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A number of ethyl 4-(2-benzylalkyloxy)benzoates were prepared and their activity to induce precocious meta-
morphosis was evaluated in larvae of the silkworm, Bombyx mori, which was clearly recognized as a juvenile
hormone (JH)-deficiency symptom. Ethyl 4-(2-benzylhexyloxy)benzoate (6) and its 2-benzylheptyloxy analog
(7) were found to induce precocious metamorphosis at relatively low doses. Both enantiomers of 6 and 7 were

prepared using a chiral auxiliary oxazolidinone. (S)-Enatiomers were more active than (R)-isomers at low doses
of 0.1 and 1 ug, but at higher doses their activity was reversed. The activity of compound 6 could be fully coun-
teracted by methoprene, a JH agonist, but not by the dietary administration of 20-hydroxyecdysone. The ester
group was important in the ability to induce precocious metamorphosis. The (S)-enatiomer of 6 prolonged the

duration of the instar and delayed the onset of cocoon spinning when applied to Sth instar larvae, suggesting that
this compound might have JH-like activity as well as anti-JH activity. © Pesticide Science Society of Japan
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Introduction

Since juvenile hormone (JH) is involved in a wide range of
physiological processes in both developing and mature in-
sects,” compounds leading to JH deficiency symptoms, anti-
JH agents, are potentially useful not only as biochemical
probes to assist in elucidating the role of JH in insect develop-
ment and reproduction, but also as insect growth regulators.?
Although several anti-JH agents such as precocenes, fluo-
romevalonate, dichloroallyl hexanoate, ethyl 4-[2-(fert-butyl-
carbonyloxy)butoxy]benzoate (ETB), 1,5-disubstituted imida-
zoles, and brevioxime® have so far been reported, none of the
compounds has been developed for practical use in pest con-
trol as yet. Among them, ETB has been found to have both
JH-like action and anti-JH action for the tobacco hornworm,
Manduca sexta® and the silkworm, Bombyx mori,” depending
on the dose applied; low doses of ETB induced precocious
metamorphosis, a clear sign of JH deficiency, but at higher
doses the precocious metamorphosis-inducing activity disap-
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peared and instead, JH-like activity was observed. Riddiford
et al. have reported that ETB acts as a partial JH antagonist at
the target tissue of the larval epidermis.®’ No other anti-JH
agents with such action have been found to date.

By modifying the structure of ETB, we have recently found
that ethyl 4-[4-methyl-2-(6-methyl-3-pyridyloxy)pentyloxy]-
benzoate (1)” and ethyl 4-(2-phenoxyhexyloxy)benzoate (2)®
showed stronger precocious metamorphosis-inducing activity
than ETB against B. mori larvae (Fig. 1). In contrast to ETB,
their anti-JH activity was correlated with the applied doses to
some extent. These findings prompted us to further synthesize
and evaluate new ethyl 4-substituted benzoate derivatives as
potent anti-JH agents. In the present paper we report the syn-
thesis, precocious metamorphosis-inducing activity, and
structure—activity relationships of a novel series of ethyl 4-(2-
benzylalkyloxy)benzoates and their optically active com-
pounds.

Materials and Methods

1. Instrumental analysis

'"H NMR spectra were determined with a JEOL EX-400
(400 MHz) spectrometer, using tetramethylsilane as an inter-
nal standard, and all samples were prepared in deuterochloro-
form. Optical rotation values were measured with a Union



100 K. Furuta et al.

Journal of Pesticide Science

R2
Rko)\/o
[ :I\ O~
o)
Fig. 1.

