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Abstract:

In continuation of our program aimed at the development of natural product-based
pesticidal agents, a series of matrinic amide derivatives containing 1,3,4-thiadiazole
scaffold were prepared, and their insecticidal and acaricidal activities were evaluated
against Mythimna separata and Tetranychus cinnabarinus. Some compounds
exhibited potent insecticidal and acaricidal activities: It suggested that R* as a nitro
group and R? as a fluorine atom, were important for the insecticidal activity; R* as the
electron-donating groups and R? as the methyl group, were necessary for the

acaricidal activity.
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1. Introduction

Mythimna separata Walker (oriental armyworm) and Tetranychus cinnabarinus
Boisduval (spider mite) are two typical and threatening pests of a wide range of crops
[1,2]. In recent years, lots of synthetic agrochemicals have been introduced to protect
crops from pests and enhance crop yields. However, extensive and unreasonable
applications of these agrochemicals have resulted in resistance in pest populations and
negative impacts on human health and environment [3]. Due to the advantages of
botanical pesticides, nowadays discovery and development of the potential
alternatives from plant-based natural products has attracted considerable interest
[4-12].

Matrine (1, Fig. 1) is a quinolizidine alkaloid isolated from the roots of Sophora
flavescens (Kushen), Sophora tonkinensis, and Sophora alopecuroides (Kudouzi) [13].
Compound 1 and its analogs showed a variety of biological properties such as
anticancer activity, anti-inflammatory activity, insecticidal activity, antimicrobial
activity, antiviral activity, etc [13-17]. Additionally, many molecules containing
1,3;4-thiadiazole scaffold (Fig. 1) exhibited some interesting biological activities such
as antioxidant activity, antitubercular activity, antimicrobial activity, acaricidal
activity, insecticidal activity, anticancer activity, etc [18-25]. Recently, we have
prepared a series of 14-formyl-15-aryloxy/methoxymatrines (2, Fig. 1) and
14-aryloxymethylylidenylmatrines (3, Fig. 1) by structural modification of matrine on
its lactam ring, and found that some compounds showed more promising pesticidal

activities than matrine against Mythimna separata and Plutella xylostella [26]. Based



upon the above results, and in continuation of our program aimed at the development
of new natural-product-based pesticidal agents [27-29], therefore, in this paper we
wanted to further investigate necessary of lactam ring by opening it, followed by
introduction of the 1,3,4-thiadiazole fragment. Their insecticidal and acaricidal

activities were evaluated against Mythimna separata and Tetranychus cinnabarinus.

lactam ring

___________________________________________

matrinic acid target compounds

7a-x

Fig. 1. The chemical structures of matrine (1), its derivatives (2 and 3), matrinic acid,
1,3,4-thiadiazole, and matrinic amides containing 1,3,4-thiadiazole scaffold (7a—x).

2. Experimental section

General procedure for synthesis of compounds 7a—X.

A mixture of 1,3,4-thiadiazoles (4a-i, 0.28 mmol), N, N'-dicyclohexylcarbodiimide
(DCC, 0.2 mmol), 4-dimethylaminopyridine (DMAP, 0.04 mmol), and matrinic acids

