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.ABSTRACT

~ The volatile chemicals originating from the poison
glands, Dufour g]énds, mandibular glands and postpharyngeal
"glandS‘of several species of myrmicine ants have been |
‘ 1nvest1gated.‘ A number of novel micre methods were deve]oeed
and several advances made in existing methods for hand11ng and
identification of small quantities of natural products,
~including GC trapping, ozonolysis, epoxidation andHCTeavageeef
epoxides, borohydride reduction, and formation of chiral
 derivatives. | |
| . The:trail -pheromone-of workers of the ant
Tetramorium“caespitum L. is a 70: 30 mlxtur‘e of
l2 5- d1methy1pyraz1ne and 3- ethyl 2,5- dlmethylpyrazine w1th an
:laverage total: amount-of 3.9 ng per worker or 0.03% -of the
<'vqlume of‘the‘po1son gland (2.7 + 0.4 ng ‘of
2,5-dimethylpyrazine and 1.15 £ 0.25 ng of
35ethy]42,5-dimethy1pyrazine). A 70:30 mixture of the
respeetive‘synthetic pyrazines evoked the highest activity in
artif1cia] tra11 fo]low1ng tests. )

- The postpharyngeal gland of Solenopsts\gemtnata
contains‘aboutylo ug of hydrocarbons per ant. Three
_components, heneicosane, (Z) 9- tricosene and tricosane
“represent 85% of the volatile components of the g]and. The

€

poison vesicle contains about 19 ug of alkaloids per ant and



the major components are cis- and

. trang-2-methyl-6-undecylpiperidines. The Dufour gland is

U fi]led”with a variety of hydrocarbons of ClS'CZB range. The

“*Dufour gland also contains its trail pheromone which appears
to be a sesquiterpenoid hydrocarbon derivative.
| The Dufour glands of Myrmica suleinodis, M.
- rugulosa and M. schencki contain species-specific mixtures of
'11near alkanes and a1kenes of C13 to C19 range and terpenoid
~hydrocarbons, namely (Z E)-a farnesene, homofarnesene and
bishomofarnesene. The structures of the two latter compoundS"
were confirmed as
‘ " 7- ethyl=- 3 11- d1methy1dodeca 1,3,6, 10 tetraene and
7-ethy1-3,11-d1methy1tr1deca-1,3,6,10-tetraene by
nicroedegradation;‘ Tne‘Dufour and mandibular gland contents |
of a further species, here called M. albuferensis, was found
‘to be different;from a]l the'other eight,'chemically examined
nsoecies.‘ By its g]andular substances, it most closely
';resembles M. scabrinodis. | |
The 3 octanol from the mandibular glands of
‘:Myrmtca ants cons1sts essent1a11y of the (R)- enantlomer ‘and in
‘at 1east one .species where this substance is a pheromone, th1s.f
enant1omer¢Js etho]og1ca11y act1ve, while the antipode is

‘inactive. .



ACKNOWLEDGEMENTS

In presenting this thesis I would Tike to thank:
Dr-E. D. Morgan for his supervision, help and guidance.

The British Council, the Edwina Mountbatten Trust, the University of Keele
and the Nuffield Foundation for various forms of financial support.

Mme M. C. Cammaerts, R. P. Evershed and J. P. Billen for their
collaboration in the preparation of several publications, and Mme
Cammaerts for behavioural experiments on 3-octanol enantiomers.

Dr P. Borrell for the modification of the MASSPLOT computer program.

Drs B. A. Bierl, T. Oritani, K. Mori, C. J. W. Brooks and Messrs Phase
Separations Ltd for gifts of chemicals.

 Miss M. Bohan, Miss L. D. Thompson, R. P. Evershed and A. P. B1111ngton |
for the synthes1s of some chemicals, used in this work.

Miss Viviene Lancaster and P. A. Curtis for help with the maintenance of .
ant colonies. | | -

o W. Jayasekera, R. T. Guruge and S. Wijesinghe for the collection of ant

_ colonies from Sri‘Lanka. M. V. Brian, Mrs J. C. Wardlaw, C. A.
Collingwood, R.. Cammaerts, M. Nielson and J.. Edwards for the supply of ant
colonjes. .~
A11 the techn1cal staff of the Department of Chemistry but especially to

_ Messrs A. T. Alston, T. Bolam, C. C. Cork, G. Evans, P. Holbrook and R. P.

- Patt1som

_ _C. A. Co]]ingwood for the identification of a number of species.



CONTENTS

1. INTRODUCTION
1.1 Pheromones
1.2 Characteristics of Pheromones

1.3 Stereobiology of Pheromones
1.3.1 Multicomponent pheromones
1.3.2 Chirality in insect pheromones
1.3.3 Pest control with pheromones

1.4‘ Types of Insect Pheromones
1.4.1 Sex pheromones
1.4.2 Maturation pheromones
1.4.3 Brood pheromones
1.4.4 Aggregation pheromones
1.4.5 Dispersal or spacing pheromones
1.4.6 Alarm pheromones
1.4.7 Territorial pheromones
1.4.8 Trail pheromones

1.5 Sources and Specificity of Ant Trail Pheromones

1.5.1 Dolichoderine ants
1.5.2 Myrmicine ants
" 1.5.3 Formicine ants
1.5.4 Ecitonine ants
© 1.5.5 Ponerine ants .

1.6 Exocrine Gland Substances of Ants
" 1.6.1 Venom apparatus = -
1.6.2 Poison gland substances
1.6.3 Dufour gland substances
1.6.4 Mandibular gland substances
1.6.5 Postpharyngeal gland substances

 PAGE

10

11
11
13
13
14
14
15
15
16

25
25
2%

32
3%
34

35
36
36
42
45
48



1.7 Methodology

1.7.1 General

-1.7.2 Bioassay

1.7.3 Isolation and purification

1.7.4 Structure elucidation and identification
1.7.5 Synthesis

2. DISCUSSION

2.1 Micro-analytical Techniques Used with GC
2.1.1 Trapping and rechromatography
2.1.2 Melting points of trapped solids
2.1.3 Epoxidation
2.1.4 Cleavage of epoxides-

2.1.5 Ozonolysis
2.1.6 Hydrbgenation
2.1.7 Methoxymercuration-demercuration
2.1.8 Sodium borohydride reduction
. .2.1.9 Bromination
2.1.10 Esterfication with diazomethane

. 2.2 Trail Pheromone of Tetramorium caespitum

2.3 Chemical Investigation of Solenopsis geminata
2.3.1 Postpharyngeal gland . '

| 2.3.2 Poison g]ahd T

~ 2.3.3 Dufour gland "~

2.4 Dufour Gland Substances of the Genus Myrmica

2.4.1 Dufour gland substances of M. suleinodis
_2.4.2 Dufour gland substances of M. rugulosa
2.4.3 Dufour gland substances of M. schencki

2.4.4 Dufour gland substances of M. albuferensis
2.4.5 Comparative survey o

2.5 Structures of Farnesenes
' 2.6 Mandibular Gland Substances of the Genus Myrmica

]

50
50

50 -

52

54

61

62

63
63

65 -

68
69
78
83
84

87

89
90

92

112

113
120

126

136

137
142
146
148
152

158 .

173



| 3. EXPERIMENTAL

3.1 General procedures . . ' _ 187
3.1.1 Sources and collection of ant colonies : 187
3.1.2 Maintenance of ant colonies . o 188
1 3.1.3 Identification of ants . : 190
. 3.1.4 Gas liquid chromatography .. = .- e 190
o "~ 3.1.5 Dissection of glands and samp]e preparation for solid '
o w0 injection o ‘ 193
3.1.6 Solid injection technique ' 193
3.1.7 Trapping and rechromatography of GC effluent 194 . :
3.1.8 Quantitative analysis . 197
3.1.9 Gas chromatography-mass spectrometry 108
3.2 M1cro Reaction Techn1ques Used with ec _ ' 199 -
32,1 Epoxidat1on R | ’ | o '_199 
. 3.2.2 Cleavage of epoxides - : ' , 200 o
. 3,2.3 Ozonolysis . . = . ' 5 201
| 3 2.4 Hydrogenation . . oo it e e 203'r"“'h”t
o 3.2.5 Methoxymercuration-demercurat1on e e 204:1a.ujzn
" 3.2.6 Sodium borohydride reduct1on IR T E L 204 PR
S, 2.7 Bromination S R \ E - 205.;;

‘3N,3.2.8 Ester1f1cat1on with diazomethane f L Sl 205';;if]3;

3.3 Tra11 Pheromone of Tetramoriun caespztuw R f. 7-' L v 207'

.‘,'f 3.3.1 Preparat1on of” g]andu]ar extracts for b1oassay 207_-f'f' :
tot  3.3.2 B10assay of trail following behaviour _ 3 .'207 ,:_,'.
33 Bioassay of glandular extracts B 208
>‘gﬁg‘3 3. 4 Thin 1ayer chromatography ‘ T e _'. | 55208.3
e j5*13 3. 5 Gas chromatography S ‘ 'i e o l-¢209fr',»
" 3.3.6.Trapping of 6C effluent . 209
.~ fffﬁ3 3.7 Gas chromatography—mass spectrometry AR e
E‘fﬂ3 3. 8 Quant1f1cat1on of gTandu]ar components - - - '_'210-; ‘
: ff3 3. 9 Bioassay of synthet1c substances o ﬂ;_"- ST 210
3. 4 Cheml cal Investigatwn of Solenopus gemnataj N I T
341 SampTe pPeParat1on L S :"‘ifi-:- ' o212
fffﬂ3 4.2 POStPharyngeal gland substances i~uf-hrj'"_ 12
g -3.4.3 Poison g]and substances ‘ ””'__“ _,-;j'ff'l 013

"‘ﬁ3 4.4 Dufour g1and substances . S iy h_-e' . 214



3.5 Dufour Gland Substances of Genus Myrmica
3.5.1 Sample preparation
‘u3.5.é Gas chromatography
3.5.3 Gas chromatography-mass spectrometry
3.5.4 Analytical evidence for structure assignment of
GC peaks
3.5.5 Determination of glandular dimensions

3.6 Structures of Farnesenes
3.6.1 GC-MS of farnesenes
3.6.2 Ozonolysis of farnesenes
3.6.3 Hydrogenation of farnesenes

3.7 Mandibular Gland Substances of Genus Myrmica
3.7.1 Myrmica albitferensis' '
3.7.2 Myrmica rubra queens —
3.7.3 Reduction of 3-octanone
3.7.4 Isolation of 3-octanol
3.7.5 Preparation of N-trifluoroacetyl-(S)-alanyl esters
- 3.7.6 Pkeparation of N-trif]udroacety1-($)-proly1 esters
3.7.7 Preparation of (+)-trans-chrysanthemate esters

4. REFERENCES

. 5. APPENDIX

217

217
217
218
218

219 ..

219
219
219
220

221
221
221
221
222
222"
223
223

224

240



FIGURE

1

1o ‘

11 -

12

13

u.

15

LIST OF FIGURES

Location of exocrine glands and the intestinal tract of a
typical ant

General schemes adapted for the isolation and identification
of pheromones:

Efficiency of trapping and rechromatography of a GC peak
Determination of homogeneity/heterogeneity of a GC peak

A few micrograms of myristic acid trapped from GC effluent,
in a glass capillary

~ Separation of (E)- and (2)-8-heptadecenes by epoxidation

Cleavage of epoxides by a HIOs pre-column

Cleavage of disparlure by a HIO; pre-column

Solventless ozonolysis and hydrogenation ofr(Z)-8-heptadecené

The micro-extractor vial
Reduction of 3-octanol by NaBHy
Venom apparétus of Tetramoriun caespitum

TLC-b{Oassay of poiSon gland contents‘bf Tetramoriun
caespitum ‘ | '

Gas chromatogram of three poison vesicles from Tetramorium

caespitum

Mass spectra of.z,s-aimethylpyraz1ne and 3-ethyl-2,5-

- dimethylpyrazine from Tetramorium caespitum

[

PAGE
17

51

64
66

67

70
n
77
81
.
88
94

97
98

100



16

17
18

19
20
21

22
23
24

25

26
27
28

29

30

31

Trail-following activity of mixtures of the two pyrazines in
different proportions

Bioassay of the two pyrazines over a range of concentrations
Gas chromatogram of a poison vesicle of Myrmica ruginodis

Gas chromatogram of a postpharyngeal gland of Solenopsis
geminata

Mass spectra of heneicosane, tricosane and (2)-9-tricosene
from the postpharyngeal gland of Solenopsis geminata

Mixed mass spectrum of 9-methoxytricosane and
10-methoxytricosane

Venom apparatus of Solenopsis geminata
Gas chromatogram of a poison vesicle of Solenopsis geminata
Mass spectrum of 2-methyl-6-undecylpiperidine

Gas chromatogram of a poison vesicle extract of Solenopsis

geminata on OV-1 capillary column

Gas chromatogram of Dufour gland of Solenopsis geminata
Gas chromatogram of ozono1xsis products of (Z)-9-tricosene
GC-bioassay of Dufour gland contents of Solenopsis geminata

Gas chromatogram of very volatile components of Myrmica
suleinodis )

Gas chromatogram of a Dufour gland of Myrmica suleinodis

Mass spectra of heptédecahe, (2)-8-heptadecene and
(Z)-9-nonadecene from the Dufour gland of Myrmica suleinodis

104

106
111

114

116

118

121

122

123

125

128

131

133

138

141

143



32

33

34

35

36

37

38

-39

40

41

42

43

44

45"

16
47

48

49

Gas chromatograms of Dufour glands of Myrmica rugulosa and
M. schencki '

Venom apparatii of Myrmica albuferensis and M. rubra

" Gas chromatogram of a Dufour gland of Myrmica atbuferensis

Comparison of linear and branched hydrocarbons in the Dufour
glands of Myrmica ants

Representation of speed of worker ants on territories marked
with Dufour gland extracts |

Mass spectra of 4-oxopentanal and 4-oxohexanal

Gas chromatograms of ozonolysis products of farnesenes

- Gas chromatogkams of solventless ozonojysis products of

farnesenes

Mass spectra of farnesenes

'Gas chromatographic reduction of farnesenes

Mass spectra of farnesanes .

Gas chromatogram of a mandibular gland of Myrmica albuferensis
Gas chkomatogram of JapaneSe peppermint oil

~Reconstructed ion chromatograms of'3-ogty]-(+)-tpan3_
.chrysanthemates : .

Orientation bf'ants towards -3-octanol
Sblfd samble injector -
Splitter and trap assembly

Ozonolysis apparatus

147

150__
151
154

156

162

163

166

167
169
170
176
182

183

186
195
196

202



TABLE

. TABLE

 TABLE

~ TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

1.

:2.

.5.

6.

7.

9.

LIST OF TABLES

~Variation of mixture composition of the same components

in sex pheromones of three species of Pectionophora.

PAGE
5

Glandular sources of trail pheromones in some families of 18

Hymenoptera,

Substances identified in the trail pheromones of

termites (Isoptera). and ants (Formicidae).

Responses of some myrmicine ants to.artificial trails

laid from their poison glands.

Responses of some leaf-cutting ants to artificial trails

Taid with two synthetic substances.
Responses of some myrmicine ants to artificial trails
lTaid from the glandular sources of their odour trail:

pheromones.

Speciés-specificity of :trails laid with Dufour gland -+

-extracts of four species of Solenopsis.

-Venom alkaloids of myrmicine ants.

Alkylpyrazines_1dentified from mandibular glands of ants.

23
27
28

30

- 33

38

46



" TABLE 10.

TABLE 11.
TABLE 12.
" TABLE 13.
“TABLE 14.
TABLE 15.

TABLE 16.

© TABLE 17.

TABLE 18.

Reaction gas chromatography by a HIQ4 pre-column on a

-~ packed column of Porapak Q.-

Reaction gas chromatography by a HIO pre-column on a

packed column of Carbowax 20M.

Analysis of terpenes by reaction gas chromatography by a

10% HIOy pre-column on a packed column of Porapak Q.
Results of ozonolysis of alkenes

Trail following activity evoked by extracts of various

‘bands of silica gel, after TLC of two poison glands of

. caespitum.

Absolute amounts of DMP and EDMP present in the poison

glands of ten T. caespitum workers. - -

Trail fo]]owing activity evoked by mixture of the two

~‘pyrazines in different proportions compared with that

of one poison vesicle. *

Trail following activity evoked by various substituted
| pyﬁaiines and a pyrrole on a few species of Tetramorium -

. and Myrmica,

_Trail following actiyitywevokéd by individual poison

glands of two ‘species of Myrmicinae subfamily.

k]

74

76

82

95

102

103

107

- 110



~.TABLE 19. Composition of the volatile chemicals on the . s

postpharyngeal gland of Solenopsis geminata,

~TABLE 20.  Chemical composition of the Dufour glands of 130

Solenopsis geminata,

TABLE 21. Responses of some myrmicine ants to artificial trails 135
laid from their Dufour glands extracts and synthetic

faranal.

TABLE 22. Chemical composition of the Dufour glands of 140

v Myrmica suleinodis,

TABLE 23. Chemical composition of the Dufour glands of 145

- Myrmica rugulosa. .

TABLE 24. Chemical composition of the Dufour glands of 149

- Myrmica schencki.

TABLE 25.  Chemical composition of the Dufour g]ands of .~ . . 153

1':Mymmtca albuferenszs.

. TABLE 26. .. Chemical composition of the mandibular glands of o] 175'

Myrmica albuferensis.

:;TABﬁE 27; Compar1son of GC properties of  3- (t) octano1 derivat1zed 180

with different ch1ra1 reso]v1ng agents.

TABLE 28.'f$pecifi¢atioh of the co]umhs'emp1oyed in the GC -+ 191

analysis. .



. INTRODUCTION .
1M“{M1,1‘Pheromones ”ffibf~ff”

”‘~wE&w?g; rii Odours, sight,‘sound tastes and. touch enab]e 1ndiv1dua1 an1mals QQE

to communicate w1th the env1ronment for the1r sustenance and surv1va1 uThe‘,fﬁ

 insects re]y on the sense of smell as the major channel for exchange Of

v‘;1nformat1on more than any other -group, of an1ma1s. As ear]y as 18th century, -
'  Rene de Reaumur1 observed that v1rg1n fema]es of the s1]kworm moth Bombyx |
'«g‘mort cou]d lure ma1es of that spec1es from a d1stance of one k1lometre.,h1nfff*

2 demonstrated that male emperor

1879 the great natura11st Jean Henr1 Fabre
“moths are attracted to a caged v1rg1n fema]e moth and even to an empty cage ‘f
“that had conta1ned a fema]e.‘ Although‘olfactory commun1cat1on seems obvious;ch
'1n the above examp]es, no s1gn1f1cant progress had been made in its study 'l_
‘k‘unti1 the late 19505.. In 1959, pioneer work of Butenandt et al. 3 1ed to the:;
| 1so1at10n and 1dent1f1cat1on of a substance cal]ed Bombyko] [l] from fema]e |

511kworm moths (B. mort), that e]1c1ted the sexua] exc1tat10n response from -

~male moths.h hrﬁhvai"fp:WHHJHQEﬁ“E‘m ngfofff.;}fﬁ}q=Wﬂf'ﬂi'nﬁ“mmfwln.“w




In fact, even before Butenandt, an Amer1canygroup had worked near]y 30 years jg

8

some‘m1nor modif1cation as proposed by Kalmus £ pheromones can be defined as

;w:xAccord1ng to the most w1de1y accepted termlnology;:chem1cals'

\‘f‘wh1ch convey 1nformat1on between organ1sms are termed semtochamtcalsg Those f

fﬂsem1ochem1cals used for 1nterspec1f1c commun1cat1on are ca]led'

‘iallezochemtcslo Three maln types of alle]ochemics are recogn1zed"

‘fgkatromonesllw allomonesll_and synomaneslz An al]omone is a chem1ca1 em1tted

| ;yﬁfrom an’ 1nsect, wh1ch g1ves adapt1ve advantage to the odour-re]eas1ng ,ffﬁ"__*‘f

| }7?1nd1v1dua]'(e g._defens1ve and repel]ent secret1ons) In contrast a '
“ifkairomone g1ves the adaptlve advantage to the recelver (e.g.'substances that
bjenable the predators to 1ocate 1ts prGY- The tra1ls °f the. army ant,
.jNetvamyrmex ntgrescens are p1cked up by predators 11ke the b11nd snake
: f"Leptotyphlops dulct313 and the beet]e Hellumorphozdes texanusl4, which feed

ma1n1y on the brood of the ants):ilA synomone benefits both the producer and

recipient (e g. floral scents that attract pollinatlng 1nsects) Pheromones o

are on]y one type of sem1ochem1ca1 and used to transmlt 1nformat1on only

R

: _“‘between members of the same spec1es.;f _
:'”ﬂ Pheromones can be c]ass1fied accordlng to the responses they

e11c1t on the rec1p1ent._ Chem1cal stimu11 that tr1gger an. 1mmed1ate,' S




“ViﬁireverSible and Spec1fic change in. the behaViour of the reCipient are called

;“t releasers. Those pheromones that induce long term, irreversible,
i,f morphological and phySiological changes are referred to as prtmers.: Perhaps s
N‘the most familiar and most dramatic releaser pheromones are the sexl s
‘,‘grattractants, trail pheromones and aggregation pheromones.‘ However, no less
Ndi,dramatic are the primer pheromones that bring about remarkable phySiological.
‘; and morphological changes €-g- transformation of solitary to gregarious _
V;ff?phases of. locusts or inhibition of ovary developnent in worker honeybees by

. the "Queen substance"15

The maJor categories of semiochemicals are not mutually

‘f exclusive. A chemical or a mixture may act Simultaneously as a pheromone,.}

Hl‘kairomone and allomone._ A good example for such a pheromone is exhibited by ;{
‘g;the bark beetle Ips paraconfusus 16 1¢s’ sex pheromones emitted by an . .
“actively boring male to attract conspeCifics, also serve either as a :,f_-?g

“iwkairomone to attract predators that prey on Ips or as an allomone to repel “
‘jcompetitors from utilizing the same resource.in_;; '

‘"_,ll-z.CharaCteriStics‘Qf‘Pheromones’rﬁsﬁa_;:»Ji**- 2
i‘fjw] Higher animals rely mostly on hearing and sight for ',e;"tj

"Vcommunication while lower animals, including insects, use pheromones.

' Although chemical communication is the most primitive (it probably allowed .

th”the most primitive Single-celled organisns to locate each other for the

‘exchange of genetic material), it is very widespread and occurs througout the
animal’ kingdom. At least for the three-quarters of a million or so: SpeCleS 3
of insects it is the major method of communication. The major

| ‘characteristics of pheromonal‘communication are listed below. -,

f



,‘"‘LF» 1.‘Pheromones are effective 1n darkness and they circumvent

obstacles.

"11. Oniy a very minute quantity is. required to 1n1t1ate a bioiogicai L
‘ response.. For instance, Fewer. than a hundred sex pheromone |
mo]ecu]es on the antenna of a male moth may be suff1c1ent to
“‘stimuiate a behav1ourai response. - The mean rate of reiease of -
‘ dispariure (2] ‘the sex attractant of fema]e gypsy moth (Lymantrta, 
g ‘q‘ idtspar), is’ about 7- 8 ng/h17 The iowest concentration of 1ts &f*”
trai] pheromone detected by the fire ant Solenopszs rtchtert 1s o

””Vr reported to be as 1ow as 10‘fg/cm of the tra1118.

dlsparlure [ -

oy 111. The effective distance of act1v1ty of the pheromone may usuaiiy

-be 50 100 m for moths. But th1S depends on many factors such as. -

the rate of pheromone release, properties of substratun etc.

:—iv. Pheromones demonstrate a :high species specificity, thus most
species may have their own' chemical s1gnais. Th]S 1s reaiised
because, usuai]y pheromones are mixture of several components,
prec1se to the biends of correct geometricai and optica] '
1somers19 Table 1, shows.an exampie, where two compounds in
different ratios, prov1deaspec1es-specif1c sex pheromone for ‘

. three species of Lepidoptera of the same genus20



'v.¢The pheromones show a very strong structure-act1v1ty“ .

‘ re]at1onsh1p. A sma]] change in structure may e11m1nate the ;*fj
'f'{g act1v1ty and may ‘even cause 1nh1b1t1on.” For 1nstance the

ﬁf'aCt1V1ty of d1sparlure [2] decreases more than 1000 t1mes when |

'i’:the p051t1on of the methy] group or ox1rane r1ng is changed21

:Table l.p Var1at1on of Mlxture Compos1tlon of the Same Components 1n irﬁf&f"

Sex Pheromones of. Three Spec1es of Pecttnophora

(z 2)-7,11- C150Ac (z E') -7, 11-C160Ac |

- Species’ I

-----------------------------------------------------------------------------

vi. For some species, their mere. survival depends on: sex pheromones
" as their popu1ations are so 1ow the males and fema]es can
“‘scar<:e1y meet without the aid of sex pheromones. - |
“”vii. The substances employed 1n pheromonal communication may be e1ther
| ; ‘b1osynthet1c products der1ved from acetate, fatty ac1ds, ot
--terpenes, amino acids etc, or compounds der1ved from the food or

_'surroundings.



" 1.3 Stereobiology of Insect Pheromones

~1.3.1 Multicomponent pheromones

The pheromonal transmission of information in insects is now :: -

‘*:‘accepted to be through multicomponent pheromones, consisting of several . :

19

stimulus compounds Since the first isolation of bombykol by Butenandt et .

al;3

and throughout the 1960s, : each pheromone was considered to consist'on1yh
. of a single component with the exception of beetle (Coleoptera) pherOmones,-
hwh1ch were considered more comp]ex. In 1964 Wright22 suggested that a’
“mu1ticomponent pheromone could convey more information since evo]ut1onary
‘:uselect1v1ty would favour an organ1sn that had the better communication
| rsystem,‘however his proposal was generally ignored till 1970s. In 1971, a
| f_Si1verstein23:inf1uenced by findings of multicomponent’ pheromonesin several
beetle species and by the repeated‘failures‘ofufield tests based on sjngle
\df‘compounds, recogn1zed the 1mportance of Wright's suggestion. - | :
| The word "pheromone" is now being used to indicate the mixture of .
| ‘compounds that causes a particular behavioural or'developnental process.=hThe .

