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further substituted by chloride in situ under reaction conditions to yield an alkyl chloride product. The 

structure of 3 was confirmed by 1H NMR. Compound 4 was obtained by treating 3 with excess NaN3 

using DMF as solvent under reflux condition. Different substituted phenols were refluxed with 

3-bromopropyne in acetone to give their corresponding propargyl ether derivatives 5a-f in high yield.9 In 

the final step, 1,2,3-triazole ring was obtained smoothly by Huisgen cycloaddition in a regioselective way 

with CuI as the catalyst.10 

The title compounds IIa-j were synthesized, as shown in Scheme 1(b). 6a-g were converted to 

acetylanthranil by heated in acetic anhydride,11 and then the intermediate was refluxed in ethanol with 

NH2NH2·H2O (80%) to afford compounds 7a-g.12 3-Bromo-1-(3-chloropyridin-2-yl)-1H-pyrazole- 

5-carboxylic acid was converted to acyl chloride under the treatment of oxalyl chloride before coupling 

with compounds 7a-g in the presence of Et3N in toluene under reflux. Compound IIi was obtained by the 

nitration of IIe in good yield. Moreover, compound IIj was also synthesized in order to investigate the 

influence of the pyridylpyrazole moiety with different positions on bioactivities.  

The larvicidal activity of title compounds Ia-h, IIa-j and commercial chlorantraniliprole against M. 

separate were shown in Table 1. Most compounds showed moderate insecticidal activities at test 

concentrations. In general, the compounds IIa-j showed a bit higher insecticidal activities than 

compounds Ia-h. Specifically, compound If with propynyloxy on the meta-position of benzene ring 

exhibited 40% mortality at tested concentration. And compound IIa and IIb with quinazolin-4(3H)-one 

moiety displayed 83.3% mortality at 200 μg/mL concentration, better than the other compounds. 

Activities varied slightly long with the substituents changed on the 3-position of pyrazole, namely the 

compound with 3-Br (IIc) displayed higher insecticidal activity than the one with 3-Cl (IId). The 

larvicidal activity of nitration product IIi showed 26.7% at the concentration of 200 μg/mL, lower than 

that of IIe, indicating that the introduction of nitro group has a negative effect. The compound IIj also 

exhibited less effective than IIe, indicating that the position of the pyridylpyrazole moiety on the 

quinazolin-4(3H)-one ring also has a negative influence on larvicidal activity. The LC50 of 

chlorantraniliprole against M. separate was 66.2 μg/mL,4f which was much efficient than the target 

compounds. Overall, these results illustrated the change of amide bridge part in anthranilic diamides 

compounds would have significant effects on their insecticidal activity. 

 

Table 1. Insecticidal activities of target compounds Ia-h and IIa-j 

Comp. 
Insecticidal activity 

(200 μg/mL, %) 
Comp. 

Insecticidal activity 

(200 μg/mL, %) 

Ia 10 IIb 83.3 
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Ib 16.7 IIc 36.7 

Ic 30 IId 30 

Id 20 IIe 36.7 

Ie 16.7 IIf 20 

If 40 IIg 13.3 

Ig 20 IIh 53.3 

Ih 10 IIi 26.7 

IIa 83.3 IIj 20 

controla 100 controla 100 
a Chlorantraniliprole 

 

Considering the various bioactivities of 1,2,3-triazole and quinazolin-4(3H)-one moieties, we also 

investigated the antifungal activities of the target compounds. The antifungal activities of compounds 

Ia-h and IIa-j against F. oxysporum f.sp.cucumerinum, C. arachidicola Hori, B. dothidea, A. solani, G. 

zeae and P. capsici in vitro were summarized in Table 2 and the fungicidal effects, the contrast diagram 

of selected compounds and control were shown in Figure 2. By comparison, it was found that at the 

concentration of 50 μg/mL, compounds with the triazole moiety showed much higher inhibitory activities 

as compare to the quinazolin-4(3H)-one moiety. The fungicidal activities of compounds Ia-h with the 

triazole showed broad potency against the tested fungi and they were even comparable to that of 

chlorothalonil. On the B. dothidea strain, the compounds Ib-f and Ih were more active than the control. 

For C. arachidicola Hori, the inhibitory rates of compounds Ib-f and Ih were 53.8%, which was close to 

the control (56.8%). Compounds Ib, Ic, and If also exhibited high antifungal activity of A. solani. On the 

other hand, Compounds IIa-j exhibited moderate to good activities for some of the tested fungi. Among 

them, the compound IIc showed 41.7% and 92.9% inhibitory rates for C. arachidicola Hori and B. 

dothidea, equal to the control compound. However, they were not very sensitive against G. zeae and P. 

capsici and only compound IIa, IIh and IIi showed moderate fatality rate (52.4%, 57.1% and 52.4%, 

respectively). The toxicity profile (EC50 values) of compounds Ib and If was shown in Table 3. The EC50 

values of Ib and If against Botryosphaeria dothidea were 13.9 and 11.0 μg/mL, respectively, which were 

comparable to that of Chlorothalonil (7.3 μg/mL).  

