Bom R

winter.

Summary

Green larvae of Cephonoded hylas turn to deep
dark red in colour 5 days after the last larval
molt, 24 hours later vanishment df red pigments
from the larval epidermal cells of the integument,
and further 12 hours later pale green prepupae
are raised.

Such depigmentation as mentioned above was
induced by molting hormone and inhibited by
juvenile hormone. It was also. shown that the
critical period during which the production of
molting hormone necessary for depigmentation
occurred at the middle stage of cocoon formation.
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A Stimulant of the American Cockroach, Periplaneta americana L. (Orthoptera: Blattidae),
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Since the insect moulting hormone, ecdysones,
were isolated from some plants’®, many chemists
have given their attentions to plant products
possessing pheromonal or hormonal activity for
insects. )

Recently, Bowers and Bodenstein® reported that
few plant-derived compounds, D-borny! acetate,
a-santalol and pf-santalol, caused sexual excite-
ment in the male American cockroach (Periplaneta
americana L.). They also found that the male
American cockroach shows typical sexual beha-
viour to the hexane or methanol extracts of 18
flowering plants. However, the structure of sex
pheromone mimics still remains undetermined.

We also have been interested in active con-
stituents occurring in plants for noxious insects,
especially, cockroaches. As the first target, our
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investigations were directed to stimulants for the
American cockroach in plants of the Compositae
family found widely in Japan. By examining 12
species of them, the methanol ‘extracts of 6
species produced strong response from the male
cockroach (Table 1). Particularly, the cockroach
exposured to the methanol extract of the leaf of
S. altissima L, (Seitaka-awadachi-so) displayed an
interesting behaviour which is different from the
characteristic sexual excitment,

We have been carried out studies on the isola-
tion and the structure of the active constituent
of S.altissima which is the most heinous weed
and distributed throughout Japan. The spectral
and chemical evidences born out that the stimu-
lant, C;;H260, should be a-cadinol or T-cadinol.

Cockroach wused in bioassay and bioassay
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Plants of the Compositae Family Examined for Excitability

with the Male American Cockroach.

Name of plant

1 Petasites japonicus Miq.
2 Aster tataricus L.

3 A. japonicus Franch et Sav.

4 Taraxacum platycarpum Dahlst,

5 Artemisia vulgaris L.

var. indica Maxim.

Cirsium sp.
Solidage altissima L.

8 Chrysanthemum coronarium L.

var. spatiosum Bailey.

9 Youngia japonica DC.
10 Sonchus oleraceus L.
11 Ambrosia elatior L.

12 Lactuca sp.

1 =leaf s =stem

procedure®: The cockroaches used in the bioas-
says were obtained from the laboratory colony
and reared at 27°C on rat food and water soaked
into absorbent cotton. Adults were collected each
day during July and August (1974) as soon as
they emerged. They were held together in a
container (23x<33x24cm) with wood shelters, the
food and water at 27°C. Rearing of the insects
carried out in the dark for 9 hrs. (9.00 AM-6.00
PM) and under illumination for 15 hrs. (6.00 PM-
9,00 AM on next day). Assays were performed
in the afternoon using the container reared about
80 adult males at 27°C. The diet and water were
taken away just before the assay. A certain amount
of acetone solution of each fraction obtained in the
course of isolation of the stimulant was applied
on a glass plate (2.5 % 2,5cm), in the case of
pure stimulant, a filter paper (1x1cm) absorbed
a certain amount was placed on the glass plate.
After removal of the solvent at room temperature,
the glass plate located 3 cm apart from the
shelter (Fig.1) and then covered the container
with stainless-steel wire-netting. We evaluated

the activity within 5 min. after exposure to the

I =root
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1 +
s
1
s =
1 +
1 +
s +
1 +
1 +
1 +
S +
o =
1 2
s +

w D —
1
1 -
S —
] —
s —

w p =whole plant

Fig. 1.

Container used in bioassay

a : Container, b: wood shelters,
¢ : glass plate

sample under an electric torch in the following
criteria:

(+) at least a few*™ cockroaches gather in
front of shelters with characteristic rest-
less behaviour (Fig.2-b).