“:active constituents are termed the pheromone components. Renwick-and-Vite24

o ,con51der that the wide usage of the word "pheromone" to 1nd1cate a mlxture is

) unfortunate, because future stud1es may reveal that each component is a

‘ pheromone 1n 1ts own’ r1ght. Each be1ng respons1b1e for a specif1c

‘ behavioura] response in a comp1ex commun1cat1on system.'~ :

A mu1t1conponent pheromone may - cons1st of a m1xture of pOSItional
1somers, funct1ona1 group 1somers, geometr1ca1 1somers, optical 1somers or
‘structura11y s1m11ar non1somers.‘ In ‘the biosynthes1s of pheromones, the
‘;systems have become S0 f1ne1y tuned through evo]ut1on, the pheromonal
components are synthes1zed not‘on1y to a high degree of chemical purity but_
also the geometricaluand optiCaI‘isomerisn of the molecules are precisely

" controlled. The precise qualitative and quantitative blend of the

" components, ascribe the speciesfspécificity to the pheromonal signal.



The pheromone perception is deciphered by the transformation of a.

'5~¢3molecu1ar message, -into a bioelectric response at the antennal level. This

¢ . process is known as transduction.. The pheromones are perceived via.the

cuticular hairs,called olfactory sensilla on the antenna, which support the‘ ‘

‘sensory dendrites that ultimately transnit impulses to the central nervous

., .system. - The pheromone molecules encounter, and become bound to, the"

proteinaceous acceptor molecules on the membrane of the receptor dendrite, .

“which triggers an electric impulse known as an acceptor potential. : An

. acceptor molecule can be so highly tuned that it is activated by a-single ' -i..

“compound only.. The rate of impulses produced depends on the number of
‘stfmu1at1ng molecules. Therefore, a certain mixture of pheromone components -
;‘"‘produces a oharacteristiC‘ratio of impulses among the different.receptor'Eellf'
.. types. ‘bnly the 1mpu1se,pattern induced by the species-specific pheromone
:“complex 1eads to a release r of a behavioural response. | |
‘ | The act1on potentials generated in a s1ng]e sens111um, which -
: jtrave1 down the neuron axon to the brain, can be monitored by means of
m1crocap11]ary electrodes (szngle—celz recordtng)zs 26 A record1ng of the .
N sunmated responses of the antenna] receptors to a st1mulus is cal]ed an -

21, . These electrophysiological methods have clearly .

‘ electroantennogram (EAG)*-
‘demonstrated the re]at1onsh1p between the act1v1ty and the chem1ca1 structure'n
of a pheromone component. For 1nstance a s1ng1e~ce1] record1ng of a |
~ spec1a11zed sens111um of Bombyx mori shows a 1000 times less response to a-
wrong“ geometrica] 1somer than bombyko1 [1]17 |

The pheromone mo]ecu]es, after they have reacted w1th the
aoceptors, are rap1d1y degraded by antenna1 enzymes and the receptor neurons
qu1ck1y regain their acceptor capab111t1es. For instance, an enzyme has been
observed in the antenna of males and females of Trtchoplusta ni, capab]e of
hydro]ysing the1r pheromone, (Z) 7-dodeceny1 acetat ?8

R A



- 1.3.2 Chirality in insect pheromones:
Many insect pheromones contain one or more chira1'centres., A |

- number of behavioural experiments have shown that the "odour" receptors in

29,

insects can often distinguish between optical isomers The insects often

“‘) will biosynthesize, and utilize as a pheromone, only one optical isomer or a

/

. spec1f1c blend of optical 1somers Sﬂverstem19 has stated that a

descr1ption of a racemate as a s1ng]e compound would be valid only in a wor1d

- devo1d of ch1ra11ty. Therefore a complete identification of a ch1ra1

. pheromone shou]d include a statement of enantiomeric compos1t1on and a
determ1nation of the absolute configuration of the chiral centre(s)
A nunber of poss1b111t1es 1in behavioura1 responses towards the

| opt1ca1 1somers are conceivable and the main categories are g1ven below. Hh

i, The insect produces only a single optical isomer and it is more
active than the other(s). The leaf-cutting ants,lAttd texana and
” ‘jA;fééphaiotee responded to a Tower coneentration’of the natura11y '

occurring alarm pheromone, (S)-(#)-4-methy]-3-heptan0he; than its

" enantiomer?). - Another ant,'Pogohoﬁy}mex barbatus, which also

30,'respohded to

the,(S)-ehantiomer up to:lO times more than the (R)-enantiomer31.

" uses 4-methyl-3-heptanone as an alarm pheromone

:ii;!The insect"produces only a sing]e optical isomer and the.insects "
response;to'it isifnhibited by the'other(s).ifThe aggregation o
pheromohe of'the bark beetle Ips pini (western strain from.

iy Ca11forn1a and : ‘1daho) - is (R)={-)-ipsdienol [3] on]y, and the -
*synthetic racemic mixture fai]ed to elicit any pos1tive :
response32.;;The beetles responded positively to
.i.,(R);(-)-ipsdienoluin.the Taboratory, whereas (S)-(+)-ipsdienol
tinterrupted the response to (R)-(-)-ipsdieno]33. Under field :

: conditiohs,.ma]es_of gypsy moth, Lymantria dispar,.respond



significantly to (7R,85)-(+)-disparlure [2], only in the absence

of the (-)-enantiomef34

(R)-(-)-ipsdienol 'f |

[3]

iii. The insect produces only a single optical isomer but cannot

v 'distinguish between it and the other(s). The males of nun moth
© "Lymantria monacha, responded equa11y‘we113to (+)-disparlure [2]

as to the recemic mixture35.

iv. The insect produces two or more optical isomers and responds "  f‘-
. “optimally to the naturally produced ratio. The males of ambfb;fﬁf

| beetle, Gﬁathoiricus suléatus,’produce an aggfegation phefombné, . 
ﬂ}suicato] [4] as a 65 : 35 mixture of (S)- and (R)-'enantiomers;« .-
L ’wiil‘Moreover, they respond synergistically to the enantiomeric i

:#5?mixtUre but neither enantiomek'by”itéelf is attractive35.“fv-

‘\\\\\H . IR L oL C “\\\OH,
"NOH . - | N

_(R)-(-)-sulcatol ($)-(+)-sulcatol

o | 4]

Ve Thé insect produces two or more optical isomers, b&t responds
| prefefentia11y to one than to the other{s). The female southern
pine béet]es,” Dendfoétonus frontalis, emit fr‘dntalih [5] as a

) mixﬁufé’df 85‘5 15 (-)-and (+)- enéntiomer;. In the laboratory
thé‘ha1es ﬁhowed a higher respbhse‘to (=)= frontalin than to the

(+)- enantiomer, but the latter caused no inhibition37.
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... vi. The insect produces two or more optical isomers and responds
equally to each optical isomer and to mixtures in all ratios. .Nd

examples are yet reported in this category.

o}

o -~ | | -
frontalin  [5] . e gt

"'Thg gxamp]es given above, are only an important few, from a nunber:of_chiral;
'J,pheromqnes described in recent literature, but they exemplify the need for
determining the optical isomeric composition and absolute configurationlof.f

Ehiralhcentre(s) of. chiral pheromones.

1:3,3WPest‘control,with pheromones. e

~ The chemical‘communication system of pheromones is comparable -
‘ Withiany other‘cgmmuhication systém which u;esvdiffereht §ymbols'pr_signs”for"
| thé ﬁranﬂnission_of information.. The combination of chemicals to make,.wi:z-
comp]éknsfatéménfs,lallows pheromonal communication to be cbmpafablé'tofa: y
_ 1anguggé.- An understanding of such a language may not only help in taxonomy
~and éﬁ;ﬁésyétématjcs, but;a]so shbyva_wéywhowitbndjsfupf_the_tommunigation_
code whfch_wi]] eventually be useful in.integrated pest control.

[ T
P |
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-+ 1.4 Types of Insect Pheromones

FLIERERNES - Insect pheromones can be classified according to the behaviourat
| fresponses they evoke on the recipient. One of the weaknesses of this E
~classification is that the insects use pheromones to mediate a wide variety J
‘:Nof behaviour. The main pheromone-mediated functions in insects are
orientation of the individuals towards or away from a location, signaling of‘fr
‘:bdanger‘and exchange of information for social interactions. The major
-categories of insect pheromones are discussed below with special emphasis on ,dm

‘examples from the Formicidae family of Hymenoptera. . .

1 4. 1 Sex pheromones . : g T
‘The primary function of sex pheromones is to bring the sexes -

;together‘for the purpose of mating; A var1ety of acts that may take p]ace '_ o

- before copulation are mediated by . a number of pheromones... The chem1cals

‘M1nvolved in Tong’ range mate locat1on are called Sex attractants and those
:rwh1ch stimul ate courtsh1p are termed courtship pheromones (" aphrod1s1acs“38)'
Some sex pheromones cause the synchron1zat1on of the t1me of sexual act1v1ty
for the two sexes.. Most’ of the pheromone research over the Tast 20 years has
-'concentrated on the sex attractants of Lep1doptera. Moths have received a
rspecia] attentlon mainly- because they, together w1th beet]es, compr1se the
maJority of agr1cu1tural pests. In 1965 on]y three Lepidopteran sex -
pheromones were known. - By 1970 20 were known and by . 1975 over 40 had been
recognized. The nunber 1ncreased to 100 in 1978 and at present severa]
hundred compounds are known and very comprehens1ve reviews with Iong lists of
compounds have been pubhshed39 42 The fema]e Lep1dopteran sex attractants
,form a separate homogeneous group and cons1st malnly of even-numbered and

| 11near, mono- or po]y-a]keny] acetates, a]cohols or aldehydes. Other 1nsects
have pheromones s1mi1ar to sex pheromones in bas1c properties and )

characterist1cs, but not necessar11y in chemical structure.
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Very little work has been done on the sex pheromones of -

‘V‘Hymenoptera.w In the carpenter ant, Camponotus herculeans the males release a

~pheromone before the nuptial flight to initiate the virgin queens to take

fl1ght also 43. Infact Holldobler and Maschwitz were able to 1nduce the

females to swarm, with a mandibular gland secretion of the males, provided

-+ the temperature and time of the day were also favourable 43. Falke44,

chemically‘investigated the mandibular glands of the carpenter ants and foundsrl

‘five d1fferent substances, of which he identified four. However, no

o behavioural effects could be attr1buted to them - A female sex attractant

- produced in the poison gland, which not only attracts the males but also.

“stimulates them sexually, has been demonstrated in the myrmicine ant ..
Xenomyrmex fiorzdanus45‘ A s1m1lar female sex attractant, but produced in j
the Dufour gland has been descr1bed for Monomorium pharaonts46'
pheromone is absent in the workers and even in the older females who have
already la1d eggs 46, 47 ;lBuschinge 48 demonstrated that Harpagoxenus

‘subZevzus males fly to females as well as isolated poison glands from a_

9,

distance of 3=4 m None of the sex attractants of the ants have been :

“chemically identified yet. ‘

In a number of species of ants not only the presence of the
\‘queens but also larvae can suppress the fertility of workers46 ~The..
_1nfluence of the queens on the fertlllty of workers has been extens1vely |
studied in honey bees (Apts mellzfera) The "queen substance" produced 1n B

' “the mand1bular gland which inh1b1ts ovarian development of the workers is

distributed through trophyllaxis in the.colony. :The queen pheromone consists

of at least two componentsso,.the major belng 9-oxo-traﬁs-2-decenoic acid [6]

and the minor is 9-hydroxy-trans-2-decenoic acid [7].

Th1s sex '
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£6] L - [7

" The existence of a similar primer pheromone (or pheromones) in the ant

"Solenopszs invieta is reported but no definite chemical structure has been :
hfass1gned. Th1s substance produced by the mated queen is relat1ve1y |
| 5nonvo1at1]e and it 1nh1b1ts the v1rg1n females and workers becoming

51,

hfunctiona] egg layers Recent]y Rocca et aZ.52 53 descr1bed three

- compounds [8-10] respons1b1e for "Queen recognition" in S. znvzcta. .

~1.4.2 Maturation pheromones &« il

' SThe primer pheromones;'which maximize the developmental synchrony
especially in insects living in 1arge popufations are termed maturation
"pheromones.‘ The reproduct1ve potentia] of the popu]ation is enhanced by the
‘ simu]taneous ava11ab111ty of 1arge number of sexua]ly mature adu]ts as a
‘result of synchron1zat1on of maturation. One wel] docunented examp]e, found

,‘1n the desert locust Schtstocerca gregarza, is the acceleratlon of

developnent of 1mmatures of both sexes by the presence of mature ma]es54

1. 4 3 Brood pheromones | )
The substances released by the brood to advertlse the1r 1dent1ty

| to the COnspeciflc workers,mare named* brood pheromones, The recognition of



1ithe brood is a1ded by the brood pheromones, when they are being fed

:ma1nta1ned defended and moved by the workers.‘ The sexual brood: pheromone ofgff

ffSolenopszs znvzcta has.been recogn1zed:as triolein°.

However, the structurejﬂ?
-jfass1gnment based solely on TLC R¢ values has been strong]y criticized by

.ruVander Meer56

fi?zl 4 4 Aggregat1on pheromones
-  An‘aggregation pheromone causes the members of ‘the same spec1es

fto aggregate 1n a particular area, 1ead1ng to an increase: 1n their den31ty57

f;The aggregat1on serves a variety of funct1ons including br1nglng the .-
‘fﬁh}conspec1f1cs to a source of food or.a- su1tab1e hab1tat overcom1ng the 3Lf v
"ir?fnatura1 res1stance of a selected host, .and defence aga1nst predators. ‘The
E:ﬁrfaggregat1on pheromones of bark beet]es (Family Sco]yt1dae) have beenjﬁ

d58 and they are also be1ng found 1n some cockroaches, bees?f;

““ﬁrﬁextens1ve1y StUdie
and WaSpS- e , iy }

In the workers of the ant Camponotus pennsylvantcus an or1ented

;‘f\freaction occurs and aggregat1ons 1ast1ng up: to 12. h are caused by undecane a tif
“hcomPOUNd from 1ts DUfOUP gland®d. The aggregat1ve behav1our of th1s spec1es 3;

"*15 governed by an exocr1ne product that a]so functions as a key or1ent1ng

“;fagent when a1arm behav1our is re]eased

“hjl 4 5 D1spersa1 or: spac1ng pheromones o

i ‘heromones of th1s nature causes 1ncreased spac1ng between the _:*_5

E hconspec1f1cs:m One adapt1ve advantage of possess1ng such pheromones s to

‘h‘reduce 1ntraspecif1c competltwn.._= An 1nterest1ng examp]e 1s found 1n the .
5_app1e maggot - fly (Rhagoletzs pomonella), when the fema]e ov1pos1ts 1n a-

fru1t, she marks the fru1t w1th a pheromone that deters other fema]es from

_ov1pos1t1ng 1n the same fru1t60 ' S1m11ar ov1p051t1on deterrents have been

61

reported for the European corn borer,_Ostrtna nubtlalt -and other .

62

1nsects When the western p1ne beetlés (Dendroctonus brevtcomts) colonise



-, the plant and escape
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i a pine tree they release initially exo-brevicomin and frontalin to attractlﬂ
" more females and males, but once they mate they release verbenone and |

- trans-verbenol, which deter further arrivals 58,

1 4.6 A]arm pheromones
The alarm pheromones are used as signals to alert conspec1f1cs '

that a threatening situation is present. Some respond by vigorously -

| attaching the‘intruder whereas others may escape by retreating into the )
 jnterior of the nest. The ants and termites open their mandibles in an
‘1a§§ressive response when they perceive high concentration of their species;

alarm pheromone.:‘The aphid Myzus persicaevproduces trans-g-farnesene when -
‘disturbed,‘which induces other aphids to stop feeding, disperse or drop fronl_.

63

| In the species‘among the Formicidae, the alarm pheromones are

. “genera11y synthesized‘in‘their mandibu]ar glands. -.In certain formicine: -~

Spec1es the alarm s1gnals can be generated with secretlons from the poison

64 .

V“and Dufour g]and in add1t10n to the mand1bu1ar glands Do]1choder1ne ants-?

produce alarm pheromones in the supra-anal g]ands65 The ants of Myrmecttnae

v‘subfami]y produce the alarm signals from their rectal g]ands66

Ants employ a 1arge variety of compounds wh1ch re]ease ‘alarm
| behav1our, but aliphatlc ketones appear to be the maJor group. Many
comprehen51ve rev1ews are ava1]ab1e w1th 1lsts of a]arm substances 1dent1f1ed_

from ants67 70

1.4.7}Téf}it6rial pheronones" _
The terr1tory of an an1mal 1s the area within wh1ch it norma]ly
= conflnes 1ts day to day act1vities. The terrttorzal pheromones serves the

purpose of condit1on1ng the area with a fam111ar odour. The work of .

Cammaerts on the ants of the genus Myrmmca demonstrates the use of the1r !

Dufour.gIand contents as a territorial markjng pheromone71; The glands
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_contain a mixture of volatile, Tow molecular weight oxygenated compounds and
a comparatively Tess-volatile, linear and branched hydrocarbons; The

kvolat1]e oxygenated compoundsact as short range non—spec1es spec1f1c

g f:attractants. The Tess volatile hydrocarbon mixture is h1gh1y

N ‘ specfes-spec1f1c and used by the workers on a new foraging terr1tory to

“encourage other workers to search for food72. The ants move rapidly on a
» terr1tony a]ready marked w1th their own Dufour g]and secret1ons.” They move J;
yzfless rapldly 1n ‘a new terrltory and even more sTowTy in a terr1tory marked .
with an a11en secret1on, until they overmark 1t with their own secret1om
The ex1stence of a coTony-spec1f1c terr1tor1a1 mark ing pheromone 1n the ant

43,

»‘Oecophylla longtnoda has also been recognlze The workers mark newTy

g acqu1red home range w1th random]y p]aced drops of rectaT ves1cle flu1d74

1 4 8 Tra11 pheromones _ ‘

o * The soc1a1 insects (e.g. bees, wasps, ants and term1tes) ut1T1ze:
‘an array of pheromones to ma1nta1n the h19h Tevel of organ1zat1on in the1r
.colonies.’ Many of these 1nsects, espec1a1]y the ants and termltes because
they are essent1ally wingTess, lay terrestr1al odour trails Tead1ng to food
p sources or nest1ng sites.‘ Short range trail pheromones, 1a1d with foot .
‘pr1nts in the v1c1n1ty of the h1ve or nest are a]so known for bees and
wasps75 76, Trail pheromones can a]so faciTitate m1grat1on of the coTony to_
a new s1te. In the term1tes, a gTand on. the ventraT surface of . the abdomen _
.serve as the source of the trai] pheromones but in ants they can ar1se from a
‘nunber of gTanduTar sources incTud1ng the hind gut rectal gTand po1son
gTand tarsal gland, Dufour gTand Pavan gTand tibial gland and anal
(pygidial ?) gTand The Tocat1on of the generaT exocrine gTands of a typ1ca1
ant 1s shown 1n F1gure 1.‘The trai] is deposited on the ground either by the
‘sting, anus, abdominal sternun or tar51 on the hind Iegs, as the ant moves
along. Table 2 shows the reported glandular sources.of the trail pheromones

of ~ some genera of Hymenoptera; o
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. Hymenoptera.

‘Glandular sources of trail

pheromones in some families of

§ubfqmj1y_

i /' Vespinae "

Formicidae Ponerinae

. Ecitoninae

Bl *”H‘Tuptnoma
- Formicinae . ' .
Lot Camponotus

;,Véspulq;_.; B

. Myrmicinae . -

““Cyphomyrmex
i Huberia - L
 ”1‘Leptothorax g
.. Manieca T
I Monomorium
S Myrmiea o
‘“”lNovomessor‘ ‘
., Pheidole . o
”V”ﬂPogonamyrmex’ﬁ‘

"”“?.Przstomyrmex
L Sericomyrmex
.. Solenopsis
. Tetramorium

S Veromessor:
. Dolichoderinae -
Lol mne Monaets |V

;Melipéh&'

‘Eciton

Genus

Trtgona

-Apts'

Pachycondyla
- (=Termitopone)
Leptogenys

Onyéhaﬁgfﬁex “

. Neivamyrmex

Acromyrmex - -
L Atta o
. Apterostigma . -
Crematogasteb o

Trachymyrmex .

Irzdomyrmex;?\

Acanthomyops ?¥

"",Paratrechznaﬁﬂ;

. Formica

iy cLastusg e
‘wj[{EMyrmeZachzsta :
il Oecophylla .~

_ dermal gland (7). .
applied with tarsi

_iﬁlandular source . ..

mandibular gland
dermal g]and (?)

Pygidial g]anda7

poison gland +

pygidial gland (?)'
- ‘sternal gland ~ -
. hind gut or

-pygidial g]aﬁd

“hind gut or

pygidial gland =
poison gland

- poison gland

poison gland o
tibial gland -

. References -

mandibular gland 76

76

75
77 78‘79vgf;i
80,81

82.

" 83, 787¢;¢.”°

84,78 -

applied w1th h1nd 1egs S

';po1son gland = o
* . poison gland : _,,¥.n*9;f

poison gland =

. . poison gland . - -l
" Dufour:gland " -
. poison gland® . ..
"poison gland o il
v Dufour gland . =
“Dufour_gland .
-poison gland
2

fDufour,gTand‘
.poison gland

poison gland

e poison gland -

| ‘Pavan's‘gland

, ‘,pféPavan s gland
2 Pavan's g]and

hind gut

hind gut

“hind qut '
~hind gut

.. hind gut

“hind qut
rectal gland

1050
o 122123,12
108
78
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As early as 1779, Bonnet observed that some ants use trails to"
“recruit workers of .the same species to a food source. However; re]ative]y“'
‘11tt1e information is available yet, on the chemistry of the trail

’pheromones. Methy] 4-methylpyrrole-2- carboxy]ate [11], a poison g]and
: substance of the myrmicine ant Atta texana was the first ant trail pheromone

“”to be 1dent1f1ed106 The compound has a very h1gh behavioural eff1c1ency and

the detect1on threshold is as small as 0 08 pg/cm. - The same compound was

"“subsequently CREE -
ST e [N>\COOCH3 )
: ‘ H
[11]
demonstrated to be the trail pheromone of 4. cephalote3107 and Acromypmex'j-:”

| octosptnosus86 It 1s apparent that the pyrro1e is on]y one component 1n the

“n‘trail pheromone because Tuml1nson et al.106 isolated at 1east four other

active fract1ons but the nature‘of the other constituents remains unknown.'
Atta semdena,,a,species related to A.‘texana and 4. cephalotes didhnotifollow_
trails made of synthetic methyl 4-methy1pyrroleiz-carboxy]ate;“ Subsequently.
b‘another compound 3-ethyl-2,5- d1methy1pyrazine [12] L

CH\[ IC Hs
CH,

[12]

W gt
Lo, E g

was identified as the maJor component of the tra11 pheromone of A. sexdens
rubroptlosalog. Recent]y the same compound has been isolated from the poison
glands of eight species of Myrmica and identified as the sing1e component of

109, 110

their trai] pheromone Among the poison g1and constituents of the

Pharaoh' ant are two substances, 5-methy1 3- buty]octahydro1ndol1z1ne
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| (Monomorine‘I) [13], and 2-(5"'-hexeny1)-5-pentylpyrrolidine (Monomorine III)

[14], ab]e to attract worker ants and show some act1v1ty in trail fo]]ow1ng :
111,112

tests®

{ CH,(CHZ) (CHZ)CH CHZ‘
CH |
| [13] | [14]

3 Howevenﬁthe much more active true trail pheromone of the pharaoh's ant is

: found 1n the Dufour g1and in trace quantities. It was ]ater 1dent1f1ed as fm

“(+) (3S 4R) 3,4,7,11-tetramethyltrideca-6E,10Z- d1ena1 (Faranal)133 [15]

| | [15]

jelipThe stereochem1stny and geometny of faranal- have been conflrmed by

L’stereospeC1f1c synthe51s by - several groups113 -117 The trail pheromone of

“the red 1mported fire ant, Solenopsis tnvtcta is certainly multi-component
but fhe composition is controversial. Williams et ol 118’119 report it to be

_'(22 4Z 62) 3 7 11- trlmethyl 2,4,6,10- dodecatetraene (Z Z Z-a]]ofarnesene)

[16]




- ‘p‘spec1es of Solenopszs. Barlin'et al.

21

”: Accord1ng to Vander Meer et al.lzo, Solenopsts invieta tra1] pheromone ts
:mu1t1component and four of them are identified as (3Z 6E)-3,7,11- - :
trimethyldodeca-1,3,6,10-tetraene (Z,E-a-farnesene)-[17],-(3E,6E)-::-¥=*'"

| 3,7,11-trimethyldodeca-1,3,6,10-tetraene (E,E-a-farnesene) [18], ;" ==

(32,6Z)-3,4,7,11-tetramethy]dodeca—1,3,6,10ftetraene (Z,Z-homofarnesene)}[19]v

and (32,6E)-3,4,7,11-tetramethyldodeca-1,3,6,10-tetraene (Z,E-homofarnesene)iv

[20]1. | | | A

[11-

©[19] ‘
f A:preliminary study had been done on the trail pheromones ofvfew other “f
1& reported the main tra11 pheromone of
s. rtchtert to possess a M.W. of 218 and an emp1r1ca1 formula of C16H26°
"They assune the trai] pheromone of S. xylont and S. gemtnata are of a similar
tchemica1‘type and suggests the empiricaT‘formula to be C17H28‘ :

| ‘HeXanoic;\heptenoic, octanoic, nonanoic, decanoic and dodecanoic

ac1ds are reported hy Huwy]er et al. as components of the trail pheromone
\hiso1ated from the hind gut of the form1c1ne ant, Lastius fuztgtnosusIZI It
is aTso reported that the active material is composed of an acidic and a

non-acidic fraction.W;The’former‘appears to account for the greater part of

:”: the total activ1ty.- A]though the absence of pentanoic, undecanoie and

| tr1decano1c ac1ds have been tested, it is unknown whether any other Tower and



higher homo]ogues of the fatty ac1d series are present in the recta] flu1d.;jf |

.~ In fact,’ Hangartner122 had observed that the activ1ty of an aqueous trail c:j‘.
pheromone extract disappeared to a large extent, upon the addition of aikaiiffi

b and reappeared at the original Tevel when it was re—acidifled. Commercial"
sampTes of the aforementioned six fatty acids were all found to elicit
trail-following behaviour in L. fuligimbsus workers, when tested individua]iy'
for activity, but the activity towards an appropriate mixture of the acidse'
has not been examined. It is interesting to note that the trail pheromone of,-;
L. niger isolated from the rectal fluid “is non-acidic and can be recovered.'

fg_from the GC effluent, a]though no corresponding peak can be observed121 |

| A mixture of nine fatty acids, similar to those found in L'.

