
INTRODUCTION

Several compounds have been reported to possess activity
which interferes with the actions of juvenile hormone (JH) in
insects.1) These anti-JH agents include precocenes, fluo-
romevalonate (FMev), dichloroallyl hexanoate, ethyl 4-[2-(t-
butylcarbonyloxy)butoxy]benzoate (ETB), 1,5-disubstituted
imidazoles and brevioxime.2) Although anti-JH agents are po-
tential insect growth regulators as well as an effective tool in
studies of insect physiology, none of the compounds has been
developed for practical use in pest control as yet.

ETB has been found to show JH-like activity as well as
anti-JH activity in Manduca sexta3) and Bombyx mori,4) de-
pending on the dose applied; low doses induced precocious
metamorphosis as a clear sign of JH-deficiency, but at higher
doses, the anti-JH activity disappeared and instead, JH-like
activity was observed. Edwards et al. have reported that the
application of ETB results in a reduction of endogenous JH
titers in M. sexta larvae.5) In addition, Riddiford et al. have
shown that ETB acts as a partial JH antagonist at the target
tissue of the larval epidermis.6) By modifying the structure of

ETB, we have recently found that ethyl 4-[2-(6-methyl-3-
pyridyloxy)butyloxy]benzoate (1) induced precocious meta-
morphosis in larvae of B. mori even at high doses.7) From a
preliminary study of the structure-activity relationship, the 4-
ethoxycarbonyl group on the benzene ring, a partial skeleton
of ETB, was apparently essential for activity. We further syn-
thesized analogs in which the ethyl side chain of 1 was modi-
fied, and evaluated their activity to induce precocious meta-
morphosis. In this paper we describe details of the preparation
and structure-activity relationships of a number of ethyl 4-[2-
(6-methyl-3-pyridyloxy)alkyloxy]benzoates and the correla-
tion between JH esterase (JHE) and precocious metamorpho-
sis induced by the best member of the series.

MATERIALS AND METHODS

1. Instrumental Analysis
The 1H-NMR spectra were determined with a JEOL EX-400
(400 MHz) spectrometer. Optical rotation values were meas-
ured with a Union Giken PM-101 polarimeter. HPLC analysis
was carried out with a Shimadzu LC-10A equipped with a
Shimadzu UV-VIS diode array. All melting points (mp) are
uncorrected.

2. Chemicals
Compound 1 and ETB were prepared according to procedures
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reported previously.7) Methyl (S)-2-hydroxy-4-methylpen-
tanoate and its enantiomer (R) were prepared from L-leucine
and D-leucine, respectively, according to the method described
by Valls et al.8) The preparation of a series of ethyl 4-[2-(6-
methyl-3-pyridyloxy)alkyloxy]benzoates (2–9) and optically
active 5R is outlined in Fig. 1(A) and (B), respectively.

2.1. Ethyl 4-methyl-2-(6-methyl-3-pyridyloxy)pen-
tanoate (I).

A mixture of 2.2 g of ethyl 2-bromoisobutyrate, 1.3 g of 5-hy-
droxy-2-methylpyridine and 2.7 g of potassium carbonate in
50 ml of dimethylformamide (DMF) was stirred for 12 hr at
room temperature. The mixture was poured into 50 ml of
water and the product was extracted with 100 ml of ethyl ac-
etate. The ethyl acetate solution was washed with brine, dried
over Na2SO4, and concentrated. The residue was purified by
column chromatography on silica gel eluting with hexane–
ethyl acetate (1 : 1) to afford 1.95 g (78%) of compound (I).
1H-NMR d (CDCl3): 0.94 (3H, d, J�6.3 Hz, CH3), 1.00 (3H,
d, J�6.3 Hz, CH3), 1.25 (3H, t, J�7.2 Hz, CH3), 1.67–1.75
(1H, m, CH), 1.89–1.97 (2H, m, CH2), 2.47 (3H, s, CH3),
4.20 (2H, q, J�7.2 Hz, CH2), 4.59–4.62 (1H, m, CH), 7.03–
7.10 (2H, m, pyridyl), 8.16 (1H, d, J�2.4 Hz, pyridyl).

