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Plodia interpunctella Ephestia elutella
the Indian-meal moth the tobacco moth
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Cadra cautella Anagasta kuehniella
the almond moth the Mediterranean flour moth

Fig. 1-0-1 Four species of closely related phycitid moths
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Fig. 2-4-1 The gas-liquid chromatograph equipped

with biodetector



Fig. 5-2-2 Calling poses of female phycitid moths.
Upper left; Indian-meal moth
Upper right; tobacco moth
Lower left; almond moth

Lower right; Mediterranean flour moth

Fig. 5-2-8 Mating between female Indian-meal moth
and male almond moth.
Right; ventral view

Left ; dorsal view



Fig. 5-2-6 Male almond moth expand his wing after
emergence. Wing gland locates at the foot of his

fore-wing.

Fig. 5-2-7 Excited male almond moth for mating with
female Mediterranean flour moth. See opened wing

glands.
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b AMHE Lepidoptera, X 4 ¥ & Pyralididae 7% 5 2 4 HEF Phycitinae R T
BEACv5 3444 (almond moth) Cadra cautella Walker, / =4 3 444
(Indian-meal moth) Plodia interpuncielle Hiibner, AT D3+ <& 3 44 H (Medi-
terranean flour moth ) Anagasta kihniella Zeller,F » =4 5 2 4 % (tobacco
moth ) Ephesiia elutella HHMutbwaﬁvzufk%ﬁM%ét?bw6%®ﬁ
7 0% i BRENSNC LR, TTIRR. Barth & ari’éiﬁén‘cuaso) Zh

LABO 43 4 HERBRZR1 -0 - 1IERT, cN6DEZ2BOT, BHREC
BLTEE2TL,, 1 -0 -11EFRT L5, REORHRZF 1. 25, JBELT

Table 1-0-1 Minimum concentrations required for male

response to female pheromones of various moth species

Pheromone Species of male moth tested
extracted from C.cau. P.inter. A.kueh. E.elu. P. far#
C.cautella 1073 1073 107t 1071 -
P.interpunc. 10° 1072 107t - -

. ’ -2 -1 -2 0
A.kuehniella 10 10 10 10 —
E.elutella - 10° 107t 1072
D. farinaris* - - - 1()'-2

Unit ; one female-equivalent per ml
* This species belongs the other subfamily, Pyralidinae
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Fig. 2-1-1 The change in the pheromone respon-
siveness of male moth with their age after
emergence. Accumulated percent death of male

moths is shown by dotted line. (The almond moth)
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Table 2-1-1 Effect of temperature on responsiveness of

male moths to the sex pheromone (The almond moth)

Room temp. Responsiveness¥
15°C 10 3ng/ml  ( 37-45 sec. )
20°C 10_3mg/ml { 25 sec.)
25°¢C 10 2mg/ml (20 sec. )
°c 10_4mg/ml ( 15 sec. )

* The numbers in parenthesis indicate the time required for

the initial excitement of male moths tested.
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BBR LTI SR ME O RE L 3D SR EA SN, B, AW, LT
TRBILEITA3ELEEAT. 21)

T, SEYEHICL > THET 2L TS OCTHTELZET I EHBF ST 3,
SOOI RRET, BMOBERIC>NTHEL L h, P4 36N S MRS
BEBTIICEDL, COMNEEE L, BEM(brown pupa L FRILELET B, DT
FE 2 4B RSB E BOSHBRE & i 5 ( BES) black pupa) o FTHEFRACAS
oy Fr I ELBEN, KEE 2T (KA Gray pupa) o CNHRDIODOHRBELY
UL l#EB LR FNBEORBEOE? 0 € OSHEROE %R B-<70 83 OEBR R
PE2-2 -1 ENI. COERPLBLLL LD HEBOKESMITT TICE?
=0 COEEVBM LN, Pk IHNETroIBERIMML, B#d LA EBRT
TA8BHEITCEORLIFIHREINTL 5,

Table 2-2-1 Pheromone content in females of almond moth

of different ages

Pupal stages |[Hours after emergence|Days after emergence
IR .1
Black Gray 0 1 2 3 1 2 3 8
1y — 12070 107t 107t 1072 1072 |1077 1072 1077 1070
2) - 107t |102107% 20721077 |107? 107 1072 1072
3 — 1072 10721073 1077 1073

* No activity was found at the highest concentration
tested, namely one female per ml.
** QOne day before emergence.
*%% Just begins eclosion.

Unit; One female-equivalent per ml.
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NTHH, #43H7TEIRNLLPAOCKHITTTIL? 0T OERMBY 6#25:) ¥ #H Tid
1Eﬁﬂc%&>6fusﬁﬁﬁb§?

i%&@?;afyﬂmgmw%bf,7;D%yﬁﬁ%Taéa,b&w£%ﬁ%a
NTVA, CLTRAY —BIYE/ v 2 — 75544 HXODNTHEHIIARZDNRE, A D
2E I AH TR, TRE? =0 € PBHETHC EBHBL I, P 1 4R MRS
AU TERIGLVTH O I®RIE, RLBEBCBLTREIY 5, TBLIIHR 1 ¥@iI
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Table 2-2-2 Change in content of sex pheromone in mated

females of almond moths

Hours after mating

0 1 2 3 4 5 6 11 24
1 1072 1073 107? 10? 10?7 1wl 10l 10l
2y 1070 1070 107 10?7 107? 107t w0l - ~
3 1072 1000 1073 107 ot ot 10° -

Unit ; one female-equivalent per ml.
* No activity was found at the highest concentration

tested, namely one female-equivalent per ml.
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Fig. 2-2-1 Relationship between sex ratio, pheromone
content, and percent of ovipositing females 14 hours
after emergence. The line with open circles indicates
the percent of ovipositing females, and the dotted
line with solid circles showes the pheromone content.
( The almond moth)
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Table 2-2-3 Change of pheromone content in mated

female mothe ( the Indian-meal moth)

Hours after mating

Isolated pair Grouped pair

lhr 2hr 3hr 4hr 6hr 12hr 24hr 24hr 48hr 72hr

1 10210210 =« 107 - - 1072102107
2y 10210t - - - - - 10?%10%1072
3y 102 - — — — — = 10?10?02

Unit; one female-equivalent per ml.
* No activity was found at the highest concentration

tested, namely one female-equivalent per ml.
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Table 2-2-4 Number of almond moths emerged at varicus
temperatures when 150 eggs were raised on 30g of

rice bran

Number of emerged moths

Temperature 3 (8) 2
20°C 1 0 48
20°C 0 0 51
20°C 0 4 51
2045°C 1 2 48
2045°C 1 11 24
2045°C 0 44
30°C 44 0 66
30°C 56 0 55
30°C 55 0 42
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Fig. 2-3-1 Effects of egg demsity in the rice

bran on moth emergence.
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Table 2-4-1 Results of functional group tests of crude

pheromone extracts in 3 species of female moths

Male moth responce to reaction

Reaction product derived from
. ecau. P.inter. A.kueh.
Brominatiocn(l) — — —
Debromination ’F

of product(l)
Catalytic hydrogenation —

Hydrolysis with
dilute alkali(ll)

Acetylation of
product (11)

4_
4_
4_

Reduction with LiAlHA

Reduction with NaBHA

Reaction with 2,4-dinitro-
phenylhydrazine

Acetylation

Methylation with
diazomethane

+ 4+ + + |
4_
4_
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BRET X 3, AADBHELERBR BRI, 720 o ORBAUDTORHSTRTH b,
70 ECHT ABEIL, BRAKERAA BBV (FP.I.DLB)IDEF/L. F
LDTE2LE —2BBHENL{TH, Biodetector THRAIT AL £ TR 2, w4 7 X
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male moths

16 mesh

Nylon screen

T :@::4— Hydrogen gas, which is stopped

Alr
80-100 al during biodetecting.

per minq
Eluted gas from column.

Fig. 2-4-2 Biodetector for gas chromatograph.