~fm}fuZ£ginosus have been reported as the components of the trail pheromone of -

97 This mixture of saturated and

r“the myrm1c1ne ant Przstomyrmex pungens
;’unsaturated fatty acids of Cqg to CZO range, falls out of 11ne, when compared
w1th the chemicai structures described as the trail pheromone components of
B the other myrmicine ants (Table 3). Neverthe]ess ‘the query whether they are
,1n fact the true tra11 pheromone components remains, because the act1v1ty of
l the synthetic analogues has not been reported. Furthermore, the glandu]ar
origin of the pheromone remains unknown.-
| | | In al] reported dolichoderine ants the trail pheromones are
u derived exc1u51ve1y from the pavan' s g]and65 ' In Irzdomyrmex humtlts
‘(Z) 9 hexadecenai, a Pavan s g]and constituent, is indicated as a tra11
. pheromone component by behav1oura1 ev1dence125 126, A]though h19h
‘concentrations of (z) 9- hexadecena] alone elic1t intense trail following by
"recru1ted workers,‘the true tra11 pheromone is con51dered to be
mu1ti component. In fact gaster extract trails containing 100 times less
“(Z) 9 hexadecena] were comparable in act1v1ty to the synthetic trails.
Tab]e 3 sunmarizes al] the chemicals 1dent1f1ed so far in trail
pheromones of termites and ants.. In the present study, the trail pheromone

of Tetramorium caespitum and_pblenopsis geminata are investigated.



Table 3.  Substances identified in the trail pheromones of termites (Isoptera)
and ants (Formicidae).

12-isopropenyl-1,5,9-trimethyl- termite Nasutitermes sp. 127,128 -
cyclotetradeca-1,5,9-triene
(neocembrene A)

1-3,7-6,E-8-dodecatriene-1-01 ' termite Reticulitermes flavipes 129

R. hesperus 129
R. santonensis 130
R. tibialis 129
R. virginicus 129
Z-3-hexadecene-1-01 . termite Calotermes flavicollis 131

Microcerotermes edentatus 131

4-pheny1-Z-3-buten—1-o]a termite Coptotenwes formosanus 129
o ‘ ) Reticulitermes speratus 129

Z-3,Z-6-dodecad1’en—1-ola termite Coptotermes formosanus 129
Reticulitermes speratus 129

3,7,11-trimethyl-E-2,E-6,10-  termite Zooteromopsis nevadensis 132
dodecatriene-1-01 (farnesol)

hexanoic acid termite Z. nevadensis 132,133
methyl‘4-methy1pyrrdle-2 ant Atta cephalotes 107
- carboxylate (attalure) Atta texana 106,134 -
- . Acromyrmex octospinosus 86
methyl 4-chlgropyrrole-2- ant Atta texana 135.
carboxylatea
methyl 4- bromopyrro]e-z- ant A. texana 135
carboxy]ate , _
hexanoic acid ant  Lasius fuliginosus 121,136
heptanoic acid - ant L. fuliginosus 121,136
nonanoic acid ~ant . L. fuliginosus 121,136
decanoic acid ant L. fuliginosus 121,136
3-ethyl-2,5-dimethylpyrazine = ant . Attd sexdens rubropilosa 108
o~ Atta sexdens sexdens 108
3-ethy1-2,5-dimethy1pyrazine ~ant Myémica 8p. 109,110
(+)-(3S,4R)-3,4,7,11- : ant Monomoriun pharaonis 90
tetramethyltrideca-6E,10Z-
dienal

(Farana])b



_ Table 3. (continued) , : o 3 , S

5-methyl-3-butyl octohydroindoli ‘ant M. pharaonis ' 111,112
~ -zine (Monomorine I) e

trans-2-pentyl-5-(5'-hexenyl) ant M. pharaohis 111,112 'r'fi
pyrrolidine (Monomorine III) = : : .

",.(3Z,6E)-3,7,11-trimethy1dodeca—'ant' " Solenopsis invicta 120
1,3,6,10-tetraene , . o
- (Z,E=-a~farnesene)

(3E,6E)-3,7,11-trimethyl dodeca- ant S. invieta ' 1120
" 1,3,6,10-tetraene ' -
(E,E-a-farnesene)

(32,67)-3,4,7,11-tetramethyl- ant ' S. invieta 120
dodeca-1,3,6,10-tetraene - - -
(Z,Z-homofarnesene) -

{ © . (3Z,6E)-3,4,7,11-tetramethyl-- ant = S. invicta - S 120

- dodeca-1,3,6,10-tetraene
“(Z,E-homofarnesene) '

(22,82.67)-3,7,11-trinethyl-  ant = S. imvieta i 118,119 -
~ dodeca-2,4,6,10-tetraene , _ _ : : ar
(Z,Z,7-allofarnesene)

. tetradecanoic acid® = ant ~  Pristomyrmex pungens . 97_
y‘:heXadeoano1c acid® o ~ant P, pungens *:e 97
3o.y‘\hexadeceno1‘c\‘ac1‘dc : o ant P, pungens 97
woctadecanoic acid® ant  P. pungens "e S 97
octadecenoic acid® . ant P..pungenol Y
‘U‘octédecadienoic acid® s ant o P.‘pﬁngens : | 97“
.”eicosatetraenoic acid® - ant - ‘P. pungens | 97
‘veicosaoentenoic acid® " v ant ' P. pungens 97
 (Z)-9-hexadecenal Cant fridomyrméx hunilis 125

@ compound not 1so]ated from the 1nsect but the synthet1c samp]e is act1ve

: b Faranal 1s the true tra11 pheromone, Monomor1ne I and 111 may act as
attractants. ‘ :

¢ compound isolated from insect but activity response towards a synthet1c
samp]e not reported e
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1.5 Source and Specificity of Ant Trail Pheromones .

An examination of the behaviour response of one ant species, to
an artificialmtrail\made from the trail substances of another species may -
‘ heTp in the identification of the trail pheromones and also in the -

’f understanding of their phy]ogeny. Such cross-examinations are called

"' transposition studies. Initially, the trail pheromones were considered to be -

'highly species-specific and the concept appeared'incidental]y.to provide.a.
Asfmpie‘methoo;\to distinguish one soecies from anotheh within a giyen'ﬁ

, genu565?137.w However this expeotation was short lived because the'existence~} o
of a wide variability in specifioity in the trail-fo]]owing behaviour has -

* become apparent recently. In fact, it is not surprising, as-ants do not use 2

Ly arsingle spec1a11zed gland for the synthesis of the tra11 pheromones but a

““number of glands, which a]so have other functions (Tab]e 2). It seems -
'Mplaus1b1e that the chemical recru1tment mechan1sn was der1ved from a more :

f‘pr1m1t1ve tandem ca]]ing behav1our (s1m11ar to that used by Leptothoraagg) by l :

“t“the conversion of a gland normally used for other functions, into a social

. organ.. Such an evolutionary process may be common to almost all subfamilies
.- of ants, except perhaps the dolichoderine ants, which utilize Pavan's gland,
‘a_gland with no:other known function. = Gabba and Pavan138 have reviewed the

results from transposition studies up to 1970. -

o 1. 5 1 Do11choder1ne ants |

The tra11 pheromones of spec1es of four do]1choder1ne ‘genera,

:‘namely Irtdomyrmex Tapznoma Ltometopum and Monacis were demonstrated by

65"

thranspos1t1on studies, to be highly species-specific The trail pheromones

of the dolichoderine ants are produced in the Pavan's gland and secreted via

the'posterior border of the sixth sternite. - According to B1um®?

such a great
specificity of dolichoderine trail pheromones may be possible because Pavan's

gland, a‘unique‘ohganfton the synthesiS'and dispensing of trail pheromones,

s
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has been selected for the product1on of particular metab011c end products
.+ which serve as trail pheromones. . Presumably, highly.species specific tra11

-pheromones, - similar to those found in the dolichoderine ants, would be much

+-more difficult to achieve in subfamilies, which utilize trace constituents of -

the‘poison gland, the Dufour gland or the hind gut as trail pheromones. .fna%

1 5 2 Myrmicine ants ; o s e T el ;-21

Three different g]ands, the po1son g]and Dufour g]and or t1b1al

g]and may serve as the source of the trail pheromones of myrm1c1ne ants. The:f

t1b1a1 glands and the elaborate trail 1ay1ng mechan1sn appear to be un1que ';ﬁ

‘on1y to the genus Crematogaste137 Given that the trail fol]ow1ng behav1our AR

has ar1sen several times separately and the myrmicine ants are the largest

‘i and the most d1verse group of ants, 1t is not surpr1s1ng to f1nd that they
ut1lize a number of different g]ands for the product1on of the1r respect1ve t

| tra11 substances. .. _ ' oo |

e In contrast to do]1choder1ne ants, the trall substance of

3~ua nyrm1c1nes 1nvest1gated so far show a marked absences of spec1es—spec1f1c1ty
1n transpos1t1on studies conducted in the 1aboratory._ However, f1e1d

| observat1ons 1nd1cated that the natura] trails are cons1derably more o

‘mspecjf]c,;rThe wide interest on leaf-cutting ants has”prov1ded considerable

j_famount,ofninformation about the variability of specificity in their trail |

‘7,3follouing behaviour. The information available trom_transposition studies is

=¢fsunmarized.in_Tab1e 4..The trail following behaviour.of.some_leaf-cutting

: ants_towards two synthetic trail-substances, methyT- _

ER 4—methy1pyrroie—z-carboxylate [ltj’and 3-ethyﬂ-2,5-dimethylpyrazine [12], is i

" summarized in fab]e'SQ,The workers of Atta sexdens followed synthetic trails

“of the pyrazine [12] only, not:the pyrrole [11], and they do not follow

trails made of the'poison'gland'of'Acrbmyrmex, therefore it can be expected

“that the pyrazine [lzﬂ'is'absent'in'the poison gland of dcromyrmex. The

recent chemical”investigation"of the poison gland of Acromyrmex octospinosus

*.

Nl B 1 A



- Table 4. Responses of Some Myrmicine Ants to Artificial Trails Laid ffdm Their
| Poison Glands. | |

A.texana A.cepha- A.sex- A.octos- T.septe- S.urichi D.armige-

- Source species lotes dens pinosus ntrio- rum
* e S : nalis ‘
Atta texana PRSP +++3 4448 ++4D5CoC
. Atta cephalotes  +++9 ++42 PO L
Atta sexdens ++3 el TUL—
Acromyrmex 448 +4+42 0@ a——
octospinosus
Trachymyrmex +++b’C +44DsC 0¢
septentrionalis : ‘
-Sericomyrmex . . - 07¢ . B ‘ 02¢ ‘ ++1+C
urichi
Daceton ++4€ +++° +++C . +++C ++4C 0C ¢
armigerun

3 Robinson et a2.80

b Blum and Ross96
| . 140

C Blum and Portocarrero
0 o trail following activity =~

b4t fhigh trail fo]]owing”acffvity



" Table 5.  Responses of Some Leaf-cutting Ants to-Artificial TraiTs‘Laid with .

Two Synthetic Substances.

- e i > - - - - D D D UD T D WD P D S I W - > Y D G A W R D SR T T S N W G e D AR S D D D AR D e

Test species - o ~ ‘Pyrrole. Pyrazine ..References,e
; - Atta texana - — AR = 2 S e 86’_"
f:Atta cephalotes es i o ;.++ st 86,108'5l
- Atta colombica - . . I = o T SR, 86v;“
 Atta laevigata . . T - e *86'fe;i
. 'Acromyrmez octospinosus . .. .. - A+t RO ::;.35,103
" Aeromyrmex versicolor - . T e .86
. Atta sexdene‘sexdens‘, T '0 R = s | s ”86,108:'.
Atta seaxdens rubropilosa . .. - . . 0. ‘}‘ S L _36;108
" Trachymyrmex septentrionalis Ry . T 86
Trachymyrmex urtchi = . 4+ el :f:" 86
~,Cyphomyrmex rimosus i b e o 86
‘;Aéﬁerestigmd\coiiarei‘e iy e'~v“+++'f“ o W“eﬂ‘“*‘= f‘ff‘ 86 .

?‘0 :no trail fo110w1ng act1v1ty “

‘f detected but not fo]lowed conv1nc1ng]y

+4‘ strail, fo]10w1ng by most ants, but few w1th hes1tation
 +++ :natural: f0110w1ng ‘

| Ryrro1e.methy1 Afmethy1pyrro1e—2§cerbexy1ate [11]
Ryraiineﬁ3-ethy1-2;54dimethy1pyréiine [12]

Py
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by Evershed and Morgan139, proved the absence of the pyrazine [12]. ‘The‘J
poison glands of Atta cephalotes, A. sexdens sexdens and A. sexdens -
rubropilosa contain both the pyrrole [11] and pyrazine [12]139. Hence it.
N becomes.clear why Atta sexdens would follow the poison gland trails of Atta
cephalotes, which also contains the pyrazine [12], but not a synthetic trail
of the pyrrole [1] on]y. A number of non-attine ants showed no response to ‘
artificial trails of pyrrole [11]86
Sericomyrmex apparently differs from the genera represenffng £hé
malnstream of attine ants, as it does not follow trails generated from the
. poison glands of Atta texana or Trachymyrmex septentr%onalts (Tab]e 4).
Furthermore, the poison gland contents of Sericomyrmex urichi induces feeble
‘Fﬂor no trail-following behaviour on Atta texana or Trachymyrmex septentrioﬁalis
e¢ :workersléo. Hence the pheromone which releases the trail fo]]owing'behavioura
-.in Sericomyrhex urichi is species-specific and expected to be different from
pyrrole [11] or pyrazine [12]. An interesting d1scovery, which 1nd1cates how
“the po1son gland substances have evolved to assume the secondary funct1on of
w:tra11 releasing, was reported from a non-trail laying myrmicine, Dacetan '
armigerum14o. A trail laid with the poison gland of Daceton armigerum was not
 followed by the workers of Daceton armigerum itself, but sukprising1y, it was
 f‘sfrong1y followed by Trachymyrmex septehtrionalis, Atta texaﬁa, A. cephdlotes
 and Acroﬁyrméx coronatue. These results demonstrate though the
“J‘trei1-fo1lowing behaviour is not evolved yet in the prihitive Daceton but its
venom contains compounds (most probably the pyrrole [11] and the pyrazine
f12]) utilized by some other more advanced ant species as pheromone
| components. Furthefmore, Sé;icomyrmex urichi did not fo]]qw e trail made of
Docetoﬁ.venom as one might expect140. ,
Further evidence on the variability of speeificity in the trail
following behaviour of myrmicine ants, as summarized in TaP]e 6, was found by

Blum9? by the study on Tetramoriuﬁ. The source of odour trail pheromone of

‘Tetramorium is the poison gland and they do not follow the artificial trails
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" Table 6. Responses of Some Myrmicine Ants to Artificial Trails Laid from

the Glandular Sources of Their Odour Trail Pheromones?.:

Tetramorium . Tetramorium :
guineense caespitum

Trachymyrmex Solenopsis

Septentrio- . saevissima

T etramorium +++ 0
" guineense _ _
.'Tetrumqrium 0 ST
. eaespitum _
Atta texana 4+ 0
”E‘Trachymyrmex T N R R ¢ EP?
septentrionalis
' Solenopsis 0 0 | |
L. gaevissima . ‘ - .

+++

b

+++

+++

L Aftef Blum and RossY?
"0 :no trail following activity

4 - idetected but not'fol]owed‘cdnvincingly

4+ ‘:tfail following by most ants, but few with hesitation -

. +++ :natural following
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©laid with either the hind gut or the Dufour g1and99. The trai1sjareyp~ o
completely species-specific between Tetramorium guineense and T. caespitmn
(Table 6) but in contrast, T. guineense trails are well followed by two not
so closely related species, Atta texana and Traéhymyrmex septentrianalis and
vice versa. - Furthermore, Tetramorium caespttum trails are not- fo]]owed hy
the two attine spec1es. | | |
The Teast species;specificity in the trail fo]]owing behaviour‘isff
demonstrated by the genus Myrmica. With the exception.of‘Myrmica monticolq;‘
thirteen other Myrmica species almost equa11y‘fOIIOW'trails made of each»

89,110

other's poison glands It is 1nterest1ng to note that Veromessor

- pergandei, Pogonomyrmex badtus and three species of Manica also fo]]ow each

W“ other s trails and those of Myrmzcagg. The poison gland extracts of

' Aphaenogaster fulva, Novomessor cockerelli and Veromessor pergandet do not
evoke any%positive trail fo]loWing behaviour in Myrmica or Maniéa"workers.-
Accord1ng to HoHdob]er141 the trail pheromone of Monomoroum
“or1g1nates from the Dufour gland, a]though B]um77 had prev1ously reported the
ssource as the,poison g]and. The tra11 of M. florzcola M. minimum and M.
striate are strictly species-specific, although the trail pheromone of M.
_‘pharaonis'produced trail following responses in WOrkers of M.IMinimum'as'well
i“ras workers of its own141 | \
| In a s1m11ar study on two spec1es of Novomessor Ho]]dob]er et
‘ Z 92 found that N. albtsetosus a]so followed art1f1c1al trails laid w1th the
po1son gland extracts of N.-cockerellt, but N. cockerelli did not follow the
o poison gland extracts of N.falbisétosus. According to Barlin et al.18, among
the fire ants,‘SoZenopsié_itghteii'and'S. invictd‘fol]ow each other's |
: artificia]‘trai]s; 1aid'separate1y'from their Dufour gland extracts. But
”the1r Dufour g]and contents were found to be dlfferent from each other on gas
chromatograph1c exam1nat1on. On the other hand S. gemtnata and 5. xyloni

appear to have a common tra11 pheromone as they follow each other's trails

and the Dufour g]and contents are also similar to each other. The Dufour



gland contents of S. geminata produce virtually no response on'the’workers'of}
S. invicta and S. richteri. The results are sunmarized in Table 7. These o

resu]ts are somewhat different to those reported previously by W1lson98 on'”‘r”

“‘j‘flre ant trails but Jouvenaz et al.142 have obtained similar resu]ts using ﬂ“

U trail pheromones. “Hangartner

o beebet but not v1ce versa

purified who]e ant extracts. Furthermore the‘Dufour glands contents of
~dolichoderine ant Monacis bispinosa can release strong trail following
activity on Solenopsis invicta (aaebissimu)’workers. However,dM-lbispinosa‘
produces its own trail pheromone in the Pavan's g]and98 Thts indicates that
the trail re]eas1ng by the constituents of the Dufour gland has evo]ved as a

secondary function.

1.5.3 Formicine ants-

The hind gut or the rectal gland is'the source of the formicine L
122,123 used art1f1c1a1 tra1ls made of h1nd gut
: contents and demonstrated that the tra11 substance of Lasius fultgtnosus did
not . evoke any response among other Lastus spec1es, “such as L. emerginatus, L.
niger and L. flavus.' On the contrary‘L. Fuliginosus was able to‘follow the
trailstof‘L.‘emerginatus and L. niger, L. fidvus, an underground‘species
prodooes no trail sobstanoe, or only .a minimally effeotive one. The‘workers
of L. fulzgtnosus were a]so found to follow the trails of Formiea ruftbarbts
“and F. m‘falzz .

Another form1c1ne, Camponotus pennsylvantcus strong]y fo]]owed
" trails prepared from the‘h1nd guts_of c. amerzcanus.“c. pennsylvanicus and

fb; americanns be]ono to the same‘sobgenus. It was also shown that the trail

h pheromones of six other spec1es of Camponotus of other subgenera were
143

part1cu1ar1y spec1f1c .‘ W11son has observed that the natural trails of the

. do]1choder1ne ant Azteca chatifex were followed by the formicine Camponotus
144" ' ' '
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Table 7. . Species Specificity of Trails Laid with Dufour Gland Extracts of . -
. 'Four Species of Solenopsisd

.S. richteri . . +++ +++ 0 R
: ;S.'invicta S A ETTEEEE © o T S | EEP IR ST
S. gemi_'rzata ST T T RETRRCE | R o S ST H
CS,‘xquni o i+ . Q»yvf R e

b after Barlin et al.18
“O‘Wi:no‘trail following activity
4+ :detected but not followed convincingly

++ ‘:tkai1\following by’most ants, bdt‘few with hesitation

. +++ :natural following
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'1.5.4 Ecitonine ants
This subfamily of ants 1nc1udes the New World army ants, 1ong

placed within Dorylinae. The trails of army ants are long last1ng and could |

“"‘be followed by workers weeks after they had been 1a1d. The source of the

*“ Torgerson and Akre

trail substances in ecitonine ants is e1ther the hind gut:or the pyg1d1a1 '
‘glands.. The trails laid by four species of Neivamyrmex and by Labidus coecus
were followed by all five species, but, in general, each species pkefekfed

84,145

its own . trail when presented with a choice However, a fifth.species

o Neivamyrmex pilosus would not follow any trail other than its own.” Léter,
146 showed utilizfng five species of Eeiton, two of Labidus
and a single species each of Neivamyrmex and Nomamyrmex, that all possible: -

combinations of specificity can be-encountered in thfs:subfamily; -

e 1.5.5 Ponerine ants -

~.The hind gut was :long considered to be the source of ponerine

- trails, however recent discoveries show trails substances can or1g1nate from

78,79 d80

i the pyg1d1a1=g]ands » poison glan or the newly discovered sternal =

\1‘a‘gland32.' Very Tittle information is available on transposition studies of’

‘;\the trails of‘ponerine ants.. The three species of Onychomyrmex studied by

JH0T1d0b1er3? demonstrated a pértia]‘species‘specificity.‘,‘l,~

Loy
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1.6 Ekocrine Glahd'Substances of Ants

A great variety of natural products are found in the'exocrihe';i
glands of ants.. The location of the major glands ih a typicaigant‘is .
i1lustrated in Figure 1. In the head region are the mandibuiar;‘pkOphanvhgeeii,
(maxillary) and the postpharyngeal giends. The labial glands also open into”“h
the head reeion, but are actually situated in the thorax. The metap]evkai‘ :

glands are also found in the thorax. The tibiai glands described in the ”

- species of Crematogaster provide a unique source for their trail

: substances®’, The poison and Dufour glands are the main g]ands found in the
* abdomen.  The hind gut is the main source of the formi cine trail substances.

~The supra-anal glands and Pavan's gland were thought to be restricted to

" dolichoderine ants only. . However Holldobler and Engei have recent]y rev1ewed-

tergal and sternal glands, and they believe that the anal g]ands are
-'analogous to the tergal pygidial glands which are found in several
sub-fami Ties’8. | =

.- Definite ethological activiiies have been assigned to a nunber of
¢ompoun&s found the exocrine\giands but many appear to have no significant
e behavioural activity. C]oSeiy.reiated species are often found to pro@uce
_QJSimildr substances in a perticuiar gland, . however the-quaiitative and :
Iquantitative comp051tions are usuaiiy characteristic of the species.
Aithough it is not easy to expiain the occurrence of these spec1es-spec1f1c
_mixtures_pf_compounds,_neverthe]ess:they are diagonostically useful at all

_ taxonomic_ievels, eSpeciaiiy to distinguish between morphologically similar

. species;' Furthermore;'the investigations on the combosition of exocrine

.__g]ands can be helpful as an indicator of the phyiogeny of a particular

‘spec1es. The chemistny and morphoiogy of the exocrine glands of the ants

70,147, 148

have been rev1ewed recentiy - In the present study the p01son,

Dufour, mandibuiar and postpharyngea] g]ands of some myrmicine ants are

1nvestigated.
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1.6.1 Venom apparatus-

The original function of g]ands assoc1ated with the venom ‘h

apparatus was the production of proteinaceous compounds that coated the eggs

" 'to fac111tate the adher1ng of the eggs to a substrate. The venom and Dufour

g]ands arose from a pocket of modified hypoderma] ce]]s‘and developed into a.
.‘paired, saclike structure. One developed into a complex poison giand'whi1e
the other (Dufour gland) -remained relatively simple in structure.. All the
subfamilies of ants, with the exception of the formicines, contain Species”"
which use their stings to subdue their prey. However inanumber of spec1es”
during phyletic development, an assortment of other functions have be1ng

| ass1gned to the g]ands associated with the venom apparatus._ These secondar}
| funct1ons include the production of communication pheromones, defensive

allomones and other deterrents.