(6a-c, 0.2 mmol) in dry DCM (10 mL) was stirred at room temperature. When the
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reaction was complete according to TLC analysis, the mixture was diluted by DCM
(40 mL), washed by water (20 mL), 0.1 mol/L agq. HCI (20 mL), saturated aq.
NaHCO;3 (20 mL) and brine (20 mL), dried over anhydrous Na,SO,, concentrated in
vacuo, and purified by preparative thin-layer chromatography (PTLC) to give
compounds 7a—x in 26-78% yields. Exemplary data for compounds 7a and 7b-are as
follows:
Data for 7a: Isolated yield = 54%, white solid, m.p. 206-208 °C; [a] *°> = 3 (c
2.2 mg/mL, CHCIs); IR cm™ (KBr): 3027, 2931, 1697, 1560, 1444, 1304, 755; H
NMR (500 MHz, CDCl3) §: 7.87 (d, J = 7.0 Hz, 2H, Ar-H), 7.41-7.46 (m, 3H, Ar-H),
7.15-7.21 (m, 5H, Ar-H), 4.08 (d, J = 13.0 Hz, 1H), 3.05 (d, J = 13.0 Hz, 1H), 2.96 (d,
J=10.5Hz, 1H), 2.73-2.82 (m, 4H), 2.62 (t, J = 12.0 Hz, 1H), 2.34 (dd, J = 12.0, 3.5
Hz, 1H), 1.99-2.04 (m, 2H),1.83-1.92 (m, 5H), 1.75-1.77 (m, 3H), 1.63-1.68 (m, 2H),
1.31-1.33 (m, 5H). HRMS (ESI): Calcd for C3oHssONsS ([M+H]), 516.2792; Found,
516.2790.
Data for 7b: Isolated yield = 59%, white solid, m.p. 212-214 °C; [a] ®°5 =-3 (c
2.5 mg/mL, CHCIs); IR cm™ (KBr): 3028, 2931, 1696, 1559, 1444, 1302, 739; H
NMR (500 MHz, CDCls) ¢: 7.68 (d, J = 10.0 Hz, 2H, Ar-H), 7.32 (t, J = 7.5 Hz, 1H,
Ar-H), 7.27 (s, 1H, Ar-H), 7.13-7.19 (m, 5H, Ar-H), 4.09 (d, J = 13.5 Hz, 1H), 3.02
(d, J = 13.5 Hz, 1H), 2.93 (d, J = 10.5 Hz, 1H), 2.72-2.83 (m, 4H), 2.59 (t, J = 12.0
Hz, 1H), 2.40 (s, 3H, Ar-CHs), 2.32 (dd, J = 11.5, 4.0 Hz, 1H), 2.00 (s, 2H),
1.81-1.94 (m, 5H), 1.75-1.77 (m, 3H), 1.62-1.68 (m, 2H), 1.30-1.33 (m, 5H). HRMS

(ESI): Calcd for CsiHagONsS ([M+H]"), 530.2948; Found, 530.2954



3. Results and discussion

3.1. Chemistry
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Scheme 1. Synthesis of matrinic amide derivatives containing 1,3,4-thiadiazole
scaffold (7a—x).

As shown in Scheme 1, first, a series of aromatic carboxylic acids were
condensed with thiosemicarbazide to give 1,3,4-thiadiazoles (4a—i) [18]. Then
opening the lactam ring of compound 1 in the presence of 6 N aq. HCI, followed by
introduction of the different benzyl groups on the N-16 afforded compounds 5a-c.
Subsequently, hydrolysis of compounds 5a—c in the presence of NaOH produced
N-benzylmatrinic acids (6a—c) [30,31]. Finally, by reaction of N-benzylmatrinic

acids  (6a—c) with 1,3,4-thiadiazoles (4a-i) in the presence of



N,N'-dicyclohexylcarbodiimide (DCC) and 4-dimethylaminopyridine (DMAP),
matrinic amide derivatives (7a—x) were obtained in 26-78% isolated yields [32].
Their structures were well characterized by *H NMR, IR, optical rotation, HRMS
and mp (see Supplementary data).
3.2. Pesticidal activity

The insecticidal activity of compounds 1, 5a—c, 6a—c and 7a—x against the
pre-third-instar larvae of Mythimna separata was tested by leaf-dipping method
[32]. Toosendanin was used as a positive control. Leaves treated with acetone
alone were used as a blank control group. The symptoms of the treated M.
separata during three periods such as the larval stage, the pupation stage and the
adult stage, were observed in the same way as in our previous papers [29,32].

As shown in Table 1, among all derivatives, compounds 5c, 6¢, 7e, 7h, 7n, 7q,
7w and 7x exhibited the insecticidal activity equal to or higher than that of the
positive control toosendanin. Especially compound 7w exhibited the most potent
pesticidal activity with the final mortality rate (FMR) of 65.5%; whereas the FMR
of their-precusor (compound 1) was only 27.6%. To compounds 5a—c and 6a-—c,
when R? was a fluorine atom, the corresponding compounds 5¢ and 6¢ exhibited
more potent insecticidal activity than those containing other substituents (e.g.,
5a,b and 6a,b). For instance, the FMRs of 5¢ and 6¢c were 51.7% and 51.7%,
respectively; whereas the FMRs of 5a, 5b, 6a and 6b were 41.4%, 34.5%, 44.8%
and 41.4%, respectively. To compounds 7a—x, generally, when R' was a nitro

group, the corresponding compounds showed more promising insecticidal activity



than those containing other substituents (e.g, 7e vs 7a-b and 7f-i; 7n vs 7j—m and
70-r; 7w vs 7s—v and 7x). All in all, it was noteworthy that when R* was a nitro
group, and R? was a fluorine atom, among all derivatives, the corresponding

compound 7w showed the most potent insecticidal activity.