2.2. 4-Methyl-2-(6-methyl-3-pyridyloxy)pentyl p-tolue-
nesulfonate (II).

A mixture of 1.9 g of (I) and 1.6 g of lithium aluminum hy-
dride in 40 ml of tetrahydrofuran (THF) was stirred for 1 hr at
room temperature. The reaction was quenched with saturated
NH4Cl solution. After removal of the solvent under reduced
pressure, the product was extracted with tert-butyl methyl
ether. The ether solution was washed with brine and dried
over Na2SO4. Concentration of the organic layer gave 0.7 g of
crude 4-methyl-2-(6-methyl-3-pyridyloxy)pentanol. To a solu-
tion of this alcohol in 10 ml of THF was added 0.4 g of tri-
ethylamine and 0.8 g of p-toluenesulfonyl chloride, and the
mixture was stirred for 6 hr at room temperature. After re-
moval of the solvent under reduced pressure, the product was
extracted with tert-butyl methyl ether. The ether solution was
washed with brine, dried over Na2SO4, and concentrated. The
residue was purified by column chromatography on silica gel
eluting with hexane–ethyl acetate (1 : 1) to afford 0.6 g (50%)
of compound (II). 1H-NMR d (CDCl3): 0.86 (3H, d, J�6.8
Hz, CH3), 0.92 (3H, d, J�6.8 Hz, CH3), 1.27–1.38 (1H, m,
CH), 1.59–1.64 (2H, m, CH2), 2.43 (3H, s, CH3), 2.47 (3H, s,
CH3), 4.07–4.15 (2H, m, CH2), 4.40–4.45 (1H, m, CH),
6.99–7.06 (2H, m, pyridyl), 7.29 (2H, d, J�8.1 Hz, phenyl),
7.71 (2H, d, J�8.1 Hz, phenyl), 8.05 (1H, d, J�2.4 Hz,
pyridyl).

2.3. Ethyl 4-[4-methyl-2-(6-methyl-3-pyridyloxy)penty-
loxy]benzoate (5).

A mixture of 0.33 g of ethyl 4-hydroxybenzoate, 0.60 g of
(II), and 0.27 g of potassium carbonate in 30 ml of DMF was
heated at 90–100°C for 6 hr. To the mixture was added 20 ml
of water and the product was extracted with tert-butyl methyl
ether. The ether solution was washed with 2 M NaOH solution

and brine, dried over Na2SO4, and concentrated. The residue
was purified by column chromatography on silica gel eluting
with hexane–ethyl acetate (2 : 1) to afford 0.58 g (99%) of 5 as
a white solid, mp 48–50°C. 1H-NMR d (CDCl3): 0.93 (3H, d,
J�6.8 Hz, CH3), 0.99 (3H, d, J�6.8 Hz, CH3), 1,37 (3H, t,
J�6.8 Hz, CH3), 1.53–1.65 (1H, m, CH), 1.71–1.88 (2H, m,
CH2), 2.50 (3H, s, CH3), 4.09–4.17 (2H, m, CH2), 4.34 (2H,
q, J�6.8 Hz, CH2), 4.63–4.67 (1H, m, CH), 6.88 (2H, d,
J�8.3 Hz, phenyl), 7.06 (1H, d, J�8.3 Hz, pyridyl), 7.21 (1H,
dd, J�2.4, 8.3 Hz, pyridyl), 7.97 (2H, d, J�8.3 Hz, phenyl),
8.28 (1H, d, J�2.4 Hz, pyridyl).

Compounds 2–4 and 6–9 were prepared in the same man-
ner as compound 5 but with use of the corresponding ethyl 2-
bromoalkanoate instead of ethyl 2-bromoisobutyrate. The
yields were calculated based on the starting 5-hydroxy-2-
methylpyridine.

