 1 20 ± 2 46 ± 1 56 ± 2 13 ± 1

3b 28 ± 1 48 ± 3 83 ± 2 46 ± 1 25 ± 1 47 ± 2 33 ± 2 48 ± 2 37 ± 2 32 ± 2 47 ± 1 53 ± 2 47 ± 3 49 ± 2

3c 16 ± 1 28 ± 2 23 ± 1 24 ± 2 14 ± 2 12 ± 3 8 ± 1 15 ± 1 8 ± 1 13 ± 1 10 ± 2 41 ± 1 38 ± 2 14 ± 1

3d 38 ± 3 68 ± 1 63 ± 1 71 ± 1 28 ± 3 44 ± 2 42 ± 2 59 ± 3 33 ± 2 36 ± 2 43 ± 1 73 ± 2 56 ± 3 71 ± 2

3e 28 ± 2 32 ± 1 21 ± 2 42 ± 1 17 ± 2 27 ± 1 13 ± 1 26 ± 2 14 ± 1 23 ± 1 27 ± 2 43 ± 3 38 ± 2 51 ± 1

3f 31 ± 1 72 ± 3 56 ± 1 65 ± 2 50 ± 1 62 ± 2 54 ± 1 56 ± 3 35 ± 2 61 ± 3 43 ± 3 75 ± 2 59 ± 3 59 ± 2

3g 19 ± 2 48 ± 1 4 ± 2 38 ± 2 22 ± 1 24 ± 1 33 ± 2 41 ± 1 37 ± 3 23 ± 2 17 ± 2 64 ± 1 41 ± 2 51 ± 1

3h 28 ± 1 52 ± 2 88 ± 3 53 ± 3 33 ± 2 47 ± 2 33 ± 1 48 ± 1 43 ± 2 36 ± 1 47 ± 1 66 ± 1 50 ± 1 61 ± 2

3i 21 ± 2 27 ± 1 37 ± 2 46 ± 3 23 ± 1 30 ± 3 24 ± 2 45 ± 2 39 ± 1 27 ± 2 16 ± 2 48 ± 2 38 ± 2 23 ± 1

3j 19 ± 1 36 ± 2 15 ± 1 30 ± 1 14 ± 2 9 ± 2 17 ± 1 26 ± 2 0 16 ± 1 17 ± 1 52 ± 2 38 ± 1 44 ± 2

Nortopsentin D 26 ± 1 29 ± 2 58 ± 1 26 ± 2 21 ± 1 42 ± 2 9 ± 1 33 ± 1 10 ± 1 16 ± 2 3 ± 1 39 ± 2 14 ± 1 7 ± 1

Carbendazimb 77 ± 2 58 ± 2 54 ± 1 78 ± 2 72 ± 2 90 ± 1 84 ± 1 56 ± 2 88 ± 2 83 ± 1 90 ± 2 100 100 96 ± 1

Chlorothalonilb 97 ± 1 11 ± 2 96 ± 2 98 ± 1 97 ± 2 97 ± 1 79 ± 2 56 ± 1 100 100 55 ± 2 100 27 ± 1 100

Abbreviations: A.S, Alternaria solani; B.C, Botrytis cinerea; B.M, Bipolaris maydis; C.H, Cercospora arachidicola Hori; F.C, Fusarium oxysporum f. sp. cucumeris;

F.G, Fusarium graminearum; F.M, Fusarium moniliforme; P.C, Phytophthora capsici; P.I, Phytophthora infestans; P.P, Physalospora piricola; R.C, Rhizoctonia
cerealis; R.S, Rhizoctonia solani; S.S, Sclerotinia sclerotiorum; W.A, Watermelon anthracnose. Activity data with prominent were presented in bold.
aAverage of three replicates; all results are expressed as mean ± SD.
bThe commercial agricultural fungicides were used for comparison of antifungal activity.
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nortopsentin D against most of the 14 plant pathogens.
Compounds 3a, 3d, and 3f displayed higher antifungal
activities against Cercospora arachidicola Hori than
commercial fungicides carbendazim and chlorothalonil.
Compounds 3b, 3d, and 3h showed higher antifungal
activities against Physalospora piricola than commercial
fungicide carbendazim. Different from the rule of antivi-
ral activity, m‐fluorobenzene ring compound 3d and
o‐trifluoromethyl compound 3f displayed relatively
higher antifungal activities against most of the 14 plant
pathogens (inhibitory effect: 3d > 3c, 3e; 3f > 3g).