4 HEIWOME 400 B % b »7 v THIEL, mBeR 2%/ — L THIELT,
HEReMRD, GLCARORR E Lize 2 -4 -8RR2Iv4 7 44 MEMHHMLY
BEN1zGLCO—%TT. Biodetectorit X AN FRBTRRATRT BAIET =
0DELEGEEBEDI, SHOBHYEGLCAHL, 8HOMEROBiodetector 2 AT,
EHMOR: 2\ REER2E2 -4 —-21RTo #74121 0%, BDS(1,4~ Butare
diol Succinate®BS), 2me2H 1, SHED= LI 2 HEDH 7 =0 € DRt
SHiE LR —FTL0DT, 7 20 OBEESBETHREUL L ~TIBEDLD

D3y 39 6'«“:%( @U{bé%t%i “Dnao



Reference

WAC C,¢-0AC
I //x/
f

PEG 4000 (5%)
Column Temp. 170°C

Carrier gas flow rate

Nitrogen 20ml/min.

20 30 min.

males responded here,

Fig. 2-4-3 Gas chromatogram of the crude pheromone

from female almond moths



Table 2-4-2 Retention time of crude pheromone in gas

chromatogram using biodetector and F.I.D.

Species of male moths used

C. cau. P.inter. A.Kkueh. F.L.D.
Sex pheromone from
Cadra cautella 1.58-1.66 1.57-1.66 1.57-1.66
Plodia interp. 1.57-1.67 1.55-1.65 1.57-1.66
Anagasta kuehn. 1.59-1.67 1.52-1.65 1.59-1.67
Myristyl acetate 1.00
Myristoleyl acetate 1.18

Column 10% B.D.S. 2m, Temp; 170°C

Retention time of myristyl acetate; 29.7 min.

ABNOFHY 5 b 2EBLTGLCAHETLY, XRUH I A ADET =0 ®
ORt 28~ myristyl -, palmityl — ¥ X¥myristoleyl —acetate DENL L
&btﬁ%%§2—4—3KﬁToC@ﬁib&@Ctﬁ%BméﬁéoT@bB,19

Table 2-4-3 Retention times of pheromone and acetates

on polar and non-polar columns

Myristyl Palmityl Palmitoleyl Pheromone

Column Temp.
acetate acetate acetate
im 10% NGS 200° 7.9 14.9 - 9.6-12.4
lm 5% SE-30 200° 6.5 13.0 - 6.2- 9.0
2m 10% BDS 170° 30.0 61.6 35.6 46.0-52.0
75¢m 25% PEG- . oneo
20M 190 5.0 10.4 - 6.4— B.O

Unit; min.



THTAAHOMT 0T LHEHROEEMIRET AL, RE-RE_EBEESOFE
TELELEAHDRT 720 EREK1ADT LI —LT€F — ] tr&igni)
éewzmlO%BDswaA®¥—¢%%er&LLgﬁgaﬁﬁ—ﬁi:ﬁﬁ%ﬁ
OHEZLUTOL I RTFHL 12 (2 -4 -488), ‘

Column;
5% BDS on Chromosorb W, 2m
2=
Active Zone
(p?eroggg‘
C,,-9-en-0A
1 7 147ie ®
w C. - :
E 14 : : . .
w1 14.00 : : 15.00 16.00
. A : :
& ; : Carbon number
i M ' H
Methyl Methyl Methyl
stearate oleate linolate

(18.00) (18.30) (18.80)

X : 0.46 = 0.80 : 0.30
X =1.23 , then E.C.L. for two unsaturated

C14-0Ac is calculated to be 15.23

E.C.L. (obserbed) : 15.16 - 15.48

Fig. 2-4-4 Estimation of double bond in sex pheromone

BDS# 34 %@UNifiEE 8- 70 ORERE Rt ORFIERBERERT. —75,
fSBiE7 v 0 — L OB 27 A L EROMEETT. BB F VORUTAHALNS
methyl cleate & methyl linolate DECLOBENE - { hjghk 7 Vv 2 —iv OB



Bxx7 ViLECTORYTALIRET S &, myristoleyl acetate DE.C.L.2ZFE TN
i, —HARS2E2SUCRER 140700 — L O 27 LOECLBHETS, U
1wd>T, EORt BHEETELEHBTaL, R2 -4 -4 272 DERETFRTo methy!
oleate, methyl linolate DE.C.L431 8304 LF1880&4h, myristoleyl

acetate ME U 1 4.4 6T/ B, LT, —HBES2BRER1AD7 V2 —LEE
046X0380 .

~ag  T4DB, 1528 LEAND, COME,
bicdetector THREITE 27 =0 € DRt OECL{#H1516~1548kk (8T
o LItdioT, 7 202 v R “HESY 2@Es hARERLI4BOF V2 - 7

7 -'l‘ t?ﬁﬁéﬂz:a

ExAFADFENE, 14+

Eo5E 7 0% OBN

§<®bh@aam?mm®&71ufyuﬁﬁiﬁ®ﬁME(@m)xbﬁ%§%)
aNd, 207 =0 - DRETRAWVBRRIOAEED T, HHETIBEHF .
Ll, v¢ 5 1 ¥ERORRIR/NEOR (BR16~20mm ) THH, SHERS
DHETHR - TEHILRFROBNEBBEET 5, £1, FREBNIC, HhEeEk
OHMHD EHERBORMEN L 2HBT 5L, MBTIFEECEZBL L, LItH-T,
BB LT, RE =47 24 HTIRERERES, /22— BLFAVF2F T 44
HTRBPR OB C &, Afek2EEsF L TREL, 7 0% OlHEETT
Iollo R4 3 x4 HBMBBWOM 7 =0 T OFEMEE, TTIRONIE I, RER
14, —EBEEG2EOC7LI - 725 - Thh, YABBEROH 7 0€ L LT
BEALNTVWARLETOROLAMTHS I EEL OGNS, LIIM-T, EN6OH
MOEBRZ2BEZLLT, 720t OERETTHL 72, s & CHEBEOER 2 it D~
Bo AU T A4 N MU HESEN120 RROERAFLOBRAZFERELT, §7
=B ECORBEEDI, k2o JIH, OHEBRET 2. BRE» 5 —-20COB~ 5/
v (HUTFRCR, RB, BE-ovTiiEe -5 - 18foc: ) IEBenls,
&/—w%ﬁibrﬁsntﬁﬁaﬁﬁ&smhw;a&Wﬁabaa7rf57£%4@
BERL UHIBILT, BEBICHME - SiO. X AMENT Yo <+ &5 7ERICK hHBL
T BRGEE? 202 8 UT, BEOMRYE 1mg 2HETA T,



Sexed & Virgin female almond wmoths
1,200,000
- CH2C12 98 1

Residue 0il 1.8kg
L MeOH 23 1

MeOH insol.Fr. MeOH sol.Fr. 3oog(Io'3mg/m1)
- 510, 2.5kg (H:E)

MeOH eluate 174g Active Fr. 65.6g(I0"4mg/hZ)
- .5'1202 2.0kg (H:B)

Active Fr. 4.73(10”4—_5mgﬁnl)
510, 330g (H:E)

Active Fr. 193mg(I0—?mgﬂwZ)
510, 100g (H:B)

Active Fr. 24.7mg(10-8—“9mg/h1)
- 5% AgNOs—SiOE Iog (H:E)

Pure sex pheromone 6.lmg

(IO‘Q——IOmg/hZ)

Fig. 2-5-1 1Isolation procedure of the sex pheromone
from female almond moths.
(H:E) ; hexane : ether , stepwise elution

(H:B) ; hexane : benzene, 3 : 1 mixture

) Si0:27<T Mallinkrodt Chemical Works, Silicic acid, 100mesh %
Buviio B3 bidn - A3 o THRRL, BRI 2ERRELAICEMLIL, 8 - ~F
Ho i NLEL (3 1)DOREA- ~NEY L T -FNDRTH D R - NFH ]
No¥ s RiITEER—BEEBRL, - ~"FH L 2 —-FAFRi(32400:1, 2001,
100:1, 100:3, 100:5 &MEKEEYE %2 EiF T stepwise elution 21T »1lo &
HEHSEHL MR (310X 0 )M BRABOEBE 2 £, HESSEHL
TOAHITEHHLE I TAEROBER 2L 25 1. AR L bR, REIT
s s s~ THREMHAPERICEHL 1