Ethyl 4-[2-(6-methyl-3-pyridyloxy)pentyloxy]benzoate (2).
Yield 17%; oil; 1H-NMR d (CDCl3): 0.97 (3H, t, J�7.3 Hz,
CH3), 1.38 (3H, t, J�7.3 Hz, CH3), 1.43–1.60 (2H, m, CH2),
1.69–1.84 (2H, m, CH2), 2.50 (3H, s, CH3), 4.09–4.19 (2H,
m, CH2), 4.34 (2H, q, J�7.3 Hz, CH2), 4.54–4.60 (1H, m,
CH), 6.89 (2H, d, J�8.5 Hz, phenyl), 7.06 (1H, d, J�8.8 Hz,
pyridyl), 7.15–7.22 (1H, m, pyridyl), 7.97 (2H, d, J�8.5 Hz,
phenyl), 8.26 (1H, d, J�2.4 Hz, pyridyl).

Ethyl 4-[3-methyl-2-(6-methyl-3-pyridyloxy)butyloxy]-
benzoate (3). Yield 5%; oil; 1H-NMR d (CDCl3): 1.06 (3H, d,
J�7.3 Hz, CH3), 1.09 (3H, d, J�7.3 Hz, CH3), 1.22–1.28 (1H,
m, CH), 1.38 (3H, t, J�6.9 Hz, CH3), 2.49 (3H, s, CH3),
4.15–4.22 (2H, m, CH2), 4.34 (2H, q, J�6.9 Hz, CH2),
4.30–4.38 (1H, m, CH), 6.88 (2H, d, J�8.8 Hz, phenyl), 7.05
(1H, d, J�8.3 Hz, pyridyl), 7.22 (1H, dd, J�2.4, 8.3 Hz,
pyridyl), 7.97 (2H, d, J�8.8 Hz, phenyl), 8.27 (1H, d,
J�2.4 Hz, pyridyl).

Ethyl 4-[2-(6-methyl-3-pyridyloxy)hexyloxy]benzoate (4).
Yield 18%; oil; 1H-NMR d (CDCl3): 0.92 (3H, t, J�7.3 Hz,
CH3), 1.25–1.45 (4H, m, 2CH2), 1.38 (3H, t, J�7.3 Hz, CH3),
1.76–1.83 (2H, m, CH2), 2.50 (3H, s, CH3), 4.10–4.19 (2H,
m, CH2), 4.34 (2H, q, J�7.3 Hz, CH2), 4.54–4.58 (1H, m,
CH), 6.89 (2H, d, J�8.8 Hz, phenyl), 7.06 (1H, d, J�8.7 Hz,
pyridyl), 7.21 (1H, dd, J�2.4, 8.7 Hz, pyridyl), 7.98 (2H, d,
J�8.8 Hz, phenyl), 8.26 (1H, d, J�2.4 Hz, pyridyl).

Ethyl 4-[3,3-dimethyl-2-(6-methyl-3-pyridyloxy)butyloxy]-
benzoate (6). Yield 24%; mp 54–56°C; 1H-NMR d (CDCl3):
1.08 (9H, s, 3CH3), 1.38 (3H, t, J�6.8 Hz, CH3), 2.49 (3H, s,
CH3), 4.14–4.19 (1H, m, CH), 4.26–4.37 (4H, m, 2CH2), 6.84
(2H, d, J�8.8 Hz, phenyl), 7.04 (1H, d, J�8.8 Hz, pyridyl),
7.21–7.28 (1H, m, pyridyl), 7.96 (2H, d, J�8.8 Hz, phenyl),
8.31 (1H, d, J�2.9 Hz, pyridyl).