In summary, nortopsentin analogues 3a‐3j were
designed, synthesized, and evaluated for their antiviral
activities and fungicidal activities. Compound 3e showed
the same level of biological activity as nortopsentin D but
higher than ribavirin. Compound 3g with higher antiviral
activity than nortopsentin D and ribavirin emerged as
new antiviral lead compound. Further fungicidal test
reveal that these compounds displayed broad‐spectrum
fungicidal activities against 14 kinds of plant fungi at
50 μg/mL. Compounds 3a‐3j displayed higher antifungal
activities than nortopsentin D against most of the 14
plant pathogens. Compounds 3a, 3d, and 3f displayed
higher antifungal activities against Cercospora
arachidicola Hori than commercial fungicides
carbendazim and chlorothalonil. Current research has
laid a foundation for the application of nortopsentin ana-
logues in plant protection.
3 | EXPERIMENTAL

3.1 | Chemistry

The reagents were purchased from commercial sources
and were used as received. All anhydrous solvents were
dried and purified by standard techniques prior to use.
The melting points of the compounds were tested on an
X‐4 binocular microscope (Beijing Tech Instruments
Company). NMR spectra were obtained with a Bruker
AV 400 spectrometer (Bruker Co., Fallanden, Switzer-
land) with either CDCl3 or DMSO‐d6 as the solvent.
High‐resolution mass spectra were obtained with an
FT‐ICR mass spectrometer (Ionspec, 7.0 T, Kuala
Lumpur, Malaysia).
3.1.1 | General procedures for the prepa-
ration of compounds 3a‐3j

The mixture of 1H‐indole‐3‐carbonitrile (1, 1 g, 7 mmol),
corresponding acylhydrazines 2a‐2j (3.5 mmol) and
K2CO3 (0.48 g, 3.5 mmol) in n‐BuOH (10 mL) was stirred
at 160°C for 8 hours. Then, the mixture was allowed to
reach room temperature and taken into water (50 mL).
The resulting solution was extracted with ethyl acetate
(3 × 50 mL). The combined organic phases were washed
with brine (100 mL), dried over anhydrous Na2SO4,



ZHAO ET AL. 5
filtered, and concentrated in vacuo. The residue was puri-
fied by flash chromatography on a silica gel using petro-
leum ether and ethyl acetate (2:1, v/v) as the eluent to
give 3a‐3j.

3,5‐Di(1H‐indol‐3‐yl)‐4H‐1,2,4‐triazole (3a)
Yellow solid; yield 77%; mp 217°C to 219°C; 1H NMR
(400 MHz, DMSO‐d6) isomers δ 13.70 (s, 0.38H, NH),
11.69 and 11.63 (s, 1H, NH), 11.52 and 11.39 (s, 1H,
NH), 11.09 (s, 0.52H, NH), 8.55‐7.79 (m, 4H, Ar‐H),
7.45‐7.50 (m, 2H, Ar‐H), 7.16‐7.21 (m, 4H, Ar‐H); 13C
NMR (100 MHz, DMSO‐d6) isomers δ 162.4, 137.5,
136.9, 130.0, 129.9, 125.6, 125.4, 123.0, 122.5, 121.0,
120.7, 112.3. C18H14N5 [M + H]+ 300.1244, found (ESI+)
300.1249.

