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Abstract

Synthetic sex pheromones could provide valuable alternative
means of pest control in Integrated Pest Management {(IPM)
strategies. Their uses could include population monitoring with
pheromone traps to guide other control methods, by mass trapping
and mating disruption.

{Zj-1l-Hexadecenal {2-11-C,H,CH=CH(CH
hexadecen-1-0l (Z-11-C,H,CH=C (CHﬁgCHﬁHi), the major components of
spotted stalk Dborer, Chilo partellus ({swinhoe) female sex
pheromone, were prepared in good yields from readily available

1,10-decanediocl by an acetylenic route, and (Z)-9-tetradeceny

formate (Z-9—C;@CH=CH(CH2hCHzo—CHO), an analo structure was
prepared from 1,8-octanediol by the analogous acetylenic route.

decane, coupling with 1-hexyne in liguid ammonia and lithamide

(b.p 96-98° C/0.04 mmHg; 75% yield). Partiallhydrogenation of 1i-
hexadecyn-1-0l on a Lindlar catalyst gave (Z)-l1l-hexadecen-1-ol
(b.p 75° C/0.01 mmHg, 95% yield) which on oxidation gave {Z)-11-
hexadecenal (Z—ll—Cg@CH=CH(CH

yield) containing 1.3% of the (E) isomer by GC analysis on a methyl

g,n

silicone column. (E)-1i-Hexadecenal and {(Ej-11-hexadecen-1-0l were
prepared via sodium/liguid ammonia reduction of the intermediate
CH,C=C({CH;){,OTHP, giving the final product containing 1% of the

(Z)-isomer. Pyridinium chlorochromate in dichloromethane was used

for the oxidation of the olefinic alcohols to the corresponding



The Electroantennographic (EAG) tests showed that the
Y

compounds differed in their ability to evoke EAG responses and Lhey

were lower thanm (Z2)-11-
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1.0 General Considerations.

The survival of the human species depends on the availability

of food, which is either directly or indirectly supplied by plants.
Man, therefore, has to control pests of all kinds that destroy the

greater part of crops, both before and after harvest. Although
great effort has been put in eradicating these pests, one third of
the annual harvest in the world 1is destroyed Dby pests
{Marini-Bettolo, 19676). Apart from other causes of food losses
like diseases and weeds, pests consume upto forty percent of

Africa's food serves (Mohyuddin and Attigque, 1
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Tropical countries suffer the most severe crop loses due to

pests because of conducive c¢limatic conditions. The use of
insecticides has been the most effective method of crop protection
against insect pests ({(Mandava, 1985), although there has been a

number of drawbacks. Firstly, most insecticides are synthetic,

1

non-selective and toxic chemicals which have le
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and environmental repercussions. Human poisoning by insecticides

is very common particularly in developing countries where safe

handling and application of chemicals is not always feasible due to
several socio-economic factors {Saxena, 198%).

Insect resistance by some pests has led to the use of higher
doses or more powerful insecticides, which are not only

-

uneconomical but alsc elevates this problem of resistance and



contamination of the environment (Saxena, 19%89). Ecological
imbalance may be brought about by the use of some insecticides like
organo-chlorine derivatives which are degraded very slowly, or not
at all, by biological factors such that they may last in the
environment for many years {(Marini-Bettolo, 1976}). This calls for
development of better, more specific and biodegradable pesticides
{(Mandava, 1985; Jacobson, 1975).

Scientists therefore have a task ahead of them to improve the
already existing methods of pest control, develop others and

implement new methods. jse of natural products derived

b
-
o
—

metabolic activities of plants and animals has been one of the
approaches. These approaches seem feasible because plants are the
richest source of bicactive organic chemicals. Natural products

from these plants have the advantages as insec
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are renewable, bicdegradable, more selective and less resistant to
biological factors {(Alkofahi et al., 1%89). Semiochemicals emitted
by pests are also of great importance and field application of stem
borer pheromones in monitoring, mass trapping, and mating
disruption of these pests, as a control strategy is in progress
{Unithan and Paye, 199%1; Campion and Nesbitt, 1883;. The
advantages of the pheromone based control methocds lie in  the
species specificity of the pheromones (Nesbitt et al., 1%7%) in
their biological activity which means that only

amounts are reguired, and in their negligible toxic effect on the

-

environment {Campion and Nesbitt, 1983).



1.1 Scope of Chilo partellus.

Chilo partellus {(swinhoe) is one of the most widespread pests
in tropical Africa and the Indian sub-continent (Harris, 1985
Alighali, 1985). This pest 1is not endemic to Africa but was
brought here by ships from the Indian sub-continent early this
century (Hill, 19883). The pest found the local environment

hospitable and successfully invaded and colonised most countries in
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eastern and southern Africa. TFTorty one species of the genus Chilo
are known of which twenty five of these, including eighteen species
which occur in Africa, infest cereals (Beevor et al., 198C).
Essentially, it is a pest in hot lowland areas and is seldom found

e

above an altitude of 1500M (Hill, 1983). The main hosts of Chilo
partellus larvae are maize {Mohyuddin and Attigue, 1978}, sorghum
{8eshu Reddy, 1988), sugarcane, rice, millef, and wheat {Harris,
1985). The larvae may attack various parts of the crop and at
various stages of the plant growth. However, the larvae prefer
feeding on the young plant rather than the older ones {Singh and

Rana, 198%; Teetes et
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largely depends on c¢limatic «conditions and the number of

aestivating/diapausing larvae which perpetuate infestation from
season to season. Control of these stem borers is difficult

because the damage is inside the stalks where they are protected

from insecticides.