Ethyl 4-[5-methyl-2-(6-methyl-3-pyridyloxy)hexyloxy]-
benzoate (7). Yield 32%; oil; 1H-NMR d (CDCl3): 0.89 (3H,
t, J�6.4 Hz, CH3), 0.91 (3H, t, J�6.4 Hz, CH3), 1.24–1.45
(2H, m, CH2), 1.38 (3H, t, J�7.3 Hz, CH3), 1.53–1.62 (1H,
m, CH), 1.75–1.84 (2H, m, CH2), 2.50 (3H, s, CH3),
4.10–4.19 (2H, m, CH2), 4.34 (2H, q, J�7.3 Hz, CH2),
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4.51–4.56 (1H, m, CH), 6.89 (2H, d, J�8.8 Hz, phenyl), 7.06
(1H, d, J�8.3 Hz, pyridyl), 7.19 (1H, dd, J�2.9, 8.3 Hz,
pyridyl), 7.98 (2H, d, J�8.8 Hz, phenyl), 8.26 (1H, d,
J�2.9 Hz, pyridyl).

Ethyl 4-[2-(6-methyl-3-pyridyloxy)octyloxy]benzoate (8).
Yield 58%; oil; 1H-NMR d (CDCl3): 0.88 (3H, t, J�6.8 Hz,
CH3), 1.25–1.54 (8H, m, 4CH2), 1.38 (3H, t, J�7.3 Hz, CH3),
1.78–1.84 (2H, m, CH2), 2.50 (3H, s, CH3), 4.09–4.20 (2H,
m, CH2), 4.34 (2H, q, J�7.3 Hz, CH2), 4.54–4.58 (1H, m,
CH), 6.89 (2H, d, J�8.8 Hz, phenyl), 7.06 (1H, d, J�8.3 Hz,
pyridyl), 7.20 (1H, dd, J�2.9, 8.3 Hz, pyridyl), 7.98 (2H, d,
J�8.8 Hz, phenyl), 8.26 (1H, d, J�2.9 Hz, pyridyl).

Ethyl 4-[2-(6-methyl-3-pyridyloxy)decyloxy]benzoate (9).
Yield 38%; oil; 1H-NMR d (CDCl3): 0.87 (3H, t, J�6.8 Hz,
CH3), 1.24–1.54 (12H, m, 6CH2), 1.38 (3H, t, J�7.3 Hz,
CH3), 1.76–1.84 (2H, m, CH2), 2.50 (3H, s, CH3), 4.09–4.20
(2H, m, CH2), 4.34 (2H, q, J�7.3 Hz, CH2), 4.54–4.58 (1H,
m, CH), 6.89 (2H, d, J�8.8 Hz, phenyl), 7.06 (1H, d, J�8.3
Hz, pyridyl), 7.19 (1H, dd, J�2.9, 8.3 Hz, pyridyl), 7.98 (2H,
d, J�8.8 Hz, phenyl), 8.26 (1H, d, J�2.9 Hz, pyridyl).