We would like to emphasize that, among these compounds, Ib and If showed excellent inhibitory rates of 

the four tested fungi, which can be used as lead compound for the further study. These results indicated 

that the introduction of trizaole ring significantly improved the antifungal activities of these compounds, 

and expanded the scope of the study on the bioactivity. 
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Table 2. Antifungal activities of target compounds Ia-h and IIa-j 

Comp. 
Fungicidal inhibition (50 μg/mL, %) 

Fusarium 
oxysporum 

f.sp.cucumerinum 

Cercospora 
arachidicola 

Hori 
Botryosphaeria 

dothidea 
Alternaria 

solani 
Gibberella 

zeae 
Phytophthora 

capsici 

Ia 57.9 46.2 84.6 47.1 17.2 28.6 
Ib 84.2 53.8 92.3 58.8 37.9 0 
Ic 73.7 53.8 92.3 58.8 34.5 23.8 
Id 73.7 53.8 92.3 35.3 37.9 19 
Ie 52.6 53.8 92.3 17.6 20.7 42.9 
If 78.9 53.8 92.3 58.8 51.7 19 
Ig 63.2 53.8 69.2 35.3 24.1 19 
Ih 63.2 53.8 92.3 47.1 44.8 14.3 
IIa 31.6 16.7 78.6 21.4 19 52.4 
IIb 15.8 33.3 64.3 21.4 42.9 47.6 
IIc 42.1 41.7 92.9 28.6 28.6 28.6 
IId 31.6 25 64.3 28.6 23.8 23.8 
IIe 15.8 16.7 21.4 21.4 23.8 33.3 
IIf 15.8 25 35.7 21.4 28.6 42.9 
IIg 15.8 8.3 35.7 14.3 33.3 38.1 
IIh 26.3 8.3 28.6 21.4 33.3 57.1 
IIi 10.5 0 35.7 28.6 38.1 52.4 
IIj 15.8 16.7 35.7 35.7 23.8 19 

controlb 82.9 56.8 87.6 63.6 73.1 80.6 
b Chlorothalonil 
 

 
Figure 2. The in vitro fungicidal activity of compounds Ib-h, IIc and chlorothalonil against F. oxysporum 

f.sp.cucumerinum, C. arachidicola Hori, B. dothidea and A. solani at 50 μg/mL (% inhibition) 
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Table 3. The EC50 values of antifungal activities of the target compounds Ib and If 

Compound Fungi Toxicity equation 
Correlation 

coefficient (R2) 

EC50 

(μg/mL) 

Ib 

Fusarium oxysporum 

f.sp.cucumerinum 
y = 2.1575x+2.1544 0.9900 20.8 

Cercospora arachidicola Hori y = 1.1102x+3.2211 0.9965 40.0 

Botryosphaeria dothidea y = 2.2357x+2.4399 0.9878 13.9 

Alternaria solani y = 1.3364x+2.9308 0.9940 35.3 

If 

Fusarium oxysporum 

f.sp.cucumerinum 
y = 1.9239x+2.4124 0.9873 22.1 

Cercospora arachidicola Hori y = 0.7967x+3.8213 0.9857 30.1 

Botryosphaeria dothidea y = 1.8890x+3.0314 0.9802 11.0 

Alternaria solani y = 1.3364x+2.8840 0.9951 38.3 

Chlorothalonil 

Fusarium oxysporum 

f.sp.cucumerinum 
y = 1.2151x+4.8806 0.9851 1.2 

Cercospora arachidicola Hori y = 1.3220x+3.5711 0.9565 12.0 

Botryosphaeria dothidea y = 1.3890x+3.7981 0.9862 7.3 

Alternaria solani y = 1.0258x+3.7715 0.9769 15.7 

 
In conclusion, two series of N-pyridylpyrazole derivatives were designed and synthesized by modification 

of the amide bridge part. The obtained novel target compounds were comprehensively characterized by 
1H NMR, 13C NMR and EA. Their biological activities were also evaluated. Although the preliminary 

insecticidal activity tests showed that most compounds showed moderate mortality rates against M. 

separate at the concentration of 200 μg/mL, the antifungal tests demonstrated that compounds Ia-h 

exhibited excellent activities against the tested fungi at the concentration of 50 μg/mL in vitro. The 

compounds Ib and If exhibited excellent antifungal activities against Botryosphaeria dothidea, with EC50 

values of 13.9 and 11.0 μg/mL, respectively, which were comparable to Chlorothalonil. These results 

enlighten us to make further efforts on structural optimization of novel anthranilic diamides and to 

explore the potential applications in antifungal fields. 

EXPERIMENTAL 

Materials and Instruments. All the reagents were of analytical grade. Melting points of all the 

compounds were determined on an X-4 binocular micro-scope (Gongyi Tech. Instrument Co., Henan, 
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