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

2.1.  2-Benzylhexanoic acid [(I): R=n-C,H,]
A solution of n-hexanoic acid (1.0g, 8.6 mmol) in S5ml of
tetrahydrofuran (THF) was added dropwise at —40 °C to a so-
lution of lithium diisopropylamide (LDA, 2 M THF solution,
9.5ml, 19 mmol) dissolved in 10 ml of THF. To the mix-
ture was added hexamethylphosphoramide (HMPA, 1.8g,
10 mmol) at the same temperature. The mixture was warmed
to 50°C and stirred for 40 min. The mixture was cooled to
room temperature, and benzyl bromide (1.85 g, 11 mmol) was
added to the mixture. The mixture was stirred for 2 hr at 50°C
and then for 12 hr at room temperature. After removal of the
solvent under reduced pressure, the residue was dissolved in
ethyl acetate and the ethyl acetate solution was washed with 2
M HCI and brine, dried over Na,SO,, and concentrated. The
residue was purified by column chromatography on silica gel
eluting with hexane and ethyl acetate (3:1) to afford 0.67 g
(38%) of 2-benzylhexanoic acid. '"H NMR &: 0.88 (3H, t,
J=6.8 Hz, CH,), 1.24-1.36 (4H, m, 2CH,), 1.55-1.63 (m, 2H,
CH,), 2.35 (1H, t, J=7.1Hz, CH), 2.76 (1H, dd, J=7.1,
12.2Hz, CH), 2.98 (1H, dd, J=7.1, 12.2Hz, CH), 7.17-7.29
(5H, m, phenyl).

2.2.  2-Benzyl-1-hexanol [(II): R=n-C ,H,]
A mixture of 2-benzylhexanoic acid (0.67 g, 3.2 mmol) and
lithium aluminum hydride (0.15 g, 4 mmol) in 10ml of THF
was stirred for 12 hr at room temperature. The reaction mix-
ture was quenched with 5ml of saturated NH,Cl solution at
0°C. The product was extracted with ethyl acetate and the or-
ganic layer was washed with brine and dried over Na,SO,.
Concentration of the organic layer gave 0.51 g (82%) of crude
2-benzyl-1-hexanol. 'H NMR §: 0.89 (3H, t, J=6.8 Hz, CH,),
1.24-1.59 (6H, m, 3CH,), 1.78-1.82 (1H, m, CH), 2.64 (2H,
6, J=6.8Hz, CH,), 3.53 (2H, d, /=6.8 Hz, CH,), 7.17-7.28
(5H, m, phenyl).

2.3.  Ethyl 4-(2-benzylhexyloxy)benzoate (6)
To a solution of the above alcohol in 15ml of dichloro-
methane were added triethylamine (0.27 g, 2.7 mmol) and
p-toluenesulfonyl chloride (0.51 g, 2.7 mmol), and the mixture
was stirred for 12 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

o

2
ETB:R1=2)J\- ; R=C,Hs

1:R'= T ] 5 R*=iCH,

2:R'= @\. ; R?=n-CyH,

Structures of ETB and ethyl 4-substituted benzoates.

water and brine, and dried over Na,SO,. Concentration of the
organic layer gave 0.98 g (2.8 mmol) of crude 2-benzylhexyl
p-toluenesulfonate as an oil. To a mixture of ethyl 4-hydroxy-
benzoate (0.56 g, 3.4 mmol) and potassium carbonate (0.47 g,
3.4 mmol) in 20 ml of dimethylformamide (DMF) was added
a solution of the above p-toluenesulfonate in 5ml of DMEF.
After stirring for 12 hr at room temperature, the product was
extracted with ethyl acetate. The organic layer was washed
with 2M NaOH and brine, dried over Na,SO,, and concen-
trated. The residue was purified by column chromatography
on silica gel by eluting with hexane—ethyl acetate (5:1) to
give 0.45g (50%) of 6 as an oil. 'H NMR &: 0.90 (3H, t,
J=6.8Hz, CH;), 1.30-1.54 (6H, m, 3CH,), 1.38 (3H, t,
J=6.8Hz, CH,, overlapped), 2.06-2.11 (I1H, m, CH), 2.75
(2H, d, /=6.4Hz, CH,), 3.83 (2H, d, /=4.9Hz, CH,), 4.34
(2H, q, J=6.8Hz, CH,), 6.86 (2H, d, J=8.8 Hz, phenyl),
7.17-7.27 (5H, m, phenyl), 7.98 (2H, d, /=8.8 Hz, phenyl).

Compounds 3-5 and 7-9 were prepared in the same man-
ner as compound 6 using the corresponding alkanoic acid in-
stead of n-hexanoic acid.