The survival of Chilo spp. in the dry season depends upon
alternate host and wild grasses, though the greatest proportion
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In Nigeria, Adevemi {196%) found that the maize stubbles left after

the early season harvest had an average of 27 borers per 100
stubbles with Busseola fusca and Sesamia calamistis as most
abundant. Grain yield 1loss caused by C. partellus larvae in

sorghum alone have been reported to be upto 80% in Kenya (Pathak,
1991). The residual 1infestation, together with confirmed
possibility of Chilo spp. in Kenya (Scheltez, 1978) to diapause,

makes the borer population sufficiently large to ensure infestation

L

of the bUCC@éd ng Ccrop. Hargreaves (1939%), working in Uganda

found that continuous sowing undertaken by local farmers provide

continuous supply of young plants, which provide continuocus food
for the borer to complete its life cycle and infest other young
z S

plants. While studying the seasconal incidence of Chilc spp. iL was

found that the average number of larvae was greater in cooler than
b~ | h

in hot season, bul the average number of pupae, the

length tunnelled and percentage internode attacked were greater in

the hot season, indicating that the attack was more severe in the

hot season than in the cool season {(Khan and Khan, 1969; Sarup et
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application is detrimental to beneficial insects and can cause
serious pollution of waterways and to fish {Beevor et al., 19%SC)

To control the borers it is important to destroy all stubbles

most susceptible stage before larvae borer population builds up.

» {4

The disposal of such residues containing the resting phase larvae

b burning composting or as cattle beddings could reduce
— 3 o

re-infestation. From early 1920's, legislation Lo secure a maize

free period in Kenya has been used as a means of stalk borer

=y

control (Anderson, 1929). It was doubtful, however, how such a

3
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method would be administered
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The commonest method of control of borers 1is the use of

obvious effectiveness to the farmer. This, however, is expensive

difficult to obtain, and occasionally may be phytotoxic and

hazardous to other forms of life {Sukhani and Jotwani, 1977). In

Kenya, the use of insecticides on cereal borer control is not

widespread. Indeed, their use has been limited to the commercial
7
large-scale farmers as the costs have been prohibitive to the many

small-scale farmers. Ingram {(1958) reported that chemical control

needed many applications to control the continuous attack of Chilo

m

spp. and

esamia Spp. However, tLthese treatments do not show



substantial increase in crop vyield and, therefore, makes tLhe
control uneconomical for peasant farmers {(Warul and Xuria, 1983).
Thus alternative control measures that would overcome the drawbacks
of insecticides are reguired. It was with the purpose of limiting

the use of thes:
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or suitable biological
.

cgontrol methods was initiated. In 19%1, with funding from the

government of Netherlands, the International Centre of Insect

Physiology and Ecology (I.C.I.P.E) and the Wageningen Agricultural
University {in Netherlands) initiated a project on the biological

‘n

control of the spotted stem-borer. Biological control using wasps
(in Pakistan )} on stem borers proved highly effective method of
control. The wasps were released into the cereals infected by
borers and was expected to control the population of the borer.
Feeding deterrents are being tried as one of the measures {Lwande

et al., 1986; Hassanali et al., 1%86). This would be desirable

environment cause damage to the crop and each cultural practice

needs to be evaluated as part of the total crop production system.

practices delays the build up of insect numbers which conseguently



heavily dependant on the operation of mneighbouring farmers.
Therefore, cultural control practices as a component of IPM, to be

planting, plant density, exploitation of ovipositional behaviour

removal of infested plants, intercropping and irrigation.

1.1.1 Mating and Egg Fertility of Chilc spp.
An understanding of the mating process and the factors

essential, if pheromonal control strategies aimed at interfering

with the pests reproduction are t
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(1985) reported that maximum mating activity in Chilo partellus

h

takes place after midnight, on night following emergence, and &

laying occurs between 1600 and 1800 hours on the first day after

In the Asiatic rice borer, Chilo suppressalis {Walker), mating
\ )

activity of males remained at a high level for 8 days and that of

the females for 4 days {(Kanno and Satto, 1978). 1In Perctinophora
7 ¥
gossypiella (saunders) also fewer females mated when paliring was
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females is
(Unithan and Paye, 19%1). Increased female longevity associated
with delayed mating has also been observed in other lepidoptera
(Ellis and Steele, 1982; Proshold et al., 1982; Henneberry and
Clayton, 1985; Lingren et al., 1988).

Realization of the reproductive potential in C. partellus is
dependent on the females age at mating, since late mated females

lay fewer eggs than early mated females (Unithan and Paye, 19%1).

