JY :

Jyvaskylan yliopiston julkaisuarkisto
Jywiskyld University Digital Archive UNIVERSITY OF JYVASKYLA

This is an electronic reprint of the original article.
This reprint may differ from the original in pagination and typographic detail.

Author(s): Muraki, Yuta; Yamakawa, Rei; Yamamoto, Masanobu; Naka, Hideshi; Honma, Atsushi;
Mappes, Johanna; Suisto, Kaisa; Ando, Tetsu

Title: GC/FT-IR Analysis of Novel 4,6,9-Triene and 2,4,6,9-Tetraene Occurring in a Female
Pheromone Gland of Arctia plantaginis (Erebidae: Arctiinae)

Year: 2017

Version:

Please cite the original version:

Muraki, Y., Yamakawa, R., Yamamoto, M., Naka, H., Honma, A., Mappes, J., Suisto, K.,
& Ando, T. (2017). GC/FT-IR Analysis of Novel 4,6,9-Triene and 2,4,6,9-Tetraene
Occurring in a Female Pheromone Gland of Arctia plantaginis (Erebidae: Arctiinae).
American Journal of Analytical Chemistry, 8(10), Article 79871.
https://doi.org/10.4236/ajac.2017.810047

All material supplied via JYX is protected by copyright and other intellectual property rights, and
duplication or sale of all or part of any of the repository collections is not permitted, except that
material may be duplicated by you for your research use or educational purposes in electronic or
print form. You must obtain permission for any other use. Electronic or print copies may not be
offered, whether for sale or otherwise to anyone who is not an authorised user.



American Journal of Analytical Chemistry, 2017, 8, 645-656
http://www.scirp.org/journal/ajac

ISSN Online: 2156-8278

ISSN Print: 2156-8251

/
38 et
0.00 Publishing

GC/FT-IR Analysis of Novel 4,6,9-Triene and
2,4,6,9-Tetraene Occurring in a Female
Pheromone Gland of Arctia plantaginis
(Erebidae: Arctiinae)

Yuta Muraki?, Rei Yamakawal, Masanobu Yamamotol, Hideshi Nakaz2, Atsushi Honmas3,
Johanna Mappes?, Kaisa Suisto4, Tetsu Ando!

'Graduate School of Bio-Applications and Systems Engineering, Tokyo University of Agriculture and Technology, Tokyo, Japan
*Laboratory of Applied Entomology, Faculty of Agriculture, Tottori University, Tottori, Japan

*Department of Ecosystem Studies, School of Environmental Science, The University of Shiga Prefecture, Hikone City, Japan
“Centre of Excellence in Biological Interactions, Department of Biological and Environmental Science, University of Jyvaskyls,

Jyvaskyld, Finland

Email: antetsu@cc.tuat.ac.jp

How to cite this paper: Muraki, Y., Ya-
makawa, R., Yamamoto, M., Naka, H.,
Honma, A., Mappes, J., Suisto, K. and An-
do, T. (2017) GC/FT-IR Analysis of Novel
4,6,9-Triene and 2,4,6,9-Tetraene Occur-
ring in a Female Pheromone Gland of Arc-
tia plantaginis (Erebidae: Arctiinae). Ameri-
can Journal of Analytical Chemistry, 8,
645-656.
https://doi.org/10.4236/ajac.2017.810047

Received: September 15, 2017
Accepted: October 23,2017
Published: October 26, 2017

Copyright © 2017 by authors and

Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

Fifteen subspecies of the wood tiger moth, Arctia plantaginis (Lepidoptera:
Erebidae: Arctiinae), have been recorded in the Northern Hemisphere. An
analysis of crude pheromone extracts by GC equipped with an electroanten-
nographic (EAG) detector showed four EAG-active components (Comps.
I-1V) that were commonly involved in the pheromone glands of two subspe-
cies inhabiting Japan and Finland. Comp. I is a major component (>75%) and
the others are minor components (3% - 15%). Their mass spectra, measured
by GC/MS, revealed the chemical structures of C,; unsaturated hydrocarbons
as follows: 3,6,9-triene for Comp. I, 4,6,9-triene for Comp. II, 1,3,6,9-tetraene
for Comp. III, and 2,4,6,9-tetraene for Comp. IV. Comps. I and III are known
Type II pheromone compounds, and their retention times coincide with those
of the authentic standards with all Z configurations. As a next step, the extract
was analyzed by GC/FT-IR to determine the configuration of Comps. II and
IV. Their IR spectra showed two characteristic C-H bending absorptions
around 990 and 945 cm™ due to the conjugated dienyl moieties; thus, Zand E
configurations were assigned to the double bonds at the 2- and 4-positions,
respectively. Their Z double bonds at the 6- and 9-positions are indicated by
no absorptions around 970 cm™, due to the isolated double bonds with £ con-
figurations. Finally, the structures of Comps. II and IV were confirmed by
synthesis using a double Wittig reaction. The synthetic (4£,6292)-4,6,9-triene
and (2Z4FE6292)-2,4,6,9-tetraene showed strong EAG activity, and their
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chemical data coincided well with those of the natural Comps. II and IV, in-
dicating the correctness of the structure determination by GC/FT-IR analysis
and its usefulness for Type II pheromone compounds.

