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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.

(Z)-ll-Hexadecenal and

hexadecen-1-o1 (Z-11-C~HoCH=CH(CH~)QCH~OH), the major components of
't ;) £ J .(.

spotted stalk borer, Chilo partellus (swinhoe) female sex

pheromone, were prepared in good yields from readily available

l,10-decanediol by an acet ylenic route, and (Z )-9-tetradecenyl

formate (Z-9-CjHcCH=CH(CH~)~CH~O-CHO), an analogous structure was
'! :; .(. I .(.

prepared from l,8-octanediol by the analogous acetylenic route.

Simple distillation of the 1-bromo-10-(2-tetrahydropyranyloxy)

decane, coupling with 1-hexyne .in liquid ammon ia and litharnide

followed by deprotection gave 11-hexadecyn-1-o1 (C1 HoC=C(CH~)oCH,OH)• , i r s =::

(b.p 96-98° C/O.04 mmHg; 75% yield). Partial hydrogenation of 11-

hexadecyn-1-o1 on a Lindlar catalyst gave (Z)-11-hexadecen-1-o1

(b.p 75° C/O.01 mmHg, 95% yield) which on oxidation gave (Z)-ll-
t- exad -cer - , (~1 1 C H CH ~H I CH \ ruo \11 tole ldJ.. 6--1--1-- 419 1=L. 11, 2'9'"'11 J (b .p 710 C/O. 01 mmll g ; 80%

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

silicone column. (E)-11-Hexadecenal and (E)-11-hexadecen-1-o1 were

prepared via sodium/liquid ammonia reduction of the intermediate

C~HnC=C(CH')1nOTHP, giving the final product contai:ning 1% of the
't ., .co .LV

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

for the oxidation of the olefinic alcohols to the corresponding



aldehydes (yield, 76-79%). The other analogues were obtained by

derivatizing the aldehydes or alcohols of the intermediates or the

final products in the synthesis.

The Electroantennographic (EAG) tests showed that the

compounds differed in their ability to evoke EAG responses and they

were lower than {Z)-ll-hexadecenal. The EAG responses confirmed

that (Z)-ll-hexadecenal was a better stimulant than the
corresponding alcohol (Z)-ll-hexadecen-l-ol.
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CHAPTER 1.

INTRODUCTION.
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 is destroyed by pests

(Marini-Bettolo, 1976). Apart from other causes of food losses

like diseases and weeds, pests consume upto forty percent of

Africa's food reserves (Mohyuddin and Attique, 1978).

Tropical countries suffer the most severe crop loses due to

pests because of conducive climatic conditions. The use of

insecticides has been the most effective method of crop protection

against insect pests (Mandava, 1985), aIt.ho uqh 'there has been a

number of drawbacks. Firstly, most insecticides are synthetic,

non-selective and toxic chemicals which have led to serious social

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, 1989).

Insect resistance by some pests has led to the use ,- • .t:
U.L higher

doses or more powerful insecticides, which are not only

uneconomical but also elevates this problem of resistance and
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contamination of the environment (Saxena, 1989). 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 [nay last an 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 me t.hods of pest control, develop others and

implement new methods. Use of natural products der ived from

metabolic activities of plants and animals has been one of the

approaches. These approaches seem feasible because plants are the

richest source of bioactive organic chemicals. Natural products

from these plants have the advantages as insecticides because they

are renewable, biodegradable, more selective and less resistant to

biological factors (Alkofahi et al., 1989). Semiochemicals emitted

by pests are also of great importance and fi~ld 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, 1991; Campion and Nesbitt, 1983). The

advantages of the pheromone based control me thod s lie Hi the

species specif icity of the pheromones (Nesbitt et al., 1979) in

their biological activity which means that only relatively small

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

environment (Campion and Nesbitt, 1983).
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1.1 Scope of Chilo pal'tellus.

Chilo pal'tellus (swinhoe) lS one of the most widespread pests

in tropical Africa and the Indian sub-continent (Harris, 1985 i

Alighali, 1985). This pest is not endemic to Africa but was

brought here by ships frorn the Indian sub-continent early this

century (Hill, 1983). The pest found the local environment

hospitable and successfully invaded and colonised most countries in

eastern and southern Africa. Forty one species of the genus Chilo

are known of which twenty five of these, including eighteen species

which occur in Afr ica, infest cereals (Beevor et al., 1990).

Essentially, it is a pest in hot lowland areas and is seldom found

above an altitude of 1500H (Hill, 1983). The main hosts of CIUlo

partellus larvae are maize (Hohyuddin and Attique, 1978), sorghum

(Seshu Reddy, 1988), sugarcane, rice, millet, and wheat (Harris,

1985) . The larvae may attack various part:" 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, 1989; Teetes et al., 1983). The severity of infestation

largely depends on climatic conditions and the number of

aestivatingjdiapausing larvae which perpe tua t e infestation from

season to season. Control of these stern borers is dif f icul t

because the damage is inside the stalks where they are protected

from insecticides.

The surv i val of Chilo spp. in the dry season depends upon

alternate host and wild grasses, although the greatest proportion

of carryover is in residues left in the field (Wheatly, 1961). The
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maize stubbles, stalks, and cobs have been found to harbour borers.

In Nigeria, Adeyemi (1969) 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 loss caused by C. pe rt.e l Lue larvae in

sorghum alone have been reported to be upto 80% in Kenya (Pathak,

1991). The residual infestation, together with confirmed

possibility of Chilo spp. in Kenya (Schel tez, 1978) to diapause,

makes the borer populatio:n sufficiently large to ensure infestatio:n

of the succeeding crop. Hargreaves (1939), working in Uganda,

found that continuous sowing undertaken by local farmers provide

continuous supply of young plants, which provide continuous food

for the borer to complete its life cycle and infest other young

plants. ~vhile studyi:ng the seasonal incidence of Chilo spp . it was

found that the average number of larvae was greater in cooler than

in hot season, but the average number of pupae, the percentage stem
,

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

al.,1978). Chilo spp. are particularly more difficult to control

largely because of the cryptic, nocturnal habits of the adult

moths, and the protection afforded by the stem or cob of the host

crop to the developing stages (Singh and Rana, 1989). Insecticidal

control measures have proved difficult to apply effectively. T ....-.
.l.1l

case of sugar cane, high crop density access for ground

spraying alrnost impossible. III r Lc e cu Lt i.v a t i.on , Lns e c t i.c ide



application is detrirnental to beneficial insects and can cause

serious pollution of waterways and to fish (Beevor et al., 1990).

To control the borers it is important to destroy all st.ubbl.e s

during the dry season. This enables the initial infestation in the

long rain crop to remain low and allow the crop to pass through the

most susceptible stage before larvae borer population builds up.

The disposal of such residues containing the resting phase larvae

by burning, composting or as cattle beddings could reduce

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

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

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

method would be adrninistered efficiently because compelling fanners

to burn or destroy all crop residues after harvest, instituting a

close season with no volunteer maize and destruction of .-. ,,
U.J..J.

grarninaceous wild species cannot be prac t icab le (Ingrarn, 1958).

The commonest me thod of control of borers is the use of

insecticides which have the advantage that their immediately

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). T .•......Ll!

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

widespread. Indeed, their use has been limited to the commercial

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

spp. and Sesamia spp. However, these treatments do not show



substantial increase in crop yield and, therefore, makes the

control uneconomical for peasant farmers (Warui and Kuria, 1983).

Thus alternative control rneasures that would overcome the drawbacks

of insecticides are required. It was with the purpose of limiting

the use of these pesticides that the search for suitable biological

control methods was initiated. In 1991, 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

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 stem

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., 1986). This would be desirable

when environmental factors are considered. Moreover antifeedants

and feeding stimulants f roru plants provide knowledge about the

inter-relationships between insects and plants. This in turn will

contribute toward the development insect-resistant crop varieties.

Several cultural practices have a profound influence on the

i.nsect survival. The persistence of insects in a particular

environment cause damage to the crop and each cultural practice

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

Sometimes even a slight population reduction brought about by these

practices delays the build up of insect numbers which consequently

reduces the plant damage (Pathak and Dhaliwal, 1986). Although



7

these methods are simple and easy to follow, they are subject to

the variability of agroecological zones, weather and are sometimes

heavily dependant on the cooperation of neighbouring fanners.

Therefore, cultural control practices as a component of IPM, to be

successful and cost effective, will need group endeavour on the

populations of cereals stem borers. Some cultural practices which

are intended to disrupt or slow-down the population build-up of

Chilo spp in cereals ale tillage and mu lch i.nq , sanitation,

destruction of volunteer and alternate host plants, time of

planting, plant density, exploitation of ovipositional behaviour,

removal of infested plants, intercropping and irrigation.

1.1.1 Mating and Egg Fertility of Chilo sPP.

An understanding of the mating process and the factors

controlling it, and its effects on the reproductiye potential is

essential, if pheromonal control strategies aimed at interfering

with the pests reproduction are to be developed. Kumar and Saxena

(1985) reported that maximum mating activity in Chilo pert el Lue

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

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

mating.

In the Asiatic rice borer, Chilo euppreee al is (\'ialker),rnating

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

the females for 4 days (Kanno and Satto, 1978).

goss},piella ( saunde rs ) also fewer f erna Les rua t ed when pairing was

delayed (Lingren et al., 1988). Decline in mating frequency with



age has also been noted in other species of moths (Ellis and Stele,

1982; Henneberry and Clayton, 1985). Female longevity in Chilo

partellus is related to mating, and long lifespan in late

fernales is 110t accompan ied by an extended reproduc t ive period

(Unithan and Paye, 1991). 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, 1991).