BT, d —BLORL D+ —v ¥ 32 A HOBETiE, & XD L S, mky
-7 F UL ORBEFL-TH, BESTELAETAC LBDD»>TE, 2T,
A&7 =BT B E2T /L, A7V LU THEIEL IRapEE R B X, o
SHNTHEBEDER2MABLTAT oA FESERELIL. 2087 eF v eTLSCE
b, FRICYBRLL, 7205 2RBT, EROMHET o 2HET2
7o (RILE DFEEE D5,

P ARE S A NBHEHOTARBLUPRC 7 v 4 5 x4 ¥ HHGH 5 THRAD
HiA 7 LoBREL D, AERZEZNETN2YL, oBWERBT 3, Bilticx s/ -0 %
mi, —20CTihxs s —n (LUTFRHCSE, Byt e—-5-26 4k
CR2-5-3BROCEITBEREHRD I, 24/ —AEERBEL THLNIREICH
FHERY) —x & 7 —AEMA, BRTFRMADIHT 2, LG RETRBROA 5/
i 2BEL, KEMA, FrrIEOTEs —F B ETE Y, = —F L RIZBRNA
BAKTHE-1268, CHEPNALBEL T, BRROBREL2B3, chutz s 2 - EMA,
28 —VBEHORRES (AFe 4 FED) 20BL T, +% / —AalAHI)
2B D, 42/ - REBEL, BERKEY U, BAKEREZNL, 7EtFAUEES
T8 RICHIBERLI hx —57 vmHL, B0E2FL -1, BUBELZEN LT 5.
LheE>TNTEESIO AT/ 73 78It hERL, RBICHMESIO,
PRAOCT/o- BRI L, MBL 2428724708720 0.5mg 0585
Nite 2205 #5241 HDOPBITIE, #7670 7 PRMIIITRENERTIC L
BTET, 6 TMGLCHEITL -THRBEL, 0.8mg O¥7 - e LHBLL,
MBI BCIC RO, IR, 1BHIZbD7 20t RMESHOBRONTILEDT
F2—5—1TRT, A28 I AN O 2B E 2 BMIcEIFEMSRL Y, EEBL
HRETEg0, BRI DD7 20 SHBRAD -DRACIF D>/ b2 -4
724 H OB L, AERitng BETH 3,



Female & male Indian-meal moth

670,000
-CH2012 I8 1
Residue 011 979g
HeOH 6 1
MeOH insol Fr. MeOH sol.Fr.(l) 72.5¢g

+4% KOH/MeOH 4I5 ml

Acidic. Fr. Neutral & Basic Fr. 10.lg
tMeCH 106 ml

Cryst.Ppt MeOH sol.Fr. (11) 2.08mg
Pyridine—Acgo, Bml-6ml

Acetate 2.12g (IO-Smg/MZ)
'SiOZ I00g (H:B)
Active Fr. 4b6mg
510, 20g (H:E)
Active Fr. 38.7mg(10_6mg/hl)
5% AgNO ~Si0, (H:E)
3 2 -8 _9
Pure sex pheromone 0.5mg(I0 - “mg/ml)}

Filg. 2-5-2 1Isolation procedure of the pheromone
from Indian-meal moths.

(H:E),(H:B) ; see fig. 2-5-1



Female & male A.kuehniella

570,000
CH,CL, 30 1
Residue 01l 770g (I0_2mg/hl)
MeOH 5 1
MeOH insol.Fr. MeOH sol.Fr.(l) 87.8g

r4% KOH/MeOH 500ml

Acidic.Fr. Neutral & Basic.Fr. 22.3g
tMeOH 65mlL

Cryst.Ppt. MeCH sol.Fr.(11) 20.3g
Pyridine-Ac 0, 60ml-60ml

2
Acetate 21.4g (I0-3mg/ml)

\5i0, (H:E) & (H:B)

5 times

+5% AgNO,-5i0, (H:E)
l 2 times

Active Fr. 2.2mg(I0_9mg/ml)

Preparative G.L.C.
I5S%PEG-20M I70°C

Pure gex pheromone 0.8mg

Fig. 2-5-3 1Isolation procedure of the pheromone

from Mediterranean flour moths

(H:E),(H:B) ; see fig. 2~5-1



Table 2-5-1 Yield of sex pheromone from 3 species of
Phycitid moth

Female moth ¢ .93  yjeld/Female moth

used
C.cautella 1,200,000 6.1lmg 5.08ng
P.interpunctella 335,000 0.5mg 1.49ng
A.kuehniella 283,000 0.8mg 2.83ng

-3 ] 7 =0 € OMBERE

ACTHIAAHOUT 20 E L OEMBEONER, B2 -6 - 1RLIIFERE
TR 10 27, BAMEERDFRIEL -6 - 1IRTH L & b THEONTA
AL BEAT. HUREOR BT F A4 mle, 252. 20690, RE-SKE=E
R 2ERER140O7 V3 —A7+EF —b ; CreHas O, OEEWMEA 252. 20898 & &
C—HT 5.

204g D720 € EANT, AU LARBMRT, ERETTIE, ERBILT
myristy]l scetate %, X HIZNET MDY IASET 5L, myristyl alcohol 25
AR EDCGLCEIRIDEBLII, LIt¥-T, 720 JEBROLAY LR
AN B, KICKBRLBBRA<S b (IFNMRARZ b eBE) (B2-6-2)
ORIz b7 20T UAFR—MH7 ) ALIOX F L&, MM —0AcETH 5. RFE
~RECERGEV2EI I L 2ERTIE, 70T OFERERY, 12 -tetra-
dacadieny! acetate & R EaN%, M2 -6 ~2ARAEBEINIZOMO2EBEOL
?1;2:)' MIRET A AMDICRET AL HMULIIY, coctRIbRIIDF SRR
RIS & o THBLIZ. Tbb, 2048g D7 z0E 23 S HBRTHE, FRER
D —ohSw@ -acetoxynonanal ThH B L%, Ll FTORRLIOERTAI. T4DE,
Oleyl scetate ZHREHEL L TARDEEICL > THIPNIC @ -acetoxynonanal D
GLCEILARt L7 20T L HMMORL B—HT 2L, BLPGLC —EFTR



Zy FASHCE b, MANPR—-DABERNETRTLETH 5,

~CH=CH- ( 4H, 1: 4.57 )
CH=CH-CH,,-GH=CH- ( ZH, t: 7.27 )
-0COCH, ¢ 3, 1: 7.97 )
CH - CH=CH- ( 3H, T: 8.35) CH, (CH
A
NMR Hy/Pd

,//”////’

Pure pheromone

N

Mass

Myristyl acetate

2)lZCHZ-OA.c

|

KOH/EtOH

Myristyl alcohol

CH,(CH,) | ,CH, -OH

2120,

A

@-Acetoxynonanal

CHC- (CH

2)7

-CHZ-OAC

Fig. 2-6-1 I1dentification of the sex pheromone of

spec:l:rougs\tiii:§

M.W. 252.2059

C 6280

CHSCH=CH-CH2—CH=CH-(CH2)7*CH2—OAC

the almond moth, Cadra cautella

,» cald. 252.2089



Table 9-6-1 Molecular ion peaks obserbed in high

resolution mass spectrogram

Mass Relative Mass Assignment
obserbed intensity calculated C,H,0, only
252.2059 10 252,20893 C16H2802
252,2822 2-3 252,28170 C19H36
256.2392 5-6 256.24023 C16H 0
278.2833 7-8 278.28210 C16H 03 ?
279.1577 3-4 279.15964 C H 04
280.3124 2 280.31300 CZOH40
281.0487 5-6 281.04500 C Hg 5
M T T I T )| 1 M T hd 1 Al 3 T T ?
) " 100MC NMR - ' . ' . ' =
I (cDCly) e
14 13 1211 1 -u*a:u,

mgcu-cncu,cu-cncuz(nuz)bcu,ncncu3

/

)
]