Keywords

Natural Products, Insect Sex Pheromone, GC/FT-IR, Wood Tiger Moth,
(4E,62,92)-4,6,9-Henicosatriene, (244 F,6.2,9.2)-2,4,6,9-Henicosatetraene

1. Introduction

Lepidopteran sex pheromones, which have been identified from more than 670
species, are mainly sorted into two types according to their chemical structures
[1] [2] [3]. Type I pheromones are composed of unsaturated fatty alcohols, ace-
tates, and aldehydes, and are most commonly found from female moths in many
families. Type II pheromones are composed of polyunsaturated hydrocarbons
and their epoxides and are mostly produced by females in highly evolved groups:
Erebidae (including former Arctiidae and Lymantriidae [4]) and Geometridae
[5] [6]. Species-specific pheromones are created by the blending of some com-
pounds with different structures, such as chain length, unsaturated degree, and
positions of the double bond and epoxy ring. Arctiinae (former Arctiidae) is di-
vided into three tribes: Lithosiini, Synthomini, and Arctiini. To date, sex phe-
romones of 23 species in the tribe Arctiini have been reported, and the phero-
mones of 16 of these species are composed of Type II compounds [5]. Only three
species inhabiting Japan are included, while more than 100 Arctiini species have
been recorded in Japan. To increase the information about the Japanese species,
we started to investigate a sex pheromone of the wood tiger moth, Arctia planta-
ginis (former Parasemia plantaginis [7]), which belongs to Arctiini. Large dis-
tribution area of this species and great geographic variation in their phenotypes
gives a unique possibility to study whether this species is its early steps of diver-
gence. It is noteworthy that 15 subspecies of A. plantaginis have been recorded
in the Northern Hemisphere, and four of these subspecies are distributed in Ja-
pan. It should be interesting to know whether differences in sex pheromones are
one of the most important candidates driving pre-zygotic isolation.
Lepidopteran pheromones have usually been investigated by gas chromato-
graphy (GC) with an electroantennographic (EAG) detector (GC-EAD) and GC
combined with mass spectrometry (GC/MS) [2]. GC-EAD can differentiate bio-
logically active compounds from others in the crude extract, and then chemical
structures of the pheromone candidates are identified by GC/MS [8]. The sensi-
tivity of both instruments is so high that a pheromone gland extract of one fe-
male sometimes provides enough information to clarify the chemical cues when
compared with published data of known compounds. However, the configura-

tion of a double bond is scarcely determined by only GC/MS analysis because
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geometrical isomers show similar mass spectra. Thus, for proper determination,
it is necessary to compare chromatographic behaviors of a natural component
with synthetic standards. On the other hand, geometrical isomers of alkenyl
compounds with a straight chain usually show different infrared (IR) spectra,
and their configurations can be determined by examining the absorptions of
C-H stretching and bending at the double bond. We have utilized GC combined
with Fourier transform infrared spectrometry (GC/FT-IR) to reveal configura-
tions of Type I pheromone compounds produced by the nettle moth [9]. Our
previous research provided a good opportunity to experience the high sensitivity
of GC/FT-IR that was comparable to that of GC/MS. In this study, we success-
fully applied the same instrument to determine the structure of novel Type II

compounds occurring in the pheromone glands of the wood tiger moth.