2.4. Ethyl 4-[(R)-4-methyl-2-(6-methyl-3-pyridyloxy)-
pentyloxy]benzoate (5R).

A solution of 0.46 g of methyl (S)-2-hydroxy-4-methylpen-
tanoate, 0.60 g of p-toluenesulfonyl chloride and 0.38 g of tri-
ethylamine in 15 ml of THF was stirred for 12 hr at room tem-
perature. To the mixture was added 30 ml of ethyl acetate and
the organic layer was washed with water and brine, dried over
Na2SO4, and concentrated. The residue was purified by col-
umn chromatography on silica gel by eluting with hexane–
ethyl acetate (3 : 1) to afford 0.58 g (61%) of methyl (S)-4-
methyl-2-p-toluenesulfonyloxypentanoate (III) as an oil. A
mixture of 0.67 g of (III), 0.24 g of 5-hydroxy-2-methylpyri-
dine and 0.31 g of potassium carbonate in 10 ml of DMF was
stirred for 12 hr at room temperature. The product was ex-
tracted with 30 ml of ethyl acetate. The organic layer was
washed with water and brine, dried over Na2SO4, and concen-
trated. The residue was purified by column chromatography
on silica gel by eluting with hexane–ethyl acetate (5 : 4) to
give 0.44 g (83%) of methyl (R)-4-methyl-2-(6-methyl-3-
pyridyloxy)pentanoate (IV) as an oil. A mixture of 0.41 g of
(IV) and 0.07 g of sodium borohydride in 10 ml of ethanol
was stirred for 24 hr at room temperature. After removal of
the solvent under reduced pressure, the product was extracted
with ethyl acetate. The ethyl acetate solution was washed with
water and brine, dried over Na2SO4, and concentrated. The
residue, (R)-4-methyl-2-(6-methyl-3-pyridyloxy)pentanol, was
converted to (R)-4-methyl-2-(6-methyl-3-pyridyloxy)pentyl p-
toluenesulfonate (V) by a reaction with p-toluenesulfonyl
chloride in the same way as described in (II). Compound (V)
was treated with ethyl 4-hydroxybenzoate in the same manner
as that used for 5 to afford 5R.

Compound 5R: mp 33–34°C, [a]D
19 �37° (c 1, ethanol).

The enantiomeric purity was 82% ee by HPLC analysis under
the following conditions: Column; CHIRALPAC AD-H

(4.6�250 mm, Daicel Chemical Industry Co.), Mobile phase;
hexane–2-propanol (98 : 2), Detection; UV 260 nm, Flow rate;
1 ml/min.

Compound 5S was prepared in the same manner as 5R with
use of methyl (R)-2-hydroxy-4-methylpentanoate instead of
the (S)-isomer.

Compound 5S: mp 38–39°C, [a]D
19 �41° (c 1, ethanol),

Enantiomeric purity; 83% ee. The 1H-NMR spectra of 5R and
5S were entirely consistent with the spectrum of 5.

2.5. 4-[2-(6-Methyl-3-pyridyloxy)hexyloxy]benzoic
acid (4-acid).

A mixture of 0.91 g of 4 and 0.42 g of NaOH in 10 ml of
ethanol and 5 ml of water was stirred for 24 hr at room tem-
perature. After removal of the solvent, the residue was dis-
solved in water. The aqueous solution was washed with ethyl
acetate, and acidified with dil. HCl. The product was ex-
tracted with ethyl acetate and the ethyl acetate solution was
washed with brine, and dried over Na2SO4. Concentration of
the ethyl acetate solution afforded 0.42 g (48%) of 4-acid as a
solid, mp 125–127°C. 1H-NMR d (CDCl3): 0.93 (3H, d,
J�7.3 Hz, CH3), 1.34–1.53 (4H, m, 2CH2), 1.78–1.85 (2H, m,
CH2), 2.54 (3H, s, CH3), 4.12–4.23 (2H, m, CH2), 4.58–4.62
(1H, m, CH), 6.92 (2H, d, J�8.8 Hz, phenyl), 7.10 (1H, d,
J�8.3 Hz, pyridyl), 7.24 (1H, dd, J�2.9, 8.3 Hz, pyridyl),
8.03 (2H, d, J�8.8 Hz, phenyl), 8.32 (1H, d, J�2.9 Hz,
pyridyl).

3. Biological Evaluation
B. mori (Shunrei�Shougetsu) larvae were reared on an artifi-
cial diet as previously reported.9) Test compounds in acetone
solution were applied topically to 24 hr-old 3rd instar and
newly molted 4th instar larvae. Compounds 4 and 4-acid were
mixed with the artificial diet at concentrations of 50 and
200 ppm according to the procedure reported.10) The diet con-
taining a test compound was administered throughout the 3rd
larval period. Twenty larvae were used for each dose. The ac-
tivity of compounds was evaluated by the induction of preco-
cious metamorphosis: spinning a cocoon and subsequent pu-
pation or formation of larval-pupal intermediates from the 4th
instar (penultimate) larval period.