Table 1
Insecticidal activity of compounds 1, 5a-c, 6a—c and 7a—x against M. separata on
leaves treated at a concentration of 1 mg/mL.

R2 R2

2 X
H H

N

Corrected mortality rate (% + SD)

Compound i R 10 days 20 days 35 days
1 / / 6.7 3.3 13.8+3.3 2760
5a / H 10.0+5.8 20.7+3.3 414 +3.3
5b / 4-Me 0+0 10.4 + 3.3 345+6.7
5¢ / 4-F 16.7 +3.3 276+58 51.7 +3.3
6a / H 16.7 +6.7 24.2 +3.3 448 +3.3
6b / 4-Me 23.3+6.7 24.2 +3.3 41.4+3.3
6¢ / 4-F 30.0+0 31.1+3.3 51.7 + 3.3
Ta H H 6.7 +3.3 17.3+0 27.6+5.8
7b 4-Me H 13.3+3.3 17.3+58 27.6+5.8
ic 3-Me H 16.7 £3.3 20.7 + 3.3 31.1+3.3
7d 4-OMe H 13.3+6.7 20.7 3.3 41.4+6.7
7e 3-NO; H 23.3+33 448 +33 58.6 +5.8
7f 3-Cl H 30.0+0 276+0 448 +33
9 2-Cl H 13.3+3.3 276+5.8 448 +6.7
7h 4-Cl H 23.3+33 345+33 51.7 +3.3
7i 4-Br H 13.3+3.3 17.3+5.8 38.0+5.8
7] H 4-Me 10.0+0 17.3+0 31.1+3.3
7K 4-Me  4-Me 13.3+3.3 13.8+6.7 24.2 +3.3
7l 3-Me  4-Me 13.3+3.3 10.4+3.3 276+58




7m 4-OMe  4-Me 16.7 £ 6.7 17.3+5.8 31.1+58
7n 3-NO,  4-Me 16.7 3.3 31.1+3.3 51.7 +3.3
70 3-Cl 4-Me 13.3+6.7 17.3+0 345+6.7
p 2-Cl 4-Me 16.7 +3.3 17.3+0 345+3.3
q 4-Cl 4-Me 13.3+3.3 276+5.8 483+5.8
r 4-Br 4-Me 13.3+3.3 20.7 +3.3 38.0+5.8
7s H 4-F 13.3+6.7 17.3+5.8 345+3.3
7t 4-Me 4-F 20.0+5.8 242 +3.3 414 +3.3
7u 3-Me 4-F 23.3+3.3 345+33 448 +33
v 4-OMe 4-F 13.3+3.3 242 +3.3 38.0+5.8
7w 3-NO; 4-F 23.3+3.3 38.0+5.8 65.5 + 3.3
7x 4-Br 4-F 16.7 +3.3 27.6+5.8 483+58
toosendanin / / 10.0+5.8 27.6+5.8 483+5.8

Table 2
Acaricidal activity of compounds 1, 5a-c, 6a—c and 7a—x against the female adults of
T. cinnabarinus at a concentration of 0.5 mg/mL.