This was also observed in other species of moths e.g Ephestia
cautella {(walker) {Barrer, 1976}, Heliothis virescens (F) {Proshold
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laboratory it was shown that the males emerge 2-3 days earlier than

received at a night is enough to fertilize eggs throughout the
females life. Females very seldom mate more than once, and the
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Klassen et al., 1%82). Two principl methods of using sex

pheromones for population suppression of insect pest exist. In

populations to an acceptable levels. In mating disruption, the

1

area under treatment 1s permeated with synthetic pheromones so that
the male moths cannot detect the relatively small amount of

3

phiercmone produced by a female moth and mating and subseguent

(25

larval infestations are prevented. The advantage of
pheromone-based control methods over the conventional methods lie
in species specificity of pheromones (Nesbitt et al., 1
relevance of pheromones in general to the needs of developing

-

countries was discussed by Campion and Nesbitt, {(1981). The major
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the origin of the parent moths which initiate the infestation,
since an attack is normally noticed when the larvae appears shortly
after beginning of the growing season. The use of pheromone traps
could serve at least initially to define more clearly the periods
of the moths flight and to indicate when the crop is at high risk
30 that the individual farmers can take appropriate action.
Mating disruption does seem promising for control of Chilo spp
and mass Lrapping of males using pheromone traps will be ef

in reducing the production of viable eggs if a high proportion of

e
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12
Europe and North Africa and the major component of the pheromone of
Sesamia Iinferens {Walker)} has been identified. The latter is a
pest attacking most dJraminaceous cfops throughout Asia. The
African sugar-cane borer, Eldana saccharina {(Walker) (Kunesch et
al., 1981) is wunusual 1in that 1like the other species of the
Galleriinae the male moth produces a sex pheromone from appropriate
sexX glands. The sex pheromones of the two New World stem borers,
Diatraea saccharalis and D. rufescens, are currently under
investigations and the structure of one component of the pheromorne

of the former species has been identified.
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ield Application of Stem-borer Pheromones.

Control of insect population can be attempted by treating the
target crop with the appropriate pheromone to prevent male moths
from locating "calling" females and thus suppress mating. This has
led to the development of slow release formulations which will
maintain relatively high concentrations within the crop for up to
several weeks after their application.

Initially this was achieved by using the same dJdispensing
systems that were employed in traps and attaching large numbers of
these by hand {(Nesbitt et al., 1875b). More recently, commercial
formulations have been developed consisting of hollow fibres,
plastic laminates and microcapsules (Campion et al., 1978; Brookes
et al., 1979). Several attempts have been made to control O.
nubilalis by mating disruption, in some cases beforé the biology of
the insect had been fully investigated. For exainple, it was found
in both Canada and Switzerland that a substantial amount of mating
occurred outside the maize c¢rop {(Showers et al., 1976; Buchi et
al., 1981i). This in itself would make the technigque ineffective
unless an area wide treatment was undertaken to include both the
maize crop and all the adjacent cultivations. Even if control was
achieved, it 1s probable that the cost of treatment would be
economically unacceptable. Thus control is possible, but only if

the treated area is well isolated and the movement of insects in

and out greatly limited. Beevor et al., (1677) showed that air
permeated with synthetic pheromone of Ostrinia spp caused

communication disruption in small scale trials carried out in rice
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1
fields in the Philipines. It was shown that the more stable
pheromone analogues {Z)-9-tetradecenyl formate, and
{(Z2)-11l-hexadecenyl formate were effective disruptants. When these

were dispensed from polyethylene vials surrounding a trap baited

Q
]
(==
a
1

with synthetic pheromone, catches of male moths were virtu
eliminated (Beevor et al., 1977). Mating suppression tests in
field <cages using (Z)-9-tetradecenyl formate, and (Z2)-11-
hexadecenyl formate dispensed from polyethylene vials indicated
high 1levels of disruption activity ({Beevor and Campion, 1979
Beevor et al., 1981). Similar tests on O. nubilalis were conducted

in Japan with a number of other pheromone analogues, the most

effective of which was the hydrocarbon, (Z2)-5-hexadecene {Kanno et
al., 1978). Open field trials in ©.2 ha rice plots using

{Z)-5-hexadecene in rubber dispensers were also.successful in that
significant reduction in plant dJdamage was achieved, in treated
areas (Kanno et al., 1%80; Tatsuki and Kanno, 1981). In Korea, a
different type of microcapsulated f{formulation of the aldehyde
phercmone component was shown to reduce catches of male moths of
Chilo spp in traps baited with virgin females in the field {(Lee et
al., 1¢81). It was suggested by Rothschild (1%81) that mating
disruption is unlikely to be successful in situations where a crop
is attacked by a complex of pests. Under such circumstances it
would Dbe advantageous to disrupt mating of both species

simultaneously by using an appropriate combination of pheromones.



1:2.4 Method of Extraction and Identification of the Female Sex

Pheromones of Chilo partellus.

The composition of the pheromone emitted by a single female moth

was examined using charcoal air filters ({Nesbitt et al., 1979;

H

Grob and Zurich, 1976} to trap the volatiles. Gas chromatography

{GC) analysis combined with simultaneous recording of male moth

2

stimulants for the male moths, an aldehyd

{Z2-CyH,CH=CH(C ﬁgCHO) and an alcohol (Z)-1i-hexadecen-1-o1
(Z—Cg@CH=CH(CHﬁ9CH§Hﬁ were identified. These were purified by a

method involving conversion of the aldehyde into a bisulfite adduct
prior to various microchemical reactions :eﬂ'ltL et al. 1979;.
Pure alcohol was obtained by collection of the appropriate peaks

from Carbowax 20 M and Apiezon L. GC columns as described by

3

Nesbitt et al., {1975a). The aldehyde was regenel ted by addition

of sodium carbonate to the agueous phase after extraction of the
alcohol with dichloromethane (Nesbitt et al., 1879). The major
component (aldehyde) had a lower retention temperature on all

olumns and was approximately 20 ng/tip edquivalent and the amount
of minor component {alcohol) was approximately 3 ng/tip equivalent
{Nesbitt et al., 1979). TField trials of the two compounds showed