-~ 1.6.2 Poison gland substances

" The character1stic chem1ca] components found in the venoms of
’st1ng1ng ants are protelnaceous and a]kalo1dal. The form1c1ne ants are .'

th”stingless but their venoms .often contaln aqueous form1c acid in

“hdconcentrat1ons up to 60%149, wh1ch act as a hlghly‘effect1ve deterrent
;.against}predators.; Formic acid is the only yolatile compound reported from.
_.formicine venom, howeter, the presencelof peptides.and free amino acids in

_ the venoms of Formica polyctena 149

and Campoﬁofus pennsylvanicust®0 have
--also been reported. - | | _

S Prote1naceous venoms appear to be w1de1y spread in the
.subfam111es, Myrmecttnae Ponertnae Doryltnae Pseudomyrmectnae and
..Myrmtctnae. No information 1s availab]e yet about the chemistry of
dolichodertne venom.__The presence of constituents with a wide range of

' _pharmacological activities has been demonstrated in the venom of two species

151,152 153

of Myrmecia . The venom of ‘Pogonomyrmex badius contains histamine

’ [ 3 .
‘and a: series of free amino acids, enzymes of six classifications and a number
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. of other non-enzymic proteins; Similar constituents have also been found in
Myrmica rugznod13154 | |
"f In contrast to the general proteinaceous themes exhibitedvbypthe |
- venoms of many subfamilies of Formicidae, many ants in the Myrmioinae '
subfamily possess the ability to biosynthesize a variety of alkaloids in the
-renom Qland. Al1 the alkaloids reported in'myrmicine venoms are sunmarized '
in Table 8. The members of the genus Solehopsis,'undoubtiylieads the |

myrmicine ants, which possess the ability to produce alkaloid-rich and iow'i R

© " protein venoms. “The ants belonging to the subgenus Solenopsis of the ge"US

e Sblenopsts are referred to as fzre ants because of the potency of their

168 169

venoms which ethth pronounced necrotic167 hemolytic and anthTOtTC

; activity. The venoms of Solenopszs(Sblenopsts) spec1es are characterized by

a predominance of 2-a1ky1-6-methy]piper1d1nes [31,323. ‘Both cis and trans

e

-,::isomers of 2,6-disubstituted piperidines are usually present, with either '

. trans isomer‘predominating as found in S. invictal®? or cis isomer

163

: predominating as in S. xyloni or S. gemtnata These ring configurational

K

“ isomers are convenient]y separated by GC with the czs isomer eiuting first

"o poTar phases like Carbowax 20M. The configuration of the double bonds,

‘then present 1n the side chains, aTways appear to have a Z-configuration163

_T;The absolute configurations of the chirai centres of these p1per1d1nes still
hulpremains unknown. ,The;venom of S. xyloni contains, besides the usual
piperidines,-a 2-a1kyi- -nethyi-l-piperideine t330152'

- Many spec1es of Sblenopsts belonging to the subgenus

Dtplorhoptrum are ca]]ed thzqf ants because they steaT brood from the nests

“of other spec1es of ants141 The raiding thief ants secrete offensive

; :”aikaimdal substances which repel the host ants from defending their brood.
MSolenopsts (Dtplorhoptrum) fugax utilizes 2 butyT 5~ heptylpyrro]idine [25] in
‘this context158 ‘ | ‘

. In contrast to true fire ants(subgenus-Solenopsis) the thief ants

-~ are not noted for their stinging abilities.” Furthermore the ants of the
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- :_".[11]. ~ CH, - S Atta tezana : | 106 134
) / \ : A. cephalotes ] o107

COOCH3 : Acromyrmex octospmosu; .85;

Solenopsis punctaticeps (155
S. punctaticeps - 155
Monomorium latinode . 156 .
M. Zatmode o w2156

S333
[
YO P

m=3,

[ O o m,
’ ' L m=1,
L CHACHY NP CH)CH; ™3

' 8. punctaticeps . 155

[221 1, ‘
5 S. punctaticeps. . . 155

v O\ m=1,
‘ CH,(CH,) N “(CH,)CHy : S
L e Monomorium sp. ~ 157
;_vctigfiCH(c»Hz)“ ;j (CH,) CH= S e
[24] j - O\ T Monomordum spe 157
'CH CH(CH) I |
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N >

N’ (CH2) CH= CH2

- m=1, n=6 Solenopsis punctaticeps 155
. 'm=3, n=4 S. punctaticeps .. 155
" m=3, n=4 Monomorium 8p. ' . 156,160

‘w3, n=6 . 5. fugazx' . 158

(CH2) CH3 m=3, n=6: 5. p:ﬁctaticeps 155

m=3, n=6 M. latinode 156

m=4, n=5 S. molesta . 159
"m=4, n=5 5. texanas 159

. m=5, n=8 . Monomorium sp. ‘ 157

[25]

‘ CH (CH)

ﬂ@
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- [27]

© [28]

L2091
CH,=CH(CH,

[30]

ey

Q(cng,,c”a :

[32]

Structure

- [26] /Z[jfji&\ |
g - H |
CH2=CH(CH2):(H)\(CH2)7CH=CH2

o ‘CH3(CH2)3. 'I‘ - (CHz)GCHs

CH,

)Q (CH)LCH;
| | b

CHy

et

o CH2=CH(CH2)Q .

i __(.CH?_)7C_H=CH2

m@ ﬂ .CFB B

(CH2) CH CH(CH2) CH3

~ Monomorium 8p. -

n=6
n=8
n=8
n=8
n=10
n=10
n=12

et

n=3
n=5
n=7

Monomorium sp.

Monomorium sp.

M. latinode

Monomorium sp. = -

8. richteri

S. earolinensis

Solenopsis sp. : -

S. richteri

S. littoralis =

Solenopsis sap.
S. littoralis
S. invieta

NSolenopsis ap.

S. invieta
Solenopsts 8p.

157

U186

156

156

161
. 156

162 -
161,163
156 .
162

156
162,163

162,163

162,163

©162,163
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S, (Dipléihbptrum)?_

vta sendens

" Myrmica sp. . ..

 Pheidole fallaz
Aphaeﬁogaster fulva

‘M. pharabnis [13j »
" Solenopsis sp. [38]

W

' M. pharaonis

S. earolinensis: .~ -
S. pergandei

156

156
156

108
109,110

164

165

111,112
156,166

156

--------------------------------------------------------------------------------
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subgenera, Diplorhoptrum and Euophthalma produce only-very_sha1l_qpentities o
~of alkaloids in their venoms, compared.to the true fire ants of;subgenusv-ﬁne'
Solenopsis.. The venom of species of Diplorhoptrum and Euophthaiha subéenere:f
also contain 2-a1kyl-6-methy1piperidines'[31] but only trans isomershwere-'f.
reported in contrast to both cisland trans isomers found inlthe ants of
Solenopsis subgenuslss. Furthermore the novel. N-methylpiperidines [35]4\h“
reported from S. pergandei and S. earolinensis appear to be unique to thiet;

ants of Diplorhoptrum subgenu5156.‘ A unique mono substituted piperideine :

[34] has also been reported from a Solenopszs(D1p]orhoptrun) spec1es156
.The South African species, Solenopsis punctaticeps is more
closely related to thief ants than fire ants. Although S. punctaticeps can.
sting, the reaction of hunans to their venom is mild compared to that
encountered with the stings of true fire ants. The chem1ca1 compos1t1on of

the venom of S. punctattceps showed a marked d1fference to the fire ant venom

by the absence of d1a1ky1p1per1d1nes,.but instead it is fortified with a

“5_1 the1r venoms. Jones et al.

nunber of 2,5-dialkylpyrrolines and -pyrrolidines [25-21]156

The alkaloidal venoms are not restrlcted on]y to the genus
'hSoZenopsts many spec1es of Monomorzum a]so have an array of alkaloids in

157 exam1ned ‘the venoms of number of species of

.. .. Monomoriun and found all the species, produce mixtures of different

. proportions of. trans-z 5-d1a1ky]pyrro11d1nes [25],

”-iTltrans-Z—alky1 5. a]kenylpyrr011d1nes [25], tpans—Z S-dia]kenylpyrrolidines

m:,i[27], trans-z S-dlalkyl N- methylpyrro11d1nes [28], -

| _tranS-Z-alkyl 5-alkenyl- N-methy]pyrro]1d1nes f30], 2,5-dialkyl-1- pyrrollnes

[21] and 2,5-d1a1keny]-1-pyrro]1nes [23-24]156 157, Although the purpose of
“these species—speeific mixture of a]ka]oids to the ants is not clear, at
"h]east they are usefu] for the chemotaxonom1st because they provide a
_d1st1nct1ve ]abe] to a spec1es. The venom of the o]d world species M.
pharaonts is part1cu1ar1y d1st1nct1ve in conta1n1ng, in addition to four

~dialkylpyrrolidines, two indolizidines [13,39]112 156,
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A minor constituent, methyl 4-methy]pyrro1e—2-carboxy1ate i1, -
identified in the venom of Atta texanalos, A. cephalote3107 and Acromyrmex

octosptnosus86 is a component of their trail pheromone. - S1m1lar1y

3-ethyl-2,5-dimethylpyrazine [12] from the venom of Atta sexdens 103 and many'

species of Myrmicat09>110

. re]easeS'trailffollowing behaviour on the
respective worker ants; “Although many trail pheromones that originate from
the poison glands'(Table 2) are not yet chemically identified they can;neTT '
be expected to be nitrogenous compounds of a similar nature. Skatole [36]
and anabaseine [37] are two further alkalo1ds isolated from two myrm1c1ne
ants, Phezdole fhllam154 and Aphaenogaster_fulva165 respective1y. The venom
of the myrmicine ant Myrmiaaria nataleneie-isxdistinctive]y aberrant and |

d170 presence of monoterpene hydrocarbons, such as

unusual.  The reporte
a-pinene, camphene, g-pinene, - sab1nene, B-myrcene, a-phellandrene,
a-terpinene, ;1imonene and. terplnolene, in the poison gland of M. natalenszs
~may puzzle anyone interested 1n‘the phylogeny of the venom gland.

The very hfgh]ynvo1at11e‘COnstituents present in nanogram
quantities in the poison glands,of Myrmica rubra and'M._seabrinadis Were
reported to be simple a]kanes,‘alcohofs and‘carbonyl compounds containing one
to five carbon‘atomsl71.\, g ‘:v‘?5‘~ S T R ;f-“;-'"h~‘; |
ciwlecovne AT reported evidence given so far clearly show.the'diversity of
“'ant-venoms and it would not be far from the truth tohconciude that the ant
" “'venom gland is the most versatile biosynthetic tissue that has been evolved

by social hymenopterans.

1.6. 3 Dufour g]and substances ,
- In 1841 Dufour flrst descr1bed this g]and in ants and bees172
In most of the soc1a1 Hymenoptera the gland is superficially stereotyped and
_'appears llke an elongated sac, lined w1th s1mp1e cubo1da1 or columnar cells.:
.The Dufour g]and of ants is a remarkable hydrocarbon b1osynthetic unit. Over

.50 alkanes and a]kenes'have been ident1f1ed in the Dufour gland and the
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_reports up to 1974 have been reviewed comprehensively by_Blum and Hermannl
70,147 " S

~ Aliphatic hydrocarbons within the range cg to C27 are present in-

the Dufour glands of myrmeciinel73, ponerine173 pseudomyrmecin 70 |
myrm1c1ne7° formicine70 and doh’choderine70 ants. The Dufourlglands of ants

are typically filled with 1inear_hydrocarbons but not.exclusiveTyt; Branched .
chain hydrocarbons and many.oxygenated compounds can also be encodntered as
Dufour gland constituents of many.ants. The form1c1ne ants are special]y
noted for the1r ability to produce a varlety of oxygenated compounds 1n their
Dufour gland. These compounds produced by a number of spec1es of Fbrmzca
Lasius and Camponotusl74 178 include, a var1ety of prlmary a11phat1c alcoho]s
(clo-clﬁ), simple ketones (Cy3-Cq), a]kylacetates (Cg0Ac- C180Ac) and a few
terpeno1d-der1vat1ves 1ike farnesyl acetate175 and gerany]gerany] acetate179

The presence of h1gh]y volatile oxygenated compounds' such as simple alcohols,

‘a1dehydes and ketones in the Cl-C4 range, have also been reported in -

”meyrm1c1ne ants of the genus Myrmtca171

The Dufour gland contents of a number of spec1es of the genus

S Myrmtca have been thorougly 1nvest1gated71 180,181 pogide the general

. hydrocarbons, sometimes even as the major components in the Dufour glan

o spectral ev1dence as farnesene,: homofarnesene and b1shomofarnesene

linear hydrocarbon theme, a few species of Myrmica also have terpenoid
4180,

These terpenoid hydrocarbons were identified by Morgan and Wadhams, on mass
181 |

Subsequent]y, a tr1shomofarnesene had also been descr1bed from M.

180, 182 1dent1f1ed the farnesene 1somer from the Myrmica

'ht_scabrznodts Parny
_ants as (z, E)-a—farnesene [17] by the comparison of its mass spectrun and GC
. retention times, w1th those of a mixture of six farnesene isomers prepared

" from the dehydration of nerolidol [40].

(E)-nerolidol
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The structure was recentiy confirmed by total synthesis183 On the ba51s of o
their mass spectra, structures [41] and [42] have been proposed by Morgan and

Wadhams181 for the homofarnesene and bishomofarnesene 1solated from the

Dufour gland of Myrmica ants.

"Fﬂ'r” . o o

(a1 Rl=R%Me, RZ=Et
- [42 RI=RZ=Et, R3-Me e ‘
The primary functions of the Dufour giand appear.to he detence

and communication. B1um184 has suggested the diverse chemicaT compounds“"
found in the Dufour gland could function to overstimulate the o]factory
receptors of predators, hence act as a deterrent. According to Bergstrom and
Lofqvistl76 these compounds are often used as-alarm‘pheromoneso~ Bradshaw et
“Wal.185 have demonstrated in the African weaver ant oécophylla Zonginogﬁ; how
- undecane from the Dufour gland and formic acid from the Poison gland act

- synergistically:to release a "mass attack"” reaction. The Dufour g]ands of

slave keeping form1c1ne ants such as Formtca subtntegra F. pergandez and F.

sangutnea produce large quantities of CIO-C14 acetates, which are sprayed

' during s]ave raids to excite and attract the s]ave makerbants but panic and
disperse the siave—defender spec1es174 186. Cammaerts et al.71 have
demonstrated that the ants of the genus Myrmtca use their Dufour g]and

| contents'as.a territoria] marking pheromone.-

In addition to the roles discussed above, some ant species

'utilize trace components of the Dufour gland as trail pheromones (Table 2 and

'd 3). The few compounds 1dentified from the Dufour glands as trail releasers

N include one sesquiterpen01d aldehyde, faranal [15]90 and a few

= sesqu1terpen01d alkenes [20 1671185120,

It s possib]e to conclude that the Dufour g]and has evo]ved a
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,Tong way from the suggested originaT functions, such as providing a Tubricant

for the sting or eggs during ov1p051tion187.‘ And it has assuned the noveT

'“_ duties to act as an important social organ to carry out a nunber of functions

""" in defence and communication.

. {identified in the mandibu]ar gTands of the ants. BTum and Hermann

'Lg.mandibuiar glands.

1.6.4 Mandibular gland substances
| MandibuTar glands are found in most Q? insects’and probabiy in
all ants. Apart from the variation in size (in Camponotus it is remarkabiy

large and extends up to the abdomen188),

the mandibuTar gTands appear to be
similar in anatomy in all ant species.f The gTands are associated w1th the

mesal side of the mandibuTar base and conSists of a reservoir and a true v

gTanduTar region. | | | N - ‘:“‘ L,

The mandibuiar g]and secretions are aiso utilized for both
\i‘defensive and pheromonal functions. A variety of natura] products have been
70 have
| ”reViewed the reported compounds up to 1974._ The different subfamilies of

”ants appear to biosynthesize different cTasses of: compounds in their

The dolichoderine ant Irtdomyrmex humtlts produces three
.trisubstituted pyraZines in its mandibuiar gTands189 B No other information
I;TS available about the chemistry of doiichoderine mandibular glands. The
ponerine ants are aTso weil known for their ability to produce pyrazines in
- their mandibular g]ands.- Recentiy a nove] a]kyprraZine [43] was reported
m from the mandibu]ar gTands of a myrmicine ant Aphaenogaster rudzslgo. The
_alkylpyraZines reported from the mandibular giands of ants are listed in
.Table 9. The abiiity to biosyntheSize alkyipyraZines does not appear to be

190 195

'unique to ants because many other insects, Tike wasps and flies also

produce a variety of aTkyT pyrazines. Some ponerine ants have the ability to

197 197 70 5

| produce suifide3196 ketones . aTcohoTs and a saTicyTate este

‘their mandibular gTands., The general theme of mandibular gland contents of
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Table 9. Alkylpyrazines identified from mandibular glands of ants
: StrJEEZ;; -------- Source-species Subfamily References
P N Iridomyrmes hunilis  Dolichoderinae 189
“;;»\\N I R=1 sobutyl Anochetus sedzllott - thee%haei”?“elgé -
L . R . IR
R-sec-buty] A. sedtllott Ponerinae - 192'_
'R-penty] A. sedtllott 'Ponerihée 192 .
" Reisopentyl  Odontomachus haatatus Ponerinae . 191
o .. 0s clarus .. Ponerinae « w191 o
0. troglodytes Ponerinae - - 192 ="
Ponera pennsylvanica -~ Ponerinae . +'193 -
Hypoponera opacior . Ponerinae - 193
. Iridomyrmex humilis = Do11choder1nae 189 .. .
Rhytzdoponera metallzca Poner1nae - ,194
| R;(E)-gfyry] .“Irtdomyrmex humzlzs | Do]ichoderlnae 189
R=eifrone11y1 Rhytzdoponera metallzca Poner1nae _ 194_
‘ReEt . - Odontomachus brunneus - Ponerinae - 191 -
0. troglodytes . Ponerinaei._ 192 ‘
R= pr 0. brunneus - Poner1nae - 191
fR buty] | Ol‘brunheué B “Poner1nae‘ 191 ™
. 0. troglodytes ©~ Ponerinae - 192
Anochetus sedilloti =~ Ponerinae * 192
Brachyponera = Ponerinae . 192 °
| o sennaavensis -
R 1sobuty1 ‘Anochetus sedtllott ~ Ponerinae 192
. ii\R—sec—buty] A. sedtlloti | l . Ponerinaeﬂ 192
‘f ‘R—penty'l " Odontomachus brunﬁéus Poher‘inée 191
R 0. troglodytes . Ponerinae - 192
| | B. sennaavensis Ponerinae 192
‘kR=heXY1  1 0. trogZodytee | Penerinae 192
Aphaenogdster fudis ~Myrmicinae 190
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doryline70 and pseudomyrmecin 70 ants is aliphatic ketones.

- The mandibular gland secretlons of myrmicine and form1c1ne ants
have been more extensively studied than those of other ant subfam1l1es. The ‘
myrmicine ants biosynthesize an abundance of homoYogous 3- a]kanones and the
corresponding 3-alkanols of the Cg-C;q range. The 4-methyl-3- heptanone 1"
the mandibular glands of Atta texana is biosynthes1zed with an stereospecif1c ;
exactitude, to yield the (S) -(+)-1isomer only29 But‘the 4¥methy153éheptano1d
found in the same gland was a racemate29 However the‘4-methy1f3-hexanol

198

found in Tetramorium impurun s on]y the (3R,45)-optical isomer: . ‘Many |

3-alkanols were reported from the myrmicine ants but no information'was

[ available about their chiral composition at the beginning of the present

study. Although not part1cu1ar1y character1st1c, the presence of compounds
such as c1tra1199, citonellol and geran101200 in a few att1ne ants and some
aromat1c carbony1 compounds ‘in Veromessor pergandezzo1 demonstrates the v
‘ b1osynthetic versat111ty of the mandibular glands. R )

. The formlcine mand1bu]ar g]and is a]so a r1ch source of natura]

| products, Bes1des the a]kanones.and_alkanols, the presence of distlnctive
terpenes175 “lactones and a_few aromatic compounds are also reported.w
Particularly d1st1nct1ve compounds are per11]ene [44]202 dendrolas1n [45]203
:“g gerany]citrone11a1175(a d1terpene), melle1r[46&204 and ma55011actone [47]205

Ctas L e8]
| AN
‘ H\

& o
. CH3(CH2)3CH‘; o

‘L”f J“ 5'5 e [46] ‘:”:d‘ IRt (471
‘In the present study the chemical composition of the mandibular

gland contents of Myrmica albuferensis and the chirality of 3-octanol from
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the mandibular glands of few species of Myrmica were‘investigated.ﬂrbﬁm

1.6.5 Postpharyngeal gland substances
The postpharyngeal glands of the ants are a pair of;gloVe4shaped -
structures over1y1ng the brain.  These g]ands can occupy a large portlon of
the head and open separately into the posterior portion of the pharynx206 |
(Figure 1). The function of the postpharyngeal g]and has been the subJect of'.
nunerous reports but the information available is 1nsuff1cient to make.any
definite conclosions.nBugniorI207 had suggested that the postpharyngeal
g]ands play a role in larval feeding. Forbes and Mcfarlan ?07 have
speculated that the g1ands serve in the digestlve act1v1t1es of the
I1nd1v1dua1 ant. The lipase activity has been found to be very Tow therefore

209 210

the glands are not involved in 1ipid digestion™"". Phillips and Vinson

' had cla1med the glands function as a cephalic caecum and the major ]1p1d

211 recent]y d1scovered that

components come from the food but Thompson et al.
"the major class of compounds in the postpharyngea] g]ands of Sblenopsts
invieta queens were hydrocarbons. The suggestion of Thompson et al.211 that
| the postpharyngea1 gland may be 1mportant in overa11 co]ony organizat1on,
caste determination, food exchange and queen and brood tending, awaits proof
by appropr1ate bioassays. The 10-fold 1ncrease‘of the gland weight per unit
body 1ength in‘queenscompared with that of minor worker of S. invieta
suggests'a speciatﬁfunction for the gland in queenszos; Also G]ancey211 had
}“observed the glands become disproportionately large in virgin queens and are
| filled with fluid pr1or to their nup1ta1 flight. |
~Very few chem1ca1 analyses have been reported on the composit1on
'_of the postpharyngea1 g]and. Usually the contents are s1mp1y described as a

. ye]]ow oil. V1nson et at.212 found the'composttion of the hexane soluble

’ _mater1a1 of postpharyngeal glands of new]y mated Se tnvtcta queens to be, 63%

':ng'hydrocarbons, 19% free fatty ac1ds, 13% glycerol esters, 6% steroids and a

| trace of wax esters. The hydrocarbon fraction was analysed by Thompson et



al. 211, who found four major methyl-branched hydrocarbons of ‘the C28-C29 L

i range Vander Meer et aZ.213 found that the total hydrocarbon content of the™

gland showed a marked 1ncrease at 15 days after mating, which suggested that ;

" the queen has the biosynthetic capacity to produce these mater1als herself.-

" The 1ncrease of hydrocarbon levels in the postphanyngeal g]ands coinc1des

‘with w1ng muscle h1stolijs. The hydrocarbon level decreased to}the original
Tevel after 15 days und durtnglthié period the free fatty acid and - - |
triacylglycerol concentrations remained the same.. . - - o L ~t= o

- In the present study -the postpharyngeal gland contents’of‘s.t

4. geminata workers were investigated.. -



1.7 MethodoTogy

'ffa1.7.1 General
Butenandt et al.3, needed more than 500,000 female 511kworm mothsl

to 1soiate 6 mg of bombykol [1] Even in 1971, TumTinson et a1,134

requ1red f'
3.7 kg of leaf cutting ants,'Atta texana to 1dent1fy its trail. pheromone‘@, :
This amount of material and work 1nvoTved are no Tonger representative ’H‘”

m because of the avaiiability of modern and more sophisticated techniques.j For
exampie, the 1dent1fication of the sex pheromone of the artichoke pTume moth

Zatypttlza carduzdoctyla requ1red only 20-30 virgin female moths214

'-'f_ Similariy the trai] pheromone of the ant, Myrmica rubra has been identified

u51ng onTy 50 worker ants109

‘ The main difficulty encountered by the pheromone chemist is the .

ﬂ_'eluc1dation of structures of compounds, present in ng to ug quantities among
"f a Targe excess of extraneous material. A]though the strategy ‘that needs to
" be adopted to 1dent1fy a pheromone depends heaviiy on the particuiar exampie,
‘dztwo distinctive approaches can generally be recognized. ~These two analytical

‘i schemes are shown in Figure 2. The scheme I is the more‘conventionai‘

. approach, although it requires bulk quantities of insect material, it may

1ﬂyie1d suff1c1ent pure pheromone components for compiete spectrai

‘*:‘ﬁidentification. However, sometimes it may be very difficuit to accumulate

_.the required quantity of insect materiai In such circumstances Scheme II

Rl becomes more usefui because its requirements are extremely economicai in both

" ,'bioiogicai and chemicai materiai

,1 7 2 Bioassay o
The chemicai 1nvestigation of insect pheromones is dependent on

appropriate bioassays that can be carried out convenient]y in the Taboratory.

‘ The bioassay provides the ana]yzmg chemi st WItha method to monijtor the

bioiogicai act1v1ty of ‘a substance qualitatively and quantitativeiy, using
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the living insect or a'part of the insect as the detector. = The deveTpomentritd‘h
of a bioassay depends on the response pattern of the insect to the pheromone'@Vdf
under investigation. Young and SiTverstein215 have reviewed the QeneraTMﬁ :
-bioassay methods available to monitor insect behavioural responses toward
semiochemicals. The eTectroantennography (EAG) has been particuiariy usefuT ﬁ -

~as.a convenient bioassay,. especiaTTy in the characterization of many

Tepidopteran pheromones. The main drawbacks of EAG include, - 1ts 1nab111ty to‘\‘r

" indicate how an active compound might affect the behav1our of the 1nsect and
‘the Tikelihood that the antennae may respond to 1rr1tants, inhibitors and
: other odours with no pheromonal activity. However, EAG cToseTy 1ntegrated
 with a behav1oura1 assay is an asset for the pheromone chemist.

T The traii-foiiowing activity is reTativeTy 51mp1e\to monitor by"

‘tf‘rbioassay. A solution of the test sampTe can be streaked over a surface of

216 217

and the degree of response of insects can

be observed. The method of Pasteels and Verhaeghe218

paper*®, cardboard106 or glass®
can be employed
conveniently to bioassay ant-trail pheromones. “The alarm pheromories of the.
fants are usuaTTy bioassayed by pTac1ng solutions of test sampTes on paper at
':the entrance of the nest or.on the foraging area and observ1ng the

. ..'behaviour29 2;9, though this can beﬂdifficult to quantify. . -

'],1 7. 3 IsoTation and purification '
o EarTy 1solations of pheromones were genera]]y made by |
"'homogenizinga|arge number of whole 1nsects220 [Scheme I] A Targe excess of

ldl unwanted body materiaT can be avoided if the particuiar part where the

"‘pheromone is TocaTized in the insect ‘can be used for the isolation [Scheme

‘ATI] The amputated parts or excised glands’ may be rinsed or extracted with
soTvent.‘ The volatile pheromones can also be coT]ected by steam distillation
or short-path vacuun distiTTationlgl. When the pheromones are stored in
‘idTStTHCtive gTands the contents can sometimes be discharged by force

("mtlktng“)SB or the glandu]ar Tiquid can be withdrawn into glass



- absorbent surfaces used to line the cages of insects™:

‘ii53in

micro—capi]]aries221. 'The other methods of'collection of pheromones inciude,”
isolation from faeces and frass, pas31ng air over live insects (aeration) into
a cold trap, solvent or absorbent (Porapak, Tenax), and extraction of the
215 .

The pheromonesmust be purified before they can‘be‘identified;f
Numerous chromatographic methods have been’used for the purification and 20
fractionation of pheromone extracts. The chromatographic methods,'besides
the separation also prov1de some information about the size and po]arity of
the substances under investigation. ‘ :

The relatively new method of gel. permeation chromatography (GPC) N
offers a way to prepurify the extracts. - GPC is generaily used to get rid of

higher molecular weight impurities (1000 and above) but w1th su1tab1e columns

it can even be used to separate substances of molecular weight between 100

“pure enough for direct gas chromatographic separations

‘and 300222 Kiun et al. 222 used Styrage] 100 pA° to. 1soiate the sex

attractant of the European corn borer Ostrina nubilalis, achieVing )

” separations of compounds of moiecu]ar weight between 235 to 275. Similarly

Sephadex 'LH20 and Porage] 60A (37-75 um)- have been used to 1soiate the sex

h;;pheromones of the cockroach Periplanata amertcana223 and the tobacco

)

‘~H‘bUdW0Tm, HeltOthts Vtrescen8224 respectively. In the Tatter example, they
‘were ab]e to obtain a 20 ml fraction that contained all the active pheromone

‘ wufrom a crude extract of. 2500 Heltothts Vtrescens fema]es and the fraction was

224

. Column. chromatography is often used in the first steps of

‘purification. Since many pheromones are olefinic, silver nitrate impregnated

“'coiumns (Argentation chromatography) have proved usefu] in the separations of

alkenes according to the number of doub]e bonds. - The (E)-isomer a]ways
e]utes before the (Z)-1isomer.