(—) all cockroaches remain unchanged in their

behaviour (Fig.2-a).

* The number varies according as the purity of
sample.
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Isolation of the stimulant: Travelling of the
stimulant during isolation process was monitored
by the bioassay described above with the male
cockroach.

The leaves (13 kg) of S.altissima L. harvested
at Tokyo in October (1974) were extracted with
methanol. The ethyl acetate soluble portion
(146 g¢) of the methanol extract was chromato-

graphed over silicic acid and eluted stepwise with

n-hexane containing an increasing ratio of benzene.

The activity was found in the 40-100% benzene
eluates (24 g). This active fractions purified by
chromatography on a column of silicic acid with
a solution of chloroform in benzene. The obtained
60-100%, chloroform eluates (4.5 g) were acety-
lated with a mixture of acetic anhydride and
pyridine at 50°C. The activity was observed in
the non-acetate portions (2.6 g) collected by
chromatography over silicic acid eluted with
benzene, The non-acetate was chromatographed
twice over silicic acid (ethyl acetate in n-hexane)
and afforded active fractions (29-36% ethyl
acetate eluates) (470 mg). The fractions (140 mg)
was purified finally by preparative gas chromato-
graphy (GC) (25% DEGS) to give the stimulant

Fig. 2.

of the stimulant within 5 min.
insects gather in front of the shelters (2-3 min. later), c:

F 40 &—II

(1) (20.6 mg) as a colorless oil. Sixty nine mg
of 1 are expected to be included in 13 kg of the
leaves.

Homogeneity was established by thin-layer
chromatography (TLC) on silica gel G (Merck)
with benzene (Rf 0.33) and chloroform (Rf 0.63).
The GC (5% DEGS on Shimalite W, 150°C) of

1 showed a single peak at 16.23 min.

Response of cockroach to the stimulant (1):
The stimulant (1) was dissolved in acetone in
the proportion of 1 mg to 50 pl. From this
solution, 25 pl (corresponding to 0.5mg of 1)
were taken up to a filter paper (1xXlcm) with
micro syringe and then were completely absorbed
into the filter paper removing the solvent at
room temperature.

The test samples, 0.1, 0.05 and 0. 01 mg, were
prepared in the same manner. The preparation
placed on the glass plate, and assayed by
the bioassay procedure mentioned above. Tests
for the female performed in the same way with
about 70 adult cockroaches. Fig.2 showed the
behaviours caused by 0.05 mg of 1. None of the

insects was observed in front of the shelters

2N

Typical behaviours of the male American cockroach caused by 0.05mg

a : without the stimulant, b: the
transit the

shelters, d : excited insects run about.
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Table 2. Number of Cockroach Gathered in Front of Shelters with
Characteristic Restless Behaviour within 5 min.

Males
responded?

Weight (mg) of

Exp* the stimulant

Cockroaches .
assayed

Cockroaches
assayed

Females
i responded

3
7
7
9
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a: The experiment was performed at 2 days interval,
b : The assay for the male was prior to the female.

c : Assayed at 24°C,

without 1, or exposuring to non-active principles
(Fig.2-a). By giving of 0.05 mg of 1, as shown in
Fig.2-b, 10-20% of cockroaches gather in front
of the shelters after 2-3 min. with restless beha-
viours. The behaviours are characterized in the
following ; 1) they shake antennae nervously,
2) hurriedly walk in shelters and 3) several
insects exhibit exercises in bending and stretching
their legs. A half of the congregated insects
move violently among the shelters (Fig. 2-c),
and finally several run about inner wall and
bottom of the container in extreme excitement
(Fig.2-d). It seems that intensity of these
responses have no relation to the distance from
the sample.

Contrary to our expectations, the female cock-
roaches also elicit by the stimulant with the
behaviours similar to those of the male,
Howeéver, both sexes were not attracted to the
sample, and, the male did not show the typical
sexual response, consisting of wing flutter,
extended abdomen and attempted copulation.

What kind ‘of the excitement due to the stimu-
lant will become appafent from results of - the
following ecological and physiological studies.