This was also observed in other species of mo ths e.g Eph ee t i e

cautella (walker) (Barrer , 1976), He l iot.h i s vir eecene (F) (Proshold

et a1., 1982).

ctii Lo pal ..tel1us mal.e s are able to mat e oric~ pel' n i.qh t for

several nights and the spermatophores transferred are effective in

producing fertile eggs (Unithan and Paye, 1991), and in +- lr. ,- ..
L.l.lC

laboratory it was shown that the males emerge 2-3 days earlier than

the females (Ochieng et al., 1985). If this is also true in the

field then males ability to mate repeatedly over 5-6 days ensures

insemination of the late emerging females. A single spermatophore

received at a ni qh t is enouch to fertilize eggs t hr ouchcut tile

f ema les life. Females very seldom mate more than once, and the

mated females are less attractive to males in the field (Unithan

and Paye, 1991), and therefore males are likely to mate with only

unrnated fernales. The ability of the males to mate several times
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has been reported also in other Lepidoptera e.g Prodenia litura
..• ,...,,..,... \.l.;;OUj, EaL&ias insulana (Ke hat and GordOll,

1977), and S. littoralis (Kehat and Gordon, 1975).

Pherornones.

A pheromone is a chemical messenger which is secreted by a

member of an animal species and which elicits a definite

behavioural response in another member of the same species (Campion

and Nesbitt, 1983). In many lepidopterous pests, sex pheromones

are secreted by one sex, usually the female, to attract members of

the opposite sex for mating. Pheromones have now been isolated and

identified for many species. Typically but with some exceptions,

moth sex pherornones are produced in the glands located in the

terminal abdominal segments and are long chain, unsaturated esters,

alcohols, or aldehydes (Ando et al., 1977). Pheromones generally

consists of more than one component and these may be isomers with

respect to geometry or the position of the unsaturation. Or, they

may be structurally related compounds differing in chain length or

the nature of the functional group (Beevor et al., 1981; Campion

and Nesbitt, 1983). In most cases the components are secreted in

very precise ratio (Campion and Nesbitt, 1983).

1.2.1 Utilization of Sex Pheromones for the Control of Stem

Borers.

Pheromone baited traps are now widely used in monitoring to

assess the population levels of insect pests in both Agriculture

and Eorsst ry .. ,..."' .. \.l.':J':Jl.j. TIle r.. ..t:
U.1.
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cons t r uc t.i.on ..... ,..-. ,.'
Q.L.LU ma i.nt enance of traps and their

species-specificity gives them many advantages over light traps and

other methods of population sampling (Campion and Nesbitt, 1983;

Klassen et al., 1982). Two principle methods of using sex

pheromorie s for population suppression of insect pest exist. In

mass trapping, large numbers of traps are used to reduce

populations to an acceptable levels. In mating disruption, the

area under treatment is permeated with synthetic pheromones so that

the male moths cannot detect the relatively small amount of

pheromone produced by a female mot h and mat i.no and subsequent

larval infestations are prevented. The advantage of

pheromone-based control methods over the conventional methods , '.l.le

in species specificity of pheromones (Nesbitt et al., 1979). The

relevance of pheromones in general to the needs' of developing

countries was discussed by Campion and Nesbitt, (1981). The major

problem in the study of lepidopterous stem borers is in determining

the origin of the parent moths which initiate trre 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

so that the individual farmers can take appropriate action.

Hating disruption does seem promising for control of cb iLo spp

and mass trapping of males using pheromone traps will be effective

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

the males can be removed from the population. Similar reservations
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have been expressed in the case of other species of moths (Kehat

and ccr dcn , 1975 i 1977 ; Campion and Nesbitt, 1 no -::\
~ ::IV"';) •

hand, in G. p ert eILue delayed mat irlg ,-,..-.v.
\,.,Qi1. result "'l v..J..H a marked

r~duction in the number of viable eggs due to combined effects of

reduced fecundity and reduced fertility (Unithan and Paye, 1991).

Thus de Lay i no or d i s r up t i nq ma t i.nc boy pe r me a t i nc tile field w i t h

pheromone components, if achieved, could be an effective strategy

for suppressing C. partellus population.

1.2.2 Identification of Stem-borer Pheromones.

T~ne sex pheromones and attractants for lepidopterous

stem-borers which have been identified are listed in Table 1 below.

The species include the African stalk-borer, Busseola fusca

(Fuller) (Nesbitt et al., 1980a; Hall et al., 1981) and three

~ilo species- (Nesbitt et al., 1975b; 1979; 198Gb Ohta et al.,

1976) the sugar cane borer , cbi Lo sectieriptiecus (Bojer), an

Impor t an t pest .in Java and Hau'r itius, cb i Lo pal ..t.e l Lue ( sw.tnnce ) a

pest of cereals, rice, and sugar-cane in Eastern and Southern

Africa and Lnd i.an subcont i nen t I and chi Lc supp r es s e l i e (Walker) I a

major pest of rice in S.E.Asia. The European corn-borer, Ostrinia

nubilalis (Hubner) (Klun and Junk, 1977) is the most important pest

of maize in Europe, and N.America. oet.r inie Lurn i ce I i s (Guenee)-

(Chieng et al., 1981) occupies a similar position in Asia. The

pheromones of two Sesamia species (Zagatti et ~,
a.~ • I 1981) have been

investigated. An attractant has been found for Sesamia cre ti ce

(Led) (Ar sur a et - ,d..i.. , ..• "'~..,\s.v i t , which attacks sorghum in Southern



Europe and North Africa and the major component of the pheromone of

Sesamia inferens (Walker) has been identified. The latter is a

pest attacking most graminaceous crops throughout Asia. The

African sugar-cane borer, Eldana saccharina (Walker) (Kunesch et

al., 1981) is unusual in that like the other species of the

Galleriinae the male moth produces a sex pheromone from appropriate

sex 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 pheromone

of the former species has been identified.
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1. 2.3 Field 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 saffledispensi:ng

systems that were employed in traps and attaching large numbers of

these by hand (Nesbitt et al., 1975b). More recently, commercial

formulations have been developed consisting of hollow fibres,

plastic laminates and microcapsules (Campion et al., 1978; Brookes

et a1., 1979). Several attempts have been made to control O.

nubilalis by mating disruption, in some cases before the biology of

the insect had been fully investigated. For examp~e, it was found

in both Canada and Switzerland that a substantial amount of mating

occurred outside the maize crop (Showers et al., 1976; Buchi et

al., 1981). This in itself would make the technique 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 is 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 a1., (1977) showed that air

permeated with synthetic pheromone of Ostrinia spp caused

communication disruption in small scale trials carried out in rice



fields in the Philipines. It was shown that the more stable

pheromone analogues (Z)-9-tetradecenyl f o rma t.e, and

(Z)-ll-hexadecenyl formate were effective disruptants. When these

were dispensed from polyethylene vials surrounding a trap baited

with synthetic pheromone, catches of male moths were virtually

eliminated (Beevor et al., 1977). Mating suppression tests in

field cages using (Z)-9-tetradecenyl formate, and

hexadecenyl formate dispensed from polyethylene vials indicated

high levels 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, (Z)-5-hexadecene (Kanno et

al., 1978). Open field trials in 0.2 ha rice plots using

(Z)-5-hexadecene in rubber dispensers were also successful in that

signif icant reduction in plant damage was achieved, in treated

areas (Kanno et al., 1980; Tatsuki and Kanno, 1981). In Korea, a

different type of nucrocapsu l.at.edf ormu lat ion of the aldehyde

pheromone component was shown to reduce catches of male moths of

Cllilo spp in traps baited with virgin females in the field (Lee et
al., 1981). It was suggested by Rothschild (1981) 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 be advantageous to disrupt mating of both species

simultaneously by using an appropriate combination of pheromones.
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1. 2.4 Method of Extraction and Identification of the Female Sex

Pheromones of Chilo pal'tellus.

The composition of the pheromone emitted by a single female moth

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

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

(GC) analysis combined with simultaneous recording of male moth

Electroantennograph (EAG) responses to the column effluent were

carried out as described by Mourhouse et al., (1969) and Nesbitt et

al., (1977). Purification of tip extracts after GC-EAG analysis

established that the female tip extracts contained two olfactory

stimulants for the ma I.e mo t hs , an aldehyde, (Z)-ll-hexadecenal
t rr C H CH CH (~TT , ~HO \\ IJ - 4 19 = \ L,112 I 9 L,l ) and an alcohol (Z)-11-hexadecen-1-01

were identified. These were purified by a

method involving conversion of the aldehyde into a bisulfite adduct

prior to various microchemical reactions (Nesbitt 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

Nesbitt et al., (1975a). The aldehyde was regenerated by addition

of sodium carbonate to the aqueous phase after extraction of the

alcohol with dichloromethane (Nesbitt et al., 1979). The maj or

component (aldehyde) had a lower retention temperature on all

columns and was approximately 20 ng/tip equivalent and the amount

of minor component (alcohol) was approximately 3 ng/tip equivalent

(Nesbitt et al., 1979). Field trials of the two compounds showed

that the major aldehydic component alone , when dispensed frorn

polyethylene vials, was comparable in attractiveness with the
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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-ol to (Z)-ll-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 frorn a

fernale "ca Lli.nc" 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 cbor iet oneui:e

fumiferana. In the latter, the main attractant component of the

female sex pheromone was identified as (E)-ll-tetradecenal

(Weatherston et al., 1971) and the attractiveness of the synthetic

aldehyde to ma l,e moth was shown to be reduced by addition of

{E)-11-tetradecen-1-01 (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 held f eraa Le mo t hs

(Weatherston and Maclean, 1974) and trapped on porapak Q

(Weatherston et al., 1975). Weatherston and Maclean, (1974)

concluded that the alcohol was merely a biosynthetic precursor to

the aldehyde. More recently re-exarnination of the pheromone

obtained by rinsing out female moths containers showed it to be a

mixture of the (El and (Z) isomers of 11-tetradecenal 1n a ratio

94:4 and addition of small percentage of the (Z) isomer to the pure

synthetic (E)-11-tetradecenal was found to be necessary to optimize
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attraction (Saunders and Weatherston, 1976). No comment was made

on the isomeric composition of the 11-tetradecen-1-01 in tip

extract. (Z)-11-Hexadecenal has also been identified as the major

component of the female sex pheromone of Chilo suppressalis where

its attractiveness to the male mo th is synergized by a second

component (the homologous aldehyde, (Z)-13-octadecenal) (Nesbitt et

al., 1975b; Beevor et al., 1977).