High pressure 1iqu1d chromatography (HPLC) has become one of the
224

most effective met hod of pheromone purification in recent years““*. Two

~different kinds‘of HPLC methods are recognized. In the normal phase



””ifso]id 1nJection techniques

technique a polar bound phase and an non-polar mobile phase are used and as aﬁ
result the less polar compounds are eTuted first. In the reverse phase
technique a non-polar ' honded phase and a polar mobile phase (e.g 9. methanoi .
acetonitrile, water) are used, hence the more polar substances will first
leave the separation system. One limitation of the HPLC technique is the
unavailability of a sensitive universaT ‘detector. The detection limit of a
refractometer detector is-about 1 ug. Therefore sometimes 1t is necessary to
derivatize the compounds before separation. ' | T_" B |

Tth Tayer chromatography (TLC) is a ‘simple and ‘fast procedure E
that can often be used for isolation and purification of insect pheromones.
This method has been improved recent]y to y1e1d h1gh prec151on separations
(HPTLC)225 | _ . 7 I :. .
' Gas chromatography (GC) is almost universalTy'used_in:pheromone u
; iSolation‘and‘purification.l GC can be used on a'micro-preparative'scale'byr
sp]itt1ng the eff]uent after separation and coTTecting one part. The various
collection methods avaiTabTe have been revi ewed39:215,226_ The coTTection
\; dev1ces described by BrownTee and Silverstein227 and Baker et aZ.228 permit
f efficient trapping of substances from the GC‘effTuent,f The pheromone gTands
or distinct parts'cansbe‘directTy”introduced in to‘the”gas‘Chromatograph by

229 232 The solid injection technique has some

o udefinite advantages over‘the usuaT method wh1ch uses soTutions.‘ The

‘w: advantages 1nc1ude no di]ution, no 1mpurit1es can come from the soTvent no

o peak overlapping due to soTvent taillng and the gas chromatograph can be

‘ ':operated at 1ts maximum sens1t1v1ty if necessary.
"'=1 7 4 Structure eluc1dation and jidentification

_.. | -+ Rapid progress in the identification of pheromones has been made
in the past few years due to the 1mprovement in analytical 1nstrunentation
B and spec1a1 micromethods.‘
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a. Chromatographic methods

The Kovats233 system of GC retention indices can provide ; 
considerable information about the polarity, molecular size and presence of
_ certaln functional groups in an unknown compound The compquson of known
and unknown compounds by GC, TLC and HPLC can be helpful to establish the
identity of the unknown compound. The capillary gas chromatogréphy is
especially useful for this purpose because of its high resolution- -
capabilities. |

The direct separation of (Z)- and (E)- iéomers of alkenes Ey gas
chromatography offers considerable difficulties.: Polar stationary phases -
incorporated with silver nitrate gave good resu]fs but allow témperatures _
only up to 65 °C and is therefore applicable only for small mpfecu1e5234s235.
The use of highly po]ér‘phases like diethyleneglycol succinate (DEGS) as the
liquid phase on a capillary colﬁmn.a]]ows base line separations 6f (Z)- anq
(E)- isomers of alkenes236, Argentation HPLC has been employed to separate
(Z)- and (E)- isomers22% even on pfeparative scales237, ‘An interestjng\:
modification of this technique useé chemically bonded reversed stafionany
phase and isopropanol /water/ AgNO3 as the eluent system231. |

Direct resolution of optica1 isomers by gas chromatography has
been échieved using optically active stationary phase5239, but‘{t has been
widely applied 6n1y to polar nitrogen-containing compound§ éspecia]]y amino

acid5240 01 et al.?41 haye prepared a var1ety of 1ow-mo1ecu1ar we1ght

.. chiral phases which show stereo-se1ect1vity for alcohols, but the retent1on

- times of the compounds studied so far.are very long. Recently, Kon1g et

. al,242 paye reso1ved‘isoﬁropy1 urethane derivatives of chiral alcohols using
~a'glass capillary column coated with a chiral stationary phase.

The direct separation of enantiomers has also been achieved by
HPLC methods. These methods either use a chiral stationary phase243-247 op
an optically active reagent in the mobile phase248a249: Audebert250 has

reviewed the literature‘concerning the direct resolution of enantiomers by
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‘Tiquid chromatography. Recently, Wainer et al. 25l have separated enantiomers
directly by TLC. The TLC plate has been continuously developed With_a‘chiral ’
absorbent and subsequently used to separate
(%)-2,2,2-trifluoro-1-(9-anthryl)-ethanol.

Reaction gas chromatography can yield useful information about -
the chemical structure of an unknown compound. In this technique the |
injected chemicals are transformed or retained during the gas chromatograph%c
process.

A commonly employed reaction gas chromatographic techniduej%s--
 termed carbon-skeleton chromatography?52,253, In.this method an appropriate
catalyst is used at an elevated temperature (200-300 °C) in.a pre- or
post-column reactor with hydrogen as the carrier gas 227,254,255,  The
compounds essentially undergo hydrogenation and‘hydrogenolysis to strip off |
~all functional groups to yield the parenf hydrocarbon or its next Tower
homologue., Carbon skeleton chromatography'has been extended to study even
large molecules such as steroids256, The GC-hydrogenation of olefinic bonds
can be performed under milder condifions (usually 1% Pd on support, 150-250
°¢)257, By combinfng with mass spectrometry, hydrogenation can be used to
 determine the degree of,unsaturatiﬁh and the number of rings preégnt in an
unknown tompound. Many other reaction gas chromatographic methods are
availab1e258:259, although not widely applied in the study of pheromones.

- The usé-of "subtraction loops" p]a¢ed jn'the GC pathway can
. indicate the presence or abéence of certain functiona1 groups in thé uhknown
compound260. If a peak disappears after passing a ZnO-loop, the presence of
-an acid is indicated, whiié with boric acid the"signa]s of primary and
secondary alcohols are e]iminated261’262. Benzidine removes carbonyl
compounds. and O-dianisidine aldehydes260,  Benzidine is a potent carcinogen
and:its use is now banned. But non-mutagenic 3,3',5,5'-tetramethylbenzidene
may be a reliable substitute. The-stfucture of disparlare [2] was partly

manifested when it was subtracted by phosphoric acid which had been known to
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remove epoxidess. The substances with oxygen containing functional_groupsﬁ_r’
such as alcohols, aldehydes, ketones, esters and epoxides can be'snbtrécted
with L1A1H4261. The ketones can be distinguished from esters by means of
sodium trimethoxy borohydridezsz. The subtraction methods, jnitial]y used
for packed columns have been extended for the use with cabi]]ary columns as
we11263, |

~ Reaction thin layer chromatography combined with bioassay can
also be useful. Bierl et al.26% ysed reaction TLC for the determination of
epoxide position and configuration in various epoxides including dispan]ure
'_: [2]. Argentation-TLC is useful.for the comparison of R¢ values of unknown -
compounds with those of (Z)- and (E)- isomers of struttura]]y related _:

substances.

b. Mierochemical methods o
. The information that can be obtained from microthemical reactions
is often useful for the determination of the total structure of an unknown
compound. . - Simple microchemical tests performed on an actlve fract1on or even
crude extracts coupled with a sensitive bioassay can indicate the functional
. groups. present in the pheromone265 256 For example, if a pheronone loses |
t act1v1ty‘after‘sapon1f1cat1on orﬂL1A1H4 treatment and regains_it upon
" acetylation the presence of an acetate group is indicated267, Similarly loss
of activity after hydrogenat1on or brom1nat10n 1nd1cates unsaturat1on.
.. Inscoe et al.268 have reviewed the chemical reactlons that ‘can be carr1ed out
on a micro-scale. | | _
| The determinétionrof‘double bond position and geometry is of
great importance in pheromone chemistry. Considerable progress has been made
recently to develop microtechniques to determine the location of
unsaturation. ‘Although a mass spettrum of such a compound could be obtatned

with a few nanograms of material the double bond position is difficult to

determine even with the ‘chemical ionization technique. Suitable derivatives



o N—trifluoro—acetyl (S) (+) alanyl esters
o N—tr1fluoroacetyl (S) (-)- prolyl ‘esters
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ean often be prepared and the location of the double bond can bé‘sUbsequentlyyf;_

determined by mass spectrometry. These methods include
| 274,275

277

methoxymercuration—demercuration269'273 deuteration and formation of‘_

derivatives such as acetomdes276 hexafluoroacetonides? s silyl‘ether5273,
methyl ethers?’9, N,N-dimethylhydroxyamineszgo, ketoneszsl,hdimethyl :Q,, .
disulphide adducts282 and epoxide5283’?84. The alkene can also‘beloridisedf o
with osmium tetroxide to yield a 1,2-glycol which can be reacted mith = r
phenylboronic acid to yield a cyclic boronate. Cycl1c boronates are also l
useful -to locate the double bond pos1t1on by M5285 -
M1cro—ozonoly51s has been particularly useful to determ1ne the
double bond position by examination of: the carbonyl fragments
..;,producedzss 2287, The main drawback of ozonolysis in a solvent is that it is B
'difficult to identify the'small molecules formed as products.“ A variety of
solvent systems has been studied to find the suitable solvents for ozonolysis
and. subsequent analys1s by GC286 288
| . The formation of diastereomer1c der1vat1ves w1th opt1cally pure
‘ der1vat1z1ng agents are frequently useful in the study of optlcal isomeric
-composition of chiral. pheromones. The diastereomeric der1vat1ves prepared
Mfcan be studied by GC, HPLC or NMR analys1s. Halpern289 has rev1ewed the
“der1vat1ves ava1lable for chromatograph1c resolutlon of‘optjcally actlve
| compounds.‘ A‘nunber of chiral pheromones are'alcohols.f Among the most

. veffect1ve diastereomerlc der1vat1ves for alcohols are the
290 :

291 (R) (-) menthyl ‘carbonates

198

292,

293

'“(+) trans-chrysanthemqyl esters®””, (S)-acetoxyprop1onyl esters and

294

“(R)- (+) 1- phenyl urethanes = The enanhomer1c compos1t1on of sulcatol [4]

‘was determ1ned by NMR analysis of the correspond1ng

~ (R)- l-methoxy-l trlfluoromethylphenylacetat 295
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c. Spectrometric methods

. The pheromone chemist can frequently eluCidate.structures‘uslng i
- microgram quantities or less of materlal because'of‘recent advances‘ln »?‘ |
" spectroscopic techniques. ! L o | | h ‘

- Mass spectrometny (MS), usually combined with gas chromatography ““f

"is almost universally:employed‘in pheromone studies. Modern,mass‘fd
spectrometers are capable of giving spectra of one ng or Tess of sample.'_The- )
electron impact jonization mass spectrun (EI-MS) can sometimes'glve_the i.
| molecular weiéht of the compound as the most important single'piece of
lnformation available,from MS. The.presence of certain functional groups andl
”.branching“in molecules can often_be deduced from the fragmentation pattern of .

" the MS. If the compound is already known a comparison of its MS with the
“compiled MS literature?® or computer MS data banks may lead to its

L fidentification.‘lHigh resolution MS can determine the mass of the molecular

“jon (if v1s1ble) and other fragment 1ons up to three or. four dec1mal places.
An accurate molecular formula can be derived from this 1nformat1on. When the

molecular jon is unstable or short lived ‘no direct" 1nformation can be

f obtained about the molecular welght of the compound by EI-MS. In_these

“fthe 4- centered addition complex can locate the double bond p051t1on

| c1rcunstances chemical‘lonjzat1on mass spectrometry (CI-MS) becomes useful.
lru‘tI-MS may‘use a reagent gas as the carrier gas in the GC-MS system, which may
abstract or add a proton from or to the investigated substance. The "quasi
molecular fon" thus. formed can be observed in the MS. CITMS-technique has

297. Vinyl

" been extended to_locate the double bond pos1t]ons in compounds
‘methyl‘ether‘can‘be used as a reagentnoas and the fragmentation pattern of

298-300

| Mass fragmentography, or: single or mult1ple 1on mon1tor1ng method can 1mprove

the sens1t1v1ty of the 1nstrunent to subnanogram levels. However, no _

| complete MS 1s obta1ned but the intens1ty of a part1cular lon(s) is monitored

| at the expected retention t1mes. Apart from studying the actual mass

: “'spectrwn of a pheromone, sometimes more information can be derived by
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eXamining the MS of a particular.derivative prepared from it. The generaly'
derivatives available were mentioned under microchemi cal methods301 fﬂ
Ultraviolet spectroscopy (UV) can show absence or presence of |
iconjugation in a compound. A number of pheromones have conJugated systems\pf«f”
therefore purification and fractionation of such compounds by HPLC can be
monitored by highiy sensitive UV-detectors. _
Infrared spectroscopy (IR) is va]uable in: functionai group‘i‘;
analysis and by mean of micro IR-cells and Fourier transform 5
IR-Spectrophotometers,it‘is now possible to obtain spectra‘of submicrooram

107,223, 302 Beside the general IR-absorptions diagnostic of

samples
‘functional groups . 11ke carboxyl, hydroxyi etc. ‘the band at 970 cm” -1 is 'f
: especiaiiy useful for confirming the E- configuration of o]eflnic bonds._ o
’ Nuc]ear Magnetic Resonance spectroscopy (NMR) 1is_probably the
| 'most useful method for structurai determinations but until recently its

| appiication in pheromone 1dent1f1cation has been restricted because of the
N requirement for a reiativeiy large sampie (100 ug) The use of

‘5‘m1cro-NMR-sample tubes. (75 u] samp]e cav1ty),computer accumuiation of large

L number of spectra (CAT) -and pulse-Fourier transform technique have -

o from 1-2 ug of sample

considerabiy improved the NMR technique to reduce the required samp]e size.

In the recent 1iterature, there are examples of usab]e NMR spectra obtained

223, 224 The interpretation of NMR spectra with

- overiapping peaks is often difficult but the use of- 1anthanide shift reagents

303

| f can sometimes 1ead to 51mp11f1ed spectra . NMR has been used to determine -

| opticai isomeric compos1tion of chirai pheromones either directly by the use
‘fbof a chirai shift reagent303 305, or indirectiy by the preparation of a

N diastereomeric der]vative‘and sUbsequent examination with an achirai shift
reagent303?305;‘ﬂ13C-NMR has become‘a‘powerful tool in‘structure elucidations
‘but‘at‘present‘the large sampie‘siees_required (1 mg or“more) limits its use
~in pheromone studies. HoWever; it”has proved useful in the investigation of

" structure and purity of Synthetic pheromones3%6. Once the lack of
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sensitivity will be overcome, NMR w11] undoubted]y be a pr1mary method ofﬂf.

microstructure elucidation in future.

d. Other physical techniques
Although a few other techniques are available for structural

. studies, these methods are not frequently used in pheromone work because :v_
relatively large samples are required. If the requ1red amount of samp]e can
be supp11ed the following methods are useful in structural studies. Me1t1ng :

'po1nt and opt1ca1 rotation are character1st1c of a. part1cu1ar compound.
‘_ Optical Rotatory Dispersion (ORD) and Circular Dichroism (CD) can pred1ct the‘i
”‘abso1ute stereochemistry of a chira] centre or a molecu]e.‘ X-ray or electron
. diffraction methods are valuable t0‘study‘extreme1y‘complex crystaiitne*. |

" molecules.

1.7.5 Synthes1s R R S L L

To confirm a proposed structure for a pheromone and test 1ts

' ff'act1v1ty it is necessary to synthes1ze it. Synthetlc samples are a1so

,_'requ1red for field tests 1n order to check - 1ts v1ab111ty as an insect control

" agent. . Insect pheromones generally. have s1mp1e structures. - However, many of

' fthe pheromones contain doub]e bonds and/or chlral centres., Because of th1s
Lf;fact, synthet1c methods ‘with h1gh degree of stereochem1ca1 pur1ty and .
fh'selectiv1ty are required for pheromone synthesis. Many recent -and
'4'comprehens1ve reviews are avai1ab1e on 1nsect pheromone '

5 synthes,ssg -41,307-310,
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DISCUSSION

The main obJectlve of :the present study was to 1nvest1gate the

| voTatiTe compounds produced by some myrmicine ants. - The deta1Ts of that .
“‘vstudy are discussed in the later sections. The interest in the yoTat1Te

~ chemicals arose from the fact that ants utilize chemicals'as their major .

' channel of communication. These substances serve to reguTate the COTony_

e‘organization‘and social order. = They may a]so act as defens1ve secret1ons, to -
Hff‘repeT as well as . to cr1ppTe or kill .their predators. The 1dent1f1cat10n,

”“synthes1s and test of the etho]og1cal act1v1ty of the substances produced 1n -

the:exocr1ne glands,of the ants can be useful in the 1ntegrated control of

 pest species. Furthermore;.the information on the composition of the .
v exocrine gTands of’the ants is USefuT to differentiate betweeni
“;“morphoTog1ca11y s1m1lar spec1es. The result can also be used as an indicator

| of the phyTogeny of a part1cuTar species. -

The handllng and 1dent1f1cat1on of m1nute amounts of substances

. (ug to ng) from the exocr1ne gTands can be fac111tated by m1cro—methods and

Tz'it has been the poT1cy_1n th1s“]aboratory to work w1th s1ngTe_1nsect g]ands

as far as poss1b1e.’“ g

.5 part of the present study was devoted to deveTop novel

'W; micromethods and: 1mprove already known techniques. - SubsequentTy, these
'fn techn1ques were appl1ed to 1nvest1gate the volatile chem1caTs found in some

' myrm1c1ne ants.. "
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2.1 Micro-analytical Techniques used with 6C
The direct injection of a piece of biological tissue,_such as an_'i

insect gland, into the gas chromatograph has a nunber of advantages over ,ﬂ-'; |

using a solution. The solvent]ess technique avoids di]ution and 1ntroduct10n_f.

. of 1mpur1t1es via the so]vent. Furthermore, because there 1s no so]vent

- tail, the GC can be operated at its maximum sen51t1v1ty. A nwnber of solid

191,229,231,232 -

injection techniques are available The'method of Morgan and _

Wadhams229 has been particularly useful and was used throughout the present

o study.

’n 2.1 1 Trapping and rechromatography ) o " _
i » A so]vent is usua]]y required to trap a sing]e substance from the
L‘GC eff]uent for bioassay or for rechromatography in a different system228
The substance e]uting from the co]umn is either passed directly 1nto the h
\a‘cooied solvent or trapped in meta] or glass tubes and washed subsequently
d~“w1th so]vent311 313 The so]vent can 1ntroduce 1mpur1t1es that may
ﬁrcompietely obscure the desired compound present 1n nanogram quantities.
_ﬂd‘_Furthermore,lthe solvent prevents the rechromatography;of the totai sample -
fg“”_efficient'ly. | | \ | B o
R “ . In order to overcome these difficulties a method has been
deveioped for trapping minute sampies and reinJecting them efficiently and

228 was fitted to the end the co]umn and -

' tota]]y onto the coiumn. A sp]itter

" the substances from the GC effluent were trapped in glass capillaries. After

sealing both ends of the capillary tube it was reintroduced into the gas

“jchromatograph by the soiid 1nJection techniquezzg. A mixture of tetradecane
~and pentadecane in hexane was used to determine the eff1c1ency of trapping.

‘f Figure 3 shows typ1ca1 chromatograms obtained from trapping and

u*rechromatography of the pentadecane peak. The split ratio was 95:5

‘j‘(outiet,FID) as determined by the peak areas with and without the use of the

“splitter. It was found that the trapped material can be rechromatographed
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with 85t5% efficiency. The result was obtained by five replicate
. determinations, using pentadecane. But obv1ously the trapping eff1c1enqy |
Cowin depend on the boiling p01nt of the sample. The size of the glass T"f. D
capillary used was critical. A narrower capillary altered the. flow rate and
split ratio, and more effluent was vented to the FID._ ‘A larger capillary
l”: 1ntroduced problems of efficient trapping, and it was not p0551ble to L_.
rechromatograph all the material in a large, long capillary.b The optimum
size of the capillary was 45 mm x 0 5 mm (0.45 mm i.d.). Lower flow rates ofwj‘
the carrier gas gave better trapping efficiencies. Flow rates above 50 o
v ml/min decreased the trapping eff1c1ency and no trapping was observed above
80 ml/min. . "
| | Nanogram to microgram quantities of pure material were made

| available by this technique for microreactions or for rechromatography on a
‘h different stationary phase, The latter was employed to check the homogeneity‘b

- of GC‘peaks; Figure 4 shows the application of this technique to demonstrate

the heterogeneity of a particular GC peak in a chromatogram obtained from a

.. single Dufour gland of the ant Myrmtca rubra. The 51ngle peak corresponding

“to 200 ng at the retention time of 14 0 min on the PEGA column, Split 1nto
"::two peaks when. trapped and’ rechromatographed on the SE-30 column.,“
| Similar methods of trapping substances from the cc effluent into
.'h.glass capillaries have been described by Brownlee and Silverste1n227 Stanley

- and Kennet3;4, and Cronin and Gilbert315

"i“2.1 2 Melting points of trapped solids | |

. | The trapped substances fromvthe GC effluent were restricted

: usually to a small region (usually about 1 cm) 1nside the glass capillary

) tube. This was demonstrated by the trapping of.solid substances. Figure 5
‘shows a few micrograms of myristic acid trapped from the effluent of a FFAP
bcolumn.‘ This led to the discovery that the melting p01nts of the solids that

could be gas ‘chromatographed can be determined with great accuracy using only |
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“ FIGURE 4. Determination of homogeneity/heterogeneity of a GC peak.

a) Chromatogram of one Dufour gland of Myrmmica rubra with the oven
temperature programmed from 125 to 162 °C at 2 °C/min, on 10% PEGA column. (b)
Effluent between the arrows of (a) was trapped and rechromatographed on 10% PEGA
column. (c) Same as (b) but rechromatographed on 5% SE-30 column with

‘ temperature programed from 140 to 192 °C/min. oow
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FIGURE 5. A few micrograms of myriStic acid trapped from GC effluent, in a
glass capillary.



. 6‘;3‘ ',“
i a‘few micrograms or less oflmateriai. The g]ass capiilary with the trapped
% substance was p]aced directiy on the hot stage of the melting p0int
- ‘apparatus. The melting pOintsobserved were very sharp because of‘the high o
purity of the samp]es'coiiected from the GC effluent. g i N
A few of the reported insect pheromones are solids39 315
Therefore this method can be applied to determine the meiting‘points of micro‘
samples of solid pheromones and similar natural products. ‘FurthermOre, it o
gives a novel, non-destructive method to compare micro amounts of natura] g

products with authentic material. :

2.1 3 Epox1dation LR
~One of the methods available to determine the pOSition and
‘] geometry of o]efinic bonds is epox1dation. The epoxides can be readily

| prepared by the reaction of the alkene with m-chioroperbenzoic‘acid317.v

‘ EI MS of Simpie epox1des can 1ocate the position of the oxirane rin9283. ‘For

- more comp]icated epoxides, CI-MS has been successfu]iy emp]oyed284 '

Furthermore, epox1dation has been used to determine unsaturation in -
po]ymers318 | |

Epox1dation of a]kenes by peracids is known to take place via a

e stereospeCific cis addition mechanism. *The direct separation of:(E)- and’

(Z)- isomers of a]kenes by GC has been 1imited to speCial conditions and

234,236

” compounds .-iThe conversion of the (E)- andﬂ(Z)- alkenes into the

' corresponding epoxides a]]ows base line separations even on packed
co]umns3119. The trans epox1de has been found to e]ute faster than the cis
“epoxide when chromatographed on polar or nonpoiar stationary phases. The MS
_can not_be used to distingUish eis and trans epox1defisomers because only
slight"intensity differences exist between them. However, the geometric
isomers of epoxides can be distinguished readiiy by their NMR spectra283
| . The epoxidation reaction has been used generally to examine mg

quantities of alkenes.i-ln'the_present study ug quantities of alkenes were
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feadi]y époxidized by péssing a particdlar region of the GC effluent directly’
into a solution of m-chloroperbenzoic abid. The reaction was quahtitati?é |
and completed within ten min at room temperature. The aromatic alkenes wefe
more difficult to epoXidize and required a 1ongér time. The reaction took
place most readily in dichloromethane but cafbon tetrachloride and hexane
were also successful.

The technique was refined to epoxidize nanogram quantfties of
a]kenes, keeping the total reaction volume at one pl. The alkenés were
trapped in g]éss cabi]lany tubes (0.45 mm i.d.) and 1 ul of
m-chloroperbenzoic acid in hexane was injeéted onto the trapped méter1a1
qsing a syringe fitted with a fine stainless steel needle (0.23 mm o.d. ).
| The so]utioﬁ was withdrawn back into the syringe and introduced into thé‘GC
using an oh-co]umn injection system. Hexane (B;Pt., 69 °C) was found to be
"the more suitable solvent for on-column cold 1nject10n‘(40 °C),
dichloromefhane was too volatile for this purpose. This method was used to
determine the (E)- and (Z)- isomer ratio of a nunber of synthetic a]kenes.
The results obtained with a mixture of heptadecane and 8- heptadecene are
shown in F1gure 6. When the mixture was trapped and epoxidized the- |
: 8-heptadecene peak complete]y disappeared to yield the two cprresponding
_ époxides, while the heptadecane peakfremained_gnreacgéd.: Simi]ariy; when
8-heptadecene from the Dufour gland of the ant Myimica'iubfa Wa§ epoxidized,
only é'siﬁgle peak was obtained (FigUfeIGEj Th1s confirmed that .

" 8- heptadecene from M. rubra was 100% (Z)- 1somer on]y.

“2.1.4 C]eaVagé of.epoxide;

- Epoxide groups are present in many biologically important natural
products. The juvenile‘hormoﬁes [59-62] are one group 6f important epoxides
encountered in insects. Disparlure [2] and (Z,Z)-3,6-cjs-9;10-

" epoxyheneicosadiene [48] found in the gypsy moth5 and the saltmarsh

caterpillar moth320 respéctively, are two examples of epoxide sex pheromones.
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FIGURE 6. Separation of (E)- and
eptadecenes by epoxidation.
Chromatograms on 0V-1 capillary column
with the oven temperature programmed
from 40 to 300 °C at 10 °C/min; (A)
approximately 100 ng each of heptadecane
and (Z)- and (E)-8-heptadecenes in 0.5
ul of hexane; (B) both peak of (A) were
trapped, epoxidized and reinjected; (C)
(Z)-8-heptadecene from Myrmica rubra
Dufour gland was trapped, epoxidized and

"injected.



