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In an attempt to find the effective phytopesticides, eight novel 40-substituted benzenesulfonate deriva-
tives of 4-deoxypodophyllotoxin were synthesized and preliminarily tested against the pre-third-instar
larvae of Mythimna separata Walker in vivo at the concentration of 1 mg/mL. Among all of the tested ana-
logs, compounds 5a, 5c, 5d, and 5h showed the higher insecticidal activity than 4-deoxypodophyllotoxin.
Especially 5a exhibited the most potent insecticidal activity compared with toosendanin, a commercial
insecticide derived from Melia azedarach.

� 2010 Elsevier Ltd. All rights reserved.
The routine use of a wide variety of synthetic insecticides in
agriculture has now become an accepted practice, however, the
use of these chemicals over the years has resulted in the develop-
ment of resistance in insect pest populations and environmental
problems. Therefore, it is highly desirable to develop the pest man-
agement methods from natural products. Podophyllotoxin (1,
Fig. 1) is naturally occurring aryltetralin lignan, and its derivatives
such as etoposide and teniposide are currently applied in the che-
motherapy for small cell lung cancer, testicular carcinoma, Kaposi’s
sarcoma, and human immunodeficiency virus (HIV).1–3 On the
other hand, compound 1 was also found to possess insecticidal
activity.4–6 More recently, 4b-benzenesulfonamides of podophyllo-
toxin,7 4a-esters of 2-chloropodophyllotoxin (2),8 and 40-aromatic
esters of 4-deoxypodophyllotoxin (3)9 have been designed and
prepared from compound 1 in our research group, and some ana-
logs have displayed more potent insecticidal activity than 1. There-
fore, in this Letter we want to investigate the effect of substituted
benzenesulfonates groups at the C-40 position of 4-deoxypodo-
phyllotoxin on the insecticidal activity.

As shown in Scheme 1, 40-demethyl-4-deoxypodophyllotoxin
(4) was prepared from podophyllotoxin (1) by catalytic hydrogen-
olysis in the presence of 10% palladium/carbon, followed by regio-
selective 40-demethylation of 4-deoxypodophyllotoxin with dry
hydrobromide (3).10 Eight novel 40-substituted benzenesulfonate
All rights reserved.

.

derivatives of 4-deoxypodophyllotoxin (5a–h) were then synthe-
sized by the reaction of 4 with the corresponding substituted ben-
zenesulfonyl chlorides in the presence of triethylamine. The
structures of the target molecules were well characterized by 1H
NMR, MS, HR-MS, optical rotation, and IR.11

The insecticidal activity of compounds 3, 4, and 5a–h against
the pre-third-instar larvae of Mythimna separata Walker was as-
sessed at the concentration of 1 mg/mL by leaf-dipping method.9

Toosendanin, a commercial insecticide derived from Melia azed-
arach, was used as a positive control.

As shown in Table 1, it was found that the corresponding cor-
rected mortality rates caused by these derivatives after 30 d were
higher than those after 10 d and 20 d. For example, the corrected
mortality rate of 5d against M. separata after 10 d was only 3.3%,
after 20 d the corresponding mortality rate was increased to
20.7%, but after 30 d it was sharply increased to 42.9%, which
was 13 times of the mortality rate after 10 d. That is, these com-
pounds, different from those conventional neurotoxic insecticides,
such as organophosphates, carbamates and pyrethroids, showed
delayed insecticidal activity.7–9 Meanwhile, the symptoms of the
tested M. separata were also characterized by the same way as
our previous reports.7–9 For example, the movement of the M. sep-
arata treated by these compounds decreased greatly after 24 h, and
after 48 h some of them were becoming immobilized and loss of
body liquid. Some of the treated M. separata showed moulting dis-
turbances or deformities. For example, the pupation of the larvae
and the adult emergence of M. separata were inhibited by these
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Figure 1. Chemical structures of podophyllotoxin (1), 2-chloropodophyllotoxin (2), and deoxypodophyllotoxin (3).
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compounds, therefore, the stage from the larvae to adulthood of M.
separata was prolonged as compared to the control group. More-
over, many larvae of the treated groups molted to abnormal pupae,
Table 1
Insecticidal activity of 5a–h against Mythimna separata Walker in vivo

