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l. Introduction |

(A) ldentification of natural pheromones

Hill et al., (1981) J. Chem. Ecol., 7: 655
saltmarsh caterpillar moth (Estigmene acrea; Arctiidae)
/3,/6,ep09-21:H
+79,712,715-18:Ald — =
+79,7212-18:Ald (27:6:1)

Q

Roelofs et al., (1982) Science, 217: 657
Bestmann et al., (1982) Tetrahedron Lett., 23: 4007

winter moth (Operophtera brumata; Geometridae)
1,73,26,29-19:H i Y Y VA VA VA VAN

(B) Systematic synthesis and field evaluations

Millar et al., (1990) J. Chem. Ecol., 16: 2307, 16: 2317
Millar et al., (1991) J. Chem. Ecol., 17: 911

Ando et al., (1993) J. Chem. Ecol., 19: 787



|. Introduction |

Studies on Epoxyalkenyl Pheromones

by Chemical Ecology Laboratory in TUAT

KT) Systematic synthesis and field evaluations
Racemates of epoxydienes and epoxymonoenes
Optical resolution by chiral HPLC
(2) Identification of natural pheromones
Typical components from geometrid and noctuid moths

\ Novel components from lymantriid moths

~N

/

Biosynthetic pathway, substrate specificity, endocrine control

[(3) Biosynthesis

]

(4) Application for pest control Q{> Session 111
Monitoring tool, disruption



Il. Synthesis and Field Evaluation

(A) Synthesis of racemic epoxyalkadienes

R
V=V=V=WW
N PPh,-I
R = COZH 1. EtOH / H> R = CHZOH — 3 2 > R = CH2|
N / imidazole
Linolenic acid 2- LIAIH,
MCPBA
MG_EMQBV AN\ /\/= > Epoxydiene mixture
/Li,Cucl, 73,76,79-19:H
. MPLC of the mixture

epo3,76.,79-19:H (5009)
Waanva R

epoo6

30 40 50 60
lZS,Z6,e909—19:H| Rt (min)
\/=V=V8\/W\/\ Lober column

\_ n-hexane + THF (1 %)

MPLC

A




Il. Synthesis and Field Evaluation I

(B) Sex pheromones and attractants Known sex pheromone
+ Attractant found

Chain Diene Epoxymonoene in Japan
length 76,79 epo6,79 Z6,epo9

17 no+G(1) no no

18 no no+G(1) G(1) G: Geometridae

19 G(2) G(2)+G(1) no N: Noctuidae

20 G(1),A1)+G(1) no no+N(1) L: Lymantriidae

21 G(1),N(2),A(3)+G(1) no N(1),A(1) A: Arctuiidae

22 no no no P: Pyralidae

23 no no no
Chain  Triene Epoxydiene
length  7376,29 epo03,26,79 Z3,ep06,729 Z3,76,epo9

17 G(6) G(6) no no

18 G(2)+N(1) no+G(1) G(1)+G(1),N(1) G(6)

19 G(10)+G(2) G(3)+G(2) G(4)+G(1).N(2) L(1)

20 G(1),N(6)+G(2) no+G(1) no+G(1),N(1)  N(1),A(2)

21 G(1),N(10),L(1),A(10)+G(2) no+G(2) N(1),L(1)+N(1) N(3),A(12)+G(1)
22 no no no no

23 P(1),A(2) no no+N(1) no+N(1)




Synthesis and Field Evaluation

(C) Resolution and stereochemistry of enantiomers

Chiral HPLC
epo3
I‘]\ epoo6
30 35
-
MeQ OH
Q 1. MeOH / H* Ve Ve
VIVEVAAAN > <
2. MPLC HO OMe
epo3,26,Z9-19:H YA

(fraction 1)

3S,4R-isomer

Chiralpak AD

Normal phase

n-hexane +
2-propanol (0.1 %)

esters of (S)- and

—
4-0| (R)-MTPA ester

——— esters of (S)- and
3-ol (R)-MTPA ester

Mosh h
osher’s met od?‘ ?@@

F3
S \L! OMe — — Me
CeH1s —  HuGe MeO @

(S)-MTPA ester of 4-ol



II. Synthesis and Field Evaluation I

(D) Summary of resolution

[A] Normal-phase [B] Reversed-phase
Chiralpak AD Chiralpak AS Chiralcel OJ-R
" "

epo3) epot epo3 | epo6 €po3 | epo6

o Lo

PETETE I ST N RN T T U T U U T 0 U S T U WU (A

30 35 30 35 30 35 20 25 20 25 20 25
n-hexane + 2-propanol (0.1 %) MeOH + H,O (10 %)
Normal-phase Reversed-phase Isomer with