3‐(5‐Phenyl‐4H‐1,2,4‐triazol‐3‐yl)‐1H‐indole (3b)
Brick red solid; yield 58%; mp 151°C to 152°C; 1H NMR
(400 MHz, DMSO‐d6) isomers δ 14.25 and 13.98 (s, 1H,
NH), 11.68 and 11.43 (s, 1H, NH), 8.38 and 8.31 (d,
J = 6.1 Hz, 1H, Ar‐H), 7.87‐8.16 (m, 4H, Ar‐H), 7.43‐
7.57 (m, 3H, Ar‐H), 7.16‐7.22 (m, 2H, Ar‐H); 1H NMR
(400 MHz, DMSO‐d6, 1% TFA) δ 11.66 (s, 1H, NH),
8.36 (d, J = 7.1 Hz, 1H, Ar‐H), 8.14 (d, J = 7.3 Hz,
2H, Ar‐H), 8.05 (d, J = 2.0 Hz, 1H, NH), 7.88 (d,
J = 7.3 Hz, 1H, Ar‐H),7.46‐7.56 (m, 4H, Ar‐H), 7.20‐
7.23 (m, 2H, Ar‐H); 13C NMR (100 MHz, DMSO‐d6,
1% TFA) δ 167.8, 136.3, 131.2, 129.21, 129.19, 128.8,
128.2, 127.4, 125.9, 125.7, 124.7, 122.1, 120.8, 120.2,
111.9. C16H13N4 [M + H]+ 261.1135, found (ESI+)
261.1131.

3‐(5‐(2‐Fluorophenyl)‐4H‐1,2,4‐triazol‐3‐yl)‐1H‐indole
(3c)
Brown solid; yield 65%; mp 165°C to 167°C; 1H NMR
(400 MHz, DMSO‐d6) isomers δ 14.13 and 14.10 (s, 1H,
NH), 11.71 and 11.46 (s, 1H, NH), 8.36 (d, J = 8.7 Hz,
1H, Ar‐H), 8.17‐8.21 (m, 1H, Ar‐H), 8.07 and 7.97 (s,
1H, Ar‐H), 7.67‐7.73 (m, 1H, Ar‐H), 7.48‐7.54 (m, 2H,
Ar‐H), 7.37 (d, J = 7.5 Hz, 1H, Ar‐H), 7.21‐7.28 (m, 2H,
Ar‐H); 13C NMR (100 MHz, DMSO‐d6) δ 168.7, 130.4,
130.2, 130.0, 125.7, 125.0, 124.5, 124.4, 122.3, 120.7,
120.4, 116.6, 116.3, 112.0, 103.2. C16H12FN4 [M + H]+

279.1041, found (ESI+) 279.1037.

3‐(5‐(3‐Fluorophenyl)‐4H‐1,2,4‐triazol‐3‐yl)‐1H‐indole
(3d)
Brown solid; yield 72%; mp 156°C to 157°C; 1H NMR
(400 MHz, DMSO‐d6) δ 14.13 (s, 1H, NH), 11.72 (s,
1H, NH), 8.38 (s, 1H, Ar‐H), 8.07 (s, 1H, Ar‐H), 8.00
(d, J = 7.4 Hz, 1H, Ar‐H), 7.87 (d, J = 9.8 Hz, 1H, Ar‐
H), 7.67‐7.82 (m, 1H, Ar‐H), 7.47‐7.62 (m, 2H, Ar‐H),
7.20‐7.29 (m, 2H, Ar‐H); 13C NMR (100 MHz,
DMSO‐d6) isomers δ 163.6, 161.2, 136.3, 130.9, 130.8,
130.4, 130.3, 125.8, 124.6, 123.6, 122.3, 121.9, 120.7,
120.4, 118.2, 118.0, 114.35, 114.29, 114.12, 114.07, 112.0,
103.2. C16H12FN4 [M + H]+ 279.1041, found (ESI+)
279.1043.

3‐(5‐(4‐Fluorophenyl)‐4H‐1,2,4‐triazol‐3‐yl)‐1H‐indole
(3e)
Brown solid; yield 52%; mp 262°C to 264°C; 1H NMR
(400 MHz, DMSO‐d6) δ 12.21 (s, 1H, NH), 11.91 (s, 1H,
NH), 8.46 (s, 1H, Ar‐H), 8.26 (d, J = 2.0 Hz, 1H, Ar‐H),
7.99‐8.03 (m, 2H, Ar‐H), 7.80 (dd, J = 5.9, 8.2 Hz, 1H,
Ar‐H), 7.64 (d, J = 7.7 Hz, 1H, Ar‐H), 7.56 (d,
J = 7.9 Hz, 1H, Ar‐H), 7.24‐7.40 (m, 2H, Ar‐H); 13C
NMR (100 MHz, DMSO‐d6) isomers δ 162.5, 147.2,
135.7, 134.9, 131.3, 130.9, 130.8, 130.7, 130.6, 129.8,
129.7, 127.2, 123.8, 122.1, 118.9, 116.8, 116.4, 116.3,
116.1, 116.0, 115.9, 115.8, 113.4. C16H12FN4 [M + H]+