Although chemical analysis of C. p srt.e l Lue tip extracts showed

two main components, (Z)-ll-hexadecenal and (Z)-11-hexadecen-1-0I,

thirteen additional minor components have been identif ied

(Hassanali et aI, .1992) all of thern saturated or rnonosaturated

aldehydes or alcohols (Table 2).

In both C. partellus and C. suppressalis, (Z)-9-tetradecenyl

formate, a compound structurally related to (Z)-ll-hexadecenal has

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

(Nesbitt et al., 1975b; Nesbitt et al., 1977). With C.

supp res ee l is this same formate has been shown to d isrup t

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

al.,1977). (Z)-ll-Hexadecenal has also been reported as a female

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

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

(Piccardi et al., 1977) and in the plutellid, Plutellid xylostella

(Tamaki et al., 1977; Chow et al., 1977). (Z)-11-Hexadecen-1-01

has been found as a pheromone component in the clover cutworm

scot.oartnme trifolii (Underhill et al., 1976).



Table 2. Components identified from female C. partellus gland

extracts.
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Name Structure

Tetradecanal ~H {~H \ CHr".\"'1 3 \ \,., 2 j 12 v

(Z}-9-Tetradecenal

{Z}-10-Pentadecenal

(Z)-ll-Tetradecenal Z-11-C2HSCH=CH (CHZ) 9 CHO

CH3 ( CH2 ) 14CHO
Z-9-CrH1,CH=CH(CH1 )7CHOo 1J • ,

Hexadecanal

(Z)-9-Hexadecenal

Tetradecan-1-o1

(Z)-ll-Hexadecenal

(Z}-10-Pentadecen-1-o1

Octadecanal

Hexadecan-1-ol rH I ru \ CH OR
'-' ,;. '-'U~ ) '11 1 1 1

oJ l. ':t t.

(Z)-13-0ctadecenal

(Z)-7-Hexadecen-1-o1

(Z)-11-Hexadecen-1-ol

Octadecan-1-o1

I
I
II,

'\
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1.3 Aim of the Project.

To synthesize the fen-taleChilo parce l Lue sex pheromones and

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

prelude to 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

performance of synthetic pheromones.

(b) effective disruptants of the action of

pheromones can be identified.

The following compounds were synthesized

The Female Sex Pheromones.

Eerua Le Chilo pert el.Lue (swinhoe) abdominal tip

extracts were found to produce two olfactory stimulants, which were

identified as,

(Z)-ll-hexadecenal.

CH3 (CH2 )3, ,CHz (CHz ) 6 CHO
"r'-r'/v-v

H/ "'H

(Z)-11-hexadecen-1-ol.
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Both compounds were detected in the volatiles of "calling"

female moth (Nesbitt et al., 1979). The female tip extracts from

a female Chilo partellus revealed that the olfactory stirnulants

found in a "calling" female volatiles were produced in the ratio of

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

al., 1979; Campion et al., 1978). These compounds would be used

as reference samples and their electroantennographic activities as

a basis for comparing with those of the analogues.

1. 3.2 Analogues

1.3.2.1 Geometric Isomers of the Pheromones

(E)-ll-hexadecenal.
CH3 (CHz ) 3 -, /H

'C=C/
H/ 'CHz(CHz )aCHO

(E)-11-hexadecen-1-01.

Since, however stereospecific the synthetic method used small

amounts of these isomers would be expected to be present their

biological activities if any would be important with respect to the

performance of the synthetic pheromones.



1.3.2.2 Formates

(Z)-9-tetradecenyl formate

{Z)-ll-hexadecenyl formate

CH3 (CHz ) 3 CHz (CHz ) 8 CHz OCHO
"C=C/

H/ '''H

It has been reported for some lepidoptera which have

monosaturated aldehydes as their natural female sex pheromones that

the f orma t es derived by replacing the 13-rnethylene group of the

aldehyde by oxygen are potent olfactory stimulants for the male

moth e.g in HeI io this zea, (Z)-9-tetl adecenyl formate elicits a

stronger EAG response than natural pheromone ,(Z)-11-hexadecenal

(Priesner et al., 1975). Similarly (Z)-9-tetradecenyl formate and

(Z)-ll-hexadecenyl formate are strong olfactory st i mu Lant s f or

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

aldehydes of natural pheromones, (Z)-ll-hexadecenal and

(Z)-13-octadecenal) (Nesbitt et al., 1975b; Beevor et al., 1977).

These findings prompts the synthesis of (Z)-9-tetradecenyl formate

and (Z)-ll-hexadecenyl formate and testing them on Chilo paltellus

males and their EAG response comparable to that of the synthetic

aldehyde (Z)-ll-hexadecenal.
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1.3.2.3 Trimer of the Aldehyde.

Where

It has been reported that rnaterials which contain large

quantities 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., 1980;

Klug et al., 1982). Field tests showed that funnel traps baited

with 2 ng of the synthetic pheromone absorbed into the polyethylene

vials captured E. insulana effectively (Kehat et al., 1981a). The

sex pheromone traps were proposed as a potential means of improving

control programs for E. insulana et -, ,
G...L. • I 1981b) .

Surprisingly, the pheromone prepared for the 1982 season gave

erratic and significantly lower male catches than in previous

years. Ultimately it was found that these samp les t r i.me ri zed

extensively (Dunkelblum et al. I 1984) . Thus '+l •.. would be

interesting to note the response of rua l.e Chilo pal'tellustowards

the trimer of the aldehyde.

The characteristic response of the ethers from the trimer are

associated with the stretching vibration of the C-O-C system. The

vibrational characteristic of this system would be in the same
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region as the C-C-C s y s t eru , however since vibratio:ns involving

oxygen atoms result in greater dipole moment, changes other than

those involving carbon atoms, IHore intence bands are observed for

t r ime r ethers. In the IR spectra the most characteristic.absorption is the band 1215 cru' (Fig 50) which di.mi.n i she s on

storage. A frehly prepared trimer was also be devoid of aldehydic

properties. However, the trimer is a difficult compound to handle

since it cannot be detected on a capillary GC as this would cause

t he rrual d e cornpo s i t i on of tile t ri.me r to a moriome r (Dunke Lb Lurn et

al., 1984).

Acetal

Where R is (Z)-CAHQCH=CH(CH~)c-
't .J £ )

and

This compound is related to the trimer structurally, in that, both
'1~1d--V';;' t he e- t.he r' ll' nkao e s • "1." '-1'-'e- ~,- - C -.--p----- -, "- '" , ~ 'r -~ ~. •• ~ ••• '" ~ '-' 1'-' LIle UiB 'UUIiU 1.;:) 1.lKe .•.y LO o e t o rmed

in a synthetic mixture of the aldehyde and the alcohol its effect

on C. partellu8 would be interesting to study. The trimer and the

acetal have compa r ab l e mo Le cu La r we i ch t s I but t he latter c anno t

undergo thermal decomposition on a capillary GC.
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1.3.2.5 Effect of Acetylenic Bond.

The EAG response of C. partellus to this compound comparable to the

aldehydal pheromone would be desirable. And also the bromo

derivatives of the aldehyde and their analogous formates of related

molecular weights will be studied.

1.3.2.6 Structural Determination .

The structures of these synthetic sex phe romone s would be

determined with the help of a combination of the following

spectroscopic analytical methods:

i/.Proton nuclear magnetic resonance (lH-NMR ) spectra.
1 '2/.Carbon-13 nuclear magnetic resonance (lJC-NMR ) spectra.

3/.Hass spectra.

4/.Gas chromatographic ( GC profiles.

5/.Infra-red (IR ) spectra.
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CHAPTER
RESULTS AND DISCUSSION.

Synthesis.
The synthetic compounds and their analogues were synthesized

through the schemes 1, 2, and 3 shown below.
Scheme 1. Synthetic pathway for phe romone s and analogues.

HOCHz(CHz )nCHzOH

I ( i) HBr
I(ii) Dihydropyran

'~'

BrCHz(CHz )nCHzOTHP

C4H9G=CCHz(CHz )nCHzOTHP

I
IHCl/MeOH

,!/
C4H9G=CCHz(CHz )nCHzOH

IHz 'L:i.ndlal;I cat../uuln/EtOH
..•~..•

I (i)Na/Liq.NH3/THF
'~(ii )HCl/MeOH

C4H9, l}
'c=C/

H/ '<, (CHz )9C,HzOH

Cr03 .zPy /CHz C12

C4Hs, /CHz(CHz )nCHzO-CHO
'f"'-r'/\",---\.."

H/ "'H

Where rl= 6,8.



'1"7
L. I

Scherne 2. Synthesis of acetal from pheromonal compounds.

+

!P-TSOR/TOluene.

I
J

Scherne 3. Synthesis of trimer from pheromonal aldehyde.

3 C4R9, , (CR2 ) 9 CRa
-~C=C:'

R/ -'R

p- TsOR
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Scheme 4 was a reaction characteristic of the purification of

the aldehydal compounds formed. Addition of NaHSO" employed in
J

saturated 40% aqueous solution to an aldehyde resulted in an

equilibrium, 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 adding

aqueous solution of the product on an amount of sodium carbonate or

hydrochloric acid sufficient to destroy the free bisulfite present

in equilibriurn.