-3
B
-

Py . ]
-

Fig. 2-6-2 NMR spectrum of the sex pheromone isolated

from almond moths



SEES ORMAMEIOVLTIE, IR X227 v (B2 -6 -38R) ¥ EicomWE
U ALMC, 9700m i b 7L ASERAOFEEETRTRESBH AN LD

Fig. 2-6-3 I.R. spectrum of sex pheromone

Upper; Isolated from almond moths

Lower; Synthetic compound

6, —EESDIL, LLCELIERFI v 2EHBSEYHINZ. L L, R
L ARAREEETNTARL, /Rl bdicoxhid, KBRE7 v € ¥ cis -9,
trans -12 -tetradecadieny! acetate ThH3C &%, NMRAXZ by, IR ARJ |
Ay BLUGoley w3 L2 ALIIGLCHIZL VBBETEX. 4 RARBEKOARS L&
Goley #7 L2 A -G L CHit k 5 4 REEONE, BIVERERDT =0 € AFEH
D2V TIRROE TR~ S,

YA —REIFRLIF -2 F T AAHDEET =0 T L OB, ENENColegt 5
LERCIGLCEBLIG/ L x= 852 ANDP/IIBT =0T bag, AVIAF<
Yo AAHDBEITIL208g 2AVT, 120t/ oRETRV, EOEERBE -
acetoxynonanalé GLC XL »TRELIRR, A7 744707 =0 €L

-3 7=



RECFLYRTH AT EDBBELILL oTl,
DEORE, =45 xAHEREBTARRFERIME, tol7 =0T 2L T£L
B—{tath e s, & OMED cis -9 trans -12-tetradecadienyl acetate TdH 3

LiEMTE,

—98—



F3E v vy lBAERMEOSK
P LU EMEE

2 #3524 HEROKBBRGE 3HOK Y vt L idEA—LAYT, TOBEIL9, 12~
tetradecadienyl acetate LR T XIo L L, 2HEOKE —RE_BERKSIKEAT 4
FAMEETROLETH 3. 22T, EORBRRD 200K, BRMTERL dBOR
P 2N FNRL BB TEHRL I, ERT2N 4AREERRINMR T NTEVREL
222 hv%RER, Goley# 74 2AWIGLCETRERHET S, EDBEOLE
OERELEDET, KROME7 =o€ OBEY cis -9, trans -12 -tetradecadi -
enyl acetate TH % &KL 12,

I BT :0frBI0RARBEOSK

BEEBRRS -1 - 1ILRY, 7EF Y FEnay itk 5 8KE L F Wittig
Route 1

CHBCECCHZBr + HCEC(CHZ)8 OJ:AJ

1 11
EtMgBr
THF CH,C=CCH, C=C ( CH2) 8—0@
111
Lindlar Cat. ets cis
S, CH3CH—CHCH CH—CH(CHZ)S OJ:ﬁ]
v
+ . ,
H cLs oy K]
CH3CH=CHCH2CH=CH(CH2)8-OH
v
Ac20 cis cie
¥ = = -_—
Pyridine CHSCH CHCHZCH CH(CH2)8 OAc
Vi



Route 2

trans
CHBCH=CHCH2Br + HC:C(CH2)8—0 0
V11l il
EtMgBr trans
N _ = -
THE CH ,CH=CHCH, C=C (CH,) 4 ofoj
vill
Lindlar Cat. trans eLs
\' = = —
CH3CH CHCH CH= CH(CH2)8 —(;j
l
H+ - trans cis
CHBCH=CHCH2CH=CH(CH2)B—OH
X
Ac.0 trans eis
Z —> CH.,CH=CHCK,CH=CH(CH,) .~0Ac
Pyridine 3 2 2’8
X1
Route 3
cis + -
[CH3CH=CHCH2CH2P¢3] Br + OHC(CHZ)S—OAC
11 X111
_ ets  trans & cis
n-Buld | Cu.CH=CHCH_CH=CH(CH.) .-OAc
3 2 2°8
X1v
5% AgNO,-S10, eis eis
. CH3CH=CHCH2CH=CH(CH2) 8-—0Ac
V1
trans +
[CH3CH=CHCH2CH2P¢3] Br + OHC(CHZ)S—OAC
bAY X111
_BuLi trans trans & cis
n >~ CH,CH=CHCH,CH=CH(CH.) ,~OAc
3 2 2°8
Xvl
5% AgN0 ,-510, trans ets
= CH3CH=CHCH2CH=CH(CH2)B-OAC

X1

—30-



Route 4

— + - ——
[CH3C=CCH2CH2P¢3] Br + OHC(CH2)8 QAc
XV1l X111
n—Buli cts & trans
. CH3CECCH2CH=CH(CH2)8—OAC
Xvilli
5% AgNO3—SiO2 trans
- = = P
CHBC-CCHZCH CB(CHZ)B QAc
X1X
cis trans
Lindlar Cat. . oy cH=CHCH. CH=CH(CH,).~OAc
3 2 2’8
X
Route 5
CHBCH=CHCH2CH=CH(CH2)B—OAC
X1v & XV1
Se trans trens
A CHBCH=CHCH2CH=CH(CH2)B—OAc
XX1

Fig. 3-1-1 Synthetic routes of sex pheromone and

its geometric isomers.

FGiT : 58 MeBH LI, ZREASORAMGICE 2 REK 2 SRT 5 ROLGEL
LTit, 7 F LoD eEMBTC L > T 250~ BHEP7vD ) &RBIKL S
ﬁiﬁmfha71&%%«$<ﬁ§%ﬂenfwaoRmmlbxdzu%mﬁﬁmx
2126 DT, ENEN, cis~-% cis-12-tetradecadienyl acetate (V)i LK cis-
9, trans-12-tetradecadienyl acetate (X)) LML C EDBTEN, MET L HWELE
LB T Jacfob)son HIRTHF ( tetrahydrofuran @ B ) AT LiNH: ’%Fﬁb‘&ﬁl[g)!
THE/TL 30, BEOHBBRHLIZL LS5 TRELL 5 Grigoard HIEIT L 3 5HRPB
bIFRIREE AL 7Y vIBBECRIMVBRIGIKAET 588, ISR 5ATATL
LMABESRBINSILEBAOSNLVOT, PS5 ABBEONLORBETRLNNIAD

TEHEAHR SV AMBOIETHALEMETAILS V. UL, Fhr@{ZE&EGD



LABTIE - THRONAIK, 3LXTOMAKIBAX L E, $NXTRoute -1 DHPAHD
AU T2HAMV LV LELE{( REIIEAHTH o7, LI T, it b5 2Bie
BRanz,

TEF L oZHEE0OL ABTICERRBOL 5 o AREERSBET ZC BTN TL
5o AT ZGoleyr 7 4 BRIV GLCTARRBMON L O 20HT L, BRES
SR oMfo 8 BRiEEDE -2 BBD 6D, AgNO; -SiQ#7 A THRETALE
(L EDBTAI,

Route8id, B LONOKESRETS 3, Wittig RISTERT 5 _HGa 08MA
ﬂﬁupMWMMm,@mkETﬁﬁéﬂéctﬁﬂ&ﬂfﬁf?waaﬁJU4?ﬁ
LoltWittig RIGTid, Y A_EEAOERVEET 2, BIET A7 o 2ZEESL
Bi% AgNO,-5i0: 45 - THELTRE, FNRTIHEIF 28,