that the major aldehydic component alone , when dispensed from

polyethylene vials, was comparable in attractiveness with the



female moth. However the exact function of the alcohol was
uncertain, since during the initial field trials it was reported
that addition of (Z)-11-hexadecen-1-0l to (Z2)-11-hexadecenal in the
1:7 ratio found in female extracts (Campion et al., 1978) reduced
the trap catches to level of unbaited traps {(Nesbitt et al., 1979;.
The detection of the alcohol in the airborne volatiles from a
calling" Chilo partellus indicates that the alcohol is
actually emitted by the moth and would suggest that it has a
definite function in premating behaviour, despite the observed
effect on trap catches. The situation in C. partellus thus seems
similar to that reported for the tortricid moth Choristoneura

he latter, the main attractant component of the

aldehyde to male moth was shown to be reduced by addition of
{Ej-1l1-tetradecen-1-0l {Sanders et al., 1972). Both the aldehyde
and the alcohol were found in tip extract, but only the aldehyde
was detected in washings from jars that had héld female moths

{(Weatherston and Maclean, 1974) and trapped on porapak @

(Weatherston et al., 19875). Jeatherston and Maclean, (1974)
concluded that the alcohol was merely a biosynthetic precursor to
the aldehyde. More recently re-examination of the pheromone

obtained by rinsing out female moths containers showed it to be a
mixture of the (E} and (Z) isomers of l1ll-tetradec
S4:4 and addition of small percentage of the (2) isomer to the pure

S ~

synthetic {(Ej-1i-tetradecenal was found to be necessary to optimize
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attraction {(Saunders and Weatherston, 1976). No comment was made
on the 1someric omposition of the 1l-tetradecen-1-o0l in tip
extract. (Z)-11i-Hexadecenal has also been identified as the major
component of the female sex pheromone of Chilo suppressalis where
its attractiveness to the male moth 1is synergized by a second
component {the homologous aldehyde, {(Z)-13-octadecenal) (Nesbitt et
al., 1975b; Beevor et al., 1977).

Although chemical analysis of C. partellus tip extracts showed
two main components, {Z)-1l1-hexadecenal and {(Z)-1l-hexadecen-1-ol
thirteen additional minor components have been identified
(Hassanali et al,.1992) all of them saturated or monosaturated
aldehydes or alcohols (Table 2).

In both C. partellus and C. suppressalis, {(Z)})-S-tetradecenyl
formate, a compound structurally related to (Z)—il—hexadecenal has

been found to be a potent olfactory stimulant for the male moth

(Nesbitt et al., 1975b; Nesbitt et al., 1877). wWith C.
suppressalis this same formate has been shown to disrupt

communication between male and female moths in the field (Beevor et

al., 1877). (Z)}-1i-Hexadecenal has also been reported as a female

|—l

sex pheromone component in the noctuid species virescens, H. zea

{({Roelofs et al., 1974; Tumlinson et al., 1975) and

o]
Q
!~v'
.

G
[(¥]
by
Q

(o7}

(Piccardi et al., 1977) and in the plutellid, Plutellid Xxylostella
(Tamaki et al., 1977; Chow et al., 1977). ({(Z)-1i-Hexadecen-1-ol
has been found as a pheromone component in the clover cutworm

s v

Scotogrmma trifolii {(Underhill et al., 169

k:)

76) .



Table 2. Components identified from female C. partellus gland

extracts.

19

Name

Tetradecanal
{(Z}-9-Tetradecenal
{(Z}-10-Pentadecenal
(Z)-11-Tetradecenal
Hexadecanal
(Z}-9-Hexadecenal
Tetradecan-1-ol
{(Z}-11-Hexadecenal
Zj-1C-Pentadecen-1-0ol
Octadecanal
Hexadecan-1-ol
{Z)-13-Octadecenal
(Z2)-7-Hexadecen-1-ol
(Z2}-11-Hexadecen-1-ol

Octadecan-1-o0l1

O
B

O
_

[

~9-CHyCH=CH(CH, ),CHO

a
3 i

£
(@)

'—10—C$@CH=CH(CHﬁcCH

Z-11-C;H;CH=CH(CH,),CHO
CHj, ( CH, ) {,CHO

CH,{CH

e

2 » j1,CH,OH
4 ia L

L%

[

-11-CHyCH=CH{ CHy )

3

4
kS

CH,{CH, ){,CH,0H
C,HyCH=CH(CH,}{;CHO
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0 synthesize the female Chilo partellus sex pheromones and

their analogues and to measure EAG evoked by these compounds as a

prelude Lo behavioural tests. The long-term aim of the project is
to determine if: (a)} the presence of small amounts of certain
analogues would affect the attractancy

extracts were found to produce two colfactory stimulants, which were
& A e A . QR o
identified as,
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Both compounds were detected in the volatiles of "calling"

female moth (Nesbitt et al.
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a female Chilo partellus revealed that the olfactory stimulants
found in a "calling" female volatiles were produced in the ratio of

7:1, the aldehydic component being the major compound (Nesbitt et

(‘!

al., 1879; Campion et al., 1878). These compounds would be used

as referernce samples and their electroantennographic activities as
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1.3.2.1 Geometric Isomers of the Pheromones
E)-11-hexadecenal.