Ethyl 4-(2-benzylbutyloxy)benzoate (3). 'H NMR &: 0.98
(3H, t, J=73Hz, CH,), 1.38 (3H, t, J=73Hz, CH,),
1.45-1.57 (2H, m, CH,), 1.99-2.05 (1H, m, CH), 2.74-2.76
(2H, m, CH,), 3.85 (2H, d, J=5.4Hz, CH,), 434 (2H, q,
J=7.3Hz, CH,), 6.87 (2H, d, J=8.8 Hz, phenyl), 7.15-7.93
(5H, m, phenyl), 7.97 (2H, d, /=8.8 Hz, phenyl).

Ethyl 4-(2-benzylpentyloxy)benzoate (4). 'H NMR §: 0.92
(3H, t, J=6.8Hz, CH,), 138 (3H, t, J=6.8Hz, CH,),
1.41-1.53 (4H, m, 2CH,), 2.08-2.12 (1H, m, CH), 2.72-2.78
(2H, m, CH,), 3.83 (2H, d, J=5.4Hz, CH,), 4.34 (2H, q,
J=6.8Hz, CH,), 6.86 (2H, d, /=8.8 Hz, phenyl), 7.14-7.28
(5H, m, phenyl), 7.97 (2H, d, /=8.8 Hz, phenyl).

Ethyl 4-(2-benzyl-4-methylpentyloxy)benzoate (5). "H NMR
0:0.90 (3H, d, J=6.4Hz, CH,), 0.91 (3H, d, J=6.4 Hz, CH,),
1.24-1.34 (2H, m, CH,), 1.38 (3H, t, J=7.3Hz, CH,),
1.70-1.77 (1H, m, CH), 2.13-2.19 (1H, m, CH), 2.74 (2H, d,
J=6.8Hz, CH,), 3.79 (2H, d, /=5.4Hz, CH,), 4.34 (2H, q,
J=7.3Hz, CH,), 6.86 (2H, d, /=8.8 Hz, phenyl), 7.14-7.28
(5H, m, phenyl), 7.97 (2H, d, /=8.8 Hz, phenyl).

Ethyl 4-(2-benzylheptyloxy)benzoate (7). 'H NMR &: 0.88
(3H, t, J=7.3 Hz, CH,), 1.27-1.53 (8H, m, 4CH,), 1.38 (3H,
t, J=7.3 Hz, CH,, overlapped), 2.05-2.09 (1H, m, CH), 2.75
(2H, d, J/=7.8Hz, CH,), 3.83 (2H, d, /J=5.4Hz, CH,), 4.34
(2H, q, J=7.3Hz, CH,), 6.86 (2H, d, J=8.8Hz, phenyl),
7.14-7.27 (5H, m, phenyl), 7.97 (2H, d, /=8.8 Hz, phenyl).
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Ethyl 4-(2-benzyloctyloxy)benzoate (8). '"H NMR §: 0.87
(3H, t, J=6.8 Hz, CH,), 1.27-1.54 (10H, m, 5CH,), 1.38 (3H,
t, J=7.3Hz, CH,, overlapped), 2.05-2.09 (1H, m, CH),
2.72-2.76 (2H, m, CH,), 3.83 (2H, d, /=5.4Hz, CH,), 4.34
(2H, q, J=6.8Hz, CH,), 6.86 (2H, d, J=8.8 Hz, phenyl),
7.14-7.28 (5H, m, phenyl), 7.99 (2H, d, /=8.8 Hz, phenyl).

Ethyl  4-(2-benzyl-3-phenylpropyloxy)benzoate (9). 'H
NMR 6: 1.38 (3H, t, J=7.1Hz, CH,), 2.33-2.39 (1H, m,
CH), 2.75-2.85 (4H, m, 2CH,), 3.76 (2H, d, J=4.4 Hz, CH,),
4.34 (2H, q, J=6.8 Hz, CH,), 6.83 (2H, d, /=8.8 Hz, phenyl),
7.14-7.31 (10H, m, phenyl), 7.96 (2H, d, /=8.8 Hz, phenyl).