Routed Tiz XV & XROWittig UGS I DA I+ 7 » 2ABEORSH NE
Behs, COREMEAGNO ~Si0: #7LTOMENT 2L, BB 3 Al
DXK 2#872c EOMIZL 2 EEHOH1/ B8 Th%. XKL ART T 5L LKLY
trans -9, cis-12fEW{XX)DERYBTE I,

trans -G, trans -12 -teiradecadienyl acetate XX[ iZRoute 5 T - THKRTA
2o TH#DE, Route BIZLDBONEXNHA XN 2AMERTAICELL, Sl
ﬁTK,Nzﬁﬁ*?ﬁﬂﬁm%ﬁﬁﬁ?ﬁéﬂ%%ﬁ%@A@@aﬁiOzﬁ§ATH
BL, ERAELTIXI] 281, SREEELTIZ 1,4 -dialkynefbB% (1) & B3,
trans - en,—yne L&Y (M) 2HERGR+ + 1 Y A TELTHEERT IR TTH 295,
;A—mmmmu7»xuvﬁ%m13-&ﬂ@mm£EM¢acaﬁmsnrwg?s
ELH{EDUBHTHAILRALNED, IBIFWidHiTr5 2 BT %EfT/L5 &, mono
—ene b S HIC L THRTIN, BHOXXI 5Lk,

PBrOFHERE h SR UIEBERRT~TRUANMBRRAS Fre54 12 H3 ~
1-2, 8, 4, 58M). HILr 83D 7 Vv BEOxFvELIO T 4.67
HDE= - F O b DL T F v alEERB LT, E48BLBLEETRT L2
Ly L7 ML TIRERSLZL, —5, v 7.26EICA 5N 3 divinyl methane
RO xF v ORI broad » SLvdtriplet £ LT B BRINBLML, £8-1-1K
TT i, BRERTCRL ILEL 7 F25A 5, DT &id, methyl 9,12-
oaMmmmmuefmﬁanaﬁ%&x<—ﬂ12?zvv§ax4ﬁ;bﬁ6nn&7

o A



=0T ONMRIE cis-9, trans-12-EH (W) &L {—HT 3. &7, divinyl

methane D xF L o DEFEL 7 M2 N DENRERER—RT 5,

CHag-ﬁCHZﬁ-gCHZ(CHZ) 6Cl'lz-(JBCH3

60 me NMR; CDCIS

_ /V
I WL

} I : | ; 1 : 1 s )
) 1 P 1 2 1 —

L
1 s 1
15 Pem{d] 3 30 20 10

Fig. 3-1-2 MNMR spectrum of compound V1

CHBEEECHZ?EO‘Z(CHZ) 6CH2-(18[2l13

60 me NMR; l.'.‘DCl3 /

J

. e _/ /
S W\
o | J“kk ,_/‘\,..:J . Ay et
o ' 550 ?;TA'[H l 5 : ! : :!o‘ : :to : * : Ifﬁ : =

Pig. 3-1-3 NMR spectrum of compound XI



R ] 0 g

CHaa-ECHZE-gCHZ(CHZ)6CH2-03CH3

L 60 mo RMR; CDClg

i

»A‘fm;ﬂwt'ﬁg'
| IR
1

i hisa s o gt :lb/\\_m: s el R TTRLIY
[ i 4 | 4 1 :
) 1 |

N 1 N x f
I M 1 2 1 f

" 1
5 5B TR Y 35 70 15

Fig. 3-1-4 NMR spectrum of compound XX

CH3E=ECH23-56H2(CH2)6CH2-DSCH3

80 mc NMR; CDC'la

AR A pabn e e A

1 1 ] L 1 . ! I 1 : | : 1

5 FRT A5 35" 35 5
Fig. 3-1-5 NMR spectrum of compound XX1



Table 3-1-1 Chemical shift of divinyl methane methylene

in gecmetric isomers of sex pheromone

T Shape
eis- eis 7.22 broad triplet
eis-trans 7.28 broad
trans-cis 7.24 broad triplet , distorted
trans-trans 7.35 broad
Sex pheromone iscolated 7.28 broad

HERUEDIR 2 <7 b 28 —1 -6, TR VEADLESHTIR970cm !
K7 AZHRESTREAT 2 RILEBED b 3,

c"sﬁ‘ﬁ""zﬁ’ﬁc"z ”z)sc“z‘oac”a vl

) IT €5, solution
3000 7 2000 j ) " Is500

Ioo0

Cl'lag=gCHzg=3CH2 H2)6CH2-08CH3 y el

Is CSZ solution

Fig. 3-1-6 I1.R. spectrum of compound Vi and XI



CH, £-CoH. ¢-cci.fcH, ) cH -oceH
3&‘12E226263

I% CSZ solution

T

3000 2000 Is500

}12)6(.',H2-08CH3

% CSZ soluti

Fig. 3-1-7 I.R. spectrum of compound XX and XX1

GLCRAWHILL ABRBLEEONBERF LI, TORBREES -1 —2IKFRT, AL
§A§ﬂmtﬁﬁ,Wﬁ&ﬁﬂ&%ﬁﬁ?ﬁﬁ?%t,ﬁ&oth%%i%ﬁ,Eé%

Table 3-1-2 Separation of geometric isomers of the

pheromone by gas-liquid chromatography

Isomer of %,l12-tetradecadienyl acetate

cle— ets- trans- trans- Standard
cls trans cLls trans Cl4—0Ac
Packed column 160°
1.635 1.542 1.000
10% PEG-20M 150cm (12. 8min)
[~}
ggéengdﬁ sigo 1.865 1.721 1.835 1,721 1.000
» #onm : (35.2min)
Goley column 160°
1.224 1.167 1.253 1.183 1.000
R-45, 45m X 0.25mm (46 . 9min)




THHE—E— 7 %254 5, 2L TGoley 75 A% B# L12o BDS Goley # 34T
RN & XK DSTREL 22> 21288, R—45 % 7 & (polypropylene glycol, Ucon oil
LB -550X) 2 3¢, BRMELHREZM, FREEIZX, X, W, X O
AMBHT 3. M8 -1 - BREBROASTF I 247Dl 7 0% 2 & 4 RUEHKRAY
DPGCLCOKRERUIL. GLCAWMDEERY: L6, KROE7 =0 = L ORt 2K
BBUNDENEREIC—BT I EDCo-20 vt 2450 EiILE hBaht-,

ST MIX, GOLEY COLUMN R—45
TEMP, 1640°C

NATURAL
PHEROMONE

) R N

SomIN 30 i 3o 20 0 o

Fig. 3-1-8 Identification of the geometric structure

in the sex pheromone. Elution order in the ST.MIX.
1s as follows ; XI< XX1l<V1<XX

DYCERBEKOSRBRBIZ OV T DL L O~NE,
L. CH»C=C GH:0=0 (CH:)1-0-(J) (1) oas

Hinnv o sBeffLicoso - REE, WTo —-F2EEL, 555 U5BN,
HEfel LT 100 m¢ OEQA77AC, SRS 2294 0.28g, f8KTHF
40m¢ AN, N, 2@U /46, WO~ b &b bromoethane1.09g ®THF



(10me)E=WFL, BELTEtMgBr BHRES. v 74 L7 LBHKELILHE,
B ETT 0°CRINAL 556 1 - tetrahydropyranoxy -9 —decyne( 1) 2.38g @ THF
M10me RACHTT 5. | KM, HULE—H200mgeMA, EHiwd 053
MET 5o 2, 2-butyne1-bromide (1)1.85g @ THF#E 1 0m¢ 21 2HH%
BLTHRACHFT 5. FLTH4 0EM8 0CTMRERML 1., ARk, KLz -7
VEMA, RIGH%Z 2N -HC! TSI i#. x -5 Lo = —7 v BidNaa
CO . MAVKTHR, Kitl, ERTERML I, BReAEE, REC~AF Y 2MA,
SiQ, @ 2EBLTO AL, 5i0: BIR = -7 THY, BB IFEBEELTAR
WL 12(2.9g)0 No ¥ AFPRTHEREL, bp184-140/001mmHg D 28D %0
BE421mg, GLCTH Y —-2%2543%, NMRT r:82(8H, CH:s-C=C-J,
r:6.96(2H; C=C-CH,-C=C-),r:7.98 (2H; ~-C=C-CH.-R) %
B i, EWMHRBTERREETH 5, BRTHET 2 LEASEEEL, HEL
i