CHs {(CHz )3, H

H “CH2 (CHz )s CHO

H “CH2 (CHz )s CHz OH

ince, however stereospecific the synthetic method used small

6)]

amounts of these isomers would be expected to be present tLheir
biological activities if any would be important with respect to the

performance of the synthetic pheromones.
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1.3.2.2 Formates

-

{Z)-S-tetradecenyl formate
CHs (CHz2 )3 _CHz (CHz )s CH2 OCHO
Jc=C!
:d “H

(Z2)-11-hexadecenyl formate

CHs (CHz )3 _ ,CHz (CHz )8 CHz OCHO
N 7
C=C,

/

H M

It h

Q,x

s been reported for some lepidoptera which have
monosaturated aldehydes as Lheir natural female sex pheromones that
the formates derived by replacing the B-methylene group of the
aldehyde by oxygen are potent olfactory stimulants for the male
moth e.g in Heliothis =zea, {(Z)-9-tetradecenyl formate elicits a
stronger EAG response than natural pheromone {Z)-11l-hexadecenal
({Priesner et al., 19875). Similarly {Z)-9-tetradecenyl formate and
{Z2)-11-hexadecenyl formate are strong olfactdry stimulants for

Chilo suppressalis, although, in this case 1less potent than the

|

aldehydes of natural pheromones, (Z2)-11-hexadecenal and
{Z)-13-octadecenal) {Nesbitt et al., 1975b; Beevor et al., 1977).
These findings prompts the synthesis of (2 —-tetradecenyl formate
and {(Z)-1l-hexadecenyl formate and testing them on Chilo partellus
males and their EAG response comparable to that of the synthetic

aldehyde {Z)-11-hexadecenal.



1.3.2.3 Trimer of the Aldehyde.

R H
\ C/
VRN

Where R is (2)-CH;CH=CH{CH;);-

It has been reported that materials which contain large
guantities of the trimer is unsuitable for use, even when applied
at high dosages. This is probably due to the effect of the trimer
on the dispensers (Dunkelblum et al., 1984). For example the sex
pheromone of the spiny bollworm Earias Insulana (Boisduval) has
been identified as (E,E)-10,12-hexadecadienal {(Hall et al., 198¢C;
Klug et al., 1982). Field tests showed that funnel Lraps baited

with 2 ng of the synthetic pheromone absorbed into the polyethylene

control programs for E. insulana {(Kehat et al.

Surprisingly, the pheromcne prepared for the 1682 season Jgave

erratic and significantly lower male catches than in previous
years. Ultimately it was found that these samples Lrimerized
extensively (Dunkelblum et al., 1584) Thus it would be
interesting to note the response of male Chilo partellus towards

the trimer O
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The characteristic response of the ethers from the trimer are

Qn

ssoclated with the stretching vibration of the C-0-C system. The

vibrational characteristic of this system would be in the same



involving carbon atoms, more in
Lrimer ethers. In the IR spectir

2.4 Acetal

Where R is (Z)—C4H§CH=CH(CH2
and R' is (Z)—Cg@CH=CF(Chn
compound is related to the trimer



derivatives of the aldehyde and their analogous formates

molecular weights will

U

1.3.2.6 Structural Determination .

The structures of these synthetic sex phercomones

w1+ T + 4o 1
1

determined with
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1/.Proton nuclear magnetic resonance
2/ .Carbon-13 nuclear maghetic resonance (**C-NMR ) spec
3/ .Mass spectira.

4/.Gas chromatographic {( GC )} pr

5/.Infra-red (IR )} spectra.
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RESULTS ARND DISCUSSION.

Synthesis.

8
Y

The synthetic compounds and their analogues were synthesized
through the schemes 1, 2, and 3 shown below.

Scheme 1. Synthetic pathway for pheromones and analogues.
HOCH:z (CHz JnCH20H

(i) HBr
{ii) Dihydropyran

N2

BrCHz (CHz JnCH2 OTHP

HC=CHlls Jhalaibis-
Ca Ho CE:EHZ (CHz )nCHzOTHP
|

1 /= T sl »
i)Na/Liq.NHs /THF

HC1/MeOH |§l) /uid /

v

4 ii)HC1/MeOH
C4Hs C=CCH2 {CH2 }nCHzOH CsHs N H
7

Cc=
/ 1 /’ A
Ha(LiBdi8%eton  ®°  (cHz)sCHzOH
Ca Hg\ /CHz (CHz JnCHz0H CrOs .2 Py/CHzClz
IIC:C\‘
b N & -
i c = / CsHs P!
4 583 CY%’ :C:C:
CaHs, (CHz )s CHO ;4 “(CHz )9 CHO
AN s
;C:C\
.
i b HCGCz2H/Toluene.
CaHs CHz (CHz )nCH2 O-CHO
‘\C:C/
H “H

Where = 6,8.
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Scheme 2. Synthesis of acetal from pheromonal compounds.
CsHs {CHz }sCHO 2 HOCH:z (CHz }s. CaHs
N 4 Mg s
=€ i C=C,
1'/' ‘\“ Yv/l ‘\Y
H H H H
!p—TsOH/Toluene.
| (o=
2 y “
O0—CHz (CHz )s CaHs
CsHo A{CHz jo C—H
ﬂ/’ \ o Y el
=C 0—CH2 (CHz )s_ CaHs
+ N R i
H H C=C.
v Ny
H H
Scheme 3. Synthesis of trimer from pheromonal aldehyde.
3 CaHs, ACH2 jgCHO H O R,
N = ~ pi sCH ) N q/ N7
A= » .
s i ——— D N
H “H RO, OH
«_/ :
C,
"
H R
Where R is CaHs {CHz2 jo—



the aldehydal compounds formed. Addition of NaHSO

eguilibrium, in which the carbonyl component was converted almost
entirely into addition product by use of excess bisulfite (Nesbit.
et. al., 1975b). The addition product was crystalline salt and had
the usual characteristic of an ionic metal compound. It was very
soluble in water but subject to salting out by common-ion effect
and it was insoluble in ether, infusible and non volatile. Since

the reaction was reversible the aldehyde was regenerated by

LIl

®

Scheme 4. A reaction for precipitation of aldehydes.
Naz2820s + Hz0 > 2NaHS0s
H
RCHO + NaHSOs —— > R-C-SO3Na
N
OH
’,H
R-C-S80sNa — RCHO + NaHSOs
N S
CH ,
HC1 NazCG0s3
3 4