4. Western Blot Analysis of JHE and JHE Activity Assay
Compound 5 (100 mg/larva) was topically applied to 24 hr-old
3rd instar larvae, and hemolymph was collected from newly
molted 4th instar larvae at 24 hr intervals and stored at �80°C
until used. Western blot analysis of JHE in the hemolymph
was performed by separating the proteins with a 10% SDS-
PAGE gel and then transferring them onto a PVDF mem-
brane. The JHE protein on the membrane was probed with an-
tibodies to JHE and positive reactions were detected with a
goat anti-rabbit IgG antibody conjugated with alkaline phos-
phatase.11) JHE activity was determined by a spectrophoto-
metric assay using S-methyl heptylthioethanethioate (HTET)
as a JH mimic substrate.11) The assay was done in 0.05 M
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sodium phosphate (pH 7.4) containing 10% sucrose. The
buffer (293 m l) supplemented with 0.025% of 3-carboxy-4-ni-
trophenyl disulfide was preincubated at 25°C for 5 min. Two
microliters of substrate solution (30 mM HTET in ethanol)
and 5 m l of hemolymph were then added to the buffer and ab-
sorbance at 405 nm was recorded for 2 min on a microplate
reader.

RESULTS AND DISCUSSION

Table 1 shows the precocious metamorphosis-inducing activ-
ity of ethyl 4-[2-(6-methyl-3-pyridyloxy)alkyloxy]benzoates
and ETB in 24 hr-old 3rd instar and newly molted 4th instar
larvae of B. mori. ETB at 1 mg showed some activity when ap-
plied to 3rd-instar larvae, but at high doses of 10 and 40 mg
the activity disappeared, consistent with a report that ETB did
not exhibit any anti-JH activity at high doses.7) In contrast to
ETB, compound 1 induced precocious metamorphosis at a
rather high dose. The introduction of a propyl (2) and iso-
propyl (3) group gave analogs with almost the same level of
activity as 1, while the n-butyl analog 4 was more active than
1, inducing precocious metamorphosis at both low and high
doses when applied to 3rd instar larvae. The isobutyl analog 5
had somewhat stronger activity than 4. The activity of the
tert-butyl (6), isopentyl (7) and n-hexyl (8) analogs was found

to decrease in comparison with that of 5. Interestingly, the n-
octyl analog 9 as well as the ethyl analog 1 showed some ac-
tivity. Thus, the isobutyl analog 5 was the most active of the
compounds tested on 3rd instar larvae, however, it could not
cause 100% precocious pupation even at higher doses (data
not shown).

Horn et al. have synthesized both enantiomers of ETB and
found that the anti-JH activity at low dose levels and JH activ-
ity at higher levels in M. sexta larvae were entirely due to the
(S)-(�)-enantiomer, the (R)-(�)-isomer being completely in-
active.12) We therefore prepared both the enantiomers of 5 by
starting with L- and D-leucine, and determined the enan-
tiomeric purities of 5R(�) (82% ee) and 5S(�) (83% ee) by
chiral HPLC. In contrast to the results obtained with ETB,
there was no significant difference in precocious metamor-
phosis-inducing activity between the 5R(�)- and 5S(�)-ena-
tiomers.

When 24 hr-old 3rd instar larvae were treated with ETB or
a series of ethyl alkyloxybenzoates, precocious metamorpho-
sis always occurred at the 4th larval stage. ETB did not in-
duce precocious metamorphosis when applied to newly
molted 4th instar larvae, similar to the results reported by
Kiguchi et al.4) We found that compounds 3 and 5–8 showed
weak precocious metamorphosis-inducing activity when
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Fig. 1. Scheme for the preparation of (A) ethyl 4-[2-(6-methyl-3-pyridyloxy)alkyloxy]benzoates and (B) ethyl 4-[(R)-4-methyl-2-(6-methyl-3-
pyridyloxy)pentyloxy]benzoate (5R). (a) ethyl 2-bromoalkanoate, K2CO3, DMF; (b) LiAlH4, THF; (c) p-toluenesulfonyl chloride, triethylamine,
THF; (d) ethyl 4-hydroxybenzoate, K2CO3, DMF; (e) 5-hydroxy-2-methylpyridine, K2CO3, DMF; (f) NaBH4, ethanol.