Compounds Corrected mortality rate (%)

10 d 20 d 30 d

5a 26.7 (±4.7) 27.6 (±8.2) 60.7 (±4.7)
5b 16.7 (±4.7) 13.8 (±4.7) 35.7 (±8.2)
5c 33.3 (±9.4) 37.9 (±8.2) 46.4 (±8.2)
5d 3.3 (±4.7) 20.7 (±12.5) 42.9 (±9.4)
5e 10.0 (±7.4) 10.3 (±4.7) 25.0 (±8.2)
5f 3.3 (±4.7) 10.3 (±5.8) 21.4 (±9.4)
5g 13.3 (±4.7) 27.6 (±8.2) 35.7 (±0)
5h 20.0 (±0) 31.0 (±4.7) 50.0 (±8.2)
3 16.7 (±4.7) 20.7 (±4.7) 39.3 (±4.7)
4 10.0 (±0) 13.8 (±4.7) 21.4 (±4.7)
Toosendanin 30.0 (±8.2) 34.5 (±4.7) 46.4 (±8.2)
which could not reach adulthood and died during the stage of
pupation because they were not able to remove their pupal skin.

Through a comparative study between the insecticidal activity
and the chemical structures of 40-substituted benzenesulfonate
derivatives of 4-deoxypodophyllotoxin (5a–h), some interesting
results were obtained as follows: (1) The methyl group on the 40 po-
sition of 3 was necessary for its insecticidal activity. That is, when the
40-methyl group of 3 was removed to give 4, the corresponding
insecticidal activity of 4 would reduce to some degree. For example,
the corrected mortality rates of 3 and 4 against M. separata after 10,
20, and 30 d were 16.7/10.0%, 20.7/13.8%, and 39.3/21.4%, respec-
tively. (2) The electronic effect of the substituent groups on the 40-
benzenesulfonate0s ring of 4-deoxypodophyllotoxin to insecticidal
activity was not obvious. For example, when the nitro group,
methoxy group, or bromo atom was introduced on the 40-benzene-
sulfonate0s ring of 4-deoxypodophyllotoxin, the insecticidal activity
of the corresponding compounds would be increased as compared to
3 (5a 60.7%, 5c 46.4%, 5d 42.9%, and 5h 50.0% vs 3 39.3%); on the con-
trary, when the methyl group, ethyl group, or chlorine atom was
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introduced on the 40-benzenesulfonate0s ring of 4-deoxypodo-
phyllotoxin, the corresponding insecticidal activity was decreased
as compared to 3 (5e 25.0%, 5f 21.4%, and 5g 35.7% vs 3 39.3%). (3)
Compound 5a bearing the nitro group at the meta position on the
40-benzenesulfonate0s ring of 4-deoxypodophyllotoxin, whose cor-
rected mortality rate against M. separata after 30 d was 60.7%,
showed the most promising and best insecticidal activity as com-
pared to 3 (39.3%) and toosendanin (46.4%). Especially compound
5a exhibited the same potent insecticidal activity as 40-deoxypodo-
phyllotoxin nicotinate or isonicotinate.9

In conclusion, eight novel 40-substituted benzenesulfonate
derivatives of 4-deoxypodophyllotoxin were synthesized and pre-
liminarily tested against the pre-third-instar larvae of M. separata
Walker in vivo at the concentration of 1 mg/mL. Among all of the
tested compounds, analogs 5a, 5c, 5d, and 5h showed the higher
insecticidal activity than 4-deoxypodophyllotoxin. Especially 5a
exhibited the most potent insecticidal activity compared with too-
sendanin, a commercial insecticide derived from M. azedarach.
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