Scheme 4. A reaction for precipitation of aldehydes.
Na2S20s + H20 ) 2NaHS03

RCHO + NaHS03
/H

-----) R-C~S03 Na
'OH

, RCHO + NaHS03

lIRCI Na,CO,
'oJ ' ../

NaCl + S02 + H20 Na2S03 + C02 -;-
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The proton nuclear magnetic resonance
,

(':'H n . m . r ) s pe c t r um

6) shows resonance at 6 0.85 ppm appearing as a triplet for three

me t h y L pr o t oris . T11e s i.no l e t comp Le x at S 1.2 ppn-i is due to

resonance of eighteen equivalent methylenic protons, and the four

allylic protons resonates at 6 2.00 ppm with overlapping doublet

arid triplet. of tile two me t h i.ne p r o t.o n s

ole f .in i.c bond occur at ,..
o 5.49 pprn as a t r Lp l.e t , ~'\.- . .-.

t...l.1C two G-

methylenic protons attached to the aldehyde resonates at 6 2.39 ppm

with an overlapping doublet and triplet, and the resonance

occurring downfield at 5 9.7 ppm as a triplet is due to the single

aldehydic proton.
,.

Tr1e =c .........-.•.....
J.J.. ur , J. spe c t r um were as far as possible tentativelY

interpreted by compa r irlg wi th n . m . r- spectral data

(Silverstein et al. , 1981). ass igrllTierl t' the ,,... \ .
\iJj-.L.L-

"hex ade c e na l of t.h e lJC n i m i r (Fig 7) is gi"Veri below,-

a-13.8 ppm, b-22.0 ppm, c-22.2 ppm, d-26.8 ppm, e-27.1 ppm,

ppm, g-29.3 ppm, h-29.7 ppm, i-31.9 ppm, j-43.a ppm, 'r "!,..., n .., ,., ..-v-,
h - ..l.. .c.. ;; • I J:l1;J ill ,

,.
1-202. a pprn. T~ne =c n ..m..r s pe c t r um con f Lr ms t.h e preserlce of t.he

carbonyl carbon atom at 5 202.0 ppm and the olefinic groups at 6

129.7 ppm.

(Z)-11-Hexadecen-l-01
The gas chr omatogr aphy (Ge) profile (Fig ,.., \

OJ ~ .-..-.
.LV.L

I,..., ..•....
\iJj-.L.L-

retention time of 15.0 ffiln. The alcohol had a higher retention



t smpe r a t ur e compa r ed +- ,-.<..u pile romcria1
,"~.-~'",-..•-~,-.,.-.,-..•.-.+
\';VUl!:-,VU.C.1~ L.. •

TrIa rnas;:; 9) shows the molecular i01:1

rn/ z 240 is quite small, but detectable implying that the

is a primary alcohol (Willard et al., 1986; Silverstein at al.,

1981; and Ewing, 1985). A prominent peak m/z 222 found at (M-18)

is due to loss of water. E1.im.ina t Lon 0 f wa tel' toge tr181' wi t h

elimination of an olefin from the Z-11-hexadecen-l-01 accounts for

the presence of peaks at 1-·1-( ole f in + H,O), that is at M-46, M-74,
c

M-l02, M-130, M-158 and M-186 i.e at m/z 194, 166, 138, '1 .., r.
.J....J...V,

,., ....•U.L..,

and 54 respectively. The peaks at m/z 41, ~~ r~ ~~ ~~ ~~~~~, O~, O~, ~i, ~~~,

125, and 139 correspond to tria f o r mu l.a C"H~ft .
U £.11-.1,.

r- ,. ..,

» , 0, I,

8, 9, and 10 respectively, involving the olefinic bond.

The IR spectrum (Fig 10) shows absorptions at 3355 cm-1 (2.98

O-H stretching vibration, broad peak due to intermolecular

um ) me t hy l

stretching vibration I T r \

\ ifas ) ; cm' (3.39 prn ), rne t.hy Le n e (eH.,) C-H
'-

s ymmet r i c a l. s t r e t c h ! s r \ •
\ v 3 / , 1660 (6.02 ~ "l vv-, '.

}Alll /
r'_.-v-v s t r e t ch i nc

vicr a t ion. 1,- t'""Io ~ l' v- •.•• \

\ 0 • 0 ~ }AlII/ methylene (CH,.)• Symme t r ical

bending vibration ( S" ) ;, 1440 cm' (6.9411m) me t hy l (eH, )
J

C-H

asymmetrical bending vibration r s: v .\ 0as / I (9.5711m) c-o
alcoholic stretch .

.
The lH n.m.r spectrum (Fig 11) shows resonance at 5 0.85 ppm

appearing as a triplet for the three methyl protons and the singlet

complex at 5 1.2 ppm is due to the eighteen equivalent methylenic

protons. The four allylic protons resonates at 5 2.00 ppm and the



t r .ip I.et at 5 3. 6 pprn r e sonanc e 13 due to one a l coho 1 .i c p r ot on

while the two methine protons on the olefinic bond resonates at S

5.35 ppm (triplet).
.,

Trle a s s i qnmerrt of t.h e =c [1. m. r (F ig 12 of Z-11-hexadecen-1-

01 is given below,

a-13.3 ppm, b-22.3 ppm, c-25.3 ppm, d-26.9 ppm, e-27.2 ppm, f-29.3

ppm, g-29.5 ppm, h-29.7 ppm, i-31.9 ppm, j-32.3 ppm, k-62.9 ppm, 1-

129.3 ppm.
..

'I'he lJC rl.rn.1' conf i rms t.he pr e s e nc e of t.he a l.coho L

carbon at 62.9 ppm and the olefinic carbons at 129.3 ppm.

(E}-ll-Hexadecenal.

The GC profile (Fig 13), shows that E-11-hexadecenal was above

98% pure wi th a r e t ent.Lo n t i.me vv-, -; ••.••
Ul..LJ.J. •

higher than the corresponding Z- isomer.

The mass spectrum (MS) (Fig I s ome r SrlOWS

moLe cu La r Lc n peak m/ z 13 d i s c e r n i.b Le as expe c t e d for t.h e

aldehyde (Silverstein et .-, "1Q.J.... ,
o't "'''' ••• \1.. :1 v J... j • Cleavage of the C-H bond next

to the oxygen atom resulted in an M-1 peak m!z 237, which is very

weak, but it is a good diagonistic peak for long chain aldehydes
(Ewing, 1935). The prominent peak at M-13 (loss of water) m!z 220,

and the peaks at M-43 (loss of iTi/Z 195, M-44 (loss of

CHZ=CH-OH), rillz 194 are also good d i aqo n i s tic peaks ·for t h i s

aldehyde. The peaks at m!z 41, 55, 69, 33, 97, 111, 125, and 139

co r r e s po nd to t he forrnula C..,.H"v. ~
u t,U-l

5,0, 7,8,9 and 10

respect i'.;e1~l, ..c -. T Tr.,,"\o-"
.l.. a. v v U.l.



allylic cleavage and carbo ni um

ions (Silverstein et al., 1931). Tr16 peaks at ",-,-, .' '""'7 .1.~
!Ill ~ ~""% I

..,,..,
iL,

,.., ,.
00 I

and 100 are due to McLafferty cleavage of the (113 C-C bond of +- "..-.,-,
L. J.J. c:;

The IR spectrum (Fig 15) has the following absorption peaks;

2960 crn-.i. (3.38 prn ) me t hy l (CH.,) C-H a s ymme t r i c a I s t r e t ch (~·~;.-,)i 2930
J ao

C~i (3.41 pm) methyl (CH~) C-H symmetrical
J

! t r '. .
\ v 3 / , 2870

(3.41 pm) methylene (CH,.)• C-H asymmetrical stretch ! tr v •\ vas / , 2345 r4 rv-, - i.
\"'Ul

( 3 . 51 prn ) alde~n~ldic C-H as yrnme t.r ical s t r e tel"! "r \~ vas I ; 1685 -;ern -

( 5 . 9 31lrn) 1691 .cm: (5.91 111'[1 ) ,-1 , , ,-~
uu"" to a s ymme t r ical and

symmetrical C=C coupled stretching vibrations respectively. 1645

cm' (6. OS prn ) C=C a s ymme t r i.ca I stretch. (~r ..~) i
'J,

985 cm' ' (10.15 pru )

(",_,-
v-v asymmetrical bending vibration of the trans isomer distinctive

band of t he (E) isomer. 1160 cm' (8.52 um ) arid
.

1110 cm' (9.01 ; 1 .•.•..• '.

}4Hl/

are due to C-CO-C s ymme t r i.ca I s t r e t ch i nc (tl) arid be nd i nq (.s)

vibrations respectively.
.

The proton nuclear magnetic resonance (iH n.m.r) spectrum (Fig

16) shows resonance at 8 0.35 ppm as a triplet for the three methyl

protons. The singlet complex at 8 1.2 ppm is due to resonance of

eighteen equivalent methylenic protons, and the four allylic

protons resonates at 2.00 ppm. The resonance of the two methine

protons on the olefinic bond occurs at 8 5.49 ppm as a triplet, the

two o-methylenic protons attached to the aldehyde resonates at 2.39

PPITi w i t h an ove r Lapp i.nc doublet and t r i p l.e t , a:n.d t he r e sonarice

occurring downfield at 8 9.7 ppm as a triplet is due to a single

aldehydal proton.



The assignment of +1,..-.,-.•
LiLt:; (E)-11-hexadecenal of ;'--, .•-...•.....

LJ. • ill • J.. (Fig
17) is given below,

a-13.9 ppm, b-22.1 ppm, c-22.3 ppm, d-26.9 ppm, e-27.1 ppm, f-29.3

ppm, g-29.7 ppm, h-32.0 ppm, i-43.9 ppm, j-129.8 ppm, k-202.4 ppm .
..