[48]

The techn1ques to locate the epox1de pos1t1on are of great

i 1mportance to the natural products chemist. When MS fac11it1es are

available, EI- M3283 and part1cu1ar1y C1-Ms28% are useful to 1ocate the .

| 1‘1 position of the oxirane ring. . As an alternative to MS, s1mp1e m1crochem1ca1 '

' methods are often employed. to determine the epoxide p051t1ons.c éierl ét-

Z.264 performed this by the cleavage of 1-100 ug samp]es w1th per1od1c ac1d
\‘fn a chlorinated solvent, and subsequent.examinat1on_of the carbonyl products
\‘by GC. = A column of periodic aoidfon ca]efun sulfate has been used by

":Schwartz et az.321 to cleave micromo]e amounts of epoxides to a1dehydes..

”S1m11ar1y, Mizuno et al.322 used HIO4 in anhydrous ether and subsequent]y

) ﬂlana]yzed the. carbonyl products formed by GC.__i-

In the present study, a s1mp1e reactlon gas chromatograph1c

techn1que was deve]oped to 1ocate the ox1rane pos1t1on in nanogram quantities -

of unknown epox1des. . Periodic ac1d was used to cleave the epoxides into the

'j“correspond1ng carbony] compounds by reaction gas chromatography. Initially,

'f”rthe'epoXides'trappéd in glass capillaries were sealed in glass tubes |

'1'”conta1n1ng anhydrous per1od1c a01d. The tubes were'placed in the solid'

| 1nJector, 1n51de the 1nJect1on port of the GC for a few minutes before
crushlng. Later, 1t was d1scovered that a precolunn packing of 10% periodic
acid on Chromosorb W was more efficient to cleave the epoxides.

The commercially available periodic acid (H5106) contaihed water
and was dried'in a drYihéﬂpistol.v A nuuber'of preliminary trials were made
to determine the best formu]at1on.~-A lb% w/w ]oading of HI10, upon 5% ov-101
on Chromosorb W, 100- 120 mesh gave the best results. A higher 1oading of
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~ HIO, increased by- product formation. After cond1t1on1ng the pre-column, ffﬁ;“
“\‘pre-1n3ect1on of a solvent such as hexane helped to reduce adsorpt1on of the

“products. The pre—co]umn could cleave epoxides quant1tat1ve1y at any oven .

| temperature between 150 to 220 °C but preferabTy, it was operated at the

‘h1ghest temperature su1tab1e to observe the expected product peaks.. The
~ pre-column mater1a1 d1d not show any loss of activity on storage for months B
but a]ways over—n1ght cond1t1on1ng was essent1a1 before the use of the 1~ ‘
w;pre-column. The pre-co]umn mater1a1 needed to be changed when the activity

~decreased but usua]ly more than 100 1nJect1ons of one m1crogram samp1es could.

.. be made before any decrease of act1v1ty was seem

The HIO4 pre-co]umn on top of e1ther a Porapak Qora PEG 20M

~ column was used to determine the epoxide position of a number of known
compounds. The compounds were either trapped 1n g]ass cap111aries and sol1d

t‘}1nJected or 1nJected as so]ut1ons. “Figure 7 shows the results obta1ned from

the 1nJect1on of three Tow mass epox1des on a Porapak Q co]umn.

Jf{1 2-epoxypropane (propy]ene ox1de) and 2, 3- -epoxy- 2 3-d1methylbutane yielded -

‘rpethanal and propanone respect1ve]y, whereas 2 3- epoxy-z-methylbutane gave
both ethanal and propanone. The reactions were quant1tat1ve. Many so]vents
‘were tried and carbon tetrach]or1de was found to be useful to examine low
‘mass products up to C5 on the Porapak Q column. ‘Table 10 summarises the
results of many other compounds which produced sma]ler fragments on the

| Porapak Q co]umn. When ethanal was a product, trace amounts (<5%) of

,‘f‘ethanoic (acetlc) ac1d were a]ways observed due to oxidation. A peak

‘correspondlng to methanal was not observed perhaps due to the poor stab111ty
‘7or poor response factor of methanal towards the FID. The technique clearly

'demonstrated in samp]es of 200 ng, the presence of an ethyl and a methyl

o group attached to the epox1de r1ng of JUVe"i]e hormoneS 1 and 11 by the

production of butanone. In the case of Juven1]e hormone 111 propanone was

produced to indicate the presence of two methyl groups attached to the

epox1de r1ng
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‘CCl (solvent)

—— propanone

‘FIGURE 7. . Cleavage of epoxides by a periodic acid pre-column.

Chromatograms on Porapack Q column with a periodic acid pre-column, at 205 °C:
Approximately 200 ng each of (a) 2,3-epoxy-2-methylbutane (b) 2,3-epoxy-2,3-
dimethylbutane and (c) 1,2-epoxypropane were injected as solutions in carbon
tetrachloride. . - : ‘



Reaction gas chromatography hy a HIOp pre-coTumn on a packed L

. Table 10.
- co]umn of Porapak Qa

: 1,24epoxypropane

. 1,2-epoxybutane
 2,3-epoxy-2-methylbutane

. 2,3- -epoxy- -2,3- d1methy1butane
' 1,2-epoxypentane
(Z)-2,3-epoxypentane
(Z)-2,3-epoxyhexane

~ 3,4-epoxy-4-methyl-2-pentanone .

Juven11e hormone I [60]¢€
“juvenile hormone 11 [61]€
~juvenile hormone I1I [62]e

‘_ethano'lf
2 propan01f
1,2- propand1ol

ethana] + ethanoic acid (trace,<5%) +c
propanal + ¢ R '” o
ethanal + propanone + ethano1c acid (trace)
propanone | r
butanal +'é

ethanal + propanal + ethaooic acid‘(traoe)§j
~ ethanal + butana1 + ethanoic acid (trace)

propanone + d

| butanone + d .

butanone + d

. propanone +d o
,;\,ethana] (Iow yield, 20%)

propanone (Tow yie]d 30%)

" ethanal + ethanoic acid (trace)

- 2-hydroxypropanoic acid * ethanal + ethanoic acid (trace) .
B ethyl 2-oxopropanoate _ _ethana] (trace)
2- hydroxy 1,4- butaned101c ac1df : :'“no ethanal
citric ac1d ' e e g ethanal

i'ethana1 (poor yleld <5%)

ethyl. 3-oxobutanoate .

a Al 5 m X 4 mm packed column of 100 150 mesh Porapak Q, w1th a 70 mm x 4mm
pre—co]wnn of 5% ‘0v-101 silicone on 100-120 mesh Chromosorb w loaded with
© 10% w/w HIOp. - Oven temperature 200 °C," isothermal. ,

b Unless otherwise stated 11qu1d 1nJect1on of . 200 300 ng samples in carbon
tetrach1or1de. o ~ .

€ Methanal not observed due to 1ts poor £1ame response o

‘“d Samp]e not ana1ysed for other products. i

€ Solid 1nJection of 200 ng samples trapped in g1ass capillaries.

‘f L1qu1d 1n3ection of 300 ng samp]es as aqueous so]ut1ons.‘



The method was not specific to epoxides; Therefore 1t can be
If'_extended to study other substances capab]e of be1ng ox1d1zed by a HIO4 "

'pre-column. For example, 1,2- propand1o] (propyﬂene g]ycol) and -
'idﬂz hydroxypropanoic acid (lactic acid) were both cleaved to y1e1d ethana]

| (Table 10) One of the methods currently emp]oyed to determlne lact1c acid
in blood and other b1olog1ca1 tissues is to convert. lactlc aCId to ethanal by
HIO, oxidation and determine the ethanal by GC323.- The HIO4 pre-co]mmn has
the potential to determine lactic acid in a more'efffcient and convenient
manner;: Sfmi1arly? the method can be extended for;the:estimation of;f
propylene glycol ‘and other vicinal dio]s;"" | ' B

B A HIQ4 pre—co]umn p]aced before a Carbowax 2mw column was used to
study compounds that produce large fragments on c]eavage.. Table 11
| summarises the compounds stud1ed. The HIQ4 pre—co]umn c]eaved
vlcis 7 8 epoxy 2-methyloctadecane (d1spar1ure [2]) quant1tat1ve1y 1nto
6-methy1heptana] and undecana] (F1gure 8) Epoxyethy]benzene produced
‘pheny1ethana1 as a minor product, a]ong with the expected maJor product ¢
“~bbenza1dehyde. The pre-column was ab1e to ox1dlze 3- octano1 to 3- octanone to
"ddemonstrate its nonspec1f1c1ty but the y1e1d was poor (<30%, for 200 ng
tsamp]es) " The yield improved to 60% when sample size was made sma]]er, to 50

ng. Surpr1s1nq]y, the pre-column was capab1e of cleav1ng a1kenes d1rect1y

‘f‘but the yie]ds were poor. . 8- Heptadecene and 9- nonadecene were sp11t to yield

. the correspond1ng a]dehydes but the y1e1d was below 40%.
‘ ' B AIkenes can be better exam1ned by this method by converting them
H“first to epox1des using m-ch]oroperben201c ac1d317 'The crude reaction
“m1xtures 1n carbon tetrach10r1de, d1ch1oromethane or hexane can be directly
”‘ lnaected onto the HIO4 pre—column. However, the decompos1t1on of the reagent
m1xture g1ves some 1mpur1ty peaks, therefore a b]ank GC run of reagent
m1xture without the alkene was found to be useful to identify the product
‘peaks. ‘This method was employed to exam1ne the alkylidene terminals (the

part of a molecu]e between its end and the first double bond) of some



Table 11.  Reaction gas chromatography by 10% HIO; preco]umn on a packed
column of Carbowax 20M3,

Compound 1nJectedb Products and comments
-"(Z)-8,9-epoxyheptadecane ' octanal + nonanal
_:‘=(E)-8,9-epoxyheptadecane _ : octanal + nonanal

~ (2)-9,10-epoxynonadecane nonanal + decanal

(E)-9,10-epoxynonadecane nonanal + decanal

(2)-9,10-epoxytricosane . nonanal + decanal - .

methyl (Z)-9,10-epoxyoctadecanoate . nonanal + a]dehy'deesterc

“1,2-epoxyethylbenzene | benzaldehyde + phenylethana](m1nor product)

- (E)-2,3-epoxy-3-phenylpropanal benzaldehyde + few other products
. (E)-2, 3-epoxy-3-phenylpropanoic acid benzaldehyde R L

"~ (Z)-1,2-epoxy-1,2-diphenylethane benzaldehyde S
1,2-epoxy-2-phenylpropane acetophenone + 5% start1ng mater1al
: ‘1,2-epoxy-1,1,2-triphenylethane ', benzophenone + benza]dehyde

. 2,3-epoxy-3-phenylpropanoic acid benzaldehyde L ';.
(Z)-7,8-epoxy-2-methyl octadecane  6-methylheptanal + undecanal

| (disparlure) | L
,”,8-heptadecene" - o " octanal + honanaf'(iow yfeld,.<40%)'
“ +.9-nonadecene N | nonanal + decana]‘(low yield, <40%)
| 3 octano1 o . 3-octanone (Tow yield, <30%) <

@ A 2.75 m x 4 mm packed column of 10% Carbowax 20M with a 70 mm x 4 mm
pre—co]umn of 5% OV 101 silicone on 100-120 mesh Chromosorb W Toaded with-
-10% w/w HIO4.\ An. appropr1ate 1sotherma1 “oven temperature between 150-220

°C was used according to the sample.
[‘”b‘200_300 ug éemplee injected as solutions in hexane or dich]oromethahe

"€ No synthetic sample was available for compariéon, but Ry of the peak
corresponds to the expected products. B
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(‘”terpenes. The results are'presented in Table 12. The”production'of,jﬂhuf;»
“Nf propanone by citrone]lal,-farneso], citral and pulegone readily denonstrated _
,\5 the presence of an isopropylidene group in their structures. Limonene;dtdfd -
not produce propanone hence demonstrated the absence of an isopropy1idene5V‘
..group in its structure. | | Paa

The periodic acid pre-column appears toaposses.a greatipotentfal
in reaction gas chromatography. Perhaps the method can be extended %b}hfhé'.
analysis of sugars as wel1324, | o o
-2.1.5 Ozonolysis
Ozonolysis of alkenes has been a part1cu1ar1y useful techn1que

for the determination of the location of unsaturat1on. In the frequent]y
adapted method for m1cro—ozono]ysis, the a]kenes are d1so1ved in a solvent
‘and ozone is directly bubbled through'the solution. The'ozonides formed are’
"~ reduced to yie]d‘the corresponding carbony] compounds and the resulting
“so1utton is examined by GCa Therefore, ozonolysis in so]ut1on is not a'/ E
‘t“reaction gas‘chromatographic technique. The main drawback of ozono]ys1s tn a
‘solvent, as pointed out by others who have sought alternat1ve

| methods284 315, are the difficulty 1n 1dent1fy1ng the sma]] molecules formed,
‘ 1ntroduct10n of 1mpur1ties, and the 1mposs1b1]1ty to use the tota1 reaction
'product for GC. - A var1ety-of so]vent‘systems have been invest1gated to find
the best so]vent For ozono]ysis and subsequent ana]ysis of the products by
: 60286 288 | Ma ani Ladas325 have reviewed ozono]ysis methods in general..
- The ozonolys1s products of 1 ug of methyl o1eate and other

f%Cthounds in so]ut1on were identified by Beroza et a1.2865 288 1y injecting
'=f volumes as large’ as 20 ul in to the GC. - ‘The structure of vulpinic acid was
determ1ned by whlte et al.3?6 by ozonolys1s of 25 ug in 100u1 of ethyl
acetate and subsequent inJect1on of 10 u1 of the reaction mixture into the
GC. The huge solvent peak.thus obtained extended over 12 min.. Such large

isolvent'peaks,'eveniif the solVent was scrupulousiy pure, would render the



. Table 12. Analysis of terpenes by react1on gas chromatography by a 10% HIO4' “

i pre-column on a packed column of Porapak Q2

- No - Terpene component of the - Products and comments =

~mixture injectedb“‘~

.1 . . citronellal .. . . . . propahone +c
2 farnesol . ... . o . Propanbng'+ C et
3 limomene' . -« - . no propanone +c |
. .t ('
4 - citral - propanone + ¢
05" 'pullegone . ' propamone +cC . ..

LA, 5 m x 4 mm packed column of 100- 150 mesh Porapak Q with
‘}‘a 70 mm X 4 mm pre—co]umn of 5% 0v-101 si]icone on 100-120 mesh
. ‘Chromosorb w 1oaded w1th 10% w/w HIO4. Oven temperature 200°c.

- -D 141 of the crude reaction mixturé of terpene (5ug) and

. m-chloroperbenzoic acid (100ug) in carbon tetrachloride (10ul)

?\Sample not analyzed for other products

€
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"pmethod not particularly useful to identify the sma1i mbTebuTesproduoed;t |

| The terminal methylene groups produce methana1’on ozono]ysis{ji"'
“‘However, no peak corresponding to methanal was observed on analysis of_ ' _
ozonolysis products of alkenes with terminal double bonds’ (Table 13). iThis o

problem has been encountered by many other workers286s 327 The difficulty

o arises due to near-zero response factor shown by methana], in the f]ame ,

ionization detector (FID). Moore and Brown327 have deve]oped a successful

" method to derivatize methanal w1th cyc]ohexane—l 3-d1one to g1ve a pyranr

derivative amenable to GC. Dialdehydes, commonly encountered as ozonolys1s
y products of polyenes are also not amenable to GC. The dla]dehydes have been
" derivatized with o-phenylenediamine to form qu1noxa11nes, su1tab1e for GC
.‘analysis315 327, . | R .
| In the present investigat1on a so]ventless ozono]ys1s techn1que
B was deve1oped.‘ The alkene substances were co]]ected in a glass capIIlary
Ju“after chromatograph1ng a m1xture, such as a pheromone m1xture. The'collected
::mater1al was treated with ozone and the ozonides 1mmed1ate1y o,
'rechromatographed. The decomposition of the ozonides in the 1n3ect1on port
‘hof the‘GC gave quantitative y1e1ds‘of the correspond1ng carbonyl compounds.
 Figure 9 shows the ozono]ysis of trapped heptadecane and (Z)-8-heptadecene
" The (Z)-8-heptadecene peak'complete]y disappeared upon oaono1ysis to yield |
‘ octana1‘and nonana1 wh11e the heptadecene peak remained unreacted. Though
‘350 ng samples were conven1ent1y used analys1s of samp]es as small as 50 ng
‘ fﬁwere read11y ach1eved. This techn1que was used to determ1ne the double bond
u:pos1t10ns 1n a nwnber of known and natural a]kenes iso]ated from ants. The
L%results are sunmar1zed in Table 13. The method was part1cu1ar1y useful to
1examine the pentadeoenes from the‘Dufour gland‘of Tetramorium caespitum,
. So1uent1ess ozonolysis of the pentadecene peak yielded hexanal, heptanal,
octanal and nonanai‘to show the peak was a mixture of 6- and 7- pentadecenes.
| ~ The method was found to overcome most of the difficulties

~ encountered ih‘oZonolysis‘in a solvent. The alkylidine group analyses in
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lTarge terpenoid molecules were carried out using samples as small as Sb ng.
Even the products of Tow mass were detected Conyeniently. The loss of
material was minimal as no evaporation was involved. The products were
introduced to the chromatograph as ozonides rather than fhe more volatile
carbonyls. It can be concluded that the solventless ozonolysis has many

'advantageous over the method that uses solvent.

2.1.6 Hydrogenation .

Hydrogenation of o]efinic bonds can be performed on analytical or
preparative scales by reaction gas éhromatography. The degree of
unsaturation and the nunber of rings present in an unknown compound can be
determined by hydrogenation. The saturated analogues thus obtained provide
simpler mass spectra that‘may yield information about the branching of the
molecules. Furthermore, only a féw'nanograms of material are required to
derive this information;

The procedure adapted for the GC-hydrogenation in the presenF
study was based on the methods described by Mounts and Dutton328 ahd‘Beroza
.Wand Sarmient0257. Stanley and Kennet314, and Cronin and Gi]bert315 haVe also
déscribed similar hydrogenation procedures. A pre-column of 1% palladium
catalyst on Chromosorb W was made to replace the first 60 mm of packing in

the GC column and'hydrogen was used as the carrier gas.

This procedure was able to hydrogenate alkenes readily. The
a]kehes were either solid injected in glass capillarieé or injected as
solutions. Hexane was fognd to be a convenient solvent for the injections.

" Chlorinated solvents, such as carbon tetrach]or}de were avoided because they

gave a number of unexpected products. The pre-column was able to hydrogenate
microgram quantities of alkenes, even with three double bonds instantaneously
and quantitatively. Hydrogenation of (Z)-8-heptadecene is shown in Figure 9.
No significant loss of activity of the catalyst was observed over several

weeks. The oven tempergture did not appear to be crucial for the activity of



s

";'the catalyst, no difference of efficiency was observgd at ovéh tempefatures'

: f between 140 and'220 °C.

.. 2.1.7 Methoxymercuration-demercuration

A further method available to Tocate the position of'the'dbuble '

‘bonds is methoxymercuration-demercuration.

Mley et a1.269 first described .

~ the application of GC-MS to the methoxy derivatives obtained from'the Sodiun3

borohydride reduction of methoxymercuration products of alkenes.

RL-Ch=CH-R? |
- Hg(0Ac)»/MeOH
?Me HgOAc HgOAc'OMe""
N |
RI-CH—CH-RZ Rl-CH-—-CH-Rz

1 So]1d NaBH, (excess)
2.AcOH (few drops)
.3.ether/Hé0

.. OMe. ,

;Rl-éH-CHZ-RZ

~~

Me

:
'Rl-CH,—CH-R2
!

[49] - [50]
~Mass spectrometry
1 ' |
+ - + + +
~ OMe OMe ~OMe  OMe
IR R Lo
“R*-CH CH-CHZ-R R*-CH,-CH CH-R

Thé‘two methoxy derivatives [49,50] are not usually separated by GC, as a

result, a mixed mass specfrun is obtained by GC-MS.

The fragmentation of the

methoxy derivatives [49,50] in the mass spectrometer regy]ts in cleavage on

“efther side of the methoxy group to yield four characteristic fragment jons.

These ions give intense peaks that can be used to Tocate the original double
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¥ position. _ |
Many application of this technique to Tocate the a]kene_posjtion”f”

: of insect pheromones have been reported270'273, The main drawback-of'the

. methoxymercuration-demercuration procedure is the final so]vent extraction'

| step. The methoXy derivatives produced are partitioned between water‘and
“Fpether273 or hexane?’?2 before the non-aqueous layer is examined by GC For f
the solvent extract1on step, usually 50 u1 or more of the non-aqueous so]vent"
"1s requ1red to a]]ow convenient withdrawal of the upper layer. Use of such a :

large volume of the non-aqueous solvent can be considered wastefu] as only a

_'sma]] part of 1t can be 1nJected into the GC.

Co In the present study, a special glass vial (F1gure 10) was -

_deve]oped for the convenient extraction of substances into so]vent-vo]umes as
| small as 5 "]'i The react1on was performed in the bottom chamber (75 ul).
~dThe reactants were placed in the reaction chamber us1ng a syr1nge fitted w1th
| . a f1ne needle. For the extraction of the products, the react1on m1xture was
“‘shaken with hewane (5 ul) or ether and the upper 1ayer was pushed 1nto the |
| wnarrow neck reg1on by adding water w1th a syringe, to the bottom 1ayer. The
Cair bubb]es that got trapped sometimes were conven1ent1y removed with the
‘syr1nge.‘ Fine g]ass beads may be equa]]y su1tab1e to push the upper 1ayer
“into the neck.  The solution‘1n the neck reg1on was withdrawn with a syringe
for GC and GC-MS analysis.” Furthermore, crude mixtures were‘filtered
directly fnto the reaction‘chamber by placing'a‘block of glass or cotton wool
” 1n the neck pour1ng the m1xture 1nto the upper chamber and withdrawing air
from the bottom chamber with a syr1nge.‘ |

| The methoxymercurat1on—demercuration technique w1th the modified

extraction step was successfu]]y used to determine the double bond position
of the tricosene 1somer 1so]ated from the postpharyngeal gland of the ant,
;Sblenopszs gemtnata. The vial has a great potent1a] as a useful piece of

'equ1pnent for the m1cro-chem1st.

*



FIGURE 10.
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4 2.1.8 Sodium borohydride reduction |

The identification of aldehydes ‘and ketones has been a1ded by
the reduction to alcohols with sodium borohydr1de and subsequent GC analys1s ”
L,of the products329. A saturated solution of NaBH4 in ethanol or water has

been used to reduce 1 ug samples in the syringe barrel and products larger o

" than hexanol have been‘1dent1f1ed330. The method cannot be appl1ed to

monitor small molecules because the solvent may mask them. Solid NaBH4 has |

i;_ been used to reduce the total mixture of volat1le compounds from three heads

or six poison reservoirs of the ant Myrmzca rubra221 331, S1milarly,
| micro—synthes1s of alcohols, from ketones trapped from GC effluent has been
done on a preparative scale using solid NaBH4332 W | |
In the present study, carbonyl compounds trappedseparately ln o
: glass capillaries were‘reduced‘to‘corresponding‘alcohols using solid‘NaBH4.
”'f Surprisingly, no secondary hydrolysjs'step by:theladdltion 6% Water to
lliberate the alcohols was found to be necessary.‘lThe 3-octanone peak
obta1ned from a s1ngle head of M. rubra as represented in F1gure 11 b. ,
represented approximately 400 ng. The 3-octanone peak was trapped in a glass
cap1llary and sealed 1n a glass tube conta1n1ng sol1d NaBH4.: Although the
‘:‘ tube‘was allowed to stand at room.temperature for 15{m1n, the reduct1on
probably occurred betWeen'thekalcoholhuapouriandqthe solld reagent nhen tube
uas at‘the injection port of the”GC before'crushing.n=lhe 3-octanone peak

was quant1tat1vely reduced to 3-octanol. 3-Heptanol, -a minor component of

"‘the mand1bular gland of M. rubra which appeared as a shoulder on the

3- octanone peak was trapped together w1th the 3-octanone peak.  However, this
‘“’m1nor peak became clearly v1s1ble once the maJor 3-octanone peak was reduced
to 3- octanol (Figure 11) | | o N

- N | As an alternat1ve,_the reductlon can be performed using a
solut1on of NaBH4 by taking the advantage of the on—column cold injection

| techn1que on cap1llary columns, which prevents the tailing of the solvent

" peak. Water and ethanol were found not suitable for on-column: injection.
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Tetrahydrofuran (THF) was better suited although the so]ubi]ityiof NaBH4\in:‘
" THF is poor (100 mg/100g). ~Perhaps dimethoxyethane may be}sti1l better
(so1ub111ty 5.5 g/100g). = A saturated NaBH, solut1on (1 u1) in THF was .ﬁtj
‘11 1nJected using a syringe with a.fine needle onto the trapped 3 octanone in a
"h g1ass capillary. The cap111ary was kept for 10 min at room temperature and‘p
Vu:the‘solution was withdrawn back into the wet syringe and injected immediately
‘:on a cold (40 °C) 0V-101 capillary co]umn. The reduction of the 3-octanone'

peak to yield 3-octanol was over 90% efficient.

2. l 9 Brom1nation

A method to identify the unsaturated peaks in a GC prof11e is = -

‘:‘valuable to the pheromone chem1st. The brom1nation resu]ts 1n the complete

. elimination of all unsaturated peaks from the GC: trace, 1eav1ng the saturated
‘wpeaks intact. Morgan and Wadhams229 have used Brz in CS, to brom1nate the

components of the Dufour gland of Myrmtca rubra, * The brom1nat10n can be -

m“aach1eved readily by add1ng Br2 in C52 on to the gland p]aced inside a g]ass

”:tube with one end sea]ed After the react1on was over and excess bromlne
‘evaporated the tube can be sealed and 1nJected onto the GC. - Many workers
‘have found the method to be usefu1333 334 0' keefe et aZ.335 have ut111zed
brominat1on in so]ut1on to subtract unsaturated fatty acid methy] esters.
| o The brom1nat1on was extended 1n the present study to mater1a1
‘~jtrapped in glass capi]]ar1es. rThe products were examined by capillary GC
“yusing on-column co]d inJect1on method. Hexane was‘SUitab1e‘for.on-colwnn
‘injection, therefore bromtne in hexane was used as the reagent. The reagent
"was injected‘onto nanooram to‘microoram quantdtfes of material trapped from.
“the GC eff]uent 1nto g]ass cap111ar1es. The disappearance‘of the yellow
co1our can be observed d1rect1y under the microscope if the trapped material
was unsaturated Brom1ne 1n hexane was added until slight yellowish co]our
.persisted the so]ut1on was: w1thdrawn back into the syringe and injected onto

:‘the coId capi]]ary column. ‘The unsaturated peaks were readily recognized by
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: ”the comparison of the chromatograms with those obtained without bromﬁnationfi

2.1.10 Esterfication w1th diazomethane | |
Lower members of a]1phat1c monocarboxy11c acids are suff1c1ent1y
volatile to be separated directly by GC on a stationary phase like FFAP.= c:

" However, adsoption onto the chromatographic support due to the h1ghly po]ar

'ﬂ”character of carboxyl function, often leads to tailing of peaks. A nunber of

., procedures are available in the literature to chromatograph non-ester1f1ed

fatty acids336-338, Nevertheless, in general practice ester1f1cation is

B frequently used to convert relatively non-volatile and po1ar carboxy11c ac1ds

into 1ess polar derivatives having better GC characteristics. - The esters can
be chromatographed at reasonab]e temperatures and they g1ve better
‘separat1ons, peak shapes and mass spectra than the1r parent ac1ds.

| Darbre33? and, Ma and Ladas325 have reviewed the w1de var1ety of
‘ ftechnique available for the esterification of fatty acids. Dlazomethane is
- commonly employed to prepare methy] esters of fatty acids. A number of
J methods are avallable for the small scale preparat1on of d1azomethane339 =341,
- The method of Fales et aZ.339 was mod1f1ed in the present study,

to prepare microgram quantities of diazomethane.