2.4.  (S)-4-Benzyl-3-hexanoyl-2-oxazolidinone (IV)
n-Butyllithium (1.6 M hexane solution, 5.1 ml, 8.2 mmol) was
added dropwise to a solution of (S)-4-benzyl-2-oxazolidinone
(1.3 g, 7.4mmol) in 15 ml of THF cooled at —78°C under N,.
After stirring for 30 min, a solution of n-hexanoyl chloride
(1.0g, 7.4mmol) in 5ml of THF was added dropwise to the
mixture at the same temperature. The mixture was stirred for
1 hr at —78°C and the reaction was quenched by the addition
of 10ml of saturated NH,CI solution. The product was ex-
tracted with ethyl acetate. The organic layer was washed with
saturated NaHCOj solution and brine, dried over Na,SO,, and
concentrated. The residue was purified by column chromatog-
raphy on silica gel by eluting with hexane—cthyl acetate (2: 1)
to give 1.96g (96%) of (IV). 'H NMR &: 0.92 (3H, t,
J=6.8 Hz, CH,), 1.35-1.41 (4H, m, 2CH,), 1.66-1.73 (2H, m,
CH,), 2.77 (1H, dd, J=9.3, 13.2Hz, CH), 2.85-3.01 (2H, m,
CH,), 3.30 (1H, dd, /=3.4, 13.2Hz, CH), 4.13-4.22 (2H, m,
2CH), 4.64-4.7 (1H, m, CH), 7.17-7.36 (5H, m, phenyl).

2.5. (S)-4-Benzyl-3-[(R)-2-benzylhexanoyl]-2-oxazolidi-

none (V)

LDA (2M THEF solution, 2.7 ml, 5.4 mmol) was added drop-
wise to a solution of (IV) (1.0 g, 3.6 mmol) in 10 ml of THF at
—78°C under N,. After stirring for 30 min, a solution of ben-
zyl bromide (1.8 g, 10 mmol) in S ml of THF was added drop-
wise to the mixture. The mixture was stirred for 30 min at
—78°C and then for 2 hr at 0°C. The product was extracted
with ethyl acetate. The organic layer was washed with water
and brine, dried over Na,SO,, and concentrated. The residue
was purified by column chromatography on silica gel by elut-
ing with hexane—ethyl acetate (4:1) to give 1.05g (79%) of
(V). 'H NMR §: 0.83 (3H, t, J=6.8 Hz, CH,), 1.24-1.27 (4H,
m, 2CH,), 1.37-1.42 (1H, m, CH), 1.64-1.69 (1H, m, CH),
2.64-2.82 (3H, m, CH,, CH), 2.97 (1H, dd, J=8.8, 12.6 Hz,
CH), 4.04-4.13 (2H, m, 2CH), 4.28-4.32 (1H, m, CH),
4.65-4.68 (1H, m, CH), 6.86-6.90 (2H, m, phenyl),
7.19-7.33 (8H, m, phenyl).

2.6. (R)-2-Benzyl-1-hexanol (IIR)

To a solution of lithium borohydride (0.12g, 5.5mmol) in
10 ml of THF was added a solution of (V) (0.50 g, 1.4 mmol)
in 5ml of THF at 0°C. After stirring for 24 hr at room temper-
ature, the product was extracted with ethyl acetate. The or-
ganic layer was washed with water and brine, dried over
Na,SO,, and concentrated. The residue was purified by col-

umn chromatography on silica gel by eluting with hexane—
ethyl acetate (3:2) to give 0.20 g (76%) of (IIR): [o]S +6.0°
(¢ 0.01, CH,Cl,) [lit.” +3.5° (¢ 0.01, CH,Cl,)]. The "H NMR
spectrum of (IIR) was completely consistent with that of
racemic 2-benzyl-1-hexanol.

2.7.  Ethyl 4-[(R)-2-benzylhexyloxy]benzoate (6R)
Compound (ITR) was converted to 6R in the same manner as
described in 6. [a]5 —41° (c 1, ethanol). The enantiomeric
purity was 99% ee by HPLC analysis under the following
conditions: Column; CHIRALPAC OD-H (4.6X250 mm, Dai-
cel Chemical Industry Co.), Mobile phase; hexane—2-
propanol (99 : 1), Detection; UV 260 nm, Flow rate; 1 ml/min.

Ethyl 4-[(S)-2-benzylhexyloxy]benzoate (6S) was prepared
in the same manner as 6R using (S)-2-benzyl-1-hexanol in-
stead of (R)-isomer.

Compound 6S: [&]}y +40° (c 1, ethanol), enantiomeric pu-
rity; 99% ee. The '"H NMR spectra of 6R and 6S were com-
pletely consistent with that of 6.