Table 2 indicates the number of the insect
displaying the response as seen in Fig. 2-b, wihin
5 min. The largest numher were observed at
0.05 mg in some cxperiments and the number
reduced, on the whole, in concentration higher
than 0.05 mg. Because of short interval (10 min.)
in giving each sample, saturation of an atmos-
phere with the stimulant may contribute to
weakening effect of cnocentration. As the result,
no significant variance was recognized between
the male and the female, although, the male
somewhat acted promptly,

Structure of the stimulant (1) : The compound
(1) showed no UV (EtOH) absorption maximum
above 210 nm (e210=1500). From the IR [(KBr*):
3160, 1150 cm~!] spectrum of 1 and the behaviour
of 1 to acetylation, the presence of tertiary
hydroxyl group was indicated. In the high
resolution mass spectrum (Hi-MS) of 1, the M*
peak did not appear, but the largest mass number
was observed at m/e 204, 1867 (caled. value for
C.sHg 204.1878). Catalytic hydrogenation of 1
(1 mg) in ethanol afforded compound (2) (0.96

* The oil was triturated with KBr powder.
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mg). Its Hi-MS showed the M* peak at m/e
224, 21380 (caled. value for C,sHyO 224, 21416).
Therefor the m_ole'cular formula, C;sH;0 (MW=
222), was assigned to 1.

The PMR* spectrum of 1 exhibited one tertiary
methyl (1.08 ppm, 3H, singlet), two secondary
methyls (0.74, 0.85 ppm, each doublet, J=6.5
Hz), one vinyl methyl (1.56 ppm, 3H, broad
singlet) and ond olefinic proton (5.38 ppm, 1H,
broad singlet).

The IR (1380 and 1395 cm-!), mass [m/e 161
(222-18-43), base peak] and PMR [two doublets
(J=6.5 Hz) at 0,74 and 0.85 ppm] spectra of 1
suggested the presence of an isopropyl group.

Compound (2) means that 1 has one double bond,
i. e, the methyl and the olefinic proton must be
situated on the same double bond. This was sup-
ported by decoupling experiments. By mutual
irradiation of the broad singlet signals at 1.56 and
5.38 ppm in the PMR spectrum of 1, each signal
changed to a sharp singlet and a singlet with 3.0
Hz in half width, respectively. This half width
value shows that a methine group attaches to the
carbon atom bearing the vinyl ‘proton (=CH-dH).
In the PMR spectrum measured with 1.6 mlg of
1, tertiary methyl signal at 1.08 ppm shifted to
11, 23 ppm by addition of 3.0 mg of shift reagent,
Eu (DPM);. This evidence pointed out that the
tertiary methyl group and the tertiary hydroxy!
group are present as a grouping CHa-(IZ-OH"".

The functional groups revealed areI shown in
Fig.3. Calculation of the degree of hydrogen

| CHy  CHy H
CHy—C-OH  —cfi Se=c{,
! CH; CI:H
Fig. 3.

deficiency shows that 1 is a bicarbocyclic sesqiter-
pene alcohol, especially, cadinols. On treat-
ment with dry hydrogen chloride, 1 (2.2 mg)
yielded compound (3) (1.2 mg) whose PMR
(CDCI,) indicated signals at 0.81 (3H, doublet,
J=6.5), 0.92 (3H, doublet, J=6.5 Hz), 1.57
(8H, singlet) and 1.61 ppm (3H, singlet). In the
mass spectrum of 3, the prominent peaks appeared

* Unless otherwise stated, the spéctra were taken
in carbon tetrachloride at 60 MHz.
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at m/e 204, 161, 133, 119, 105 (base peak) 93,
91, 77 and 41.. These PMR and mass spectra
adding to TLC and GC coincided with those of
authentic cadinene dihydrochlioride (II). The
relative configurations on C-1, C-6 and C-7 were
determined by the formation of 3 (II). On the
shapes of olefinic proton in the PMR spectrum,

OH
H OH ’;l -
(k)
H H
Ia In S
W [OH w
H H
m . v .

it has been reported that ¢rans-fused ring cadinols,

_a-cadinols (Ia)® and T-cadinol (Ib)", appeared

as a broad singlet whereas cis-fused isomers,
d-cadinol (III)® and T-muurolol (IV)®, as a
doublet with J=5-6,5 Hz. The broad singlet
signal due to olefinic proton of 1 also supported
trans-ring fusion in 1,

All the data described above born out that the
stimulant (1) should be a-cadinol (Ia) or T-
cadinol (Ib). Investigations on the orientation of
the hydroxyl group of 1 are in progress.