2. CH.CH Z'CH CH. CHZ CH(CH2)s -o—@ (V) DA

L1421mg%80meDn- ~ FH L HRREZ77231AN, ¥/ ) 11,

Lindlar &ﬁﬁBOOmg BIA, KEZBRIN A€ 5, FrAIRERE FHiTKE ORINR 2BEL
68m¢l (BHT) »BNLBIRIERIED 5, Miieo L, oEK2RETEREL
T, Bk d421mg #1832, CLCitX bRICOET2HEHLIZ. GLC (PEG-20M
190 C)Rt, 6.1min ( HAFE#HEI : 23.3min)

3. CH>CHZ CH CH,CH ™ CH(CH:)s—OAc (1) DER

NV 420mg &k 4 2 —v 8 Om{ WBMEL, ¥5 0mgDTsCHEMA, BRT

W, —WHBLIZ, NaCO» OEREMA, AL 28, BETICARRBL, KEMA,
-5 ACHHL Iz, = —F Bz AR, FREMATERL . BREHAEEER
#320mg #8120 Si0: Tg2MNTH T LT 2 P BTV, ~Xo¥ BHBRK
Witkk, PR ABRHE150mg (VI)2B, REOCHTIRGLCTERZL.
(VY ICEAEERE ImsE D S Ime ZMNA, SR TH—KNHKBLT7FvbLETX
otle WEEIT L bik/KRTHM, = —F L, B L THIRY 15Tmg 21812, Si0:
TgDH T A EROTHEL, Xo¥ JBHRBELTGLCTH— -7 2T HRY
150mg (V) 2f1, VHLONDGLC (PEG-20M 190CI)RtEYV ; 3min,

N ;28min®54t, GC—Massick3RFEm e;252 IRTIT0cn OB



W2Birie Goleyh 7 410k 3G L CTRBOMOBFAREKDRESBH1:DT,
AgNC:—=Si0: 77 LT3 LIHML, 3BBII5Br -7 LBF~X4 L THEH
LT, BBM (V) 281,

4. CH.CH=CH CH. C=C (CH; ), -0-m oam
LOAMEE{ARITLT, M7 4% 940.25g, bromoethane 1.2 g & b
EtMgBr2 RBL, [ 2.4 g, HAEBE—H200mg, W1.35geRbaet, I0OH
B ERBICHD MML, WRYW2.8 g 2@, N, [ FIRBERHL, bp130-
188,70015mmHg DBH 2RI, NB500mg, GLC(PEG-20M 190°C)Rt
i 110min, NMRXb t:46 (2H; -CH=CH-), t:7.2 (2H; -C =
C-CH: C=C-), 7:79 [2H, C=C-CH:-R) ¥@EpHons, ETEHL

WETH 50, WHMTEELT 20
5. CHs CH— CH CH, CH = CH(CH, ), -0-(J) (0 o
W38Tmgen-~¥420me tHRFEL7I7ATCANLF Y18, Lin-
dlar 8 100mg 2MA T, KEBRMUIZ. KFES 2me 2RRNL I BHCRE 21E»,
M EzoQIL, BETEREL 2, MR 40Tmg, GLCTROLDETE2BD 12,
GLC (PEG—20M 190°C) DRt ; 8.0min (HEHWEW; Rt 11.0min)
6. CHs CH — CH CH: CHC;SCH(CHz).—OACCH)OD%EE
VOBE LRI 40Tmg & 2% / — 3 Oml iERL, TsOH#S5 0mg %W
A, FARIAELI. 8§10, TgTHBL, 7 0ok v ARHE(X)23L.9mg %215
2o GLC (PEG—-20M 190°C)®Rt ; 3.8min(HEHE (K); 8.0mindeX
ERIROE S AK#EIme Y 2 1met TreFA{l, Si02(Tg) #54
THBML, ~v¥r Ay (1:8) THEHL, BHBE209mg 287, GLC
(PEG—-20M 190C) TERS(NIB0Z Rt: 3.83min BIEDS20% Rt 2.8
min DB EH L O o72s NMRI D7 ) AHBED* 7 LELMNTCB, -CH - xF0v
5 doublet TIRES 1, GC-Mass T2HMAE bm e ! 2625854 %, £C T AgN
O3 :8i0: 20 g%\, #74507F2FYG, 5FX-FARFEFYBL
F10%FT—FEFAEY L THEL, BBELIEHNOHE (1) -10Tmg 2187,
7. Route 34T L 5V DR/
N, SRTEHROMN 2.6 gk —F 06 0m¢ LHEiLZO7 7 2aicAh, K
KR Titn- BuLiB® (1 0% in n ~hexane) 5m¢ 2HEHBEZBHOTH FL .



RIS REREPE L3, MTFTETH®RS 0#EL2>517, >30T 1lg D —7F
VIEBL Ome ZRAICHFLIZ, 0CTARME@AEL, —3REL 2. KIESiTK
T —FNEMA, HBLTT -7 VERRD, KEEREMTERT 2. BREHELL
%, T 2RRE n- ~FH U TREBLAY L0 T I, 0 RS LUHEKZSIOH
FHELUTHRL, Si0:M3~Xo¥rTHRET 5, v BB LOERESL TREL, WV
560mg %1%, Goleyn 54 TDG L CHHDEER, W 2EMRIDET % RABEEED
BAWE D B, AgNO:-510: #54TH = ML, 12835,
8. Route 3L L A NDERE

FBICLTXY 25 g, n-BuLi(20% in n-hexane) 5me. XM 1g #RIES

1, AEL T, XN 970mg 2185, GLCONORRE, NOENT 5% CHMET

Zo AgNO: -Si0: # 7 2 CHML TN %283,

9. CHsCHZ'CH CH. CH'Z0H(CH.)» -OAc XX DA

XM3g%8 0mi DEKN Y EEIO7 7R3 i AN, N SR TFRIED X
A1 n—BuLi(20% in a—hexane ) 5mé¢, XK 15g ¢REE B3, RiEH »HNE
LTHBRY (XV)800mg%i33, GLCAWTRL DS -2 -2 5254, MR
TRiem e250 28R 7, (XM)700mg 2HVTSi0: 20g THREL, ~N-+¥.
InFH (103 )THAHL, BIZAgNC: —S5i0: 25 A THBEL, X{ 30mg,
L ARG Omg %8 3%, PEG-20M 160CK & AGCLORt ; XK, 19min,
AR ; 17.5min.

XX 30mg#%hn-~F4MTLindlar ME100mg 2AVTRTL, KFEH4 m¢
EREUIIRATHRGEZLED 5, REOH®ETIIGCLCTRBL L. BN *BE#, AgN
0;-5i0:#7L4THHEL, BIHEXN 128 mg 2812, GC-Mass DR, m e
1 252%584, IRT 970cn  ORIEED 2,

10. CH,CH=CH CH.CH = CH(CH:)s -OAc (Xi) D&M

Route 3 DRUEARESMNVH L XXM 600mg %2 Sed Tmg L3N, RMT210
~220CT 6FMmMML 720 m&@;n-r\##}u&mm Si0O: A %®EL CToBEL,
N TSI0 AEHRBPUIL o BB LFERIZELTREBL, BEMRY 5T 5mg
%810 AgNOs - 5102 80 g2B0THILZ 02 L 2LV, T —F 4 I AxH
»5: 1008 %510 100 CEML, Goley # 54 TERDTH AWK 74.3
mg %@ %. GC-MassTm/e ; 262%54, IRTIT0cn DORINERH 3,



11. Goley # 7 4% R .G L COEERK

) B ; Hitachi -Perkin Elmer. Model F—6
# % 4 3 Ucon oil LB-550X (polypropylene glycol)
(EHE R-45) MNEOL25mm £345m
¥xJr—HA ; N: LE&ZEE 1ml/min
aHE 641

PHRI2&EE , KkFEOLERT, BH160°C, WE1x1

Fmefi HWveoErElygRREEosEDEE

A L7129, 12 -tetradecadieny]l ncetate (D4 MR, o X ERm L HBML
NI A AN ERIEOFNEFNOR 720 E L%, Fre¥ 524X 53D T, 46
D=5 A NFEORBERANTEDRRL, T OFEELEBRRFL .