Compounds 7R and 7S were prepared in the same manner
as 6R and 68, respectively, using n-heptanoyl chloride instead
of n-hexanoyl chloride.

Ethyl 4-[(R)-2-benzylheptyloxy]benzoate (7R). [o]} —38°
(c 1, ethanol), 99% ee.

Ethyl 4-[(S)-2-benzylheptyloxy]benzoate (7S). [o]} +43°
(c 1, ethanol), 99% ee.

2.8.  4-(2-Benzylhexyloxy)benzoic acid (6-acid)

A mixture of 6 (0.80 g, 2.4mmol) and 0.42 g of NaOH (0.38
g, 9.5mmol) in Sml of ethanol and 10 ml of water was re-
fluxed for 6 hr. After removal of the solvent, the residue was
dissolved in water. The aqueous solution was washed with
ethyl acetate, and acidified with dil. HC1. The product was ex-
tracted with ethyl acetate and the ethyl acetate solution was
washed with brine, dried over Na,SO,, and concentrated. The
residue was recrystallized from hexane and ethyl acetate, af-
fording 0.51g (69%) of 6-acid, mp 105-107°C. 'H-NMR
(CDCl,) é: 0.90 (3H, t, J =7.3Hz, CH,), 1.28-1.55 (6H, m,
3CH,), 2.06-2.12 (1H, m, CH), 2.76 (2H, d, J/ =6.8 Hz, CH,),
3.85(2H, d, J =4.9 Hz, CH,), 6.90 (2H, d, J/=8.8 Hz, phenyl),
7.15-7.29 (5H, m, phenyl), 8.04 (2H, d, /=8.8 Hz, phenyl).

3. Biological evaluation

B. mori (ShunreiX Shougetsu) larvae were reared on an artifi-
cial diet as previously reported.!” Test compounds in acetone
solution were applied topically to the dorsal abdomen of 72-
hr-old 2nd instar, 24-hr-old 3rd instar and newly molted 4th
instar larvae. Compounds 6 and 6-acid were mixed with the
artificial diet at concentrations of 50 and 200 ppm according
to the procedure reported.'” The diet containing the test com-
pound was administered for the first 48 hr to newly molted
3rd instar larvae. The diet containing 20-hydroxyecdysone
was prepared as described previously'? and administered for
the first 48 hr to 24-hr-old 3rd instar or newly molted 4th in-
star larvae. The activity of compounds was evaluated by the
induction of precocious metamorphosis: spinning a cocoon
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Fig. 2. Synthetic scheme for the preparation of (A) ethyl 4-(2-benzylalkyloxy)benzoates and (B) ethyl 4-[(R)-2-benzylhexyloxy]benzoate
(6R). (a) benzyl bromide, LDA, THF, HMPA; (b) LiAlH,, THF; (c) p-toluenesulfonyl chloride, triethylamine, CH,Cl,; (d) ethyl 4-hydroxyben-
zoate, K,CO;, DMF; (e) n-hexanoyl chloride, n-butyllithium, THF; (f) benzyl bromide, LDA, THF; (g) LiBH,, THF.

and subsequent pupation or formation of larval—pupal inter-
mediates from the 4th instar (penultimate) larval period.

Results and Discussion

1. Synthesis
The preparation of a series of ethyl 4-(2-benzylalkyloxy)-
benzoates is shown in Fig. 2(A). Reaction of alkanoic acids
with benzyl bromide in the presence of LDA gave 2-benzyl-
alkanoic acids (I), which were reduced to 2-benzylalkanols
(II) with LiAlH, in THE 2-Benzylalkanols (II) were con-
verted to the corresponding toluenesulfonates, which were
treated with ethyl 4-hydroxybenzoate in DMF in the presence
of K,CO; to give ethyl 4-(2-benzylalkyloxy)benzoates (III).
Enantiomers of ethyl 4-(2-benzylalkyloxy)benzoates were
prepared using a chiral auxiliary oxazolidinone.' As a typi-
cal procedure, the synthesis of ethyl 4-[(R)-2-benzylhexyl-
oxy]benzoate (6R) is outlined in Fig. 2(B). Acylation of (S)-
4-benzyl-2-oxazolidinone with n-hexanoyl chloride furnished
3-hexanoyloxazolidinone (IV) in a 96% yield. Reaction of the
lithium enolate derived from imide (IV) with benzyl bromide
afforded the benzylated product (V). Reduction of the com-