Tl-1e =c 11. m , l' s pe c t r um (Fig 17) corif Lrms + 1,..- •• -~
l....L.LC pres e nc e of

carbonyl carbon (5 202.0 ppm) and the olefinic carbons (5 129.8

pprn ) .

.., • .1,,".J..-r (E)-11-Hexadecen-l-01 .

'I'h e GC profile (Fig 18) shows t ha t t he t r ans Ls ome r h ad a

retention time of 15.2 min, higher than that of the Z- isomer with

a purity of above

(Fig ." \J.;ij a on peak rn/z quite
sma Ll, but detectable LrnpLy i nc t ha t compound is a p r i.mar y

a l coho I as expected (Willard et ale I Sil'versteill et ale I

and Ewing 1935) . A prominent peak ;-~-.! ""'7

ill / LA 222 fOU1:1d at

is due to loss of water. Eliniirlatiorl of water- toget~ner wi t.h

elimination of an olefin from E-11-hexadecen-1-01 accounts for the

presence of peaks at M-(olefiri + H~O), that is at M-46,..
" , ..., ~ .,. ,
r-1-i"±, 1'1-

102, M-130, M-158, and M-186, i.e at m/z 194, .., c:. c:.J..uu, 1 ..,0...L...JU, 1 "! ,'"'. 0"J....J.. U I U 4.. I

and 54 respectively. The peaks at m/z 41, 55 69, 0':'U..J,
1"\"" •.•••.•••.• ••• ""',..':11, J...l..l., ...L~:;I

and 139 correspond to t118 f ormu La Cnli2n-1 w i th ""-.-LJ.-
~ ~ ~ ~o , 0, i , o ,

9, and 10 respectively, involving the olefinic bond.

The IR spectrum (Fig 20) shows a broad band at 3560 em' r r: 01\L...u .•.

1.;-,-. \

1-"" I O-H stretch coupled with intermolecular hydrogen bonding,
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Tb.e i-15 " .cV.L
..c ,-. -•....~.•.. __, +- ,-.
.1.U.1..1UO,I.....C! r eveal.s ~-,.cV.L

(5ilveI'steirl et a.l . I 1981) accounts .c ,-~, •••.LV.L

at 11-46 I .e m/z The preceding loss of fcrmi,c acid is so facile that no

detectable moIecul.ar Ion peak is observed (Silv-ersteirl et. al . 1981) El imi.nat.Lon

of fcrmi,c acid, tocet.her witl1 el inunat Ion of all cl.ef in f rom t.he ester account,s

for the presence of a peak at 1i-( olefi:n T"' __ ••.••.,+ ni...,u:nj, ~+-a•..M-74, M-l02, 1-:1-130, ;:1-158 I

i'1-186, 11-204 i. e at m/Z 194, - ,.,.1.00, 138, 110, 82, arid 54 respectively. The peaks

at m/z 41, ......
JJ, 69, "'...,

":J t , 1 1 ~J.....1.J..., '1,)!::J....£....J, 139 cor respond to t.he forrnula

3, ,~, c:.u,
..,
i ov,

(3.39 pm) methyl. C-H asymnet.r ical. st.ret.ch r r v •vas J , 2920
.

C~-....-l
1ll (3.42 pm) methyl

(C'd~) C-H symmet.r.ical. stretch 2350 em" (3.51 um) 'nletllY'lerlic C-H

asynmet.r ica.l st.ret.ch 1734 em" (5.77 pm) C=O asyuenet.r ica.l st.ret.ch.inc

vibrat ion of the format.e , This OCCl.ll."'S at

...• ,...,1""\,..."

1.::iOv j i

1 1 r:r-.J..J../V ern ... pm ) .-.+-- ~-.+.-~'\..-.';'....,..~-~'t,; t·,- ·.""t- ~ .-..~-.
.::. ••.••.1..c L.\.....l.J...1.J.J.':! V ..1.Jr...I.1.. a L...1.VJ.J., cons ist inc .-,..cV.L two

asymnet.rical, coupled vi.brat ions: C-C(=0 )-0 and O-C-C. The absorption of the

olefin is weak and coupled with the noise arid lS visible at 1667-1640 1
em"

(6.00-6.10 pm) (Sil-versteirl et al., 1930)

The proton nuclear maonet i.c resonance (iH n. m. r 1 spect.rum (Fig 26 1 shows

resonance •..•+-a•..5 0.35 pprn (triplet 1 , +- '!.r•••..• ~-. ~-.
L.J.J...LCC rnetllyl protons . The resonance

at ...
o 1.29 pprn is due met.hy.Leni,cprotons at tached to

met.hy l.ene g:roups I t.he fOill" al Iyl i« protons rasonat es at S 2.00 pprn. TIle



..., .,

.,j i

resonance at S 4.12 pprn (t.r.ip'l.et.) lS due to +-T Tr.l.. ••••v c-methyteni.c prot.ons , a triplet
at 5 5.4 pprn are +1..-,,-.

WlC two olefiruc protorm and a singlet at S S.O pprn 13 the

met.hi.ne pr'ot.on of t.he formate (-O-C--{O) .
.".1.;,.. ......• ..'

'""" .1.1 •. Ul • ..L. (Fig ,.,.."
"-, 1

.~.c
VJ.. Z-11-r-lexadeCEnl~{1 format.e is as

given below,

a-13.S ppm , b-22.3 pprn, c-2S.S pprn, d-26.9 pprn, e-27.1 pprn, £-28.5 pprn, g-29.1

ppril, h-29. 2 pprn, i-29. 4 pprn, j-29. 7 pprn, k-31. 9 ppm, 1-64.0 ppm , m-129. 7 ppru, n-

160.7 ppm. The Bc n.m.r confirms the presence of olefinic carbon (129.7 ppm)

and formate carbon (160. 7 ppm}.

" ~ ,..
~.l..O (Z ;-9-Tetradecerr'{1 Forrnate

The Gas chromatoqraphy (Gei profile (Fig 28) shows tria Z-9-tetl'adecerry-l

forrnate was above 96% pure I wi t.h a ret.ent.Ion t ime of 14'.1 whi.ch is lower than

that of the analogous aldehyde (Fig 1).
Tl'1e IR spect.rum (Fig 29) shows the absorptiorili .-.+

Ol.. 2950 pm )

methyl (CH"J) C-H asymmetrical stretch (v~.") j
(10

2920 em" !":'"~"",W.·, '.
\ ..J • or"" l-UII 1 methy.l (Cl11) C-H

J

symmetrical stretch ( v: ) ;
o

! """ ,..'" 'n·.·. '.
\.j.:J1. 1-'1111

.-.+ rate t-l f 'v' )"t» •......J......... \.....-.1 \ as '
.

1730 em" (5. 781liil) c=o st.ret.ch.inq vibrat ion of the formate whi.ch

occurs at h.iqher frequ.ency (short.er wavelen9'th) than that of normal aldehyde due

to inductive effect of the oxygen atom (Silverstein et. al . 1980). 1
1460 em"

(6.35 illn) methylene ( S) v ibrat.ion, (S.55 ,,~-... '.
l-UII 1 broad

band , c-o st.ret.chi.nc v.ibrat ion, cons.i.st inq of two aaynmet.rica.l coupled vibrat ions

c-c (=0) -0 and o-c-c. The absorption. of the olef Ini.c st ret.ch is weak coupled wi t.h

L1.e norse and , .-~.J..':> riot visible at 1667-1640 (6.00-6.10 11111 )

(Sil\/erstei:n ·-.r
OL.

-, .,
Q...L. , 1980) .



Tile proton 1:1.In. 1"' spectrum has resonance at 5 0.85 pprli !~-_-.";1--."'! ,-.~ '., .....'-.LtI-'-e ....J

due to tile three met.hyl , t.he fourt.een equ.i va.Ient prot.cns resonates at 5 1.29

and the over Lappi.nc triplet and doublet .-.~a •... 2.00 ppm , .-~
.L;:) clue to a l.Ly l.i.c

Tl1.e a-methylene protons ! -r;.""'-; •.-.."'! ,-.+- '.
' i, .'--'-tl-'-e ....J resonate at 4.12 ppm two

ol.efirii.c protons (t:riplet) at 6 5.40 pprn and at S 8.1 pprn (s inql.et ) lS the

TIle ass i.qnment; of the
..
lJ(,,"

v nvm ..!"' (Fig 31) of Z-9- t.et.radeceny.l fonnate is as

given be low

a-13.9 ppm, b-22 ..3 pprn, c-2S.S ppm, d-26.9 pprn, e-27.2 ppm, £-28.6 ppm, g-29.2

pprn, 11-29.5 pprn, i-29.7 pprn, ~ ""'''''''' ""j-.J'<:.U pprn, k-64.0 •.....•-...-.-.
¥tI"', 1-129.8 ppri1, rn-160.9 ppm.

Trle r. ,-.-• .,..•
J.J..Hl.l.. conf Irms t.he preserlce of olefinic ,-,;.-.,.:,,1.- ..•.-.-..-••- .•.••..•.a.J...l..I\.JJ.l..:) (129.8 ppm ) .-.".,...,-1a.uu forrnat.e

carbon (160.9 ppm).

2.1. 7 3-Brofnooctarrvl Forrnate.

TIle GCprofile (Fig 32) indi.cates t.hat tile compound !rlas above 96% pure TT"';+t.-.
n..1..l..J.J.

a retention time 11.9 min. below that of the cor.respond.inq olefi:nic forrnate

(Fig
Tile }1ass spectrum of 8-brornooctill1yl f'ormat.e (Fig 51) has a prominent peak

at m/z 191 which is due to elimination of methanoic acid (i1-46) , and m/z

due due e.l iminat.ion of bromi.ne , Tl1e peaks at m/z A~.!%J.., 69, " ...,U.J, 97, 111 and

are cleavages corresponding to the formu.Iar
.