I I
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The IR spectrum (Fig 40) has the following absorption peaks: 2920 cm"i

(3.42pm) methyl (CH I } C-H asymmetrical stretching vibration; 2850 o (3.3%um)

methylenic C-H syminetrical stretch;

2.2 Electrophysiology

1440 cml {6.94pm) C=C stretching vibration.

The electroantennographic response {Arn et al., 1975) tests showed that the

synthetic pherowones and their analogues differed in their ability to evoke EAG

Tesporises.

EAG responses confirmed that Z11-16:CHO was a better stimulant than the

corresponding alcohol Z211-16:0H.

ol

electroantenmographnic detector (EAD) using preparations of one day old male C.

partellus. The female sex pheromones and their analogues were synthesized and

A total of ten compounds were tested on the

isolated in good yvields. The compounds that were tested are given in Table 3
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Table 3. Synthetic compounds tested with electroantennograph using preparations

of male C. partellus antennae.

Compournid Structural notes
(Z)-11-hexadecenal Z11-16:CHO
{Z)-11-hexadecen—1-ol 211-16:0H
{(E)-11-hexadecenal E11-16:CHO
(E)-11-hexadecen-1-ol E11-16:0H
(Z)-11-hexadecenyl formate Z211-16:0CHO
(Z)-9-tetradecenyl formate 25-14:0CHO
11-Hexadecynal =11-16:CHO
8-Bromooctanyl formate | BrCy—OCHO K
10-Bromodecanal - BrCyCHO “
2,4,6-Tripentadec-10-enyl-1,3,5-trioxane 3{Z211-16:CHO-)
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Table 4. EAG olfactory response (mV) of the synthetic sex pheromones and their
analogues at different concentrations.
Conceritrations (ng/10 pl of hex)

Compounid 10 0 40 80 100
Z11-16:CHO |3.39+.05{4.11+.05{4.65+.09 |{5.70+.12 {6.59%£.04 |8.36%.02 {7.35%.03
E11-16:CHO [2.34+.09(2.97+.03|3.57+.09 |4.14+.17 {3.33%+.10 [2.84+.18 {2.54%.16
Z11-16:0H 1.41+.07]1.94+.04{2.31+.08 (2.61+.05 {2.81+.02 |2.91+.02 {3.61%.30
E11-16:0H 1.44+.03]1.61%£.06j1.72+.03 |2.03+.03 {2.70+.02 [2.88%.01 |3.21+.05
Z11-16:0CHO |1.61%+.18)1.81%+.02}2.76%+.16 (3.00+.18 |3.29+.19 [4.05%+.14 {2.97+.04
29-14:0CHO |1.52+.06]2.20+.13}2.78+.08 |5.22+.07 [4.03%£.45 |2.97+.03 {2.55%.23
iBr(CHZ%OCHO 2.29+.3212.10+.2114.72+1.12]5.14+1.26|4.9841.2114.83+1.214.77+1.2
Br(CHy)yCHO |1.30+.14)1.55+.1113.60£.81 |3.60%.69 [3.69t.76 |3.50+.66 |3.54%.66
=11-16:CHO [2.14+.06)2.43+.05|2.70+.02 {2.72+.14 3.11+.06 {3.35+.03 {3.51%.03
i Tr imer 0.99+.01}1.34%+.02)1.42+.02 {1.60+.01 ;1.94+.03 {2.50%+.03 {1.97+.03
7:1 Ratio 1.04+.02)2.28+.07)2.85+.12 {3.17+.09 |3.40+.13 |3.02+.10 {2.89+.04

Where Trimer is

211-16:CHO and

partellus.

3(Z11-16:CHO-)

and 7:1 ratio is the pheromonal components

Z211-16:0H in the ratio emitted naturally by the female C.

The standard used in this responses was commercial (Z)-11-hexadecenal

at 80 ng/10 pl of hex which gave the response 7.9910.01 mv

Antermal responses to the synthetic sex pherowmones and their analogues

showed that the sensillum was particularly sensitive to the Z211-16:CHO component

while the alcohol component, Z211-16:0H did not evoke a response of the same

magnitude (Fig 1a).

The E11-16:CHO also evoked a higher response than its
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corresponding analogous alcohol. The olfactory responses at different
concentrations of the synthetic samples is shown in Table 4.

Although Z11-16:CHC alone had a high olfactory EAG antennal responses to
the male Chilo partellus, this compound as well as its blend with 211-16:CH were
later found to be ineffective in inducing substantial catches of male C.
partellus in the field {Unithan and Saxena, 1990). However it has been shown
that even a small separation between the release points of C. partellus pheromone
componernits substantially decreases trap efficiency (Lux et al., in Press).
Although at the sensory level, stimulation due to each phercmone component is
received independently, successive steps of a behavioural sequenice are evoked by
relevant biological signals perceived as an integral whole rather than as a
component stimuli. Thus the effects of the pheromonal aldehyde (211-16:CHO) and
its alcohol (Z211-16:0H) were not complimentary in their EAG responses. Addition
of the alcohol to the aldehyde in the ratio {(1:7) 6f the volatiles found in
"calling'" females reduced the response significantly. The E11-16:CHO also gave
higher EAG responses as compared to the corresponding alcohol. Since, however
efficient the oxidation reagent used, small amount of the alcohol would be
expected to be present in the aldehyde. Thus it seems possible that the alcohol
found in the volatiles of a "Calling" female (Nesbitt et al., 1979) should be a
biosynthetic precursor for the preceding aldehyde.