279.1041, found (ESI+) 279.1046.

3‐(5‐(2‐(Trifluoromethyl)phenyl)‐4H‐1,2,4‐triazol‐3‐yl)‐
1H‐indole (3f)
Yellow solid; yield 45%; mp 253°C to 254°C; 1H NMR
(400 MHz, DMSO‐d6) δ 14.20 (s, 1H, NH), 11.71 (s, 1H,
NH), 8.33 (d, J = 7.7 Hz, 1H, Ar‐H), 8.05 (d, J = 2.5 Hz,
1H, Ar‐H), 8.01 (d, J = 7.6 Hz, 1H, Ar‐H), 7.90 (d,
J = 7.8 Hz, 1H, Ar‐H), 7.80 (t, J = 7.2 Hz, 1H, Ar‐H),
7.68 (d, J = 7.6 Hz, 1H, Ar‐H), 7.52 (d, J = 7.9 Hz, 1H,
Ar‐H), 7.16‐7.25 (m, 2H, Ar‐H); 13C NMR (100 MHz,
DMSO‐d6) δ 160.3, 152.4, 136.8, 132.7, 132.2, 129.6,
127.01, 127.00, 126.1, 125.2, 122.8, 121.1, 120.8, 112.5,
103.7. C17H12F3N4 [M + H]+ 329.1009, found (ESI+)
329.1015.

3‐(5‐(4‐(Trifluoromethyl)phenyl)‐4H‐1,2,4‐triazol‐3‐yl)‐
1H‐indole (3g)
Yellow solid; yield 57%; mp 157°C to 158°C; 1H NMR
(400 MHz, DMSO‐d6) δ 14.24 (s, 1H, NH), 11.73 (s,
1H, NH), 8.36‐8.42 (m, 2H, Ar‐H), 8.08‐8.17 (m, 2H,
Ar‐H), 7.84‐7.90 (m, 3H, Ar‐H), 7.52‐7.74 (m, 1H, Ar‐
H), 7.24 (t, J = 3.7 Hz, 1H, Ar‐H); 13C NMR
(100 MHz, DMSO‐d6) isomers δ 166.9, 166.2, 136.3,
134.7, 131.7, 131.5, 130.1, 128.6, 128.3, 126.4, 125.8,
125.7, 125.6, 125.5, 125.23, 125.20, 124.7, 122.2, 120.7,
120.3, 112.0. C17H12F3N4 [M + H]+ 329.1009, found
(ESI+) 329.1011.

3‐(5‐(4‐Methoxyphenyl)‐4H‐1,2,4‐triazol‐3‐yl)‐1H‐indole
(3h)
Yellow solid; yield 74%; mp 183°C to 185°C; 1H NMR
(400 MHz, DMSO‐d6) δ 13.87 (s, 1H, NH), 11.54 (s, 1H,
NH), 8.37 (d, J = 6.5 Hz, 1H, Ar‐H), 8.02‐8.08 (m, 2H,
Ar‐H), 7.86‐7.94 (m, 1H, Ar‐H), 7.42‐7.51 (m, 1H, Ar‐H),
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7.21 (d, J = 5.4 Hz, 1H, Ar‐H), 6.97‐7.17 (m, 3H, Ar‐H),
3.83 (s, 3H, OCH3);

13C NMR (100 MHz, DMSO‐d6) iso-
mers δ 167.0, 166.5, 165.4, 162.8, 162.0, 136.3, 136.2,
131.3, 129.3, 128.4, 127.4, 126.2, 124.8, 121.7, 121.1,
120.9, 120.3, 114.1, 113.8, 113.7, 113.3, 111.8, 111.7, 55.4,
55.2. C17H15N4O [M + H]+ 291.1240, found (ESI+)
291.1246.