2. Experimental

2.1. Analytical Instruments

For an analysis with gas chromatography (GC) with an electroantennographic
(EAG) detector (GC-EAD), an HP-5890 Series II gas chromatograph (Agilent
Technologies Inc., Palo Alto, CA, USA) was equipped with a DB-23 capillary
column (0.25 mm ID x 30 m, 0.25 pm film; ] & W Scientific, Folsom, CA, USA).
The effluent from the column was split into two lines, which led to a flame ioni-
zation detector (FID) and EAD at a ratio of 1:1 [9]. The oven temperature was
maintained at 80°C for 1 min and then programmed at 8°C-min™" to 210°C. 'H
and ">C NMR spectra were recorded by a Jeol Delta 2 Fourier transform spec-
trometer (JEOL Ltd., Tokyo, Japan) at 399.8 and 100.5 MHz, respectively, for
CDCl, solutions containing TMS as an internal standard. "H-'H COSY, HMQC,
and HMBC spectra were also measured with the same spectrometer, using the
usual pulse sequences and parameters. GC/MS was conducted in EI mode (70
eV) with an HP5973 mass spectrometer system (Agilent Technologies) equipped
with a split-splitless or a cool on-column injector and the same DB-23 column in
the analysis by GC-EAD. The column temperature program was 50°C for 2 min,
10°C-min~" to 160°C, and 4°C-min"' to 220°C. The carrier gas was helium. IR
spectra were recorded using FT-IR (Discover IR; Spectra Analytics, Marlbo-
rough, MA) coupled to a GC (GC 7980C; Agilent Technologies), which was
equipped with an HP-5 capillary column (0.25 mm ID x 30 m, 0.25 pm film;
Agilent Technologies, Santa Clara, CA). A liquid nitrogen-cooled photoconduc-
tive mercury-cadmium-telluride detector was used with a FT-IR resolution of 8
cm™'. Compounds eluting from the capillary column were solidified on a zinc
selenide disk at —30°C and rotated at 3 mm-min'. The distance between the
column end and disk was 5 mm. The oven temperature for all GC analyses was
set initially at 50°C for 2 min. and then programmed at 10°C-min"" to 160°C and
4°C-min~' to 220°C. The flow rate of the carrier gas (He) was 1.0 mL-min, and
the GC inlet temperature was 220°C.
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2.2. Insects and Pheromone Extraction

Adults of Japanese subspecies estimated to be A. plantaginis melanomera Butler,
which were collected at the Abou Pass between Gihu prefecture and Nagano
prefecture in Japan (36.194°N, 137.585°E) in July 2013, laid eggs in a laboratory,
and the larvae were reared on a semisynthetic diet for insects [Insecta LF(S),
Nippon-Nosan-Kogyo Co, Yokohama, Japan] under a 16:8 L:D photoperiod at
25°C. The specimens of Finnish A. plantaginis used in the present analysis were
obtained from the laboratory stock, which was established in 2010 from wild
moths collected from central and southern Finland and kept on a diet consisting
mostly of dandelion (7araxacum sp.) leaves. The resulting pupae were sexed by
their abdomen tip, and the terminal abdominal segments of 2-day-old virgin fe-
males emerged from the pupae were cut off at 14 - 16 hr after the start of pho-
tophase and soaked in hexane for 30 min. This extract was subjected to instru-

mental analyses without any purification.

2.3. Chemicals

The chemical structures of polyunsaturated hydrocarbons are abbreviated as
follows: Z = (Z)-double bond, E = (£)-double bond, the number before the hy-
phen = the position of the double bond, the number after the hyphen = the
carbon number of the straight chain, and H = a compound without a terminal
functional group. (3£6292)-3,6,9-Henicosatriene (Z3,26,29-21:H) and
(1,326 292)-1,3,6,9-henicosatetraene (1,23,26,29-21:H) were previously syn-
thesized [10] [11]. Other trienyl and tetraenyl hydrocarbons with a C,, chain
were prepared by the following procedures utilizing a double Wittig reaction
[12], as shown in Figure 1.

2.4. Synthesis of 4,6,9-Triene (E4,26,29-21:H)

A mixture of 1,3-dibromopropane and triphenylphosphine was heated in dry
benzene under a refluxing condition. The produced phosphonium salt of the di-
bromide was treated with NaN(SiMe;), in a mixed solvent of dry THF and

PPh, NaN(SiMe;),

B ¥ Br Br-phiP Y P'Phy Br

n-C1;HpsCHO
+ RCHO
AVEANANAAN
oM Nppn | R

R: AASR  E47679-21:H
AN E2,E4,76,79-21:H
N A Z2,E4,26,29-21H
Figure 1. Synthetic scheme for C,, 4,6,9-triene and 2,4,6,9-tetraene.

