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The wireworms (larvae) of click beetles (Elateridae) are widespread
plant pests. Click beetle species Agriotes are the most harmful.

So far attractant compositions have been suggested and developed for
six most dangerous click beetle species, viz. Agriotes gurgistanus F.[" 2],
A. sputator L.[>*), A. lineatus L. two subspecies[*~°], A. obscurus L.[s 7],
A. ustulatus S.[® 9], A. tauricus Heyd.[!> 1" 12].

The major components of the sex attractants developed are esters of

terpenic alcohols, viz. geraniol, its Z-isomer — nerol, E-8-hydroxygeraniol,
E,E-farnesol or its Z,E-isomer.

Sex pheromone compositions obtained by chemical methods or on the
basis of commercial products may contain impurities in various quantities,
which may influence insect sex communication quite differently.

Also, pheromonitoring by sex attractants of one species may affect the
sex communication of other species inhabiting the same area.

To solve these problems, we studied several pheromone components
as well as their analogues and structural isomers that could be present
in the synthetic sex attractants obtained by different schemes of synthesis
or from commercial substances. The main synthetic path giving a mixture
of isomeric terpene esters is based on the scheme of obtaining geranyl
and farnesyl chlorides by haloalkylation of 2-methyl-1,3-butadiene (iso-
prene) followed by regioselective separation of isomeric allylic chlorides

by reactions with dimethylphenylamine['3: 4] and alkylation of the salts

of carboxylic acid with the quaternary ammonium compounds obtained ['s].
In addition, known methods of isolating pure geraniol from commercial

preparations via CaCly, the method of obtaining its Z-isomer, nerol, by
the reduction of synthetic citral were used['®]. The individual E,E- and
Z E-isomers of farnesol were isolated from commercial preparations (Hoff-
mann la Roche) by preparative GLC. 8-Hydroxygeraniol was synthesized
from pure geranyl ethanoate by regioselective SeOs-oxidation with subse-

quent reduction of the mixture of aldehydes and alcohols with NaBH, and
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saponification of hydroxyethanoate into diol[']. The desired esters were

obtained from purified isomeric alcohols by acylation with the correspond-
ing acid chlorides['®]. 2,6-Dimethyl-2(£),6(E)-octadien-1,8-di-(3-methyl-
butanoate was also synthesized by regioselective chlorination of geranyl-
3-methyl-butanoate with HOCI followed by isomerization of the 6-chloro-

7-eno-derivative into the 8-chloro-E-6-eno-derivative and the latter was

transferred into an ester['?]. The synthesized pheromone components and
their analogues, as well as their intermediates were purified by vacuum

rectification on rotary columns [?°]. The high-boiling compounds were sub-

jected to vacuum redistillation at 0.1 bar. The chemical structure of the

compounds obtained was established by 'H and '*C NMR spectra earlier.
The content of components and trace impurities was determined by GLC
with accuracy of +0.1% using internal standards. Chromatographic condi-
tions: Chrom 5 gas chromatograph, Laboratorne Pristroje, Czechoslova-

kia; flame ionization detector, fused silica capillary column 1—23 m,

i. d. — 0.22 mm, coated with methylsilicone phase OV-101; column tempe-
rature 140—170°C; injection port temperature 270 °C; carrier gas velocity
1.5 cm®/min.

In Table 1, the chemical structure of compounds, the content of iso-

meric esters, and the methods of obtaining and identiiying them have
been presented.

- On the basis of the compounds synthesized, different pheromone com-

positions have been developed. Depending upon the pest species to be

investigated, the inert carrier was coated with s—lo mg of the composi-
tion. To evaluate the attraetant activity of the composition, the traps[*]
were placed in the fields of almost equal pest population (on an average
3—7 species per m2). Six traps with the composition to be examined were

placed alternately with those containing dispensers with a standard
attractant composition. The distance between the traps was 15—30 m. If
the composition reveals no attractant activity, additional standard di-

spensers were placed in the fields to elucidate the inhibiting effect of
substances. Investigations were carried out to establish maximum per-
missible quantities of inhibitors in attractant compositions. The optimum
contents of synergists in pheromones were also established. The biological
activity of the compositions was determined by an average quantity of
the males trapped with standard traps during the flight period of a pest
species.

Results of investigations are presented in Table 1.

On the basis of the biological activity of the components of phero-
mones and their analogues the influence of individual structural elements
on the sex communication of different click beetle species was determined.
The inhibitors and synergists of pheromones were elucidated, the per-
missible concentrations of inhibitors and the optimum content of synergists
in attractant compositions were established.