Chiralpak AD Chiralpak AS Chiralcel OJ-R shorter Rt

Epoxydiene

3,4-epoxide O O (+)-3S,4R
6,7-epoxide > (+)-6S,7R
9,10-epoxide o o 17 -x< 21 (+)-9R,10S
Epoxymonoene
6,7-epoxide © x (-)-6S,7R
o > 17 - o 23 (9)-9R,10S

9,10-epoxide




Identification of Typical Components

(A) Diaqnostic lons of GC-MS analysis

=
o
Q@
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2 o
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£ 50 - 197 N4 /Epoxymonoenes\
g M* __M-100,
g 310 {
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lll. Identification of Typical Components I

(B) Natural pheromone of A. s. cretacea [1]

Ascotis selenaria cretacea (Geometridae: Ennominae)

Japanese Giant Looper
epo03,26,Z9-19:H
Z3,26,79-19:H

TIC

GC-MS analysis of the pheromone gland extract

(Z,2)-cis-3,4-epoxy-6,9-nonadecadiene

1\ﬁ</6 9
V= "\" V"V

(Z,Z,2)-3,6,9-nonadecatriene

1

3 6 9
AV Ve VYA VA Ve Vo BT




lll. Identification of Typical Components

220

el
A\ /=\/=‘1/\/\/\/\
206

epo3,26,79-19:H

GC-MS

Synthetic mixture
+ Extract

TIC

Mass chro.
m/z
220

209
206
195
169
155
111
79

18

N

VAV TWA
111

/3,ep06,79-19:H

o ;15&151,
VW%WVW

[Z3,ZG,ep09-19:H] 3R,4S

1/38,4R
Eemale Chiral GC
extract (1 2 Chiraldex extract
A-PH column
synthetic RS
m/z 30 40 Rt (min)
220
209 _ 38,4RHBR,4S
206 Chiral
195 HPLC extract
169 Chiralpak synthetic RS
155 AS column
111 20 25 Rt (min)
79
19 18 19 :> [Racemate of J
Rt (min) Rt (min) epo3,76,79-19:




lll. Identification of Typical Components I

(C) Natural pheromone of B. robustum [1]

Biston robustum (Geometridae: Ennominae)
Giant geometrid moth

AVAY Vi VAVAVAVAN %
Comp. | Z26,79-19:H Comp. Il 23,26,79-19:H
/AN VAV VARV VATV Chiral HPLC
Comp. Il ep06,29-19:H Comp. IV Z3,ep06,29-19:H ——> Quantitative GC
GC-MS | I Chiralpak AD column
IV
[l 6S,7R
TIC : 6R,7S
(ng) |
Mass chro. X3 m/z i ]
262 100 | ‘ natural
264 _ —---synthetic
50 |
278
280

14 15 16 .
Rt (min
10 15 20 Rt (min) ( )



lll. Identification of Typical Components

(C) Natural pheromone of B. robustum [2]
GC-MS analysis of DMDS Adducts

From epo06,79-19:H From Z6,ep09-19:H
187
“ 187 131 | 243
JA39 Mes | SMe —

Q MeS | SMe 195
/\/\%Q /\/\)‘ _Q
J99

155,
Synthetic mixture m/z Female extract
374
195
187
155
139

21.0 21.5 220 21.0 21.5 Rt (min)



lll. Identification of Typical Components I

lonization: ESI

D) LC-MS analvsi epo9 C-18 compounds
( ) C-MS analysis Type of MS: TOF lepo3 P
S0 |epo3,26,29-19:H 296 } epoé
2 ] Syntheti !
E 221, 221 979 S A VAN UV
- V%M/\/\/\ 261 — —TIC
2 AN Iz
& 507 207 5 B [ .- m/z 5go
O " " r rr T T ll| I 4r_x-[l |L — T ] —/\W——/¥ 265
150 200 250 300 d 1 Ch 224577
2 00 296 /{& 193
Z Z3,ep06,79-19:H 141
g N ] 123
. BEVEVVEVVWIN T2 o |
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v \ :_X] J‘ L Uv
O T —r 1 T 1T 1 1T 1T T 1T & T+ 1 1T 7 W\MWTIC
i 150 200 250 309, /, [/k 2 e
< o 296 265
dog  |Z3.26,ep09-19:H) /\ o
g 279 207
250 123 - 4—_3\/\/\/\/\ —~ AN 1093
i [ 0 123
O T LI A — 1 T T 1 T 1 Tr 1 1 | I 1 ! 1 ! 1 I
300 16 17 18 19 20
150 200 250 0 17 20 min)




lll. Identification of Typical Components I

(E) Stereochemistry and attractive activity in a field

Family Natural pheromone Field attraction
Species Main Configuration ~ Optimum Racemate
P component isomer

Geometridae

Biston robustum ep06,Z9-19:H 6S,7R 6S,/R + 6R,7S >
giant geomerid moth (9:1)