'Z”N-Methyl N'-n1tro-N-nitrosoguan1d1ne (MNNG) was used as the precursor for

I'?fdlazomethane. MNNG was convenient to use because of its stability and

~crystalline nature. However, due.care was taken to handle it because of its
' potent mutagen1c nature. A so]ut1on of dlazomethane in tetrahydrofuran (THF)
_ ”was conven1ent1y made in a React1 v1al. MNNG was covered w1th a water and a
_1¥ THF .Tayer, - and upon the addition of aqueous KOH the THF layer immediately
became yellow due to the liberation of diazomethane. The CHzNé in THF layer
was withdrawn w1th a syr1nge to esterify the carboxy11c acids.

, The fatty acids were trapped separately 1n glass capillaries from
the GC effluent off a FFAP column. The CHoNy in THF solution (1 ul).was

injected onto the trapped material using a syringe fitted with a fine needle.
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The solution was drawn'back immediately and injected on-column.on 0V-101
‘capillary column. The method was tested with myristic, pa]mitic'éna stéaric
acids. The esterification reaction was instantaneous and quantitative.

Analysis of fatty acids is important in natural product |

chemistry. The present method refines the existing technique to be applied
to nanogram quantities of material. Huwyler et al. used a similar method to
identify the fatty acids found in.the trail pheromone of Lasius

ful iginosus1 21,
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fi?iiz.z Trail Pheromone of Tetrambrium eaespitum.,f'r'

A Targe number of ant species are known to employ trail

. pheromones as a means of communication but only in a'very few cases has the

- 'pheromone been chemically identified. ~The first trail substance to be

_ identified was methyl 4-methy]pyrrole-z-carboxylate [11] from Atta texanalOG -f
“ The same compound was subsequently demonstrated to be active to evoke trail
foHowmg in A. cephalote3107 and Acromyrmex ocztospfl,mosu.sz86 o |
3 Ethy] 2,5-dimethylpyrazine [12] has been shown to be the major component of

108 and the same compound has

the trail pheromone of Atta sexdens rubropilosa
. since been identified as the single component of ‘the trail pheromone of eight
spec1es of Myrmtcalog. In the beginning of the present study on]y the
aforementioned two compounds were known as tra11 substances that originate
from the poison glands. - Farana] [15], a terpen01d that originates from the
Dufour gland has been 1dentif1ed as the maJor tra11 pheromone of Monomorzwn
pharaontsgo There is a controversy about the comp051tion of the trail ‘
pheromone of Sblenopsts znvtcta. williams et al.118 have reported 1t to be |

N Z ,7,Z-allofarnes2ne [16], while Vander Meer et az.120 describe it as a
fli_mixture of Z,E and E,E-a—farnesenes [17,18] and_Z,Z and Z,E-homofarnesenes

*'[1§ 20] ‘*A mixture of Cg to'Clé and'C14 to CZO fatty acids are reported to
be the active trail fo]low1ng mixtures for LaSLus fultgtnosuSIZI and

97 respect1ve1y.~ In Irtdomyrmex humtlts Z-9-hexadecenal .
125,

‘ Pmstomyrmex pungens
" has been identified as one of the components of its trail pheromone
| | “ The above sunmary 111ustrates that the 1nformation avai1ab1e
Vabout the chemistry of tra11 pheromones is very Iimited. Some of the
'artificial trai]s Taid with the above mentioned sing]e substances were not
species-spec1fic a]though the natural trails showed a much higher degree of
species-specificity.‘ A]though many trai] peromones had been recognized as
mu]ticomponent,vthe true quantitative and qualitative compositions of none of

~them were known at the'bedinning of this study. .In the present project the



s

93

| tra1l pheromone of Tetramortum caespztum was 1nvest1gated and 1ts compos1t1onl )

'was determ1ned R o . '. ,' .. " R, _ = : o
o BTum and Ross99 f1rst reported that the tra1T pheromone of T._'

cdespttum or1g1nates from the po1son g]and As a pre11m1nary survey, the v f
work of Blum and Ross was repeated in the present study.~ Art1f1c1a1 trails
' were Tald on a c1rcu1ar track w1th extracts obta1ned from the po1son gland ';
“ and.the“pufour:QTandi._The extract_from the po1son gTand evoked high trail |
a?. fo]]owing_acttvtty:on_the worker;antsbwhereas_the.DufourngTand‘extract‘was
compTeteTy'inactive.:?This.result?confirmed theaobservations'ofbBlum'and |
e The po1son g]and and the assoc1ated Dufour gTand are attached to
the st1ng. The po1son gland contents are d1spensed through the sting to Tay
trails as a means of commun1cation dur1ng food gather1ng and change of nest

: s1tes.‘ The two fllaments of the po1son—produc1ng glands open 1nto a |
i spher1ca1 venom reservo1r (F1gure 12). The average d1ameter of the spherical
reservoir was measured. The average voTume was caTcuTated (assun1ng it to be
a sphere) to be about 14 nl. | o B

L1ttTe or no work had been done on the chem1stry of the T.

9

‘lcaespttum po1son g]and apart from the report by BTum and Ross They

rd‘detected trace quant1t1es of some free amino ac1ds (aspartic acid be1ng the
dmaJor component) by paper chromatography. T | o
The pre11m1nary character1zat1on of the tra1] pheromone was |
| ach1eved by TLC. The contents of two po1son glands were chromatographed on a
.n s111ca geT pTate. The s1Tica ge] was cut 1nto ten bands, each representing a
| f“Rf d1fference of 0.1. When the bands were eTuted with hexane and tested by
’ bioassay, 1t was found three bands of Rf vaTues between 0.3-0.4, 0.4-0.5 and
0.5- 0.6 eT1c1ted h1gh act1v1ty (Table 14) In1t1a]1y, it was diff1cu1t to
'n_conce1ve the reason why the activ1ty was spread over a range of R¢ values.
5 The reason became clear when the.s1TJca gel was cut into narrower bands and

the activity‘of each band'was tested. Two regions of high activity were
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-
--------------------------------------------------------------------------------

Table 14, Trail following activity evoked by extracts of various bands of

silica gel, after TLC of two poison glands of T. caespitum

-
-------------------------------------------------------------------------------

Re range Activity?
0.0 - 0.1 0
0.1 - 0.2 . 0
0.2-0.3 0
0.3 - 0.4 S 17
0.4 - 0.5 | 22
0.5-06 o 14
0.6 - 0.7 0
0.7 - 0.8 0
0.8 -0.9 0
0

009 - 1.0

-------------------------------------------------------------------------------

‘Two poison glands were chromatographed (60:40, hexane:acetone).
The bands were cut, eluted with hexane and the activities were

"tested as usual. .



| evident with a valley in between (Figure 13). Therefore it was possije'to )
tnfer that the trail pheromone of‘T..caespitum was composed of as Teast'two?
‘ B components of moderate poTar1ty. ‘ o o
| The chem1caT treatment of the gTanduTar extracts and subsequent f*
| TLC separatlon and b1oassay showed the trail pheromone components are: bas1c :,]
~ because the activity was destroyed by acid treatment. Furthermore,‘the {v
activity was unaffected by Br, in hexane, showing the absence of -
unsaturation.

| | GC examination of the contents of three poison glands on the PEG
20M column showed the presence of two major components (Figure 14). OnTy a
narrow fraction of the GC eff]uent conta1n1ng these two components was abTe
to evoke tra11 following activity when the GC effluent was sp11t, trapped and
'b1oassayed. The retention 1nd1ces of the two peaks on the PEG ZOM co]umn '
were 1370 and 1450 respective]y., S1m11ar1y those on the PEGA column were . -
‘ 1437 and 1545 respectiveTy. Th1s 1nd1cated the compounds were moderateTy
poTar and the1r approximate moTecuTar we1ght range to be between 100 and 150..

_ The 1dent1f1cat1on of the two maJor components present in the

- po1son gland was ach1eved by GC-MS. The mass spectra were obtained us1ng 50
cTeanTy d1ssected po1son ve51c1es seaTed ln a g]ass v1aT.. The samp]e was
1nJected by the soT1d 1nJect1on techn1que on a 5% SE-30 coTumn and the mass
.spectra were recorded by GC-MS.~ The mass spectrometer was operated at a very
h1gh sen51t1vity, therefore 1t was necessary to record the back ‘ground :
spectra 1n between the peaks of 1nterest. The mass spectra of the two major

components obta1ned after the manuaT subtraction of the background are given

CH3\[ jc H5 e CH3\[/N]
- Ny~ CH,

[12]._”._" o ' [51]

1nJF1gure 15,
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MEBDTAN NUMBER OF ARCS RUN

14

12

10

2 4 6 8 10 12 14

DISTANCE FROM THE ORIGIN/cm

FIGURE 13. TLC-bioassay of poison gland contents of Tetramorium caespitum.
An extract of two poison glands was chromatographed using hexane-acetone

(60:40) as the eluent. The solvent front was allowed to run 15 cm and the
silica gel was cut into narrow bands (2 mm). The trail releasing activity

~ (stippled bars) of each band was measured by bioassay.
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— !

5.9 Fx
* 3 . o
| min
FIGURE 14. A gas chromatogram of three poison vesicles of

Tetramorium caespitum. The glands were solid injected on a
2.75 x 4 mm packed column of 10% PEG 20M on Chromosorb W, at

130 °C (attenuation x 50).
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‘ The mass spectrum of the peak with Tower retent1on time was ‘t: g
| fdentified as 2,5- dimethylpyrazine [51] by comparison with pubhshed o
data?6:342, Three pos1t1ona1 isomers are possib]e for d1methy1pyraz1ne,
‘however the mass spectrum of each isomer is character1st1c aTthough those ofrf

2,5- and 2,6-isomers are very s1m11ar; Therefore it was p0551b1e to deduce o

B the structure to be 2 5-d1methylpyraz1ne and not the 2,3- or 2,6- 1somers.;.The

. mass spectra of synthetic samples of the three isomers were recorded under

identical conditions and onTy the spectrun of the 2, 5-i$omer corresponded”tom_l

:,:.that of the naturaT mater1a1.= The moTecular ion was the base peak of the —

"spectrun of 2,5- d1methy1pyraz1ne. The peak at m/z 81 resuTted from the Tossd

: .of HCN from the M™ ion. : : TR ST e CH2 C CH
: o4 : s SR : m/z 39
N o : ﬁ‘) R A T T L
N2 SCHCN R
|| ———lcn= C-CH3] |
m/z. 108 ‘ ; o m)Z;I:BI | - - .- __ -. m/z.40

| ””ffThe abundant fragment of m/z 42 was probab]y the protonated aceton1tr11e 1on{

f‘The ex1stence of such a spec1es can be ‘supported by the presence of M+l peaks

B 1n the spectra of aTiphat1c n1tr11es343

\ég\ — CHFC=NH
”h‘p” ‘dﬁm/242 p
| m/z 108
The mass spectrwn of the peak with h1gher retent1on tlme (F1gure

15) was' identlfled to be 3- ethyl- 2 5-d1methy]pyra21ne [12]. It was
1dent1ca1 w1th that obta1ned under the same condItions from the synthetic
material.: Furthermore the spectrun agreed well w1th that publ1shed in the

hterature109 296 p The key fragmentat1on patterns that lead to the abundant

ions are ilTustrated below. P e ' o

_\|N:. - \Ej

m/z108 m/z 107
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o The confirmation of the two major components as PRIy
-h:2 5-d1methy1pyraz1ne and 3-ethyl-2, 5-d1methy1pyraz1ne was achieved by the
comparison of their chromatographic propert1es w1th authent1c samp]es. The..'
correspond1ng gas chromatographic retent1on times on three d1fferent GC
“phases were identical. - Furthermore, the Rf va]ues obtained on TLC (60 40

~ hexane in acetone) for 2,5-dimethylpyrazine and 3-ethy1-2,5-d1methy1pyraz1ne.

R were 0.38 and 0.52 respectively. These R¢ values corresponded to the aetiVe_u.‘

to per ant, of which 2 5-dimethylpyrazine was 2.7+0. 4 ng (70+4%) ‘and

. of the two pyrazines determined in ten worker ants are Tisted in Tab]e 15.

regions shown by TLC of poison gland extracts (Figure 13).
* The average total amount of the two pyrazines present in the .
" poison vesicles of the worker ants was quantified by the eomparison'ofithe GC

peaks using a computing integrator. “The total amount was found'to be_3.9'n§
d“3 ethyl-2, 5-d1methy1pyrazine was 1.15+0. 25 ng (30+4%) The absolute amounts
The activities of m1xtures of the two pyrazines in d1fferent

' proport1ons in re]eas1ng trail fo110w1ng behaviour in worker ants were tested

‘tby bioassay. The total amount of the two pyraz1nes app11ed to the circular

: "‘dtrai]?of 31.4 cm was four nanograms. The results are shown in Figure 16.

'; The 70530‘miwture of 2,5;dimethy1pyrazine'and 3-ethy1e2,54dimethy1pyrazine
| showed the highest actiVity.7”The'resu1ts gtven'are‘the‘median values

”‘robtained from three replicate determinations (Table 16) Figure'16 shows
that 2 5- d1methy1pyrazine has tw1ce the activity of -
3- ethy1 2, 5-d1methy1pyraz1ne to evoke trail following hehaviour‘when used in
."1dent1ca1 concentrations and cond1tions. |
““ - The most sign1f1cant fact that can be seen from Figure 16 1s that
| 70:30 m1xture of 2 5- d1methy1pyrazine and 3-ethyl-2,5-dimethylpyrazine makes
;a synerg1stjo mixture}with h1ghest act1v1ty.‘ When 2,5fd1methy1pyraz1ne and
3eethyT-2,55d1methy1pyraztne were tested separately using concentrations of
2.8 and 1.2ﬁng/31.4 cm trail the‘actiyities observed were 13.5 and 5.1

‘respectjyely. If one presunes the activities were additive, the activity of
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Table 15. Absolute amounts of 2,5-dimethylpyrazine (DMP) and

3-ethyl-2,5-dimethylpyrazine (EDMP) present in the poison glands of

ten T. caespitum workers.

-
-----------------------------------------------------------------------------

-
TN e - - - - - P A R 0 R P D D MR M D e D SR S A G S M D D D A SR R Y D WD G S S R AR AN A N S D A8

(Yol o] ~ (o) BN S ] + w [\

—
[e]

Mean

SD

2.4
3.2
2.3
3.1
2.6
3.1
2.4

3.3

2.4
2.4

2.7

0.4

0.75
0.8

1.2

1.5
1.2
1.3
1.4
1.2
0.95
1.1

1.15
0.25

76

80

66
67
68
70
63
73

72

68

70

24
20
3
33
32
30
37
27
28
32

30




~ Table 16. Trail following activity evoked by mixtures of the two pyra21nes Jn'
different proportions compared with that of one poison ve51c1e .

Test solution DMP : EDMP Trail following activity
ratio®
I I1 I1I mean
‘;;Pyrazine mixture 10 : O 14 16 15 ‘ ,15 
9 :1 18 16 19 17.7
8:2 26 24 25 25
7:3 31 % 29 3.3
6 : 4- 28 29 - 26 ﬁ_f_27.7 ;
5:5 185 20 | 17 185
4:6 15 17 14 153
3:7 W17 13 147
2:8 10 9 9 9.3
1:9 7 T T 3.3’
. 010 7 9 s 7
| Sjﬁg1e poison g1and,. S m % . 32 33,
Blank (hexene) | o 0 0‘7e‘  0 . 0

a The trails were applied as hexane solutions (100 ul) on a circle of
5 cm radius marked with 1 cm arcs. The number of arcs run along the

. trail by each worker ant was recorded for 20 mln and the median

: 'value was determ1ned

' b The tota] concentratlon of 2, 5-d1methy]pyraz1ne (DMP) +
b_3-ethyl 2 5-d1methy1pyraz1ne (EDMP) .was 4 ng/trail.

c Mean values obtained from three rep11cate determ1nations.
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40 r

=

Median no of arcs run

N

82 73 64 55 46 37 28 19 010

Ratio of two pyrazines [_ I : [ I~
: N " 'N

FIGURE 16. -  Trail following activity evoked by mixtures of the two pyrazines (4

ng/trail) in different proportions (stippled bars) compared with that of one poison

vesicle (hatched bar). The trails were applied as hexane solutions (100 pl) with a

0.8 mm “Standardgraph® pen, on a circle of 5 cm radius, marked with 1 ¢m arcs, drawn

on graph paper. - The number of arcs run along the trail by each individual worker

were recorded for 20 min., Each bar represents mean from three determinations and the
we vertical line indicates the range of values. : .



- 105

the mixture can be expected to be.18.6. But the 70:30 mixture demonstrated
anmactivity of 31.3, nearly twice as great, demdnstrating clearly that = |
‘synérgisn operates. Furthermore the 70:30 mixture showed no significant -
difference in activity when compared with a trail made of a single poison
vesicle. Although at Teast one multi-component trail pheromone of‘ants:has |
been reportedlzo, this is the first complete identification of the
composition of such a pheromone miXtUre;

A range of concentrations of the two pyrazines were presehtéd
séparate]y to the ant§ to determine the amounts of material that evoke mbsf
efficient ffai] following behaviour. Concentrations between 1-10 ng/31.4 cm
trail released highest activity (Figure 17)." The ants were able to detect
cdncentratjons as Tow as 0.3 pg/cm but.éhowed difficulty in following any
Tower concéntrations. Moreover relatively high concentfations also failed to
release efficient trail following behaviour.  When concentrations éboVe 3
ng/cm werevapplied,‘the ants were alarmed and confused, and‘exhibited‘a very

" low trail following behavi our.

- A number of related-compounds were tested by bioassay in order to

-bbﬁain soméwinformation concerning the stereochemi cal requirements for trail
réleasing ;ctivity. The reSuTt§ are sunmarizeq.in Table 17. The | ‘ |
2,5-substitution on the pyraziné ring appeér to be impbftant because 2,3- and
3 2,6-dimeth}1pyrazines wefé_inactive.- It was interesting toAfind_that
2,3,5-trimethylpyrazine was able to evoke weak trail fo]lowihg in.T.
c;espiium and tﬁe three“speciés of Myrmica tested. T. impurum did not
rgspond.to‘any of the qhemi;a]é tgsted indicating its trail pheromoqe to be
different from any Qf‘the.tested compounds. \
| it‘needs to be mentionéd that‘fhe bioassays were performed always
under identical condition as far as possible. Therefore the results obtained
in any given experiment, conducted within a short period of time were

comparable. Nevertheless significant differences in absolute values can

~ occur from time to time because the activity of ants is dependent on many
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HED!HNANUMBER GF ARCS RUN

FIGURE 17. BIOGASSAY OF THE TWO PYRAZINES

20 : I I I T T T T I T l T I T
18 - -
| -4
16 - —
R . -
R —
12 | . . . r -
10 - —
8 - —
6 - e
4 e —
2 - ‘ —
0 L L g ! 1 I ! |

-4 -3 -2 -1 6 2 s
LOG CONCENTRATION

Fl?_% 17, llodsu,y of the two ines over 2 um of concentrations.
D-dimethylpyrazine {empty bars) and 3-ethyl-2,5-dimethylpyrazine (stippled
bars) were applied as hexane solutions of different concentrations on a circular

- trail (5 cm radius).  The number of arcs run along the trafl by each individual .

worker were recorded for 20 min and median value was obtained.
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Table 17. Trail following activity evoked by various subst1tuted pyraz1nes |
and a pyrrole on a few species of Tetramortum and Myrmzcaa e
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a Tra1ls were applied as hexane solut1ons (4 ng/31.4 cm) on a circle of 5 cm
' radius marked with arcs (1-tm). - The number of arcs run along the trail by
each worker ant was recorded for 20 min and the medlan va]ue was ca]cu]ated.



7 factors such as'suniight,_temperatureu hunidity, time of -the day, etcgadfﬁ7f‘5*

| Rjrazines have been‘identified from a variety of sources in -
nature>*4. 2,5-dimethylpyrazine has been identified as a flavour component
of potato chips342. It is also found in fusel oil, black tobacco and"inrthei-;:
smoke of nonfilter cigarettes made from these tobaccos344 B |
3-ethyl-2, 5-d1methy1pyrazine is a.component important to the aroma of baked
potato345 and coffee3*0, - Maga and Sizer347 have published a review listing
the extensive occurrence of alkylpyrazines in foods. The review published by'd

“Brophy and Cav111348 provides the mass spectra of the pyra21nes.' A nunber of ;i

w'trisubstituted alkyl pyrazines have been reported from the mandibular g]ands
of some subfamiiies of ants (Table 9). Many other insects.like waspslgo;
~ f1ies!? and some beetles also have the ability toibiosynthesize'pyrazines.

" A wide variety of alkaloids have been identified from the poison
glands of ants (Table 8) but 3-ethyi-2,5;dimethy1pyrazine was the only

‘i\DYrazine‘that‘had been identified prior‘to thTS,StUdyl“VIt'hés been shown to 'i

b be present in the trailtpheromone of Atta sexdens rubropilosa408 and eight

o speCies of Myrmica ants109 The 2, 5-dimethy1pyrazine identified in

vaetramortum caespttum 1s nove] because it is the s1mp1est and the oniy

‘disubstituted pyrazine yet reported from ants.

| B]um69 has postu]ated that the trail pheromones of myrmicine ants
‘tduwere originaiiy trace constituents of the venom that were expioited as the
function of the gland changed into its present form. The resu]ts of the

: present study c]eariy showed that the trai] pheromone components of T.

| ”'caespztum are 1ndeed trace constituents. The pyra21nes occupy on]y 0.03% of

.the volume of the poison gland. " The p01son reservoir contents have been

_ reported to be rich in free amino acidsgg, which probably can react
_enzymatica]]y to form pyrazines349.. Morgan (unpubiished) has postuiated a

mechanism to iliustrate the biosynthesis of pyrazines from amino acid

| precursors.__ . | i

As the.same 3-ethy1-2,5-dimethy1pyrazine had been identified as
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the trail pheromone of eight species of Myrmica, 1t was ant1c1pated that T.

" Gaespitum and species of Myrmica may follow each others trail. Such a

‘transposition study has not been carried out previously. Therefore a
cross-activity study was carr1ed out w1th poison g]and extracts of T. |
caespitum and M. rubra. It was found that they indeed fo]]owed each others h

trails. fhe results are given in Table 18. The chemical composition of the -

.poison glands can explain_their behavtour. T. caespitum wi]i follow the
trails of Myrmica, moderately because of the_presenée of the -

s 3-ethyT-2,5-dimethy1pyrazine. On the other hand the trail pheromoneVOt _

Myrmica ants has only one component. Po1son glandsof M. rugtnodts were o

" examined carefully and a peak correspond1ng to 2, 5-d1methylpyraz1ne was not

o found in the GC traces (Flgure 18). Myrmtca ants did follow p01son g1and

~ extracts of T.. caespttum because of the presence of

3-ethyl- 2 5-d1methy1pyrazine. S1m1]ar observatlons in inter-specific tra11

b fo]]ow1ng behaviour have been reported with the 1eaf;cutting ants Acromyrmex

"I octospinosus and Atta sexdens, - ~The major components of their tra1l

pheromones are methyl 4-methy1pyrro]e-Z-carboxy]ate and
3-ethyl- 2 5- d1methy1pyraz1ne respectlve]y. However Acromyrmex octosptnosus
'h' w111 fo]low the tra1ls of Atta sexdens because the pyrro]e 1s also present ase'
‘a trace component in the venom of the 1atter. But-A_._ Sexd_gns - wﬂ] not |
,; fo]]ow a trall of pure synthet1c pyrro]e.,e__. o ,p_ |
. Bo]ton350 has suggested on the ground of habitats and morphology :
- that Tetramortum and Myrmmca have most probab]y decended from the same
ieancestral stock . The similarities'of the chemical composition of the poison
glands and the trail fonowing' b"eh'aﬁour,’" as found in the present study |
; appear to support the postu]at1on of Bolton, which cons1ders the tr1bes

‘Myrmzcznz and Tetramortznz to be c]ose]y re]ated.
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Table 18, Trail following act1v1ty evoked by individual poison g]ands

of two spec1es of Myrm1c1nae subfam11y

| * T, caespitum M. ruginodis
Source species
Tetramorium caespitum = 31 SRR I SR i"
. Myrmica ruginodis = . 12 .. 19

l'__a The.trails were applied as herane solutions (100 u1) containing
aio. one poison gland equ1va1ent of material, on a circle of 5'cm ;
rad1us marked with 1 cm arcs. The number of arcs run along the

h trail by each worker ant was recorded for 20 min and the medi an

- yalue was determined. "
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FIGURE 18. A gas chromatogram of three poison vesicles of
ﬂzrnica ruginodis. The glands were solid injected on a

mm packed column of 10% PEG 20M on Chromosorb W, at
130 °C (attenuation x 20).