pound (V) with lithium borohydride afforded optically active
2-benzyl-1-hexanol (ITR), the specific rotation of which was
+6.0. The absolute configuration of (+)-2-benzyl-1-hexanol
has already been established as R.” Compound (ITR) was
transformed into 6R in the same manner as described in (III).
The enantiomeric excess of 6R was determined to be 99% by
chiral HPLC using a Chiralpac column. Enantiomer 6S was
prepared in an identical manner starting from (R)-4-benzyl-2-
oxazolidinone and exhibited the opposite specific rotation.

2. Biological activities

Table 1 shows the activity of ETB and ethyl 4-(2-benzylalky-
loxy)benzoates to induce precocious metamorphosis in the
4th larval stage of B. mori when applied to 24-hr-old 3rd in-
star larvae. None of the compounds exhibited acute toxicity at
the doses applied. Treatment with ETB at 1 yg induced preco-
cious pupation in only 10%, but no activity was observed at
higher doses, similar to that reported previously.” Analog 3
with an ethyl side chain had low precocious metamorphosis-
inducing activity. The introduction of an n-propyl group (4)
increased the degree of activity in comparison with that of 3.
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Table 1. Precocious metamorphosis-inducing activity of ETB
and ethyl 4-(2-benzylalkyloxy)benzoates against 3rd instar lar-
vae of B. mori®

At

Precocious metamorphosis (%)

O\Wo\/ o1 1 10 40

No R O (ug/larva)
ETB 0 10 0 0
3 CH; 0 0 5 NT
n-C;H, 0 22 37 87
i-C,H, 0 0 22 46
n-C,H, 21 90 34 12
6S n-CH, S(+) 52 96 17 15
6R n-C,Hy, R(-) 0 8 42 67
7  n-CH,, 37 94 48 20
78 n-CiH;, S(+) 65 97 39 17
7R n-CH,;, R(-) 0 54 83 76
n-CeH, 0 20 42 62
CH,CH; 0 35 65 95

@ Values are the average of 2-3 experiments, and 1820 indi-
viduals were used in each test. The compounds described in this
table are racemic unless otherwise specified. NT: not tested.

In contrast to the results found in ethyl 4-[2-(6-methyl-3-
pyridyloxy)alkyloxy]benzoate series,” isobutyl analog 5
showed lower activity than n-propyl analog 4. The n-butyl
group (6) gave a remarkable increase in activity at a low dose
of 1 ug, but the activity comparatively decreased by increas-
ing the applied doses. The n-pentyl analog 7 had almost the
same level of activity as 6 and was most effective at treatment
of 1 ug. The n-hexyl (8) and benzyl (9) analogs showed lower
activity at low doses in comparison with those of 6 and 7.
Only compounds 6 and 7 showed some precocious metamor-
phosis-inducing activity at a very low dose of 0.1 ug. Com-
pounds 1 and 2 had no activity at this dose.

Since compounds 6 and 7 induced precocious metamor-
phosis at low doses, the activity of their enantiomers was ex-
amined. At lower doses of 0.1 and 1 ug (S)-enantiomers were
more active than (R)-enantiomers, but at higher doses of 10
and 40 ug their activity was reversed. No consistent dose—re-
sponse relationship was obtained in (S)-enantiomers as well
as racemates. The activity of racemates at 0.1 ug was approxi-
mately half as much as that of the respective (S)-enantiomer
at 0.1 ug. Thus, the activity of racemates seemed to be due to
(S)-enantiomers. In the case of ETB, it has been reported that
anti-JH activity at low doses and JH activity at higher doses in
M. sexta larvae are entirely due to the (S)-(—)-enantiomer, the
(R)-(+)-isomer being completely inactive.'¥

When 3rd instar larvae were treated with ETB or com-
pounds 3-9, precocious metamorphosis always occurred at

the 4th larval stage. None of the treated 3rd instar larvae
metamorphosed into precocious pupae in the same larval
stage. We examined the effects of 6 and its enantiomers on
72-hr-old 2nd instar and newly molted 4th instar larvae (Table
2). When these compounds were applied to 2nd instar larvae,
morphologically normal 4th instar larvae were formed and
then some 4th instar larvae metamorphosed into precocious
pupae. In this case 6S clearly induced precocious metamor-
phosis, while 6R was inactive at the doses applied. Newly
molted 4th instar larvae were much less susceptible than 2nd
and 3rd instar larvae to these compounds. Similar results
have been obtained in the 4-[2-(6-methyl-3-pyridyloxy)-
alkyloxy]benzoate series.”