Ascotis selenaira €p03,26,Z9-19:H racemate 3R,4S
Japanese giant looper

Menophra /3,/6,ep09-18:H 95,10R 9S,10R
atrilineata
mulberry looper

Noctuidae

Oraesia excavata Z6,ep09-18:H 9S,10R racemate
fruit-piercing moth




V. ldentification of Novel Components I

(A) Posticlure from O. postica [1]

‘r N A
— 11,12-trans-epoxide h*

NN 2w/ \N/\\/\

posticlure ©
8.5 pg from 500 ¢

1H NMR 10.7 Hz  10.9 Hz Orgyia postica (Lymantriidae)

H-8
X
X H-12

H-9




V. ldentification of Novel Components I

(A) Posticlure from O. postica [2]

Chiral synthesis of 11S5,12S-posticlure

0 0

|

O MeOCCH=PPh, LiAI(OEt),H,

HJW » MeO = =
t-BuOOH

HO/W /Ti(O-i-PI’)4 PCC
— > HONTW/NAAN >

(+)-L-diethyl tartrate
Sharpless epoxidation

0
AN \/~PPh3 6 9 12
H ANNTNVTNS 21
/N NN\ > W/ NN\
0 7 11 3™



V. ldentification of Novel Components

Chiral HPLC

11IR12R 115,125

Achiral
Sy”_”f_“_c_}\._}\-———

Chiral

synthetic

Natural J\

I I
Rt (min) 10.0 15.0

Chiralpak AD column

Field tests

Okinawa Island

Posticlure pg

Total captured males
Test period (June, 2000)

11R,12R 115,125 16-19 20-26
500 0 0 0
100 0 0 0

0 500 18 30

0 100 8 10
250 250 16 12
50 50 3
0 0 0
122

Virgin females

. I




V. ldentification of Novel Components I

(B) Synthesis of diepoxyalkenes

Leucoma salicis Gries et al. (1997) Naturwiss. 84: 219
-\ (Lymantriidae) O O leucomalure
) IV e VoV VAV VAV VN
’
@) R=CyoHy, 4

WR MCPBA 3,4-6,7-diepoxide
— — .
2 | CHeCh 6,7-9,10diepoxide
VAV UR \

O

MCPBA

> . i 1 :
v:\/:\/L\/R CH,CI, 3,4-9,10-diepoxide l

-

SRRS RSRS
SRRS RSSR
SRSR RSRS /RSSR
6S,7/R-mono- \ l/TRSR 6R,7S-mono- l l

epoxide :> epoxide :>

Chiralpak AD Chiralpak AD
column column




V. ldentification of Novel Components I

(C) Diepoxyalkenes from P. nuda [1]

e i)

/ it
N i
v
GC-EAD
5%-ether fraction
B
A EAD

Perina nuda (Lymantriidae)
Clear-winged tussock moth

C
g D

20%-ether fraction

EAD

LLULML

15 Rt (mln}5

2

R =n-CH,,

Q
Comp. A \/=\/Q\/=\R
Z3,epo06,Z9-20:H

:f

Comp. B \/—\/'. "\/—\/R
/Z3,ep06,Z9-21:H

R 8
Comp. C L =UR
epo3,epo6,79-21:H

Q Q

Niic S %

Comp. D \/\/ /R
epo3,epo6,29-21:H

ABCD-=
0.4 250 5 8 (ng/FE)



V. ldentification of Novel Components I

(C) Diepoxyalkenes from P. nuda [2] it
167 )
128 +H 111 " l@ Q
Q Q Qlla Q 0
—| R — R =T \UR
237 197 *H 183
2H 235 235 197
GC-MS
Synthetic mixture Natural (Comp. C & D)
TIC TIC
m/z m/z
304 304
253 253
237 237
235 235
197 197
183 183
167 167
128 128
M , 111 . .
16.0 17.0 18.0 Rt (min) 16.0 17.0 18.0 Rt (min)



V. ldentification of Novel Components I

(C) Diepoxyalkenes from P. nuda [3]

{

]

Chiral HPLC Field tes; From Oct. 26 to Dec. 9, 2000
>
: : S B Okinawa Island
3,4-6,7—d|epOX|del = 4l
% __
SRRS  RSSR ? < 3
| SRR |RSRS & 8
| ey s _
P -
(@)
Synthetic o 1. H
zZ
Comp. Comp. Ol=
D C €p03,ep06,79 p
RSSR 02020 0 002020 0 O
Natural SRRS 0 0 020200 0 02020
(140FE) SRSR 030 030 0030 030 O
T T T T ] \_ RSRS 0 030 030 0 0 30 030/
20 22 24 Rt (min)
/3,ep06,79 < > < >

Chiralpak AD column 500 nug 6S,7R 6R,7S
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