It was also shown that pheromones of some species or their synergists
may be inhibitors of the pheromone composition for the other species (see
compound (2), A. gurgistanus, Table 1). On the other hand, components
of the other pheromone compositions similar in structure do not inhibit
the sex communication of the neighbouring click beetle species inhabiting
the same area; for example, compound (8) has no effect on Agriotes
obscurus and A. lineatus. This enabled us to use the same attractant

composition as pheromone for the above two click beetle species.
On the basis of the screening carried out, suitable preparations were

chosen to establish attractant compositions of optimum isomer contents for
each pest species. The isomeric compositions of the sex attractants deve-
loped are presented in Table 2,
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Coefficients of correlation between wireworm population and the num-

ber of male species trapped have been established. For the species with a

3-year development cycle the correlation coefficient is 0.0028 (A. gurgis-
tanus), 0.0135 (A. sputator), and 0.001 (A. tauricus); for those with a

4-year development cycle it is 0.025 (A. obscurus and A. lineatus) 3.
By means of pheromone traps the areas where the above-mentioned

click beetle species occur in the Commonwealth of Independent States

(CIS) have been specified for the first time [33].
The pheromonitoring of the two click beetle species inhabiting northern

regions, viz. A. obscurus and A. lineatus, carried out by Estonian and
other Baltic plant protection stations, showed that the average wireworm

population on the agricultural land of Estonia is 2.1 to 6.5 species per m?2.
In crop fields the wireworm population may reach 11 species per m?

causing considerable losses. In temperate and forest-steppe regions heavy
crop losses occur if the wireworm population is 20 species per m2, while
medium crop losses take place if this index is from 5 to 20 [3%].

Summary

The biologically active components of sex pheromones of six species
of the click beetle Agriotes — esters of geraniol, nerol, 6(E), 8-hydroxy-
geraniol, E,E-farnesol as well as their structural isomers — were syn-
thesized.The relationship between the isomeric composition of the syn-
thesized compounds or their mixtures and the sex behaviour of the most

harmful click beetle species, viz. Agriotes gurgistanus F., A. sputator L.,
A. lineatus L. (two subspecies), A. obscurus L., A. ustulatus S., A. tauri-

cus Heyd., was established. On this basis optimum synthesis paths were

chosen and attractant compositions developed for monitoring click beetles

by means of pheromone traps. The wireworm population in the soils of
Estonia has been established, and areas of click beetle species on the

territory of the CIS have been specified.
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NAKSURMARDIKATE LIIGI AGRIOTES SUGUFEROMOONIDE KOMPONENTIDE

NING NENDE STRUKTUURIANALOOGIDE SÜNTEES JA BIOLOOGILINE

AKTIIVSUS

On siinteesitud enamlevinud naksurmardikate Agriotes gurgistanus F., A. sputator
L., A. lineatus L. (2 alamliiki), A. obscurus L., A. ustulatus S., A. tauricus Heyd. sugu-

feromoonide komponendid ja viimaste struktuurianaloogid. On leitud, et siinteesitud iihen-

dite bioloogiline aktiivsus soltub nende struktuurielementidest. Saadud andmete alusel on

loodud mitmekomponendilised atraktandid kasutamiseks feromoonpiiiinistes nimetatud

naksurmardikate monitooringuks. Feromoonpiiiiniste abil on tadpsustatud liigi Agriotes
areaalid SRU-s ning tommunaksuri (A. obscurus L.) levikualad Eestis.
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Койт ЛЭЭТС,
Anrc 3PM,

Kaapea CHHPJIE,
Сигне TEHT,

Аво КОГЁРМАН,
Валерий ПРИСТАВКО

Игорь КУДРЯВЦЕВ, Хейно РАНГ,
Baadumup HCMAHJIOB,

СИНТЕЗ И БИОЛОГИЧЕСКАЯ АКТИВНОСТЬ КОМПОНЕНТОВ И

СТРУКТУРНЫХ АНАЛОГОВ ПОЛОВЫХ ФЕРОМОНОВ ЖУКОВ-ЩЕЛКУНОВ
РОДА AGRIOTES

Осуществлен синтез биологически активных компонентов половых феромонов
шести видов жуков-щелкунов рода Адго!ев — сложных эфиров гераниола, нерола,
6-(Е)-, 8-гидроксигераниола, Е,Е-фарнезола и их структурных изомеров. Установлено

биологическое действие изомерного строения синтезированных соединений на Пполо-

вую коммуникацию наиболее опасных видов IIeJKYHOB: Agriotes gurgistanus F., A.

sputator L., A. lineatus L. (aßa moasupa), A. obscurus L., A. ustulatus S., A. tauri-

cus Heyd.
В итоге отобраны наиболее оптимальные пути синтеза и аттрактантные компо-

зиции для мониторинга жуков-щелкунов при помощи феромонных ловушек. Установ-

лены численность проволочников на сельскохозяйственных угодьях Эстонии и ареалы
отдельных видов щелкунов на территории СНГ.
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