
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 of red pigments

from the larval epidermal cells of the integument,

and further 12 hours later pale green prepupae

are raised.

Such depig mentation 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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Since the insect moulting hormone, ecdysones,

were isolated from some plants1,2l , 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-bornyl acetate,

(f-santalol and p-santalol, caused sexual excite­

ment in the male American cockroach (Periplaneta
america/Iii 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, ~ur
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investigations were directed to stimulants for the

American cockroach in plants of the Composiiae
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. altisslma which is the most heinous weed

and distributed throughout Japan. The spectral

and chemical evidences born out that the stimu­

lant, C1oH200 , should be a-cadinol or T-cadinol.

Cockroach used in bioassay and bioassay



T able I. Plan ts of the Compositae Fam ily Exam ined for Ex citabil i ty

w ith th e Mal e Am erican C ockroa ch .

5 A rtemis ia uulg ari s L.
oar. indi ca Maxim .

:1 II. ja ponicus F ranch ct Sav .

·1 Turaxacum plat ycarpu m Da hl st ,

8 Clirysan thcnucm coronarium L.
oar. spati osum Bail ey.

9 Youngi a jap onica DC.

10 Sonchus oleruceus L.

II A mbrosia elat ior L.

Na me of pla nt

+

+
+
+
+

+
+
+

+
+

Ac t iv ityPa rt exa m ined

I
s

I
s

I

I
s

1

I
s
I'

S

wp

I

I
s

I
s

w p = w hole plantI' = roo tS = ste mI = lea f

2 li st er tataricus L.

Pel asiles ja poni cu s 1I l iq .

6 Cir sium sp.

7 Solidage al t issim a L.

12 La ct uca sp.

procedure'>: The coc k ro ac he s used in th e hioas­

says were obta ined fr om th e laborat ory co lony

and rea red at 27" C on rat food and water soa ked

into ab sorbent colt on. Adults were co llec te d ea ch

day duri ng J uly a nd Aug ust (1974) as s oon a s

they em erged . They we re hel d toge th er in a

contai ne r (23 x 33 x 24c m) with wo od s he lte rs . t he

food a nd wate r a t 27 ·C. Rear ing of the insects

car r ied ou t in th e dark for 9 h I'S. (9. 00 A1I1-6 .00

PM) and und er illumi nat ion for 15 Ins . (6. 00 PM­

(1. 00 Ai\1 on next day) . Assa ys were perfor med

in the a fte rnoo n us ing t he co ntai ne r reared a bou t

80 ad ult mal es a t 27 · C. T he di et and wa te r wer e

ta ke n away ju s t bef or e t he assay . A ce rta in amou nt

of acet one solu t ion of eac h fractio n obtai ne d in th e

course of is ola ti on of th e s t imula nt was a ppli ed

on a g la ss plate (2. 5 X 2. 5c m) , in the case of

pu re sti mulant. a filt er paper (I X I e m) a bsor bed

a ce rtain am ount wa s pla ced on th e g lass pia te .

Aft er re moval of the so lve nt a t room tem pe ra tu re.

the g la ss plate locat ed :1 c m a pa rt from the

s he lte r (F ig . 1) and the n covered the co ntai ne r

with s ta inless-steel wire-nc u ing . We ev a lua ted

the ac t iv ity w it h in 5 m in. a fter ex posure to the

F ig . I. Co nta iner used in bi oa s sa y

a : Container, b : w ood s h e lte rs .

c : g la ss plat e

sa mple u nd er an elec t ric torc h in th e Ioll owinu

c r itc ria :

(+) a t leas t a few* cock ro ac he s f.( a t he r in

fr on t of s helt e rs wit h c harac teri s tic re s t­

less behav iou r (Fif.(. 2- b).

(-) a ll co ck roac he s re ma in uucha ng cd in th eir

be h a viou r (F ig . 2- a) .

* The nu m be r varies acco rd ing as th e pur ity of
sa m ple.
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Isolat ion of tile sti mulan t : T ra vell ing of th e

stimula nt d u r ing isola t ion p rocess was m onito red

by t he bioassay describ ed a bove with th e mal e

coc k ro ac h.

The leaves (I:{ kg ) o f S. altissima L. ha rv est ed

at T ok yo in Oct obe r ( 1974) w ere ext ra ct ed w ith

me t ha no l. The ethyl acetat e so lu b le porti on

(1,16 1< ) o f th e me th an ol ex tract was chromat o·

I<raph ed ove r s ilic ic aci d and eluted s te pw ise wi t h

n- Ii cx nne co ntai n ing a n in crea s ing rati o of benzen e .