R2
\/

R2

X
)
H

N

Corrected mortality rate (% + SD)

1 2
Comfoung R R 48 hours 72 hours
1 / / 104 +2.6 234+ 2.7
5a / H 14.1+3.1 34.1+27
5b / 4-Me 174+14 385+5.1
5¢ / 4-F 13.2+0.6 25.1+1.3
6a / H 24.0+ 3.0 522 +15
6b / 4-Me 31.0+0.7 61.0+2.1
6C / 4-F 19.0+04 498+ 3.2
7a H H 10.2+3.2 27.7+1.8
7b 4-Me H 9.7+0.6 349+29
ic 3-Me H 13.3+2.2 326+3.4
7d 4-OMe H 185+ 35 39.6+3.4
Te 3-NO, H 102+1.1 199+15




7f 3-Cl H 11.2+4.1 245+ 3.0
79 2-Cl H 12.6 +2.3 27.2+2.8
7h 4-Cl H 175+ 2.0 30.7+£2.6
7i 4-Br H 112+£15 353+1.8
7 H 4-Me 11.2+17 223+2.6
7k 4-Me 4-Me 170+ 1.4 424+ 3.3
7l 3-Me 4-Me 171+£29 41.0+2.2
m 4-OMe 4-Me 16.8£4.3 469+ 2.8
n 3-NO; 4-Me 127+1.6 26.4+1.3
70 3-Cl 4-Me 84x25 33.2+2.7
mp 2-Cl 4-Me 12.3+23 328124
7q 4-Cl 4-Me 142+04 286+14
s 4-Br 4-Me 13.2+£3.1 26.5+2.6
7s H 4-F 95+3.0 219+23
Tt 4-Me 4-F 13405 30.2+1.8
7u 3-Me 4-F 175+ 3.4 29.3+3.3
v 4-OMe 4-F 141+22 36.1+6.4
w 3-NO; 4-F 9617 27.2+4.3
X 4-Br 4-F 11.7+£0.3 23.2+25
spirodiclofen / / 47.7+2.8 735+ 1.0

The acaricidal activity of compounds 1, 5a—c, 6a—c and 7a—x against the female
adults of Tetranychus cinnabarinus was tested by slide-dipping method [7,33].
Spirodiclofen was used as a positive control. As shown in Table 2, the mortality rate
(MR) at 72 h of compound 1 was 23.4%; whereas its lactam ring was opened, the
MRs at 72 h of its derivatives were increased. Especially three N-benzylmatrinic acids
(6a—) showed the most potent acaricidal activity; for example, the MRs at 72 h of
compounds 6a—c were 52.2%, 61.0% and 49.8%, respectively. To compounds 5a—
and 6a—c, generally, when R? was the methyl group, the corresponding compounds 5b
and 6b exhibited more potent acaricidal activity than those containing other
substituents (e.g., 5b vs 5a and 5c; 6b vs 6a and 6¢). To compounds 7a—x (except 7i),

in general, when R* were the electron-donating groups such as 4-methyl, 3-methyl
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and 4-methoxy, the corresponding compounds displayed more promising acaricidal
activity than those containing others (e.g, 7b—d vs 7a and 7e-h; 7k-m vs 7j and 7n-r;
7t-v vs 7s, 7w and 7x). To compounds 7b—d, 7k-m, and 7t-v, as mentioned above,
especially when R? was the methyl group, the corresponding compounds 7k=m
exhibited more potent acaricidal activity than compounds 7b—d and 7t-v. Therefore,
it demonstrated that when R were the electron-donating groups, and R? was the
methyl group, the corresponding compounds could show_potent acaricidal activity.
This results were different with those of 3,19-diarylarbonyloxy andrographolides (the
derivatives containing the electron-withdrawing groups on the phenyl showed potent
acaricidal activity) [34].
4. Conclusion

In summary, a series of matrinic amide derivatives containing 1,3,4-thiadiazole
fragment (7a—x) were prepared, and evaluated for their pesticidal activities against
Mythimna separata and Tetranychus cinnabarinus. Among all derivatives, compound
7w exhibited -the most potent insecticidal activity; compounds 7k—m showed
promising acaricidal activity. It demonstrated that R* as a nitro group and R? as a
fluorine atom, were important for the insecticidal activity; R* as the electron-donating
groups and R? as the methyl group, were necessary for the acaricidal activity.
Furthermore, three intermediates 6a—c displayed the most potent acaricidal activity.
These will pave the way for further structural modifications of matrine as potentially
botanical acaricidal and insecticidal agents in crop protection.
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Research highlights

» A series of matrinic amides containing 1,3,4-thiadiazole scaffold were prepared.
» Some compounds potent insecticidal and acaricidal activities.» Their

structure-activity relationships were observed.
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