As previously described, precocious metamorphosis is well
known to be induced by JH deficiency in the larval stage
caused by allatectomy or treatment of anti-JH agents”; how-
ever, we have found that the precocious metamorphosis-in-
ducing activity of some 1,5-disubstituted imidazoles is com-
pletely reversible by the dietary administration of 20-hydroxy-
ecdysone, suggesting that a temporary decline of ecdysteroid
titers in the larval hemolymph might also cause precocious
metamorphosis.'” We therefore examined the effects of
methoprene, a JH agonist, and 20-hydroxyecdysone on the
precocious metamorphosis induced by 6 (Table 3). The activ-
ity of 6 to induce precocious pupation was completely coun-
teracted by the simultaneous application of methoprene to 24-
hr-old 3rd instar larvae or methoprene applied immediately
after ecdysis to the 4th stage, but not by the dietary adminis-
tration of 20-hydroxyecdysone. These results of the rescue ex-
periments indicate that 6 induces precocious metamorphosis
in B. mori larvae by causing a deficiency of JH titers in the
larval hemolymph.

To see whether the ester portion of 6 was necessary for ac-
tivity, we tested the activity of 6 and the corresponding ben-
zoic acid (6-acid) by dietary administration to 3rd instar lar-
vae (Table 4). Compound 6 induced precocious metamorpho-

Table 2.
and its enatiomers against 2nd and 4th instar larvae of B. mori®

Precocious metamorphosis-inducing activity of 6

Precocious metamorphosis (%)

Time of
treatment Compound 0.1 1 10
(ug/larva)
72-hr-old 6 0 45 85
2nd instar 6S (+) 20 89 95
6R (—) 0 0
newly molted 6 NT 5 10
4th instar 6S (+) NT 10
6R (—) NT 5

9 Nineteen to twenty individuals were used in each test. NT: not
tested.
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Table 3. Effects of methoprene and 20-hydroxyecdysone on
precocious metamorphosis induced by 6 in B. mori larvae

Table 5. Effects of compounds on the growth of 5th instar
larvae of B. mori

Compound Time of treatment Precocious P Average days required for the onset
(larval instar) ~ metamorphosis (%) P of cocoon spinning
69 (1 ug/larva) 3rd 100 control 8.0+1.2
+Methoprene” 3rd 0 methoprene 10.9x0.6
(10 ug/larva) ETB 12.7+1.2
+Methoprene 4th 0 6 10.1+0.7
(10 ug/larva) 6S 143+1.4
+20-Hydroxyecdysone® 3rd 95 6R 8.4x1.0
(20 ppm) . . .

120-Hydroxyecdysone 4th 100 One mlf:rogram o.f each compound m. acetone solution (1 ul)

was topically applied to 24-hr-old 5th instar larvae. Days were

(20 ppm) counted from the day of ecdysis to 5th instar. Each value repre-

“ Compound 6 was topically applied to 24-hr-old 3rd instar lar-
vae.  Methoprene was topically applied to 24-hr-old 3rd or
newly molted 4th instar larvae. © The diet containing 20-hy-
droxyecdysone was administered for the first 48 hr to 24-hr-old
3rd or newly molted 4th instar larvae. Twenty individuals were
used in each test.

sis by dietary administration as well as topical application,
and there was also no dose—response relationship in this case.
Compound 6-acid did not show any activity at 50 and
200 ppm, indicating that the ethoxycarbonyl group itself is re-
sponsible for activity.