3‐(5‐(3,4,5‐Trimethoxyphenyl)‐4H‐1,2,4‐triazol‐3‐yl)‐1H‐

indole (3i)
Yellow solid; yield 63%; mp 242°C to 243°C; 1H NMR
(400 MHz, DMSO‐d6) δ 11.52 (s, 2H, NH), 8.13 (d,
J = 7.7 Hz, 2H, Ar‐H), 8.01 (d, J = 2.9 Hz, 2H, Ar‐H),
7.41 (d, J = 7.9 Hz, 2H, Ar‐H), 7.23 (s, 1H, Ar‐H), 3.82
(s, 6H, OCH3), 3.72 (s, 3H, OCH3);

13C NMR (100 MHz,
DMSO‐d6) isomers δ 167.4, 167.1, 153.1, 141.8, 136.7,
132.0, 129.1, 128.9, 126.7, 126.4, 122.3, 121.5, 120.8,
112.2, 110.9, 107.0, 65.5, 60.6, 56.4. C19H19N4O3

[M + H]+ 351.1452, found (ESI+) 351.1456.

3‐(5‐(3,5‐Dichlorophenyl)‐4H‐1,2,4‐triazol‐3‐yl)‐1H‐

indole (3j)
Brown solid; yield 68%; mp 246°C to 248°C; 1H NMR
(400 MHz, DMSO‐d6) δ 14.28 (s, 1H, NH), 11.74 (s, 1H,
NH), 8.36‐8.38 (m, 1H, Ar‐H), 8.05‐8.11 (m, 3H, Ar‐H),
7.70 (s, 1H, Ar‐H), 7.48‐7.55 (m, 1H, Ar‐H), 7.23 (t,
J = 3.6 Hz, 2H, Ar‐H); 13C NMR (100 MHz, DMSO‐d6)
δ 163.1, 136.3, 135.3, 134.6, 131.5, 128.1, 126.3, 125.9,
124.6, 124.1, 122.3, 120.7, 120.5, 112.0. C16H11Cl2N4

[M + H]+ 329.0355, found (ESI+) 329.0357.
3.1.2 | Biological Assay

Each test was repeated three times at 25 ± 1°C. Active
effect expressed in percentage scale of 0 to 100 (0: no
activity; 100: total inhibited).

Specific steps for the anti‐TMV[28] and fungicidal[27]

activities were carried out in accordance with the litera-
ture method, also can be seen in the Supporting
Information.
Acknowledgments

This study was supported by Natural Science Fund of
China (21772145, 21732002, 21672117), Training Program
of Outstanding Youth Innovation Team of Tianjin Nor-
mal University and the Program for Innovative Research
Team in University of Tianjin (TD13‐5074), and the
Foundation of Development Program of Future Expert
in Tianjin Normal University (WLQR201802).
CONFLICT OF INTEREST

The authors declare no competing financial interest.
ORCID

Ziwen Wang https://orcid.org/0000-0001-9798-7021
REFERENCES

[1] L. Bos, Crop Prot. 1982, 1, 263.

[2] X. Y. Li, B. A. Song, J. Integr. Agric. 2017, 16, 2772.

[3] A. Luvisi, A. Panattoni, A. Materazzi, L. De Bellis, Int J Agric
Biol 2017, 19, 792.

[4] A. Ibrahim, V. Odon, R. Kormelink, Front. Plant Sci. 2019,
10, 803.

[5] C. Ritzenthaler, Curr. Opin. Biotechnol. 2005, 16, 118.

[6] B. A. Song, S. Yang, L. H. Jin, P. S. Bhadury, Environment‐
friendly Anti‐plant Viral Agents, Beijing: Chemical Industry
Press & Springer Press 2009 1.

[7] T. Rodrigues, D. Reker, P. Schneider, G. Schneider, Nat. Chem.
2016, 8, 531.

[8] S. Z. Wang, G. Q. Dong, C. Q. Sheng, Chem. Rev. 2019, 119,
4180.