The IR spectrum (Fig 33) has the followirlg absorpt.i.ons 2930 CIU-1 (3.41 pm)

methyl.entc ( ,.... \"n~. )
£

C-H symmet.rica.l st.ret.ch (3.51 pm) met.hy.Ieruc

asynauet.r ica.l streterl tr '. .•Vas J I

r r- ""1"\ 1"1.-.-.'.( o . t o PIllJ c=o ,-~~",,,, -r,- .•~-.,,,;1-1".,-~ 1 7; '-~-, -.+; - -..t:.::> LJ... C l...\,.,-.U ..J.J.J.'=:j V...L.JJl.. G.l...J...VJ.J. VoL
+1.-.,-.
l...l!C

format.e: cm : ,,~..-, '.
Pll1J C-H -..-~'7".-•..., -.+- "';.-~ "

a..::> 11lUIIC L..L. ...L\,....O.J..
't-~,-,~-.•." ~ -..-.,-~
l..IC.l..LUJ...Ll"!::1

"{ 7"'; '-~- •• -.,....~"'; ,-,~-.
v~J....J..L.aL...!-U.1.1
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1170 ern - 10 !::.~ 1W.-.\
\v • ..J..J 1-'''') broad band c-o

of two asynmet.ri.caI coupled vibrat ions .- ,-! _r'. \ 1'"'.v-v\-V)-V

TIle proton n,m..r- ! .c..; ,.~
\ J...J..'::1 '!r•.- ••-~

1..10.:> reSO:t1arlce at r-o 1 ..4 pprn .c .-.•-•....J..VJ..

twelve equi'lalerlt rnet11ylerlic prot.ons , and t.he ramp betweell 6 (1.5-2.0 pprn) is due

+- .- .•
LV

+'!.-,.,-,
l...L.LC .impuri.t Les .. +TT'-,

L ••••V protons ,-.~VJ.. atom at.t.ached + ..-.
LV bromine

resonates at 5 3.4 pprn (triplet), the triplet at S 4.15 pprn aJ:"'et116 c-methyl.eni,c

protons to format.e , singlet .-.-!-aL
,... ,... r-\:i.U::; pprn is due to .c,-.- +.,

.l..V.LUlOL.C

proton.

"Tria ass icnment of l':C spectrum (Fig 35) as as gi'veri below,

a-2S.7 pprn, b-2S.1 pprn, c-2S.S3 pprn, d-2S.9 pprn, e-32.3 ppm, £-63.9 ppm, g-161.0

pprn ..

.......... -.."'
.L.L.Ul.l.. presence of +1..- ••.-• ..c.-...•...•..........+.-..

l.,..LJ,c .LV.L1UQl..C ester but TT";+1.-.
'n..l. ~J,.L no

methyl •..••.•.•.•..• - •• ""'!.- •.••. - •••.•••
\;.,.Q..J... J"Aj.1l.,

,., ~ ,...
£0.1..0

TIie GC profile (Fig 36) i:ndicates a puri t·y of above 90% with a ret.ent.Lon

temperature of 9.5 miri, wh.i.ch lS f ar much lower t.han t.he ccrrespond.inc anal.cqous

olefinic funct icnal pher'ornone (Fig 1) l1-Hexadecy:nal was prepared bIT oxrdi.z ino

the analogous acetylenic alcohol.

2.1.9 10-Brornodeca.J.al.

Tile GC profile (Fig compound TT";~1,..-.
¥'I..l. '-l..L a pur ity of above 96%

the retent icn temperature of min. rm......; .-~
J.l..1..l.l:> was prepared by oxidiz inc 10-
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an Fig ~.~..Iv. Trie most, was the absence of any absorpt ion

peak at carbonyl, absorpt ion l"'egiotl. TIle preSe1:1Ce of an intense peak at
.

cm'

which was the st.retchinc vibrat icn f roru C-O-Cbond, Tli.is peak t.ends to di.nuru.sh

01:1storage, gl·vlrlg t.he or i.oina.l IR spect.rum of t.he aldehyde (Fig 5) witli t irae .

...,1 11~ • ..L • ..l..l.. Acetal frorn Prlerofnorlal Aldel-lyde arid Alcoliol

The acetal was prepared by refluxing freshly prepared pheromone ccmponent.s

Z-11-1iexadecerlal (Z-11-HDAL) and Z-11-[16Xadecerl-l-01 (Z-11-HIXJL) In tIle ratio of

1: 2 in toluene (solvent) under a stream of nitrogen.

aldehyde. The extent of acetalization was moni.tored on the TLCand the capilLary

Ge. 'I'he acetal could be decomposed to its monomersby ref Luxinc i:n tile presence

of water and an acid. Accordi.nql.y , it was useful to use a clavencer apparatus

to al iminat.e water and PUS1:-1 tI16 equi l.ibr ium forward.

The percentage yi.e ld of the acetal was low I "",,"'n \
\ ";vlS i by GC +-1,.- • ...; .-~

••...•J..u..C)

was attributed to the hindr arlee. TIle sigrii£icallt peaks on t.he GC profile
were those of t.he monomers, Z-11-Ilexadecenal and Z-11-1i6xadecen-l-01.

purification using the flash chromatccraphy afforded sorne si~·nifica.l1t amount of

LIlli acetal for spectral analysis.

GC profile (Fig ...• "'"
.:iO) 8r10W5 a purity of above 90% of acetal and a

ret.ent ion tirne of 20.9 min.

TIle rnass spectrum (Fig 39) has s i.qni.fi.cant; peaks at mvz 41, 0":'U..J,
,... ..•
':J I ,

111, 125 and 139 whi.ch are due to the olefinic bond cleavage . T'fleycorrespond
...•.:i, .

~I

...•
i ,

,...
0, "':),
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The IR spsct.rum (Fig 40) has the following absorption peaks: 2920

(3.4211Ifl)methyl (C;:-1:3)C-H asymmetrical stretching vibration;
1

2850 em" (3. 3911m)

methylenic C-Hsyrmnetrical stretch; 1440 ciu-1(6. 9411m)C=Cstretching vibration.

2.2 Electrophysiology

TheeIect.roantennoqraph.ic response (Arn et al. I 1975) tests showedthat the

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

responses.

EAGresponses confirmed that Zll-16:CHO was a better stimulant than the

corresponding alcohol Zll-16:0H. A total of ten compoundswere tested on the

electroanten:nographic detector (EAD)using preparations of one day old male c.
pert.el Ius, The female sex pheromones and their analogues were syntheai.zed and

isolated in good yields. The compoundsthat were tested are given in Table 3

below.
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Table 3. Synthetic compoundstested witll eleatroentennoqrepa using p:reparations

of male C. pert.el.Ius antennae.

Compound Structural notes
(Z)-ll-hexadecer~l Zll-16:CHO
(Z)-ll-hexadecen-l-ol Zll-16:0H
(E)-ll-hexadecer~l Ell-16:CHO
(E)-ll-hexadecen-l-ol Ell-16:0H
(Z)-ll-hexadecenyl formate Zll-16:0CHO
(Z)-9-tetradecenyl formate Z9-14:0CHO
11-HexadecYr~ =11-16:CHO
8-Bror~tarlyl forrr~te BrCc-OCHO

\I

lO-Bromodecar~ .Br~CHO
3(Zll-16:CHO-)2,4,6-Tripentadec-l0-enyl-l,3,5-trioxane
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Table 4. EAGolfactory response (mV) of the synthetic sex pheromonesand tneu:

analogues at di.Herent: concentrations.

Concentrations (ng/l0 pl of hex) II
Compound I 1 5 10 20 40 80 100 \

I
Zll-16 :cao 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 •.•.•..16.0"% ..•..•.•..I
Zll-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 I 1.61±.06/1.72±.03 2.03±.03 2.70±.02 2.88±.01 13.21± .05111.44±.03
Zll-16:0CHO 1.61±.18 1.81±.0212.76±.16 13.OO±.18 3.29±.19 4.05±.14 2.97±.04

.Z9-14:0CHO 1.52±.06 2.20±.13 2.78±.08 5.22±.07 4.03±.45 2.97±.03 2.55±.23
Br(CH2 )aOCHO 2.29±.32 2.10±.21 4.72±1.12 5.14±1.26 4.98±1.21 4.83±1.21 4.77±1.2
Br(CH2 )gCHO 1.30±.14 1.55±.11 3.60±.81 3.60±.69 3.69±.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±.031
Trirner 0.99±.01 1.34±.02 1.42±.02 1.60±.01 1.94±.03 2.50±.03 1.97±.03

1.7:1 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 3(Zll-16:CHO-) arId 7:1 ratio is the pherorr~r~l components
Zl1-16:CHO and Zll-16:0H in the ratio emitted natural.Ly by the female C.
pertel.Ius,

The standard used in this respor~es was co~uercial (Z)-ll-hexadecenal
at 80 ng/l0 pl of hex which gave the response 7.99±0.01 mV

Anterrrialresponses to the syr~hetic sex pherorr~nes arId their ar~logues
showed that the sensillum was particularly sensitive to the Zll-16:CHO component
while the alcohol component, Z11-16 :OH did not evoke a response of the same
magnitude (Fig 1a). The Ell-16:CHO also evoked a hi.qher response than its
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corresponding analogous alcohol. The olfactory responses at different

concentrations of the synthetic samples is shownin Table 4.