tested on newly molted 4th instar larvae. However, their activ-
ity did not correlate with the doses applied; some activity ap-
peared at low dose levels, but at a dose of 100 mg, no activity
was observed. It is interesting that all compounds with a
branched alkyl chain except 8 were active against 4th instar
larvae. It remains to be seen whether or not these active com-
pounds as well as ETB have JH-like activity.

We have previously reported that a number of 3-pyridine
derivatives9) and 1,5-disubstituted imidazoles10) induced pre-
cocious metamorphosis in B. mori larvae by causing a tempo-
rary decline in ecdysteroid titers in the larval hemolymph, be-
cause their activity was completely reversible by the dietary
administration of 20-hydroxyecdysone. We examined the ef-
fects of methoprene, a JH agonist, and 20-hydroxyecdysone
on precocious metamorphosis induced by 5 (Table 2). The ac-
tivity of 5 to induce precocious pupation was completely
counteracted by the simultaneous application of methoprene
to 24 hr-old 3rd instar larvae or methoprene applied immedi-
ately after the 3rd ecdysis, but not by the dietary administra-
tion of 20-hydroxyecdysone, similar to the results obtained
for 1.7) The results of the rescue experiments indicate that 5
induces precocious metamorphosis in B. mori larvae by caus-
ing a deficiency of JH titers in the larval hemolymph.

In our previous study, the 4-ethoxycarbonyl group of 1 was
found to be significant for activity.7) Since ethyl alkyloxyben-
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Table 1. Precocious metamorphosis-inducing activity of ethyl 4-[2-(6-methyl-3-pyridyloxy)alkyloxy]benzoates and ETB against 3rd and
4th instar larvae of B. mori

Precocious metamorphosis (%)

3rd instar 4th instar

No. R (mg/larva) 1 10 40 1 10 100

1 C2H5 0 0 45 0 0 0

2 C3H7 NT 10 45 0 0 0

3 i-C3H7 0 5 25 0 35 0

4 n-C4H9 20 20 75 0 0 0

5 i-C4H9 50 62 80 16 0 0

5R i-C4H9 [R(�)] 35 37 75 10 22 0

5S i-C4H9 [S(�)] 45 70 90 22 5 0

6 t-C4H9 NT 5 15 0 30 0

7 i-C5H11 NT 5 10 10 5 0

8 n-C6H13 20 20 50 17 0 0

9 n-C8H17 NT 10 15 0 0 0

10 0 0 0 0 0

Values are the average of two experiments. The compounds described in this table are racemic unless otherwise specified. NT: not tested.

Table 2. Effects of methoprene and 20-hydroxyecdysone on
precocious metamorphosis induced by compound 5 in B. mori
larvae

Time of Precocious

Compound treatment metamorphosis

(larval instar) (%)

Compound 5 a) 3rd 85

(100 mg/larva)

�Methoprene b) 3rd 0

(10 mg/larva)

�Methoprene 4th 0

(10 mg/larva)

�20-Hydroxyecdysonec) 3rd 80

(20 ppm)

�20-Hydroxyecdysone 4th 75

(20 ppm)

a) Compound 5 was applied to 24 hr-old 3rd instar larvae.
b) Methoprene was topically applied to 24 hr-old 3rd or newly
molted 4th instar larvae.
c) The diet containing 20-hydroxyecdysone was administered for
the first 48 hr to 24 hr-old 3rd or newly molted 4th instar larvae.