The dose response curves (Fig 1) were obtained from the percentage
difference between the response to the standard and other concentrations of each

sample and plotted against 1ogmconcentration.



Fig 1a. EAG response curves of

Aldehydes and Alcohols

~ %EAG relative to std

A
Pl
- s !
\v\.
. o -
...\\.\
w\\\\
\0»1\‘.
L o
-
X.n.\\l\
-
l.\._ll «\\-
- \.\\4.\\.
s \.\.'11‘!\‘1‘4
et T e e
IS e e % . S

P b EE -

- — e —

B Y

&
o
N

log concentration
—— 71113 CHO —+= E11-18:CHC —#—= 711-18 QH

—¥- BrCeCHQ —o— 11~ hexadecynal —&— . E11=-18:0H

o



Fig 1b. EAG response curves of formates,
trimer and natural ratio.
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EAG responses Lo nanogram amounts of the synthetic phercimone compounds and
their analogues indicated that (Z)-11-hexadecenal (Z11-16:CHO) was most potent
olfactory stimulant (Fig la) followed by Z9-14:0CHO, Br(CHZMOCHO, Z11-16:0CHO,
(Fig 1b) E11-16:CHO (Fig 1a), Br(CthCHO (Fig 1c¢), =11-16:CHO (Fig 1d4d), Zz11-
16:0H (Fig 1a), E11-16:0H (Fig 1c¢), 7:1 ratio (Fig 1d) and the trimer (Fig 1c).

The formate derived by replacing B-methylene group of the pheromonal
aldehyde by oxygen was a potent olfactory stimulant than its homologous formate
with two methylene groups longer, but lower than the aldehyde (Z11-16:CHO).
Although the majority of lepidopterous female sex pheromones identified to date
have G, to Gy acetates, alcohols and/or aldehydes (Campion and Nesbitt, 1983),
further field work and studies should be focused on the formates of the
corresponding aldehydes.

It is interesting that in some lepidoptrous e.g the H. viriscens and C.
suppressalis the pheromone complex consist of two homologous compounds differing
in chain length by two carbon atoms (Roelofs et al., 1974; Nesbitt et al.,
1975b; and Ohta et al., 1976) although with differing potent olfactory
stimulancy. Where the attractant is composed of two homologues, the less
volatile, higher molecular weight component must have a relatively close-range
effect (unless it is more potent or more abundant than the lower homologue)
(Nesbitt et al., 1975b).

The geometric isomer {(E11-16:CHO) (Fig la) elicited some EAG response,
lower than the pheroional aldehyde (Z isomer) and the formates. Multi-component
pheromone systems in lepidoptera identified to date have been mixtures of
positional or geometric isomers of a single or combination of compounds of
identical chain length with different degrees of unsaturation {(Jacobson et al.,

1970; Nesbitt et al., 1973; Sower et al., 1974), and there has been several
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reports of pheromones which consist of two positional or geometric isomers of a
single compound (Tamaki et al., 1971a,b; Klun et al., 1973; Beroza et al.,
1973; Hummel et al., 1973).

The brominated formate and the aldehyde also elicited EAG responses which
could be attributed to the reactivity of the halogen with the receptor molecules
on the antennae of C. partellus. Subsequently further field work and studies
should be centered on the halogen (especially fluorine) substituted analogues
because of its small size and high reactivity.

The high molecular weight of the 2,4,6-tripentadec-10-enyl-1,3,5-trioxane
makes it less volatile thus the low EAG response elicited by the trimer of the
pheromonal aldehyde. The red bollworm sex phercmornie complex is unusual in being
a mixture of different compounds, in whnich the major component exists in two
isomeric forms. It 1s becoming increasingly apparent that relatively differences
in ratios of componernts can have a marked effect on bioiogical activity. For sex
pheromones to be used effectively for insect survey and control it is essential
that the exact composition of the attractive scent should be carried out to

elucidate the precise role of each conponent.
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of 0.01 mm or less in thickness, the plates being held together by capillary.

Between 3-10 mg of each sample was required and the spectrophiotometer was scamned
between 4000-600 om™ and the peaks interpreted according their range of

3]

absorption. Proton (‘H) Nuclear Magnetic Rescnance (NMR) were recorded on 90 MH

perkin Elmer R-24A and Varian EM 360 spectrometers and were specified on 100 MHz
an
Jeol FX-10C instrument, with CDCl, as the solvent and “'C NMR specified on 10C MHz

v

Jeol FX instrument.