[9] W. B. Wu, Y. Tang, J. L. Yang, E. Idehen, S. M. Sang, J. Agric.
Food Chem. 2018, 66, 8005.

[10] S. L. Schreiber, Science 2000, 287, 1964.

[11] S. Sakemi, H. H. Sun, Nortopsentins A, B, and C, J. Org. Chem.
1991, 56, 4304.

[12] H. H. Sun, S. Sakemi, S. Gunasekera, Y. Kashman, M. Lui, N.
Burres, P. McCarthy. US Patent 4970226 [Chem. Abstr. 1991,
115, 35701z].

[13] I. Kawasaki, M. Yamashita, S. Ohta, Chem. Pharm. Bull. 1996,
44, 1831.

[14] P. Diana, A. Carbone, P. Barraja, A. Montalbano, A.
Martorana, G. Dattolo, O. Gia, L. Dalla Via, G. Cirrincione,
Bioorg. Med. Chem. Lett. 2007, 17, 2342.

[15] P. Diana, A. Carbone, P. Barraja, A. Martorana, O. Gia, L. Dalla
Via, G. Cirrincione, Bioorg. Med. Chem. Lett. 2007, 17, 6134.

[16] F. Y. Miyake, K. Yakushijin, D. A. Horne, Org. Lett. 2000,
2, 2121.

[17] P. Diana, A. Carbone, P. Barraja, G. Kelter, H. H. Fiebig, G.
Cirrincione, Bioorg. Med. Chem. 2010, 18, 4524.

[18] A. Carbone, B. Parrino, P. Barraja, V. Spano, G. Cirrincione, P.
Diana, A. Maier, G. Kelter, H. H. Fiebig, Mar. Drugs 2013,
11, 643.

[19] X. H. Gu, X. Z. Wan, B. Jiang, Bioorg. Med. Chem. Lett. 1999,
9, 569.

[20] V. Spano, A. Attanzio, S. Cascioferro, A. Carbone, A.
Montalbano, P. Barraja, L. Tesoriere, G. Cirrincione, P. Diana,
B. Parrino, Mar. Drugs 2016, 14, 226.

[21] S. Cascioferro, A. Attanzio, V. Di Sarno, S. Musella, L.
Tesoriere, G. Cirrincione, P. Diana, B. Parrino, Mar. Drugs
2019, 17, 35.

https://orcid.org/0000-0001-9798-7021


ZHAO ET AL. 7
[22] X. F. Ji, J. C. Guo, Y. X. Liu, A. D. Lu, Z. W. Wang, Y. Q. Li, S.
X. Yang, Q. M. Wang, J. Agric. Food Chem. 2018, 66, 4062.

[23] M. Das, B. Das, A. Samanta, J. Pharm. Pharmacol. 2019, 71,
1400.

[24] A. Cetin, I. H. Gecibesler, J. Appl. Pharm. Sci. 2015, 5, 120.

[25] S. Maddila, R. Pagadala, S. B. Jonnalagadda, Lett. Org. Chem.
2013, 10, 693.

[26] X. F. Ji, Z. W. Wang, J. Dong, Y. X. Liu, A. D. Lu, Q. M. Wang,
J. Agric. Food Chem. 2016, 64, 9143.

[27] H. P. Zhao, Y. X. Liu, Z. P. Cui, D. Beattie, Y. C. Gu, Q. M.
Wang, J. Agric. Food Chem. 2011, 59, 11711.

[28] Z. W. Wang, P. Wei, L. Z. Wang, Q. M. Wang, J. Agric. Food
Chem. 2012, 60, 10212.
SUPPORTING INFORMATION

Additional supporting information may be found online
in the Supporting Information section at the end of the
article.
How to cite this article: Zhao X, Liao A, Zhang
F, et al. Design, synthesis, and bioactivity of
nortopsentin analogues containing 1,2,4‐triazole
moieties. J Heterocyclic Chem. 2019;1–7. https://doi.
org/10.1002/jhet.3817

https://doi.org/10.1002/jhet.3817
https://doi.org/10.1002/jhet.3817


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