RCHO: (£)-2-hexenal for E4,726,729-21:H, (2E4E)-2,4-hexadienal for
E2,E4,76,79-21:H, and (2Z4E)-2,4-hexadienal for Z2,E4,76,79-21:H.
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HMPA at —80°C under Ar gas to make bis(ylide), which was further treated with
a mixture of dodecanal and (£)-2-hexenal (RCHO in Figure 1). After warming
to room temperature, the crude products were extracted with hexane and
cleaned by the usual workup. While this reaction produces byproducts, such as a
tetraene with a short chain and a diene with a long chain, the desired
E4,76,29-21:H was obtained in 18% yield, as calculated from the phosphonium
salt, after the crude products were chromatographed on a silica gel column im-
pregnated with AgNO, using hexane and mixtures of hexane and benzene as
eluents. '"H NMR & ppm: 0.88 (3H, t, /= 7 Hz, CH,), 0.91 (3H, t, /= 7.5 Hz,
CH,), 1.22 - 1.38 (18H, m, CH, x 9), 1.42 (2H, tq, /= 7.5, 7.5 Hz, CH,CH,), 2.06
(2H, dt, /= 7.5, 7 Hz, CH,CH,CH = CH), 2,08 (2H, dt, /= 7.5, 7 Hz, CH,CH,CH
= CH), 2.90 (2H, dd, /=7, 7 Hz, CH = CHCH,CH = CH), 5.26 (1H, dt, /= 10.5,
7.5 Hz, CH = CHCH = CH), ~5.35 (2H, m, CH,CH = CHCH,), 5.68 (1H, dt, /=
15, 7 Hz, CH = CHCH = CH), 5.95 (1H, dd, /= 11, 10.5 Hz, CH = CHCH =
CH), 6.32 (1H, dd, /= 15, 11 Hz, CH = CHCH = CH); >’C NMR & ppm: 13.8
(Ch, 14.1 (C*), 22.5 (C?), 22.7 (C®), 26.0 (C?), 27.3 (C'), 29.3 (x2), 29.6, 29.7
(x4), 31.9 (C"), 35.0 (C*), 125.5 (C°), 127.4 (C%), 127.8 (C), 128.7 (C®), 130.5
(C"), 135.0 (CY.

2.5. Synthesis of 2,4,6,9-Tetraene (E2,E4,Z26,29-21:H and
72,E4,76,79-21:H)

E2,E4,76,79-21:H was prepared in a manner and at a yield similar to those of the
synthesis of 4,6,9-triene using (2E4F)-2,4-hexadienal (Sigma-Aldrich Corp.,
Milwaukee, WI, USA) instead of (E)-2-hexenal. 'H NMR & ppm: 0.88 (3H, t, /=
7 Hz, CH,CH,), 1.22 - 1.38 (18H, m, CH, x 9), 1.78 (3H, d, /= 6.5 Hz, CH,CH =
CH), 2.06 (2H, dt, /= 7, 7 Hz, CH = CHCH,CH,), 2.93 (2H, dd, /= 7, 7 Hz,
CH,CH = CH), ~5.35 (3H, m, CH = CHCH,CH = CHCH,), 5.72 (1H, dgq,
CH,CH = CH, /= 14, 6.5 Hz), 6.00 (1H, dd, CH = CHCH = CHCH=CH, /=
11, 11 Hz), 6.15 (2H, m, CH = CHCH = CHCH = CH), 6.39 (1H, dd, CH =
CHCH = CHCH = CH, J = 15, 11 Hz); °C NMR & ppm: 14.2 (C*"), 18.4 (C'),
22.7 (C*), 26.2 (CY), 27.3 (C"), 29.4 (x2), 29.6, 29.7 (x4), 32.0 (C"), 125.5 (C°),
127.3 (C%), 128.7 (C°), 129.7 (C7), 129.9 (C?), 130.7 (C'"), 131.9 (C?), 133.1 (C*.
22,E4,76,79-21:H was synthesized using 2,4-hexadienal, which was a mixture
of (2EA4E)- and (2Z4E)-isomers (ca. 85:15) (Wako Pure Chemical Industries
Ltd., Osaka, Japan). The produced 2,4,6,9-tetraene, a mixture of (2E4E6292)-
and (2Z4E,6292)-isomers, was treated with tetracyanoethylene and the un-
reacted (244 FE,62,92)-isomer was recovered. 'H NMR ¢ ppm: 0.88 (3H, t, /=7
Hz, CH,CH,), 1.22 - 1.38 (18H, m, CH, x 9), 1.78 (3H, d, /= 7 Hz, CH,CH =
CH), 2.06 (2H, dt, /= 7,7 Hz, CH = CHCH,CH,), 2.94 (2H, dd, /= 7,7 Hz, CH =
CHCH,CH = CH), ~5.4 (3H, m, CH = CHCH,CH = CHCH,), 5.53 (1H, dgq,
CH,CH = CH, /= 10.5, 7 Hz), 6.08 (2H, m, CH = CHCH = CHCH = CH), 6.50
(2H, m, CH = CHCH = CHCH = CH); "C NMR & ppm: 13.5 (C"), 14.1 (C*),
22.7 (C¥), 26.2 (C?), 27.3 (C"), 29.3, 29.4, 29.6, 29.7 (x4), 31.9 (C"), 126.8 (C?),
127.2 (C°), 127.5 (C*), 128.1 (C%), 128.9 (C°), 129.7 (C?), 130.4 (C'*), 130.8 (C’).
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3. Results and Discussion
3.1. GC-EAD Analysis of a Pheromone Extract