As previously described, ETB has been found to act as a JH
agonist as well as an anti-JH agent. Kiguchi ef a/. have shown
that ETB is an effective JH agonist by bioassay using allatec-
tomized 4th instar larvae.” We tested 6 and its enantiomers on
Sth instar larvae to see whether they had any JH-like activity
(Table 5). It has been reported that in the early stage of the 5th

Table 4. Precocious metamorphosis-inducing activity of 6
and 6-acid by dietary administration in 3rd instar larvae of B.

mori
Concentration Precocious
Compound .
(ppm) metamorphosis (%)
6 50 58
200 5
DT
OH 50
6-acid O 200

A test compound was mixed with the artificial diet at a concen-
tration of 50 or 200 ppm. The diets containing compounds 6 and
6-acid were administered for the first 48 hr to newly molted 3rd
instar larvae. Nineteen to twenty individuals were used in each
test.

sents the means of 10 larvae with S.D.

instar larvae of B. mori, JH titers in hemolymph declined to
an undectable level, and topical application of a JH agonist
during this period delayed the initiation of the larval-pupal
transformation.'> When 1 ug of methoprene was topically ap-
plied to 24-hr-old 5th instar larvae, the onset of cocoon spin-
ning was delayed by three days compared with the control pe-
riod. Larvae treated with ETB started to spin cocoons approx-
imately five days later than control larvae. Compound 6S also
caused a significant delay in the onset of cocoon spinning,
while 6R did not show any effect. The activity of the racemic
mixture 6 was less than that of 6S. These observations sug-
gest that 6S as well as ETB has some JH-like activity.

In conclusion, we found compounds 6 and 7 derived from
ETB as a new class of potent anti-JH agents. These com-
pounds induced precocious metamorphosis at considerably
low doses; however, their activity decreased by increasing the
applied doses, probably due to their JH-like activity. Although
the mode of action of this new series of compounds is
presently unknown, they are worthy of further investigation
for the development of novel anti-JH agents which strongly
induce precocious metamorphosis in proportion to the doses
applied.

Acknowledgments

This work was supported by a grant-in-aid to E.K. for scientific re-
search (no. 17208007) from the Ministry of Education, Culture,
Sports, Science, and Technology of Japan.

References

1) L. M. Riddiford: Adv. Insect Physiol. 24, 213-274 (1994).

2) G. B. Staal: Ann. Rev. Entomol. 31, 391-429 (1986).

3) M. Castillo, P. Moya, F. Couillaud, M. D. Garcera and R. Mar-
tinez-Pardo: Arch. Insect Biochem. Physiol. 37, 287-294 (1998).

4) G.B. Staal: Entomol. Exp. Appl. 31, 15-23 (1982).

5) K. Kiguchi, T. Mori and H. Akai: J. Insect Physiol. 30, 499-506
(1984).



Vol. 32, No. 2, 99-105 (2007)

Anti-juvenile hormone agents 105

6) L. M. Riddiford, C. R. Roseland, S. Thalberg and A. T. Curtis: J.
Insect Physiol. 29, 281-286 (1983).

7) N. Fujita, K. Furuta, H. Shirahashi, S. Hong, T. Shiotsuki and E.
Kuwano: J. Pestic. Sci. 30, 192—198 (2005).

8) K. Furuta, H. Shirahashi, H. Yamashita, K. Ashibe and E.
Kuwano: Biosci. Biotechnol. Biochem. 70, 746—748 (2006).

9) S. Norshikian, I. Marek, S. Klein, J. F. Poisson and J. F. Nor-
mant: Chem. Eur. J. 5,2055-2068 (1999).

10) T. Yoshida, T. Shiotsuki and E. Kuwano: J Pestic. Sci. 25,
253-258 (2000).

11) S. Asano, E. Kuwano and M. Eto: Appl. Entomol. Zool. 19,
212-220 (1984).

12) E. Kuwano, T. Hisano, M. Sonoda and M. Eto: Biosci. Biotech-
nol. Biochem. 58, 1309-1310 (1994).

13) D. A. Evans, M. D. Ennis and D. J. Mathre: J. Am. Chem. Soc.
104, 1737-1739 (1982).

14) D. H. S. Horn, R. H. Nearn, J. B. Siddall, G. B. Staal and D. C.
Cerf: Aust. J. Chem. 36, 14091417 (1983).

15) S. Sakurai: J. Insect Physiol. 30, 657-664 (1984).