EMBBRE T TEERL L FERRAVIL, COAERIBE»>BHETH 25, HME
EELLe LI 2T, T~1 1R H»ALTHRBRULLERE2I LD TEREL I

2U = = RUTF-BLUEF x —D4BDTS S A A HOBRNT 9,12
- tetradecadienyl acetate DEFREEEOES|IFRELLLHTEI -2 —1RT T

Table 3-2-1 Pheromonal activity of geometric isomers

by glass-rod method

Isomer of 9,12-tetradecadienyl acetate
cis-ei8  cis-trang trans-cis trans-trans

SRS

cautella 1077 107 107° 10°
interpunctella 107 107 2077 1072
kuehniella 1077 10710 go74 1072
elutella 107> 10710 107% -

Unit ; mg per ml



Ubhb, 9-cis 12-trans KX AHOBBICHL T, B BOBIEELHT % £0
MICAS w85 A A HTIEO-cis, 12-cis K& 9~trans, 12-cisfhd, /i 2~
¥ A 4H Vi, 9-trans, 12-cisEBEFNRFNY-cis, 12-trans (ADF 1,100
BEDEEERT, cOC &2, BELEMICI -cis, 12-trans HFH1HZTENTL
s, BREHHABCLTHO, TLESEBRH»LAT, TOBRTOREEKDR AL
oI, UL, 9-cis, 12-cis{hé 9-trans, 12-cis & 2% O
ALAF—BIUOF x —D2BOF I A AVHTHBRT EL, 9-cis, 12-trans (K
DLOAND1LH B0, FRETOBEETL, BEALBEEZLILVITELL. L
7oDSoT, 9-cis, 12-transEKHBBALIIIDRB TR RERFELONL L, L
B, AL FIAAHBLIY /v aF T2 A Hidfb D 2HOBICR<T, BAREKOD
REENLE T 2L 3 iKBhih 3,

7 =0 € (9-cis, 12-tronsfk) & w45 ATHIMLHEMINTIEKR
D7 =0 DEEL24BOBRTH~L L, TORBRIEI -2 -2iCRans, 48

Table 3-2-2 Activity of isolated pheromone
by glass-rod method

pheromone derived from
C.caut. P.interp.  A.Kueh. Synthetic

C.cautella 10740 10710 10710 107
P.interpunctella 10710 10710 10710 1071
A. kuehniella 107° 107° 107 10710
E.elutella 1077 1077 1077 10”10

Unit ; mg per ml

OHRT<THHBAINIKEZDT7 0 v RABEORWERES2TT. 87 =0 €
REEANT7 20X HEESKH 0FR V. COWBHEMINT 7 =0 € AL
IERBRET ATHBICL 2 EELLN S,

12, X8 -2 -18BIB8—-2-2%1<{ A3, MBOEICLD, 708 DF



BN OBERERL D, ThHDE, A —BIP/ VA —THIA4HRACIF -8
IOF 2« =¥ 4HIDE7 20 L iTRHT 3BRESHEOE VR B,

Favd T AHORRMBOBEOME L RIBEI cis-9, trans -12 -tetradecadi-
enyl acetate IWHWEE 2R TC LI, TTRONI, LII¥-T, t0E7 =0 €K
HEERERL PROBOYS A4 HOBELAR, BLaBrtol7 2%
“EFHLEBDNA,



A 4E Cis-9, trans—-12-tetradecadienol -1 DL

AUIEIAANET 0 L OHMERET, 510 25Kg 2 AT2o~ PR
BT o188, FEEELES RIBHULIIE, £ 4/ L THILERHL, REEREGT
(R4-1-18M), cOTEERE7eF LT 5, BBV =0 LB (10°
~1€m54w)&ﬁ7caﬁnmotu%CT,co@ﬁ%ﬁﬂb,ﬁ&wﬁ&xz%
WELT, 708870042300 T.5mg 2877 CO7 0T — LSRR
FRTHERRL 12 artifact & DVREREZFINTV L OH EIDERNIENT, &
REBEOBHREND? x0 &L 74 - BROERZ B2, FORKHR, RERIC?
2O ELEFHIIBIRTAVI - PBEEL, LLEEFNERI 720 OERTIEIH 88
BT CIABINT VAL EBHEBLI. /v 4 —BIFAY I+ —D2BD=4 5 »
AHLAERBITT VI -V EEF LT3,

720 OERL D LBORBRTTREINTV AL, BIOBIZETATL
W kb, cis -9 trans -12-tetradecadienol —~113, 7 =0 ® - ORBHWET
& AAIEEEEIZ T CHh B0 UT, cO70 2 — b 2HIEREK 7 L0 — v ERBT 5,

1 Cis -9, trans -12 -tetradecadienc] —1 ©RAE

R2-5-10x4 ./ —VEBEHED> L, 124g2RBeL, R4-—1-1ICRTHE
THG BUETL -1t 7 F VR BRATETABE BRIV 7420w b Y
5 7ETHBL, B#ic10 ~10'mg/m¢ OFEELTRTHRET Smg 2872, L O
Hi3FA#7 74 (1 5% PEG-20M 180°C) &S X¥Goley # 54 (Ucon o0il LB—5
50X 0.26mmX45m 160 C)IIKEBGLCAMT, cis-9, trans-12-tetradecad-
ienyl acetate BB ER—Rt #TRU 1. L L, BARKHET IY —7 DREMSEL,
GLCTOEROER, 70T (HBE7 V2 — OB 271 ) DKL, 8
T002g LREAINTI,

=, B2 0RNADRAC =544 biGoNic 2/ ~-EEHER3 I g eE L



Sexed & Virgin female almond moths
11,200,000
{

i
ISLOZ 2.5 kg (H:E)
ActivégFr. 65.6¢g MeOH eluate 124¢g

4% KCOH/EtOH Il

N
Pheromone isolated
Acidic Fr. Neutral & basic Fr. 28g

L MeOH 200ml

Cryst. Ppt. Filltrate 3g

rSuceinie anhydride 6g in pyridine
20mi

Non-ester Fr. Succinic half ester 3.08g
-3% KOH/EtQOH I00ml
Alcoholic Fr. 2.13g

-MeOH I0ml

—

Cryst. Ppt. Filtrate l.1g
c20-pyridine, Smil-5ml
Acetate 1.2g (IO—Smg/hZ)
}sioz 60g (H:E)
Active Fr. 62.6mg
}15% 4gNO ~S10, I0g (H:E)
5. & 7 -8
Active Fr. 7.5mg (I0 '-""mg/ml)

(0.7mg as pure pheromone)

Fig.4-1-1 1Isolation procedure of cis-9,trans-12-tetra-

decadiencl-1 as its acetate from female almond moths

(H:E) ; see fig. 2-5-1



LT, BIBRIEE 7 V3 — b O DA REEEROFE LRI L. C OB, #7650 %
Y57 L%ETIEAGNOs -Si0: 75 4IL 3MMETLHYT, Si075LDA%L Hbh
ALHEBL TREHERA 7 v 0 L OB~ 27 L 4504g 2 BGHEID 7. 5mg 21812,
Goley# 5 L it & B HDKER I - cisy 12 -trans LIAOHE HELE>RE A B £
CEELZOCE 2HBLI, Liz¥-T, 9,12-tetradecadi enol~195E85¢ % BT 12,
TOHREEORMMBELT TICY-cis, 12-trans i oThbh, 9-cis, 12-cis
Fora —id b REAMEORERIG 2 ETEAR SN AT L0 EBbh s,