A pheromone gland extract of one A. plantaginis female, which was derived
from a larva collected in the fields of Japan, showed four EAG-active compo-
nents on the GC-EAD analysis with a DB-23 column (Comp. I, RT 15.4 min;
Comp. II, RT 16.2 min; Comp. III, RT 16.5 min; Comp. IV, RT 18.2 min)
(Figure 2). These pheromone candidates reproducibly elicited a response from
male antennae of the Japanese subspecies in repeated analyses of both extracts
from Japanese and Finnish subspecies. Peak areas recorded by FID indicated

that Comp. I is a major (>75%) and others are minor components (3% - 15%).

3.2. GC/MS Analysis of a Pheromone Extract

A crude pheromone extract of one female was analyzed with a DB-23 column,
and Figure 3 shows the mass spectra of Comps. I-IV. The molecular ion M* of
Comps. I and II at 12/2 290 indicates trienes with a C,; chain. The mass spec-
trum of Comp. I with a base peak at m/z79 and its RT (16.75 min) coincide with
those of authentic Z3,26,29-21:H [10]. The base peak of Comp. II, detected also
at m/z 79, indicates a 6,9-dienyl structure commonly involved in many Type II
pheromone components [8], and that its RT (17.40 min) is longer than that of
the 3,6,9-triene suggests that another double bond is conjugated to the ho-
mo-conjugated dienyl moiety. Since its mass spectrum is different from that of a

6,9,11-triene synthesized previously [11], we estimated the possibility of a

Comp. "l

b |

EAD
0.1 mVv

(@)

FID

T T T T T

15.0 16.0 17.0 18.0
(b)

Figure 2. GC analysis of a crude pheromone extract of a Arctia plan-

RT (min)

taginis female (DB-23 capillary column) (a) by a flame ionization de-
tector (FID) and (b) by an electroantennographic detector (EAD). The
antenna of a A. plantaginis male collected in Japan responded repro-
ducibly to four components (Comps. I-IV) in a pheromone gland ex-
tract of Japanese moths. Peak areas recorded by FID indicate their ap-
proximate mixing ratio of 30:3:5:1.
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Figure 3. Mass spectra recorded by GC/MS analysis of a crude pheromone extract of a Arctia plantaginis female collected in Ja-
pan; (a) Comp. I, (b) Comp. II, (c) Comp. III, and (d) Comp. IV.

4,6,9-triene for Comp. II. On the other hand, the M* of Comps. III and IV at
m/z 288 indicates C,, tetraenes. The spectrum of Comp. III with a base peak at
m/z79 and its RT (17.71 min) coincide with those of authentic 1,23,26,729-21:H.
Although the base peak of Comp. IV is recorded at m/z 94, the spectral similari-
ty of these two tetraenes suggests their common moiety, such as the 6,9-dienyl
structure. The GC/MS data of Comp. IV are different from those of
3,6,9,11-tetraene synthesized previously [11]. The intensity of its M* is higher
than that of 1,23,26,Z29-21:H, and its RT (19.70 min) on the strong polar column
is much longer than that of the tetraene that includes only one conjugated diene
system. Therefore, we conceived a 2,4,6,9-tetraene that included a conjugated

triene system as one possibility for Comp. IV.