zoates might be hydrolyzed to the corresponding alkyloxy-
benzoic acids in the larval hemolymph, we examined the ac-
tivity of 4-[2-(6-methyl-3-pyridyloxy)hexyloxy]benzoic acid
(4-acid), which was relatively easy to prepare. Compound 4-
acid did not show any activity on topical application at a wide
range of doses (1–100 mg), presumably due to decreased pen-
etration through the larval cuticle. Therefore, its activity was
examined on dietary administration (Table 3). Compound 4
induced precocious metamorphosis on dietary administration
as well as topical application, while compound 4-acid showed
no activity at concentrations of 50 and 200 ppm, suggesting
that in this series of compounds, the ethoxycarbonyl group it-
self is responsible for the activity.

JH esterase (JHE), which hydrolyzes the methyl ester of JH
into inactive JH acid, has an important role as one of the
major factors involved in the regulation of JH during the last
instar.13) In the silkworm, JHE activity in the hemolymph is
quite low during the 4th instar and increases at the 5th instar,
thereby decreasing the JH titer and inducing metamorpho-
sis.14) Shiotsuki et al. have found that KK-42, the most effec-
tive inducer of precocious metamorphosis in the silkworm,
enhances JHE activity in the hemolymph of the 4th instar lar-
vae and subsequently causes precocious pupation, and have
suggested that the appearance of JHE activity in the he-

molymph is a key factor for metamorphosis.14) We examined
whether hemolymph JHE was expressed in the 4th instar lar-
vae destined to undergo precocious metamorphosis on treat-
ment with 5. The amount of JHE protein in the hemolymph
was determined by Western blot analysis (Fig. 2) and JHE ac-
tivity was monitored by using a spectrophotometric assay
(Fig. 3).11) In the 4th instar larvae of the acetone-treated con-
trol, JHE protein was not detected and no increase in he-
molymph JHE activity was observed. When compound 5 was
applied to the 3rd instar larvae, JHE protein was clearly de-
tected from days 3 to 7 in the 4th instar larvae. Although in
early 4th instar larvae JHE protein was not observed, he-
molymph JHE activity appeared immediately after the ecdysis
to the 4th instar larvae. The reason for this difference is un-
known. However, the pattern of hemolymph JHE activity,
which increased gradually from day 3 in the 4th instar larvae,
correlated with the distribution of hemolymph JHE protein.
The JHE activity observed in compound 5-treated larvae was
similar to that in the control 5th instar larvae and in KK42-
treated larvae.14) This result supports the concept that the ap-
pearance of JHE activity in the hemolymph is indispensable
for the initiation of pupation.

In conclusion, compound 5 represents a structurally novel
class of potent anti-JH agent that induces precocious meta-
morphosis and JHE activity in the 4th instar (penultimate) lar-
vae of B. mori. Other biological activities and the mode of ac-
tion of this series of compounds are under investigation.
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Table 3. Precocious metamorphosis-inducing activity of
compounds 4 and 4-acid on dietary administration in 3rd instar
larvae of B. mori

Concentration
Precocious

Compound
(ppm)

metamorphosis

(%)

4
50 65

200 65

50 0

4-acid 200 0

The diets containing compounds 4 and 4-acid were adminis-
tered throughout the 3rd larval period.

Fig. 2. Western blot analysis of JHE protein in hemolymph. Com-
pound 5 (100 mg/larva) was topically applied to 24 hr-old 3rd instar
larvae. Hemolymph was collected daily from 4th instar control larvae
and compound 5-treated larvae, and separated on 10% SDS-PAGE
gel. The number under each lane indicates the day of 4th instar lar-
vae.

Fig. 3. Hemolymph JHE activity during the 4th instar. Acetone-
treated control larvae (�); compound 5-treated larvae (�). Com-
pound 5 (100 mg/larva) was topically applied to 24 hr-old 3rd instar
larvae. M indicates the 4th ecdysis in the control. Each value repre-
sents the mean of four determinations with the standard deviation.
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