Th e acti v it y was found in th e 40- 100; 0 ben zen e

e luat e s (2·\ 1< ). Th is ac ti ve fr ac t ion s pur if ied by

ch r um a tog ra phy on a co lu m n of s ilic ic ac id wi t h

a su lu t iun of ch lo ro fo r m in benze ne. The obtai ne d

(iO- IOW)o c h luru fo r m e lua te s (4. 5 1< ) wer e acc ty ­

la ted wi t h a mi xture of ace t ic a nhy d r id e an d

py rid iu c a t 50 ' C . T he acti vity wa s observed in

the non -acetate por t ions (2. (i 1< ) co lle c ted by

c h ru ma t ou ru phy over s ilic ic ac id e luted wi th

benzen e . T he non -ac e tate wa s ch rom a toz raph cd

twi ce over s ilic ic aci d (e th y l ace tat e in x-hcxan c)

a nd aff orded acti ve Iract i on s (29- :{6 : 0 e thyl

acc uu e el uat es ) (470 mu) . The fraction s (I .lQ mg )

was purif ied finally by pr eparat ive I< as chrumat u­

I< r a phy (Ge ) (25;0 DEGS ) to I< ive th e s t im ula n t

(1) (20 . 6 mg ) as a colorless oi l. Sixty nine ml<

of 1 are expected to be incl uded in 13 kl< of th e

lea ves .

Hom og ene ity was establ ished by thin-layer

chronuuou ra p hy (T LC ) on silica gel G (Me rck )

with benzen e ( Rf O. :{:n and c h lo ro fo r m ( R f o.6:1).

T he GC (5 ::-" DEGS on Sh ima lite W . 150 'C ) o f

1 showed a s ing le peak a t 16.2:{ min .

Response of cockro ach to t ile sti mulaut ( I) :

The sti mu la nt (1) wa s d iss olved in acetone in

the pro port io n of 1 nu; to 50 !tl. F ro m th is

solut ion. 25!" (c orrcs pond inz t o 0 . 5 Ing o f I )

we re ta ken u p to a fil te r pap er (I X lc m ) wit h

mi cro syri rurc a nd th en we re co m ple te ly a bsor bed

in t o t he filt e r paper re m ovi ng the so lven t a t

room tem perature .

The tes t sa m ples. O. I , 0.05 an d 0.01 mg , we re

p rep a red in t he sa me ma nner. The preparat iun

placed on the I<lass p late . a nd assa yed b~'

the bi oa ssa y proced u re men t ion ed abov e . T est s

for th e female pe r for med in the sa me way w ith

a bout 70 adult cock ro ac hes. F ig . 2 sho we d the

be havi ours ca used by 0.05 nur of 1. Non e of the

insect s wa s obs e rve d in front of th e she lte rs

\

\
d

b

.'
~, ....4

I
,1·

'I':
:04'
~ '.,,.
I

c. \

F i ~ . 2. Typical be ha v iou rs of th e ma le Am e ri can coc k ro ac h ca used by 0.05m l(

of t he s t im u la n t w ithi n 5 min. a : with out th e s ti m u la nt . b : the

inse cts g a the r in fr ont of th e s he lte rs (2- :{ m in . lat e r} , c : transit the

s he lte rs, d : exc i ted in sec ts ru n about.
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Table 2. Number of Cockroach Gathered in Front of Shelters with
Characteristic Restless Behaviour within 5 min.

I
Weight (mg) of II Males II Cockroaches 'I F;;;'ales--I- Cockroaches

Exp." the stimulant responded> assayed ; responded assayed

A" 8:r ~ -!---~------T-------:--

1.0 9 I 6

0.05 12 I -i;--8--II---
O. 1 10 i 77 ~I 9 66
0.5 12: 10 I

I

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 I, or exposuring to non-active principles

(Fig. 2-a). By giving of 0.05 mg of 1, as shown in

Fig.2-b, 10-205'6 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.

However, 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 apparent 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 number were observed at

0.05 mg in some experiments 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 (£210= 1500). From the IR [(KBr*):

3160, 1150 em:"] 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 I, the M+

peak did not appear, but the largest mass number

was observed at rn/e 204.1867 (calcd, value for

C1GHrc 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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A stimulant of the American cockroach was

isolated from the leaf of Solidago aliissima L.

From 10 to 20;'6 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-cadinoI.
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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 dihydrochloride (II). The

relative configurations on C-l, C-6 and C-7 were

determined by the formation of 3 (II). On the

shapes of olefinic proton in the PMR spectrum,

it has been reported that trans-fused ring cadinols,

. a-cadinols (Ia)6) and T-cadinol (Ib) 7>, appeared

as a broad singlet whereas cis-fused isomers,

o-cadinol (III) 8) and T-muurolol (IV)Q), 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.