3.3. GC/FT-IR Analysis of a Pheromone Extract

Figure 4 shows the IR spectra of Comps. I - IV, which were recorded from a
crude pheromone extract of four females by using GC/FT-IR with an HP-5
column. The spectra of Comps. I (RT 19.01 min) and III (RT 19.57 min) coin-
cide well with those of the corresponding synthetic Z3,26,29-21:H and
1,Z3,76,29-21:H, respectively; thus, all Z configurations of their three double
bonds are confirmed by the absorption at around 3010 cm™ of C-H stretching at
a 1,2-disubstituted double bond and the absence of absorption at around 970
cm™' of the C-H bending with an £ configuration. In the case of Comp. III, addi-
tional absorptions were detected at 1000 and 899 cm™, caused by C-H bending
of geminal hydrogen atoms at the terminal double bond [9]. On the other hand,
Comp. II (RT 19.71 min) showed two absorptions at 983 and 951 cm™, which
are also detected for Z6,29,E11-21:H. These absorptions, which are characteris-

tic for conjugated dienes with an E,Z configuration, revealed an F configuration
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Figure 4. Infrared spectra recorded by GC/FT-IR analysis of a crude pheromone extract of a Arctia plantaginis female collected in
Japan and synthetic tetraenes; (a) Comp. I, (b) Comp. II, (¢) Comp. III, (d) Comp. IV, (e) synthetic Z2,E4,76,29-21:H, and (f)

synthetic E2,E4,76,79-21:H.

at the 4-position of Comp. II. Similar absorption at 993 and 941 cm™ of Comp.
IV (21.66 min) suggests that it includes an E,Z configuration. A conjugated di-
ene with a ZZ configuration is characterized by a C-H stretching absorption at
around 3040 cm™; however, Comp. IV showed absorption at 3021 cm™, indi-
cating absence of a conjugated dienyl moiety with a Z .2 configuration. There-
fore, we assigned Zand E configurations at the 2- and 4-positions of Comp. IV,
respectively. Their Z double bonds at the 6- and 9-positions are indicated by no
absorptions around 970 cm™" of isolated double bonds with an E configuration;
thus, Comps. II and IV are identified as E4,26,29-21:H and Z2,E4,76,29-21:H,

respectively.

3.4. Synthesis and Analysis of 4,6,9-Triene and 2,4,6,9-Tetraene

In order to confirm the structure determination of two new unsaturated hydro-
carbons based on the instrumental analyses, their authentic samples were syn-
thesized using a one-pot double-Wittig reaction with a ylide derived from
1,3-dibromopropane (Figure 1). Their yields were not practical, but the desired
compounds were easily prepared with commercialized aldehydes with a few
steps, and configurations of their double bonds could be verified by NMR analy-
sis. Synthetic E4,76,Z9-21:H shows four isolated olefinic proton signals from the
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4- to 7-positions and an overlapped multiple signal of two protons at the 9- and
10-positions. Their signal assignments could be accomplished by the COSY
spectrum, and the 4,62 configuration was confirmed by coupling constants
between two vicinal olefinic protons, ie, /s (15 Hz) and J;, (10.5 Hz). The C
signals were analyzed by HMQC and HMBC measurements, and chemical shifts
of the allylic carbons at the 3-positon (35.0 ppm) and 11-position (27.3 ppm)
confirmed the 4F9Z configuration. Chemical shifts of three olefinic carbons
(C*-C%) in the conjugated dienyl moiety are similar to those of the corresponding
carbons (C**-C*%, namely C°-C’) in (68 E)-6,8-dodecadien-1-ol [13].