3.3 Electroantennograph.

i3 of Chilo partellus used throughout this work were obtained from
the International Centre of Insect Physiology and Ecology (I.C.I.P.E), imsect
. 1

mass rearing unit. The pupae were Kept to emerge 1-2 days after picking. Moths

]
F

itennae

g

or scamning electron microscopy were fixed in 70% alcohol. The

3 T 19

specimen were then mounted on stups coated with carbon and palladium electrodes

anid observed in a Jeol, AC/DC preamplifier instrument.

ol

Lo Plactroantannocaram (| TASY o Qrvaocxs P14 AOITVCY mrasmrs i F 3 IS oA o
ine nieClroaiiiermiograli (AL a4 Grass rit AL/ UL Predipiliier wWwas used Lo

o 1 +ha ot arnns? ~ P £ Flha etk + +1- vt 1 s koo a oma Fle
record the antennal resporse o Line moth to the synthetic 9}.1 roficnes and uie
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orGer to eliminate antemnal movements. The moth was placed upside down on the

rhads waeEwa] Spefadacd hasiared Bha Sames V1A Faradd =l M 34 ab 5T Fine oF
L€l Veliiidi suriales Jedrlng ule Selisliida raced upwards. ine i i T1ips O

™~

blocb to pick up the EAG s3signals while the indifferent electrode was placed in
the moth body. This arrangement exposed the antermal sensilla to either light
or contimuous air stream bearing pheromone or analogous odour stimuli as shown
in the Figure 2. It was possible to get EAG signals, from both antennae
simultanecusly using standard electrophysioclogical procedures with a Gas P1L

AC/DC preamplifier and a magnetic tape recorder as well as a chart recorder to

ArErd Bha DAL Fadnarida 2 mwind SEAsE: Siard Aemuaiiad Faoma AT ST e snd Hha
ecord Lne EAG responses. BAG ampliitudes were converted Lo millivoits and the

ry

data was used to draw respolise curves.

3.4 Solvernts.
Dichloromethane, hexane, Loluene, methanol and ethanol were purified by
distillation, passed through a column of Woelm neutral alumina to remove any

polar contaminants and stored on activated nmolecular sieves. Diethylether,

petroleum ether and ethyl ethanocate were analar grade and they were passed
through a colunm of Woelm neutral alumina before storing on activated wmolecular
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sieves. Tetrahydrofuran (THF), hexamethylphosphoramide (HMPA) and the quinoline

were analar grade.

Fig 2. Diagram showing the moth antennal preparation and stimulus delivery

system.
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3.5 Preparation of Test Samples for Bioassays.

The samples used to test the olfactory responses of the Chilo partellus were

made by successive dilutions of the stock solution for each sample.

3.5.1 Preparation of the Stock Solution.

The stock solution was made in the concentration of 100 ng/10 ul. This was
achieved by dissolving 1 mg of sample in 100 mls of hexane. The following
concentrations were prepared from the stock solution for each synthetic pheromone
and their related compounds, in 10 pl, O ng, 1 ng, 5 ng, 10 ng, 20 ng, 40 ng,

80 ng, and 100 ng. The separate concentrations were analysed on the EAG and the
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{1975b) and the tetradecenyl foriwmates were prepared by an analogous acetylenic
route.
The diols were converted to the corresponding bromohydrins through the

substitution of one of the hydroxyls and these were protected as
tetrahydropyranyl ethers. Coupling with 1-hexyne using a freshly prepared
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catalyst deprotection of the crude products gave the acetylenic alcohols,
f

1i-hexadecyriol and S-tetradecyncl. Semi-hydrogenation over lindlar catalyst
\Qa.L.Lau..LU.ui on calcium carbonate y\)ls onied with le -d) in ethanol/ q&meJ.J.LLe mixture

trioxide-pyridinium complex formed in situ' in dichloromethane. The
corresponding (E) isomers were prepared by sodium/liquid ammonia reduction of

the corresponding protected acetylenic tetrahydropyranyl ethers described above,

followed by deprotection and oxidation as illustrated in the Scheme 1. The
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formates were prepared by refluxing the alcohols with formic acic
¢ 2z
p-TsOH. The trimer was prepared from the freshly prepared pheromonal aldehyde
in the presence of p-toluenesulphonic acid as a catalyst in a neat sample {Scheiie
b/ L

aldehyde and alcohiol, the

’-J

3} and the acetal from the corresponding pheromonal

f e A e e s s BT S D)
Y F-LOilernesuipnonic acClid (oChehie 4.
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To a freshly prepared aldehyde, pheromone sample (2-11-HDAL) in a vial
o) T T A PRI 1 RO - P e L P e Yoy
P-toluenesulphonic acid was adaed, nd th sdiipie sealed under nitrogeii 1id Rept
~ y o . £ 2 N - awt amnt A e 42y sy + 3 prye 3
at room temperature for 3 weeks. The extent of trimerization was monitored on

alumina TLC plates. The trimer could not be analysed on a capillary GC column
because it underwent thermal degradation. The residue was then washed with

1 1

NafCC, Lo remove the acid then with water and NaHSO, to remove the aldehyde.

[

3.7.11 Formation of the Acetal.
In a 250 ml round bottomed flask provided with a reflux condenser and
clavenger apparatus (1 part, 40 g} of freshly prepared pheromone (Z-11-HDAL)

aldehyde and (2 parts, 80 mg) of freshlj

catalytic amount of P-TsOH in toluene were put. The mixture was heated under -

(7
5

reflux under the nitrogen atmosphere for 24 hrs. The cold mixture was washed

to remove the exXcess

€

with excess NafCO; to remove the acid and with NaHSC
aldehiyde. The residue was washed with water and dried on sodium sulphate. Flash
chromatography was used to purify the acetal off the alcohol (yield, 20-25%).
Figures 38,39, and 40 are the GC profile, HMass spectrum and IR spectrunm

A Yy T Tt 7o s
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