Although Z11-16:CHOalone had a high olfactory EAGantenr~l respor~es to

the male Chilo pert.el.lus, this compoundas well as its blend with Zll-16:0H were

later found to be ineffective in inducing substantial catches of male C.

pert.el.lus in the field (Unithan and Saxena, 1990). However it has been shown

that even a small separation between the release points of C. pert.el.lus pheromone

components substantially decreases trap efficiency (Lux et al., in Press).

Although at the sensory level, stimulation due to each pheromonecomponent is

received independently, successive steps of a behavioural sequence are evoked by

relevant biological signals perceived as an integral whole rather than as a

componentstimuli. Thus the effects of the pheromonal,aldehyde (Zll-16: CHO)and

its alcohol (Zll-16:0H) were not complimentary in their EAGresponses. Addition

of the alcohol to the aldehyde in the ratio (1:7) of the volatiles found in

"calling" females reduced the response significantly. The E11-16:CHOalso gave

higher EAGresponses as corrpared to the corresponding alcohol. Since, however

eff icient the oxidation reagent used, small anount,' 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 precedi:ng aldehyde.

The dose response curves (Fig 1) were obtained from the percentage

difference between the response to the standard and other concent.rat ions of each

smnple arid plotted against 10910concentration.
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EAGresponses to nanogramamounts of the synthetic pheromonecompoundsand

their ar~logues indicated that (Z)-ll-hexadecenal (Z11-16:CHO)was rrost potent

olfactory stliuularlt (Fig la) followed by Z9-14:0CHO,Br(CH2)aOCHO,Zll-16:0CHO,

(Fig lb) Ell-16:CHO (Fig la), Br(CH2)gCHO(Fig lc), =11-16:CHO(Fig ld), Zll-

l6:0H (Fig la), Ell-16:0H (Fig lc), 7:1 ratio (Fig ld) and the trimer (Fig lc).

The formate derived by replacing B-methylene group of the pheronona.l

aldehyde by oxygen was a potent olfactory stimulant than its homologous formate

with two methylene groups longer, but lower than the aldehyde (Zll-16:CHO).

Although the majority of lepidopterous female sex pheromones identified to date

have ~2 to ~a acetates, alcohols and/or aldehydes (Cillnpionand 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. vi.riecens and C.

suppressalis the pheromonecompl.exconsist of two homologouscompoundsdiffering

in chain length by two carbon atonlli (Roelofs et al., 1974; Nesbitt et al.,

1975b; and Ohta et al., 1976) although with differing potent olfactory

st imul.ancy, Where the att.ractant is composed of two homologues, the less

volatile, higher molecular weight component must have a relatively close-ranee

eff ect (unless it is more potent or rrore abundant than the lower homo.loque)

(Nesbitt et al., 1975b).

The geometric isomer (Ell-16:CHO) (Fig la) elicited some EAGresponse,

lower than the pheroroonal.aldehyde (Z Lsomer) and the fonnates. Multi -component

pheromone systerns in lepidoptera identified to date have been mixtures of

posi.t.ional. 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), arld there has been several
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reports of pheromoneswhich consist of two positional or geometric isomers of a

single compound(Tarnakiet al., 1971a,bi Klun et al., 1973; Beroza et al.,

1973; Hummel et al., 1973).

The brominated formate and the aldehyde also elicited EAGresponses which

could be attributed to the reactivity of the halogen with the receptor molecules

on the antennae of C. percel.lus, Subsequently further field work and studies

should be centered on the halogen (especially fluorine) substituted arwlogues

because of its small size arid high reactivity.

The high n~le~~lar weight of the 2,4,6-tripentadec-10-enyl-1,3,5-trioxarle

makes it less volatile thus the low EAGresponse elicited by the trimer of the

pheromonal,aldehyde. The red bollworm sex pheromonecomplexis unusual in being

a mixture of different cornpounds, in which the major component exists in two

isomeric forms. It is becomingincreasingly apparent that relatively differences

in ratios of componentscan have a markedeffect on biological activity. For sex

pheromonesto be used effectively for insect survey and control it is essential

that the exact cornposition of the att.ract ive scent should be carried out to

elucidate the precise role of each cornponent.



CIJ"..APTER 3

T~nirl la-yer chromatoqraph !mr-.-'.
\.1.i..I\J/ was performed on "Herck' preccat.ed

silica-gel 60 plates !f"'\ ...,r:\v.L....J HUll thickness) I witl1 .",...Li.ns ethanoat.e l11

pet.ro.Ieumether as t.he elut inc solvent I and de-veloped In .iodrne chamber.

chromat.ocraphy was carried out on silica-gel 60 (0.063-0.200 nun, 230-240 mesh

ASL-1) us inc a qui.ckf it column wi t11 appl.Lcat ion of ni,t.roqen pressure.

chromat.ocraphy frr-'.
\"""/ analyses were carried out on a Hewlett Packard model

HP5890Aseries Gas chromatoqraphy equipped witrl a split / spl i.t.Less Injector and

a flame ionization detector (F. I .D) at a t.emperature of 2800 C. The column was

Ul t.ra-I (cross-Linked met.hyl s.i Li.cone) of dimenstons (50, 111 X 0.32 rnrnID, 0.17 11111•

f .ilm t.hi.ckness ) Wru te spot rut.rocen I~ ....,,..\J.L..:J
.

cnr' !sec) was the carrier gas,.
hydrccen (4 5 crn~/ sec )

.
and medical air (360 crnj!sec) were the fuel gases. All the

GCanalyses were performed .in the splitless mode wit~n tile Injector t.emperature

at 2800 \.., I t.he oven temperature was proqramraed to stall at 60° C for 3 minutes wid

a rise at a rate of minutes.

L:1epeak areas, the percentage composition and the retention time (retention

temperatures) were calculated on a Hewlett Packard modal, HP 3393A Intecrator .

spectroscopy.

T116 Hass spectra (l\'1S) a gas chromat.oqraphy Linked i'1ass spect.roroet.r ic

eIect.ron Impact anal.ysis I a Hewlett packard model 5790A series gas chromatcqraph

coupled to a V.G i1ass lab 12-250 analyt.ica.I orcarric rnass spect.romet.er equipped



,....
:)1.

vi.th a data syst.sm was 1 -r,-" •.-.~-'t....L:)c\.J.. Chrcmatocraph.ic separat.i ons were

cross column !!::~\JV m x rnrnID I
..c..; '-.-.-.
..l....J....J...Ul

GC-i'1S ·-.Y •.-. '1 or 7.-" ..; ,-"
OJ...LG...L1i:).J..,u wel~e performed in a splitless mode T_T"; +-1,..-,

V'f ..L.l,.,u.

he 1Ium as +- 1.-,,-,
L.1.LC gas. C01UHil'1 t.emperatures were prcqranmed as stated

earl i.er source t.emperat.ure ! '1 o~u\.LUV C) t.emperature
'!'! "

Tr16 Inf rared (IR) ana.Lyaes of the sampl.es was by a Beckman Acc..~labJ.la2

Spectl'oprl0torneter- and tile spectr-a recorded 011a Beckman spect.rophct.omet.er chart;

paper. The sempl.es were Liquids and thus were analysed as neat samples with NaCl

cells (wirldow) The samples were pressed between flat plates producing a film

of 0.01 Hull or less ill truckness I the plates beinq heId togewler by capi Llary ,

Between 3-10 mgof each sa.rnple was required and the spect.rophotomet.er was scanned

between 4000-600 and the peaks interpreted accordLlg the ir ranee
.

absorption. Proton (iE) Nuclear Ma9netic Resonance (NHR)W61'erecorded on 90 :r1B:z

perkin Elrner R-24A and Varian E:"1360 spect.romet.ers and were specified on 100 NHz

Jeol FX-l00 Inst.rument I
"wit11CDC1., as t.he solvent arid ijC !'iMR specified on 100 11Hz

oJ

Jeol FX Inst.rument .

Electroanterrr~graph.
Tl'le moths of chi lo pe:..tiel.Ius used throuchout t.hi.s work were obtained .c,....~-..•....

.L.J..VUl

the International Centre of Insect Phys.io loqy and Ecology (I. C. I .P .E), insect

rliass rearing unit. The pupae were kept to emerge 1-2 days after picking.

antennae for scanning electron microscopy were fixed in 70% alcohol. The

spec imen were t.hen mount.ed on stups coated wit11 carbon and pal.Lad.iuruelectrodes

and observed in a Jeol, AC/DCpreampl i.f i.er .instrument .

T116 Electroffilter111ogl ..at'fi (EAG) a Grass P16 AC!DCpreamplifier was used to

record 'the ant.enna.l response of tile mot.h to t.he synthet i.c pheromones arid t.he



related compounds. El.ect.roant.ennoqram (EAG) respcrlS6S +r.
L.U t.he

.-.,..... ••. -"1
OJ.J.u. recorded usrnc Intact .-, •.-, +- ,-~•..• -•.-•. -. ,-.

G.J.J.\,.,.CJ.ll.lo.C as

demonst.rat.ed b~{Waladde et. al . (1990 )

dioxide, wlrlgs cut and t116 head capsule was punctured to , 'cram , ",-,..LJ.J.

order to el i.nunat,e antenna l movement;s. T11emot.hwas placed upside down on the

specimen stage I and Lhe antennae were st.raichtened taki:ng care to ensure t.hat,

their ventral surfaces bearing the sensilla faced The distal tips of

the antennae wel'e cut off and brouqht close to each other wi t.h a t i.ny blob of

electroconductive vaseline. The recording electrode was placed In the vaselirie

blob to pick up the EAG si91'lals wIlile tile .indi.fferent; eIect.rode was placed .in

the moth body. This arrangement exposed the antennal sensilla to either , ~ .- .•.t.-.+-.J....l..!:IJ.~l..

or cont inuous air st.ream bear inq pheromone or anal.oqous odour stirnuli as srl0W11

in the Fifl'Ul'e It was possible to get EAGsifl'nals, from both antennae

simultaneously using standard electrophysiological procedures with a Gas

AC/DCpreamplifier and a magnetic tape recorder as well as a chart recorder to

record the EAG responses. EAGampl; tudes were convert.ed to miLlivol ts and the

data was used to draw response curves. Ten rnale c.pertel.lus were used for each

concent.rat.ion of a sarnple and trie response (rnV) obtained on averace , Puffing was

done at an interval of 30 see between each concentration.