E2,E4,76,79-21:H showed three analyzable olefinic proton signals at the 2-, 5-,
and 6-positions, which were assigned by COSY measurements. Its 24 £,6Z con-
figuration was confirmed by coupling constants between two vicinal olefinic
protons, Le., j,; (14 Hz), J,; (15 Hz), and J;, (11 Hz). The chemical shift of the
allylic methyl carbon signal (18.4 ppm) also disclosed the 2F configuration. Fur-
thermore, the chemical shifts of five olefinic carbons (C>-C°) in the conjugated
trienyl moiety are similar to those of the corresponding carbons (C*>-C“%, name-
ly C"*-C") in (10Z£12E,14F)-10,12,14-hexadecatrienyl acetate [14]. In the case of
72,E4,76,729-21:H, its trienyl moiety has a symmetric structure, and almost all of
the olefinic proton signals are overlapped, except at the 2-position. This signal
was analyzable, and /,; (10.5 Hz) revealed the 2.2 configuration, which was also
indicated by the chemical shift of the allylic methyl carbon (13.5 ppm). Similar
chemical shifts are observed for a (10Z12E,142)-isomer of the hexadecatrienyl
acetate [14]. The observed chemical shifts of allylic and olefinic carbons in the
trienyl moiety of Z2,E4,76,29-21:H coincide well with calculated values from the
data of E2,E4,76,79-21:H, using an empirical rule found in the *C NMR analysis
of the trienyl acetates.

Synthetic E4,76,29-21:H and Z2,E4,76,79-21:H showed the same GC/MS and
GC/FT-IR data as natural Comps. II and IV, respectively. On the contrary,
E2,E4,76,79-21:H eluted faster than Comp. IV from the polar column of GC/MS
analysis (RT 19.47 min) and also from the less-polar column of GC/FT-IR anal-
ysis (RT 21.34 min). In addition to these differences, the IR spectrum of
E2,E4,76,79-21:H, including a characteristic absorption of C-H bending at 996
cm™ (Figure 4(f)), is clearly different from that of Comp. IV.

4. Conclusions

Four EAG-active components (I - IV) were found in the pheromone gland of
Japanese and Finnish subspecies of the wood tiger moth. GC/MS and GC/FT-IR
analyses revealed the following structures: Z3,26,29-21:H for Comp. I,
E4,726,29-21:H for Comp. II, 1,723,26,29-21:H for Comp. III, and
72,E4,76,29-21:H for Comp. IV. GC/FT-IR played an important role in deter-
mining the configuration of Comps. II and IV, novel bioactive unsaturated hy-
drocarbons of insects. IR spectra have not often been utilized for pheromone re-

searches because species-specific pheromones are composed of multiple com-
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ponents, and even major components are produced only at pg levels, at most.
However, this study successfully measured IR spectra of even minor components
in a crude pheromone extract using a new style of GC/FT-IR equipped with a
turning zinc selenide disk cooled at —30°C. Compounds eluted from a capillary
column are fixed on the disk separately, and IR spectra are measured conti-
nuously. The most beneficial points are its sensitivity comparable to that of
GC/MS and the fact that spectral data can be measured in a solid phase. The IR
data are similar to familiarized spectra measured by KBr or liquid-film methods.
In addition to the determination of a double-bond configuration, GC/FT-IR
seems to be actively used for determining the functional groups in pheromone
compounds [9] [15].

We carried out field tests in Japan and Finland; however, synthetic lures could
not attract any males. While the subspecies-specific communication system has
not been clarified, we expect that the four components found in the pheromone
gland are important pheromone candidates because of their strong EAG activi-
ties. In order to attract the male by a synthetic lure in the fields, we will conduct
further field tests and reexamine additional minor components in the phero-
mone extract.

Comps. I - IV are classified into Type II pheromone compounds, unsaturated
hydrocarbons and their epoxy derivatives with a C,,-C,; straight chain, which
are biosynthesized from linoleic and linolenic acids included in dietary plants
[2]. Z3,26,29-21:H has been identified from many moth species in the families
of Erebidae, Geometridae, and Crambidae, and 1,23,26,Z9-21:H has been iden-
tified from four Arctiinae species and one Geometridae species [5] [6]. This te-
traene is proposed to be produced in oenocytes via the chain elongation of un-
saturated fatty acids and additional desaturation [16] [17] [18]. In addition to the
1,3,6,9-tetraene, 6,9,12-triene [19] [20], 3,6,9,12-tetraene [19] [20], 3,6,9,11-tetraene
[21], and an epoxy derivative of 6,9,11-triene [22] have been found as moth sex
pheromones. Furthermore, this study proved the production of 4,6,9-triene and
2,4,6,9-tetraene by an Arctiinae species. The number of known Type II phero-
mone compounds is still quite limited. Considering the diversity of species in the
above families, many novel components might be used for their mating commu-
nication. On the basis of this study, GC/FT-IR will strongly supplement the de-

termination of structure using GC/MS analysis.
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