Summary

A stimulant of the American cockroach was
isolated from the leaf of Solidago altissima L.
From 10 to 2095 of both sexes showed charac-
teristic' restless behaviour by 0.05 mg of the
stimulant within 5 min, On the basis of the
spectral and chemical studies, we have deduced
that the stimulant is a sesquiterpene alcohol,
a-cadinol or T-cadinol.

Acknowledgements : The authors are greatly -
indebted to Professors S. Ishii and H. Fukami, and
Drs. S. Takahashi and C. Kitamura, Pesticide
Resecarch Institute, Kyoto University, for supply-
ing the cockroach and for their helpful advices.
We are also grateful to Mr. T. Takeda, Shimazu
Seisakusho Co., Ltd., and - Mr. Y.Isogai, Central
Research Laboratories, Mitsubishi Chemical In-



Bi o RO o 40 %I

dustries Co., Ltd., for
measurements.

GC-High-MS spectra

References

1) Nakanishi, K., M. Koreeda, S, Sasaki, M.L.
Chang and H.Y. Hsu: Chem. Comm., 915
(1966).

2) Takemoto, T., S. Ogawa and N. Nishimoto:
Yakugaku Zasshi, 81, 325 (1965).

3) Bowers W.S, and W.G. Bodenstein: Nature, -

232, 259 (1971).

4) Takahashi S. and C. Kitamura: Appl. Ent.
Zool., 7, 133 (1972).

5) Resvukhin, A.L, V. A. Babkin and Zh. V.
Dubovenko: Zh. Org. Khim., 8, 2232 (1972),

6) Korthals, H.P., D.Merkel and M. Miihlstidt:
Liebigs Ann, Chem., 745, 39 (1971).

7) Cheng, Y.S., Y.H.Kuo and Y.T. Lin: Clem,
Comm., 565 (1967).

8) Smolders R.R.: Can. J. Chem., 45, 889 (1967).

9) Nagasampagi, B. A,, L. Yankov and Sukh Dev:
Tetrahedron Letters, 1913 (1968).

Studies on Pyrethroidal Compounds* Part V. Synthesis and Toxicity of Thermal Decom-

position Products of Furamethrin.
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In a previous paper? the authors identified five
thermal decomposition products from (&)-cis,
{rans-furamethrin, which is a synthetic pyrethroid
and also known as prothrin, and proposed the
pathways of the pyrolysis. The decomposition
products are: (&)-trans-chrysanthemic acid (I),
(£)-pyrocin (II), (£)-dihydrochrysanthemolac-
tone (III), 5-formyl-2-furylmethyl (£)-¢is, trans
~-chrysanthemate (V) and 5-(2’-formylethenyl)-2-

furylmethyl (+)-cis, trans-chrysanthemate (VIII).

This paper deals with syntheses of the thermal

. decomposition products. And also their toxicivtiesr

* Part IV; see reference (1).
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to houseflies (Musca domestica) and mosquitoes
(Culex pipiens) are examined in order to clarify
the influence of heat on cffectiveness of furame-
thrin,

Furamethrin purified by distillation was heated
under two different conditions, cither at 130°C
for 10 hr or at 200°C for 7 hr. The temperature

of the former condition is near to that of domestic

_electric vaporizer for anti-mosquito mat, and gave

a brown viscous liquid, containing 21.5% of
furamethrin. The latter condition gave a solid
(ca‘. 30%) insoluble in organic solvent (CHClIs,,
AcOEt, MeOH, DMSO and acetone) and a soluble
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