Solvents.

Di.chloromethane I hexane I to luene I methanol, and etl1a1101 were pur if Led by

distillation, passed through a co.lumn of Woelrnneutral alumina to remove any

po.l.ar cont.aminant.s and stored orl act ivat.ed mol.ecul.ar sieves.

pet.rol.eum ether and ethyl. et.hanoat;e were analar 9~"ade and they were passed

throuch a co.lumnof Woelrnneut.ra.l al.ununa before st.or ino on act ivated moIecul.ar



sieves. Tetrahydrofuran (THF), hexamethylphosphoramide (HMPA)and the quinol.ins

were arlalar grade.

Fig 2. Di.earsm showing the ttotl: entennsl. preperet.iori and st.imulus deli very

system.

Continuous
air flow Antenna

Electroconductive
Vaseline

/
!

~~~
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. with ocour

-Pufbdair

3.5 Preparation of Test Sanwles for Bioassays.

The samples used to test the olfactory responses of the Chilo pert.el.lus were

madeby 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/l0 ~l. 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 ul , a ng, 1 ng, 5 ng, 10 ng, 20 ng, 40 ng,

so ng, and 100 ng. The separate concentrations were analysed on the EAGand the



responses convert.ed +- ,-.•...u t116 data was LiSed to cu:-aw response

Hi.xtures +-1..-.,-~~ "\0-'
L..l!C...l.J.. analogues were also

prepared and anal.ysed lri a s imi Lar manner.

The Chi.Lo pert.el Ius Eema.Le sex pheromones and t.hei.r ana.Loqueswere prepared

from 1,10-decarlediol, l,8-octarlediol arid 1-1ieXl11e as described by:Nesbitt et.al.

(1975b) and trie t.et.radeceny.l format.es W61'6 pr'epar'ed by an analocous acetyl.entc

route.

The diols were converted to the corresponding bromohydrins through the

subst i tut ion of one of '~Y.,-1auu. these were protected as
tetrahydropyranyl, ethers ,

Lrthium amide in liquid amrnonia/tetral1ydrofuran/hexarnethylphosphoranude and acid

catalyst deprot.ect ion of the crude products gave the acetylenic alcohols I

ll-hexadeclT~l and 9-tetradecyr~1. Serni-hydrocenat ion over Li.ndl.ar catalyst

(pal.Iadium on cal.c.iumcarbonate pof.soned wi.th lead) In et.hano.L'quinol.ine mixture

gave the corresponding (Z)-olefinic alcohols were oxidized
trioxide-pyridinium complex formed .in di.chloromethane . The

corresponding ( .•..• \r., isomers were prepared by sodium/liquid amroni.a reduction of

the corresponding protected acetylenic t.et.rahydropyrany.l ethers described above I

followed by deprotection and oxidation as illustrated the Scheme 1.1... The
formates were prepared by refluxing the alcohols with formic acid catalysed by

p-TsOH. The tr-imer was prepared f rorn the f reshl.y prepared pheromonal aldehyde

in the presence of P: to.luenesulphoni.c acid as a catalyst in a neat sarspl.e (Scheme

react ion beino cat.al.ysed by p- to luenesulphoni.c acid (Schen16 2)
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Depl'otectiorl of tl~le 'E'-IP-Etl-ler Linkage.

Tl~ledeprot.ect.Lon of et.her li:nkages was described bIT Nasb.itt et. a.l .

(0 . 025 mol.) was dissol ved m methano.l (200

concent.rat.ed hydrochl.or ic acid (30 m.l.s) I and t116 mixture heated under reflux fat'

After the solution was neutralized by addition of ar1 excess of

NaJICO."diluted wi t.h etl1er (200 ml.s ) I and wasrled t.horouchl.y wittl excess of vat.er.
J

filteredl

plates. T+.1. ••• was t.hen pur i.f i.ed throuoh a silica gel packed column arid distilled

under reduced preSSU2'e (b.p C/0.04 rnrnHg)(yield 85%). Fig ..'0"%u

The GC profile

has a retention time of 13.1 mi,n which is lower than the correspond.inc pheromonal,

alcohol (Fig 0\
U J r and the MS Sr10WS a prominent peak at ••.•.! 1'"7

Ill/ ~ 220 which is due to
loss of water (N-1S). Tile peaks at rillz 40 I 54, 68 I 82, 96 I 110 and 124 are due

v._ ~
l.l- ..J I

•1
"%,

c.v, 7, Sand 9 respectively .

.., .., ,..
':'. I • :J Partial Hydrogenation of the Alkyne .

In a 50 ml hydroqenat ion flask, 100 ffig of LirlUlaJ:"' catalyst and a so.lut.ion

of 0.025 mol of t.he a.lkyne an 20 ml.s of et.hano.I . 20 mls of quinoline was added

and hydrogen bubbled throuch at room t.emperature and pressure The extent of

hydrogenation was rnonitored on the TLCplates. Yields of tl~ desired product

(95% of the Z- Lsoraar ) were obtained. The residue was diluted with ether and

portions of water and dr ied on I-ia'!SO~, then distilled under reduced pressure (b.p
" 1

C/O.Ol n:uriHg). The spectral data of Z-11-hexadecen-l-01 gi'lerl by

Figtll'es 9, 1('..J..v, ~~l..L, and 1').J..~•
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the crude products 'tT.-••-.•1,... • ..; oop-.,- .•
'r"'fU':>!.!..L.J..1.'=:1

witll excess aCrll60US sod ium rnetabisulfite (:r{a"S"Oc) (Scrlen16 4)
• • J

aldehydes .-~,-, "! ~ ,-"!'::::>U.J....1.u. sodium bisulfite Remova l of non-aldehydic

matar ia.l was by washing T.1"; +- 1--.
Y'f.J..L.J..L die tl'lY1etlle r- arId regeneration of tile was

by sodium car'bona ta or an .-.,-~~ r"!0.\.."..1.u. • 11'!1,.-, -; .-~J..ll..1.u provided a met.hod .c ,-.- .
J..VJ.. the

pur i.f i.cat ion of tIle aldellyde.

Preparation of ?,yTidinium chlcrccnromate. (PCC)

and Suggs,1975 met.hod of PCC was used u'~+-1--.
'N..l. L.J.J. sorne

nodi.fIcat.ions .

To 2 rills 6 1-1 "',,-.,r1\...,..L (0.03 '-N.r-." \Ul\.J~ I, (0.02 mo.l) of chromium trioxide

added rapidly witll st irr inc. After 5 minutes t116 homocenous solut.ion was cooled

to 0° C and (O. 02 mol.) of pyr id.ine was careful.Iy added over 5 mirnrtes . Recoo1irig

to 0° gave a yellow oranqe solid whi.ch was collected on a s int.ered glass funne l

and dried for A.i. ill a vac..nJ.o. (yield 84%) TIie solid was appreci.abl.y

hydroscopi.c arid could be stored for extended periods at room t.emperature.

Fornlatiori of Forrnates.

Tile method 1988 was followed with followirlg

modifications.

Ir1 a 250 11"i1round bot.tomed flask provided with a reflux condenser were put

(0.02 no l ) of formic acid 98% and 0.01 mol of the alcohol In toluene. catalytic

amount of P-TsOH was added, mixture ref Iuxed for 1('\~v "... .."....-.
J.lli:) •

mixture was washed with saturated sod.iumbi.carbonat;e unt i.l ef fervescence ceased

and dried on residue was purified t.hrcuqh a ,-~ •..••.••"'! , •••••••• v-.
\"U..L\..Ull1.L arid distilled



(yield 95%) Tile spectral data of

,...,,.-,,-1 ,.,..,
OJ..1U ~/.

•••• .., "'1"'\
,j. I • .i.V Trirnerizatiorl of tile Alderl)tde.

Tl-lis was accompl.i.shed as described by DunkeIbl.um et; ,al. ",1"'\""'111.::;0'::.

r;t,-.
LV a freshly prepared aldehyde, pheromone sample t rr 1'" 'r'P"T"\' 'r ,\L..-.L.i.-nl)filii In a 17-: .-.1V.J..G...L

P-toluetlesulprlonic acid was added, and the saIilple sealed under ni.t.rocen and kept

at room temperature for 3 weeks. The extent of tzimer iaat ion was moni.tcred on

alumina TLCplates. The t.r imer could not be anal.ysed on a capillary GC coluran

because it underwent thermal degradation. Tile residue was then washed with

Na.qCO~to remove tile acid then with water and I·iaHSO., to reriiov".6 the aldehyde.
J J

3.7.11 Formation of the Acetal.

In a ..., •... "
,£,;)u ml round bot.tomed flask provided with a reflux conderllier

clavenger apparatus (1 part, 40 mg) of freshly prepared pheromone (Z-ll-HDAL)

aldehyde and (2 ...•"au mg) of f reshl.y prepared t +r ..•..• """""'_'r'\ L..- 1.1. -l.UJ"VU i al.coho.l and a

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

ref Iux under the nitrogen atmosphere for 24 t.-.~.-..
.1.u..I:>. The cold mixture was washed

with excess to remove the acid and with I'iaJISO~
J

to remove t.he excess

aldehyde. The residue was washed with water and dried on sodium sulphate Flasll

chromat.oqraphy was used to purify the acetal off the alcohol (yield, 20-2S%).

Mass spect.rum and IR spect.rum

respectively of the acetal.
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