E2H B R T ORERE 7 v 3 — v DEEHR

B4 OREBBEDAC 45 2 { HBIZHOOCTHENORBE7 L3 A28 2808
Tlo 10, /v 2 —BLFAL3F—D2HED7F I 2 A H DT H, P11 RN
T OWT T ORIM 2|/~ TORRIBMOZF S AHTI720E L & L HIUEI
BUBRK 7 v 3 —ABHEIEL, 203BR7 0L DR 1L/10TH 12,

LR L URR

AT I A AAKT, X ORETRE (KBS, WO, KM TEEE 365
M, 18%, 3EH)KHIMESHEHEY, HsF L wBRL, HBBL I, M
BeRMMEBEL I, ENEFNSi0: Sg2HABMLIEMZLATREL, Xv¥250md,
200k LD Om¢ THERHUIL, No¥ A BEHBIIIEY 20E 0, JoosLa
ISR 7 v 0 — WS ML T oN 5, BBFRAWEHEELT, €U S, MAES
Hlme ZMA, 7€F LT3, HEHET -7 LlHL, S50 acetate 2 n - ~
FYCBRLTEDBERL Il N ¥ U HBIMBH, n- ~+ 40 EALT, RER
EHHBICH LI, /v A —BLUPAS I -D2ED=4 5 4 A H O 1 B OME
BiIZoNT L ARICEH L. kx, BROELS 7 L o RIILEE S0 08, Rikic
7t F Aol THEREICH L 1,

RMREERE-2-154-2-210F DN B4 -2 -1ICFRT LI, SHB LY
WEMEICIE 7 0 T oS L UMRE7 v 3 — VI EETEL 4y, BESIITL 38, B
BE7 V3 L DEREBDH N F, DS TKEHTHHT, 7 20 o 8EHKL,
BUBBMA 7 v o — VB OGHMT 5, THDE, HEET VI -V DEEDESE 7 20 &
L h BRI R b, P BT T 7 = e 2 MT 55, Fhicf-T, 7



Table 4-2-1 Content of pheromone and the corresponding

alcohol in virgin females. of almond moth at various

stages.
Pupal stages After emergence
Hk Fkk
Brown Black Gray Ohr 3hr  lday 3days
* —_ - - —_ -
Pheromone - — 10 1 10 2 10 3 10 3 10 3
- - 1w0t10? 10? 103 1073
Alcohol as — 102 10t 1073 1002 1073 1072
acetate - 100 1071 107% 1072 107% 107?

Unit; One female-equivalent per ml

* No activity was found at the highest concentration
tested, namely one female per ml.

*k One day before eclosion.

*xk Just begins eclosion.

Table 4-2-2 Content of pheromone and the corresponding

alcohol in virgin females 1 day after emergence

C.cautella P.interpunc. A.kuehniella

Pheromone 1073 1073 10711072

Alcohol - - -

Alcohol after -2 -1 -1
acetylation 10 10 10

Unit ; one female-equivalent per ml

Assay was conducted using each species of male moths

S-AMLEML, BEARRE? e 0 L/10RE K RERKSENTV S, X
IR A v, DT OBOBRMHSICOL TS, 207 £ F 1 EBREEETRE T,



Ltodi o, BE@aAcBiEBER7 v —WdEEL L,

Tl 8% O3 HONTBROVTE? =0 € i LA 7 L 2 — VB2 BIER
PRA4-2-2RREEDI, BHIL LI E7 20 ROPW LIRSV -VTH
AL EMBDd B,

Z K

hABBRROE 7 o e vid, 742 - OB A7 L ThEBBEK{HBSL. LL,
KMIAFLELTOD7 =0 ELUMNT, BYETAH7VD —VHBEETI LV SRS
A%/23% Corn earworm D P BEIGN TV AR TELL, AFF/NIHTiE7LD —
wtﬁwaﬁe,ﬁﬁm&&ﬁvtwg?vﬁax4ﬁﬁ3m®§%mu,%@7»:_
WM HBERRIL. BIRDL 3T, 7 x0E 2 L hRORBERICT L3 - BER
THLEBLCHITREEL LV ED L, 2O7ra —vidlE7 20 OMRBHEL
ZAbh3,

—7%, 7 20 OMABAHEM AF AV THIEOHIFIRICE ET2, 7 =0E
CHMOBELLT, ?=0%  EMHBENKIRLBLAETALI -V 2DTINTT
v F T AHMBEEND D, TORONN VAt —BIEASIF —D2EO=5 T »
A#, Loelofs BHHKLIIF L/ Lty 4 Oriental hth£?5¢UOb-
lmu-mmm1mfmuﬂnmxu,coﬁ&v,&7;n%y®$mwﬁ&bnto
OB EBRMEPBERICL 3T b TH{, K vo—A 2V 20T ITE
®UTENRTE 2HRED 50



FOSE RETAAFTACRITANE7 cmw b
PR {BfTES

BARLOGIMENLEMEENCEL Y S - THBL TV A4 5 2 1 A4 HOD> b,
WL ELBHE, AV — RPOF B o2 — wE S AAHL, TOMET0EL
EUTRAUEE cis-9, trans-12-tetradecadieny]l acetate 2L T 3,7 =0
TR MEEB2ECRRATREORERRAOFER TS 39, zhHBA—LAWTHH,
Ly b RUBRICERSHT 3L L, @HfioREBROFE, »50d, FDOLDHIE
LARE 2R IDDEVHLAELRREZL ZOINRORYTH 5. £2 T, BN
oo RO 7 0 CRBHDERHEL, 702 L UAOB_RETFICL 2
AHREORBACUEEEZRET T 2L & 4T, BOEBBLIOTHLREL, =57 x4
HEDERTTHEIICH} 5 sexual isolation DRI ST HEHLIZ, WThOBE S
R LRRE TELVD, RIKONZEBELLN B,

=R ] WMz 0% &7z 0% L ABEDOHET O

MM CEEE7 02 PR HEINELTRTLEE2PLLIRLI. E05, &~
2RCTHARBRIGIGCRBTEDSR 2T ) & BWROHELX 7 v ol iiEE
DBBHLENIY, BR7 208 LIKRAPLT LR EAERNHBZNEOI TR LRRILE
o ofle LT, CORROMALEAMELT, AV2H 5 A4 HILONT KNE>
20 E L HRH LB F L THHATI LS EERRECLIIEEIDT eV
N 3 2 B ORI O 2 T4 » 1RO T O3,

HE AR

HEMEEE LT, 30 CHAFOF T —R¥, B3 HADRXRBHER 2 AL . £9
HEE -1 Ti25 08A%, SURRE -2 TR 2 0BZAV L, ftl7=nE 2L T
RO 2EERL
1) #BOELx 7 L oAl ;. 2 0 CRABORTRMER 2H L 7 1 (RELS

Smé ) TREBHLTHONS, 7 =0 ORBEBTHH, 1 0EEORBREL



019,/ me 9610 9/ me $TORRBEIE »720 T1HIC100ESLK1000
A MR OB EARMOAZD I D, 1 0me Ofifbx 7 L - IKBREL, 102,/ m ¢,
BLE100 2/ mt e 10,

2) M7 =0 ; Route 3TEHRL, ABLI 220 T, HisF Lo BRL
T10 ‘mg/mf 610 mg/m¢ TTORRBEIE-12, 2O & & HBICHH
WREFLIL, SUER -1 5L -21BC2H/EIE, 2hEh, Ch60OE Im ¢
By —VLIERD, REOCOEHR (1 X3m)it@BL T, HEL, BENE2TXAI0R
2o KITTER AL HIHS o7,
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Fig. 5~1-1 Setting position of the sticky traps
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Fig. 5-1-2 Apparatus for bicagsay method-2
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confined in the downwind half of glass tube B
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Fig. 5-1-6 Decrease of pheromonal activity in air

stream.
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Fig. 5-2-5 Two types of mating behaviour displayed by
phycitid moths.
Type (1) ; female turns to approaching male.
Type (11) ; female stands still in the course

of mating.
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