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

(CDCI3) indicated signals at 0.81 (3H, doublet,

J = 6.5), 0.92 (3H, doublet, J = 6.5 Hz), 1. 57

(3H, singlet) and 1. 61 ppm (3H, singlet). In the

mass spectrum of 3, the prominent peaks appeared

* Unless otherwise stated, the spectra were taken
in carbon tetrachloride at 60 MHz.

Fig. 3.

mg). Its Hi-MS showed the M+ peak at m/e

224.21380 (calcd. value for CI5H280 224.21416).

Therefor the molecular formula, C15H260 (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, 3 H, broad

singlet) and ond olefinic proton (5.38 ppm, IH,

broad singlet).

The IR (1380 and 1395 crrr"), mass [rn/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
I

carbon atom bearing the vinyl proton (=CH-CH).
I

In the PMR spectrum measured with 1.6 rng of

1, tertiary methyl signal at 1. 08 ppm shifted to

11.23 ppm by addition of 3.0 mg of shift reagent,

Eu (DPJlvI)3. This evidence pointed out that the

tertiary methyl group and the tertiary hydroxyl
I

group are present as a grouping CH3-C-OH5).
I

The functional groups revealed are shown in

Fig.3. Calculation of the degree of hydrogen
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dustries Co., Ltd., for GC-High-MS spectra

measurements.
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50. 3. 5 ~rm

IXO)5 rnmO)7 '7 ~ 7. ~ :..-~M}M~~iI?J ;;d1ll~ L t: : (±) -trans-chrysanthemic acid (I), (±)­
pyrocin (II), (±) -dihydrochrysanthemolactone (III), 5-formyl-2-furylmethyl (± )-cis, trans­
chrysanthernate (V) :to J:~ 5- (2' -formylethenyl)-2-furylmethyl (±) -cis, trans-chrysanthe'
mate (VIII). VIII 0)~~1l::1;t V ij,>'f ~::. 7;v !Si.£(; Ir. J: ., "'C 5-(1'-Hydroxy-2'-propenyl)-2­

furylmethyl (±) -cis, trans-chrysanthemate (VI) tz ;,q. ~ , IX~ 'I.''' P J;' :"-Ir. J: ., "C,\!.a{l'I!Si.£t.; ij,>

m., "'C 5- (3' -Halogeno-L'<propenyl) -2-furylmethyl (±) -cis, trans-chrysanthemate (VII a, b)

1r.~1!:, c..:tt;;e:::m.ft .. :..-:If:''-L'm.ftT7.>)'jittJ{5;t <~,.,t:.

itI14~ v t::5.1f97j!~~iI?J:to J:~ 2 rnmO)~f'FL'tm'-l\v t: 7 '7 ~ 7. ~ :..-O)fl!lt>:lIJ;lJ;;e, .{:r..,~:r.., 7 '1J

.{:r.. '1J 1r."?t'''CnnnrJ&~li'lUIl:!i;/dritL'M'ii1Iiv t:. 7}f97j!~r~iI?J 5 folllr."?t'''Cli~'·r:tL t" /? ~ 11''7

:..- >:IJrh, !\(3'Ex.b;!:Jt i> 1r.1nJ ~ ~ tt-r, tm'-l\ '/ '7 ;/ 7. ~ :..- O)ntlt;lJ li:C O)I!lIr.;'\":t fL Z, 7 '7 ;/ 7. ~ z>

~ti1:Ir.!t~Jv"CPt:. fJE.,"'C, tm'-l\7 '7 ~ 7. I) :"-O)~Qm1JI;t, :CO)r!llr.a,HLz, 7'7;/7.') :..-1r.J:
7.> i> 0)1.'<b 7.> 2:: f{f.J1! v t:,

In a previous paper) the authors identified five

thermal decomposition products from (±) -cis,

trans-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), (±) -dlhydrochrysanthemolac­

tone (III), 5-formyl-2-furylmethyl (± )-cis, 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 toxicities

~ Part IV; see reference (1).

to houseflies (Musca domestica) and mosquitoes

(Culex pipiens) are examined in order to clarify

the influence of heat on effectiveness of furarne­

thrin.

Furamethrin purified by distillation was heated

under two different conditions, either 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 5'6 of

furamethrin. The latter condition gave a solid

(ca. 305'6) insoluble in organic solvent (CHCI 3,

AcOEt, MeOH, DMSO and acetone) and a soluble
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