111



~ Georgia areas

‘f[ﬂants351. :The first highly effective toxicant discovered was mirex

112

2.3 Chemical Investigation of Solenopsis geminata

Solenopsts geminata is a circun-tropical ant spec1es genera]ly

| known as a fire ant because of the potency of its venom. In Sri Lanka it 1s (h

sometimes known as the cobra ant (because of its violent sting) and also as

the oil ant‘(because it infests oil cake used as cattle feed). ‘Species of

fire ants are considered as important economic pests, particulariy'in'thél'f?“

southern United States, where every conceivable method of controilhas'been,'
' utilized'by.some property owners to get rid of them. - Besides being aha

domestic nuisance, recent medical studies indicate that the fire ants are B
~assuming a greater.importance as a public health hazard. Their venom -%

168

exhibitS'pronounced necrotic167'and hemoiytic activities. In 1970,?12;438

patients were treated for fire ant stings'in'the Mississippi,’Aiabama and -

351

' Toxic baits have been used since 1957 for the control of fire
352

e ,ﬂHowever, the ill-effects due to 1ndiscr1mate use and aerial spraying of these

.ltox1cants soon became evident. . In 1962, Rachei Carson353 in her
‘controverSiai book 'Silent Spring" severely criticized the use of tox1cants
”h:toleradicate'fire‘ants.‘ Although the use of mirex has been banned, s1nce
“4_1978 in the United States, because of the env1ronmenta1 poilution and
“‘suspected carcinogen1c1ty, many states are st111 seeking to reintroduce it as
i the fire ants are continu1ng to spread354 R
R In order to av01d env1ronmentai damage caused by persistent
pest1c1des, novei and more effect1ve insect control methods have been sought
' recentiy. The use of semiochemicais to manipulate and contr01 the behaviour
of 1nsects has gained popuiarity as a more acceptab]e means of insect
control.

A]though the research on the behaviour of fire ants has increased

dramaticaiiy in the past few years, ‘the 1nformat10n available on their



. " glycerol esters (32%) were also present. No chemica]finformation was -

113
chemical communication system is still very e1ementary. Here,”the chemica]
compositions of postpharyngea] po1son and Dufour g]ands of s. gemznata were

investigated in order to gain a better understanding of its chem1ca1

communication system.

2.3.1 Postpharyngea] g]and . :
The functions of the postpharyngea] gland remain unknown a]though y

nunerous suggestions have been made (1. 6.5). Most of the reported work has : _j
been carrled out only on the postpharyngeal glands of the queensa]though the ‘
glands are present in males and workers as we112°5. Vinson et ol.z;? haye_p
- found that the postpharyngeal glandectomized queens of.S.’invicto were‘;_ pV; \f
‘treated normally by the workers_but the qoeenchonttnoousiy‘lost weight and -
died within two months. The chemica1'ana1ysis of the‘gtands has‘been‘carried |
out only for the‘queenswofvs. iﬁ”i¢?“211- ’Hydrocarbons have been reported as -

- the major component (63%)-and significant amounts of free fatty:acids'and

avaiiable about the postpharyngeal glands of worker ants, therefore the
- glands of S. geminataiworkers were investigated?tn'the.present study;‘
The exam1nat10n of the excised postpharyngeal glands by GC

reveaTed that the major components were hydrocarbons.’ F1gure 19 shows a’
typical chromatogram obtained from a single postpharyngeal g1and. The
| 'compar1son of the gas chromatograms obta1ned from excised g]ands with those
” of the 1nd1v1dua1 heads revea]ed that the vo]atlle chemicals of the heads do
 or1g1nate essent1a1]y from the postpharyngeal glands.' Three components :
::represent 85% of the volat1]e mater1a] present in the giand (Table 19) '
:These three components were 1dent1f1ed as hene1cosane (M 296 C21H44),
tr1cosene (M 322 C23H46) and tricosane (M 324 C23H48) by the1r mass spectra
(F1gure 20) obta1ned by GC-MS. Peak 2 5 and 7 lie on one stra1ght 1ine when

W

': the 1ogar1thms of retentlon t1mes from an isothermal run were plotted against

<

_thelr carbon numbers.
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Table 19.  Composition of the volatile chemicals on the postpharyngeal
g]and‘of Solenopsis geminata

'Noa  Compound | Mean composition Mean %
| by weight . by weight -
(ng/ant + S.D.) | +S.0.
1 (Heneicosene ?) 62 + 29 0.7 + 0.3
2 Heneicosane 2215 + 356 | 23.2 2.2
3 f L 81+5 0.8 * 0.4
4 (Docosene ?) 162 ¢ 111 1.7 £ 0.9
5 Docosane " 94 + 24 : 1.1 + 0.5
6 (Z)-9-tricosene - . 4672 +604 49.9‘£ 4.1
7 Tricosane | 1057 £80 114 £0.6
' - a2 0.7 £ 0.2
iy - 155 + 45 L6 s0.4
10 | . 202 + 48 ‘ 2.2 £ 0.5
11 . - 132+22 - 15+ 0.3
C12- - o 79 + 35 | 1.0 £ 0.3
A (P  08s0.2
3 14 - T o 3.4 + 0.8
© Total . 9356 % 980 100
‘ a

‘nwﬁbers refer‘td the peaks of Figure 19.
b

numbers of replicates =10
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FIGURE 20. Mass spectra of heneicosane,

tricosane and

(Z)=9~-tricosene from the postpharyngeal gland of
Solenopsis geminata. v
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.The location of the double bond position of the triédsehe}fsbher:L
was achieved by methoxymercurat1on-demercurat1on. -The two methoxy | |
der1vat1ves thus obta1ned from tricosene was subJected to GC-MS. The mlxed |
hass-spectrwn of the two derivatives gave intehse peakslat m/z 157, 171, 227‘f
and 241 values (Figure 21). The fragmentation of the two methoxy dertvativesf
takes place preferentially on the either side of the methoxy groups as .
il]ustrated below. The formation of these ions clearly showed that the

doub]e bond was located at the C9 position.

CH3-(CH2)7-CH-CH5(QHZ)12-CH3 [52] m(5«»f

1. Hg(OAc)7/MeOH
2 So11d NaBH, (excess)
3.Ac0H (fewldrops) o

‘ 4.ether/H,0
‘ ?Me R E ?Me“”i | |
‘CiH3"'(C‘H2)7-CH-CH2'(CHz)lé-‘CHs ' .+ ' C—H3h-(CH2)7'CH2‘CH-(CHZ)I'Z-CH:; _

Mass spectrometry

+ : . P + o+
ﬁMe Me - S FIEREE “ e ﬂMe o
(5/2'157)ff“*jr(m/z 281y 0 (mm171) O (m/z 227)

w i

The conf1gurat1on of the double bond of the 9-tricosene from the
postphanyngea] gland was estab11shed as the (Z) isomer by argentat1on-TLC.
The substance from the ants gave a s1ng]e spot correspond1ng to a R¢ value of
0. 55 when chromatographed us1ng a 1% d1ethy1ether in light petroleun solvent

S system The spot from authentic (Z)-9-tr1cosene gave the identical R¢ value
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under the same conditions. . The mixture of synthetic (2)- and (E) 9-nonadecene .

gave two spots at Rg values 0. 55 and 0.75 corresponding to the (Z)- and

(E)-isomers respectively. The naturai compound c]eariy has the
‘(Z)-configuratiom

. The three major components; which comprised 85% of the‘uoiatiie o

~material of the gland, identified as eicosane, tricosane and (Z);9-tricosene_,;

had the same chromatographic and mass spectrometric properties as their

. corresponding authentic materials. No significant behav1oura1 response was

observed when (Z)-9-tricosene was presented to the worker ants.. However,':i""
Thompson et at.211 haye reported in.a similar study-that worker ants of S.: '
”Jznvtcta c]ustered around a sampie of hydrocarbons from the postpharyngeai

“jgiand of the queens.

: Thompson et az.211 discovered that the ma30r c]ass of compounds B

in the postpharyngea] gland of S. tnvccta queen was hydrocarbons._ The

“lhydrocarbon fraction composed of four uncommon methyl- branched compounds,'

o nameiy 13-methy1heptacosane, 3-methy1heptacosane, 13 15-d1methy]heptacosane

and 3 9- dimethyiheptacosane.‘ -The pub]ished GC- traces show no major peaks in
“the sz to C23 region?06, . It is evident that the'comp051tion of the
-postpharyngeai gland of S. invicta queen and 8. gemtnata workers are
__51gn1f1cant1y different from each other; However,_the information availabie
,-15 too 1ncomp1ete to make any conc1u51ons whether the difference is spec1es
Cor caste spec1f1c. : S e |

The genera] theme of myrm1c1ne mandibuiar gland secretions 1s

- 3- a]kanones and 3- aikanois of . the 06 to Cyq range (1.6. 4). Surprisingiy, the
‘mandibuiar g]ands of S. gemznata workers showed no evidence of any 51mi1ar
compounds at the sensitiv1t1es examined (aa. 10 ng of any compounds wou]d
d‘have been detected) A siow temperature programme was used to scan the
region between 600 to 2000 of the retention indices scale but no 51gn1f1cant

-

peaks were apparent. -
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2.3.2 Poison gland

The poison gland, venom reservoir and Dufour gland are the major |
glandular componenté of the venom apparatus of S. geminata (Figure 22). TheM
- two filamentous glands are attached to the convoluted g]and found within the j
venom reservoir. The Dufour g]and and the venom reserv01r open 1nto the |
poison bu]b at the base of the sting where the contents of either can be
emitted fnom the tip of,the‘sting. | |

‘The members of the‘genus Solenopeis are known to possess
alkaloid-rich venoms (Table 8). The characteristic compounds of the venom of
the sub-genus Solenopsis are the eis- and trans- 2-alkyl-6-methylpiperidines.
Brand et a1,163 have examined the venom of S. geminata co]lected from Texas,
u.S. A.. They found eis- and trans—Z-methy] 6 undeqy1piper1d1ne [53 54] were |
the maJor components of the venom with trace amounts of
eis-2-methyl-6-tridecylpiperidine and
hcis-Z-methyl-6-(Z-4-tr1deceny1)-piperidine. In the present study the venonm
of 5. gemtnata from Sri Lanka was examlned and compared with the published .
data for S. geminata from Texas in order to determ1ne how such a vast

geographical separation may affect the composition of the venom.

"[:jﬁj:]‘. : o vJ::/i:]t o |
CH, n (cH,) cH, - - CcHTN "'(cuz)mcm'

3

53] - | [54]
The result of the study clearly showed that there is no
significant difference in the composition of the position gland of §S.
geminata from‘Sri Lanka and Texas. The gas chromatography of poison glands
of S. geminata workers from Sri Lanka showed the presence of two major
components (Figure 23). The mass spectra of both peaks obtained“by GC-MS

were identical (Figure 24). The two peaks were identified as cis-
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FIGURE 22.

the poison ni!nTanuDPparatUS of Solenopsis geminata. FF: free_filaments of

gland, VR: venom reservoir, DG: Dufour gland, ST: sting.
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2-methyl-6-undecylpiperidine [53] and transrz4nethy];6-undecy1piperid1ne [54]
“by the comparison of their mass spectra with the pub]fshed data162. The main
fragmentation pathways responsible for the abundant ions are illustrated

below. The base peak at m/z 98 is characteristic of methyl piperidines.

m/sz 253 \ﬁ c
m/z 98 . m/z238 H 1Hz23

The retention indices of eis- and trans-2-methyl-6- undeqy1

=CuH3' o+ w‘
[:A:]“r”’ CH3 n Cﬂst :
C}i3

piperidine were 1994 and 2055 on PEG 20M and 1840 and 1870 on 0OV-1 stationany
phases respectively. The chromatographic and mass spectroscopic data of the
two natural products agreed well with those obtained under the same
conditions from authentic synthetic materials. |

Further analysis of the venom for trace constituents on the 0V-1
~capillary column showed the presence of four more components in minute
quantities (Figure 25).. On the basis of GC retention data the four peaks
were considered to be cis-2-methyl-6-tridecylpiperidine [55],
cis—Z-methy]-6-(Z-4—trideceny1) piperidine [56],
trans-z-methyl 6- tr1decy1p1per1d1ne [57] and trans-z-methyl 6-
(Z 4-tr1deceny])p1per1dine [58] respect1ve1y. The last two compounds had not
been recognized in S. gepinata from Texas perhaps because Brand et a1.163 did

not operate at the high sensitivities used in the present work.

Qo 0

CHy & CH)ch, cH; N7 TcH,)cH=cH(cH,) cH;

[55] : [56]
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CH: u f,'(CH2)1ch3 CH: I': ""'(CHz)scH-'z-'CH(CHz),ICH;

- [57] [58]

The quantitative analysis of the components were carried out
using single g]ahdé via the solid injection technique. The amounts of
eig-2-methyl-6-undecylpiperidine [53] and irans-z-methy1-5-undeqy1piperidine
[54] were found to be 11.8 £+ 0.8 and 6.9 + 0.5 pg/worker ant respective]y.‘
The cis/trans ratio was 1.7 £ 0.1. The cis isdmer é1ways eluted first on'
both nonpolar (SE 30) and polar (PEG 20M) stationary phases. This may be due
to the nitrogen being more sterically hindered in the cis isomer because of

the presence of 2,6-diequitorial substitution.

2.3.3 Dufour gland

The Dufour gland of S. geminata is a small elongated sac that
opens into the bulb of the sting (Figure 22). Wilson3°® first established
the Dufour gland as the source of the trail pheromone of S. invicta, .The
actual trail is.laid on the substratun by streaking the Dufdur gland contents
through the stingga. Several investigators havé conducted studies on fhe
trail pheromone specificity of the genus Solenopsi818’98’142. The generai
cdhc]uéion from these studies were that S. invicta and S. richteri will
follow trails laid separately %rom each other's Dufour glands and S. geminata
_ and 5. xyloni will make a similar pair that respond to each other's Dufour
gland extracts.

A controversy seem to exist about the composition of the'trail

120

pheromone of S. invicta.  According to Vander Meer et al. it is a

multicomponent pheromone and Your of the components were reported as
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(Z,E)-a=-farnesene [17], (E,E)-a-farnesené [18], Z,Z-homofarnesene [19] and
(Z,E)-homofarnesene [20]. wi1iiams et a1.118:119 pave reported
(Z,2,7)-allofarnesene [16] as the trail pheromone of S. inpicta. Further
investigations are required to find an answer to these discrepancies;

A pre]imihany survey of the Dufour gland contents of S. geminata'
has been performed by Barlin et al.18. Heptadecane and honédecané were tﬁe
only components that were identified, although a peak in the GC profile had |
been assignd as the trail pheromone. Furthermore, Barliﬁ et a1,18 have
suggested Cy4H,g as the molecular formula of the trail pheromone on,the basis
" of comparative GC.retention data. A complete analysis of Dufour gland
conténts of S geminata was considered importanf and it was undertaken in the
 present study.

The main difficulty in examining the Dufour gland contents of
fire ants by GC, is the presence of large quantities of alkaloids in the

e1ghbour1ng poison gland. The alka1o1da1 content of the poison gland was
abéut 19 pg/ant whereas the Dufour g]and contained only about 200 ng/ant of
volatile material. Therefore utmost care was needed to dissect the Dufour
glands cleanly in order to avoid aﬁy cqntamination with a]ka]oids. Even a
smai] contamination from the sting base was able to mask some of the small
pééks in the GC traces, arising from the Dufour gland contents. A pre;co1umn
of boric aéid was found qseful to remove these piperidine‘a1ka101ds from the
GC:traces.. Although‘bofic.acid has been usually used only to subtréct
alcohols from the 6C effluent?61:262 it is also effective for amines.

A typical GC trace obtained from Dufour gland contents on a SE-30
column containing a boric acid'bre-column'is shown in‘Figure 26. The
idéntification of the peaks in the GC trace is summarized in Table 20. The
~ average total amount of hydrocarbons present in the Dufour gland is about 200
lng/ant. The total amount of hydrocarbons present in a Dufour gland Varied
widely between individuals resulting in large standard deviaéions. However,

the percentage composition of ‘each component showed much Tess variability.
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| The logarithms of the retention times from an-isothermanGCJrun,%f“

"of the components, 1, 2, 3, 7, 9, 11, 13 and 15 (Table 20) lie on one .

straight Tine when they were plotted against their carbon numbers. These

| components had the same retention times on poTar and nonpoTar GC phases as |

those of the corresponding authentic n-alk anes. Furthermore, these peaks

“'were unaffected by bromination and hydrogenation. The GC- MS of the peaks 3 ‘
11 and 15 gave the expected mass spectra for heptadecane (M 240 C17H36), ‘f‘

heneicosane (M 296 021H44) and tricosane (M* 324, CZ3H48) respectiveiy
- The peaks 4, 5 6, 8, 10, 12 and 14 were compTeteTy eTiminated

‘-~from the GC traces ‘upon micro-bromination or hydrogenation 1ndicat1ng the

”( presence of unsaturation.‘ The GC-MS of peak 14 showed it was a tricosene _“

isomer (M 322 C23H46)' When the peak was coiiected and ozonoTyzed it g
“yie]ded nonanai and tetradecanaT locating the doub]e bond at C9 (Figure 27)
. The configuration of the doub]e bond of 9 tricosene was established by the
h;lepoxidation method as the 100% (2)- 1somer; The conversion of (E)- and
(Z) alkenes into the respective epox1des aTTows base Tine separation by GC
k‘ (qf Section 2.1 3) The epoxide obtained from 9- tricosene from the Dufour
giand and that from authentic (Z) 9 tricosene, both showed the same B
“retention time on chromatography on the PEG 20M column. This appiication
“exempiified the use of epoxidation to determine the configuration of double
bonds in nanogram quantities of material. The conventional argentation-TLC
“method usua]iy requ1res at Teast several micrograms for a similar
| ‘determination. s o |
T The maJor component of the Dufour gTand of S.. gemtnata is

h(Z) 9- tricosene (46%) : This compound has been reported from a number of

insect sources. It is present in the sex attractant for the male house fly, .

‘ Musca domesttca and known as muscaTure357 It has been identified in the
ijcuticuiar waxes of Apts mellzfera270 and 1n the Dufour gTand of some attine
ants333 The same substance was found in the postpharyngeai gTand in

'substantiai quantities (ca. 5 ug/ant) as described in section 3 3.1. Vander

N



‘Table 20.  Chemical composition of the Dufour glands of Solenopsis geminata

No? Compound Abbre- Mean cgmpo- Mean % by Evidence
viation sition weight
weight(ng/ant + S.D.

+ S.D.)

1 Pentadecene cl1s 0.2 £ 0.1 0.1 + 0.0 GC,Br-,Hz-

2 Hexadecane Cl6 ' 1.2 + 0.3 0.6 + 0.2 GC,Br-,Hz-

'3 Heptadecane C17 57.7 + 16.8 27.2 + 2.5 GC,Br-,HZ-,MS

4  Pheromone® I I 4.0 £+ 1.0 2.0 + 0.5 Br+,Hé+

5 Pheromone® 11 II 7.4 £ 1.2 3.6 £ 0.6 Br+,Hyt

6 Unidentified 1.3 + 0.4 0.6 + 0.1 GC,Br+,H2+

7 Nonadecane C19 | 9.0 + 2.3 4;4 + 1.0 GC,Br-,Hy-

8 Eicosene €20:1 trace GC, Br+,Hot

9 Efcosane 20 0.5%£0.1  0.2%0.0 GC,Br-,Hy

10  Heneicosene C21:1 1.5 £.0.3 0.7 £0.2  GC,Bre,Hyt

11  Heneicosane c21 17.7 £ 3.5 8.6 + 0.7 GC,Br-,Hy-,MS

12 Docosene ' €22:1 4.0 £ 1.0 1.9 % 0.3 GC,Br+,Hyt
13 Docosame €22 1707  0.8%0.4 GC,Br-Hy- J
14 = (Z)-9-tricosene (23:1 96.5 * 2.5 46.3 + 2.7  GC,Br-,H,-,MS,0Z,EPO
15 Tricosane C23 6.6 + 2.1 3.1 0.7 GC,Br+,H,y+,MS

Total ' 209 + 46 100

g nunbers refer to peaks of Figure 26.
number of replicates=10 '
C peaks 4 and 5 appear to be pheromone components because they lie in the
active region of the GC effluent.
GC : the substance has the same retention times as the assigned compound on
polar and nonpolar GC phases.
Br-: component unaffected by bromine treatment.
Br+: component removed form GC profile on bromine treatment.
. Hp=-: component unaffected by hydrogenation.
Hot: hydrogenation of the component yields the corresponding saturated
analogue. .
MS : identification confirmed by mass spectrum.
0Z : olefinic position determined by ozonolysis.
EPO: olefinic configuration determined by epoxidation.
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Meer56 has reported that in S. znvtcta heptadecane, a Dufour g]and component l
- when added to the pheromone m1xture, cou]d better dupllcate the recru1tment
response of a Dufour gTand extract.- However, heptadecane 1tse1f was 1nact1ve
to_evoke any trail following act1v1ty. _ | ' _
_ ~.The other hydrocarbons present in the Dufour gland in substant1al !
; quant1t1es are heptadecane (27%) and hene1cosane (9%) A generaT tendency
vfor the quantities of the unsaturated hydrocarbons to 1ncrease and the .
saturatedhydrocarbons to decrease as the carbon nunbers 1ncrease TS apparent"'
from Table 20. _ SR T y
| The b1oassay of various fract1ons of the GC effTuent from the .
SE-30 co]umn, obtained after the sol1d 1nJect10n of Dufour gTands revealed
. that the trail followlng activity was evoked ma1n]y by the narrow fract1on
..-_between the retention indices vaTues of 1700 to 1900 (F1gure 28) The two
' ‘peaks present w1th1n this range having the retention 1nd1ces va]ues 1789 and.
\~1819 may be attributed to the components of the trail pheromone.‘ The |
” activ1ty and these two peaks were removed from the GC trace when‘the Dufour
g]ands were e1ther brom1nated or. hydrogenated. Th1s conf1rmed the presence
g of unsaturation 1n the traiT pheromone components. : ‘

j The chromatography on PEG 20M phase showed the locat1on of the ‘
-act1v1ty between the retent1on 1nd1ces 1900 to 2100. The two peaks in the
pheromone region had va]ues of 1958 and 2002‘\,” : T o

| The exam1nat1on of Dufour gTand extracts by TLC us1ng hexane as
' the eff]uent demonstrated the act1v1ty to be concentrated in the two bands of .
Re va]ues between 0 3 - 0.4 and 0.4. --0 5.. Under the same cond1tlons
synthet1c a—farnesene showed a Rf value of 0.4 1nd1cat1ng the traiT pheromone
components may have chem1ca1 properties sim11ar to farnesene. |

" The na1n component of the tra11 pheromone of S. invieta is
(Z,E)4a¥farnesene [17]120. The same compound is present in the Dufour gland
of M. scabrtnod1818o Therefore S. znvzcta can be expected to foTTow a

.Dufour gland extract of M._scabrznadzs. On a cross-activity test S. gemznata
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workers failed to follow the Dufour gland extracts of M. scabrihbdie;' Thée
Dufour Q]and of M. seabrinodis hae a homofarnesene [41] and ev : -
bishomofarnesene [42] in addition to (Z,E)-a-farnesene. Therefore it can be.'
.‘concluded none of these compounds is active to evoke trail fo]lbwing
behaviour in S. geminata, |

f The results of the cross-activity test is sunmarized in Table 21.-
It was surprising to find that S. geminata and Monomorium phafaonis fo]]ohed
each other's Dufour gland extracts. The major component of the trail
pheromone of M. pharaonzs has been.identified as farana] [15] A trail laid
from synthetic faranal cou1d evoke trail fo]]ow1ng behav1our on M. pharaohis
workers but S. geminata workers showed no positive'response. This clearly °
. showed S. geminata follows seme other trace constituent(s) present in the
Dufour gland of M. pharaonis but not faranal. This phenomenon has been
observed in'the transposition studies on'the attine ants. The retention time

of faranal did not correspond to the suspected trail pheromone peaks of S.

. geminata.

The present results 1nd1cate the trail pheromone of S. gemznata
may be multicomponent and comprises of unsaturated terpenoid type
hydrocarbons of 018'C19 range. The activity passes through a boric ecid
precolumn therefore‘the presence of_hydroXy] groups and nitrogen heteroatoms
can be excluded. The complete identification of the pheromone reqqires

further work.
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‘Table 21.  Responses of some myrmicine ants to artificial trails laid from :

their Dufour glands extracts and synthetic faranal

Test species S. geminata M. pharaonis M. scabrinodis Synthetic faranal
Solenopsis geminata +++ ++ 0 0

Monomorium pharaonis ++ +++ 0 ++H+

Myrmica scabrinodis 0 -0 : N 0

BRasdt high tfai] following activity.
++ : moderate trail following activity

0 : no trail following activity



. 136

2.4 Dufour Gland Substances of the Genus Myrmica

Seven species of the genus Myrmica commonly found in the British
| Isles and M. rugulosa from the adjacent continent, use the same substanée
2,5-dimethy1-3-éthylpyrazine as their trail pheromone and the workers of any
~of the above species will impartially follow an artificiél tfai] made with
the poison gland of its own or another species 109,110 pyfour glands of
five of the myrmica sﬁecies investigated so far, contain a mixture of
hydrocarbons chéracteristic of that species. The worker ants are able to
recognize the conténts of a Dufour gland as coming from their own or an
alien species. This was demonstrated by measuring the speed of older pioneer
workers on a foraging area mérked with a hexane solution of the Dufour gland
contents 712358, these Dufour gland secretions have also been shown from the
work of Cammaérts359 to be involved in the recruitment of the_workers to
foraging. It was also clearly evident from the five Myrmica species which
had been studied, that the Dufour glands contain a mixture of hydrocarbons
with qualitative and quantitative differences. Therefore it is possible with
a 1ittle experience to recognize one spécies from another by examining the
gas chromatographic trace produced from the Dufour gland. Hence the results
are important also for the chemical taxonomy of the gehus Myrmieca, It was
proposed from the prévioUs studies of the Dufour gland contents of the five
Myrmica species, that the genus can be divided into two distinct groups
depénding on the nature of hydrocarbons present in the Dufour gland 360, 1
the Dufour gland contained predominently linear hydrocarbons as in M. rubra
and k. ruginodis it was classed as.“R fype group of species". On the
contrary the "S type group of species" had essentially branched, terpenoid
type hydrocarbons in the Dufour gland and typical members of this group are.
M. scabrinodis and M. sabuléti. ’

The present work was undertaken to complete the chemical

investigation of Dufour gland contents of Myrmica ants from the British Isles
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) and the adjacent continent, and it was achieved by studying M.‘suzeinod%s, M.\‘
rugulosa and M. schencki., The aim of the investigation was to identify”end
quantify the chemical substances present in the glands in order to fihd to
which "group of species" they belong. | i |
‘A further species of doubtful taxonomy, which we shall here call
M. albuferensis, from the highly specialized env1ronment of a salt marsh on "
the mediterranean island of Ma]lorca, was also studied. According to one |
school of thought it is identical with M. seabrinodis and the others be1ieve
it may be M. aloba. The chemical investigation of the Dufour gland contents
of M. albuferensis was undertaken as the comparison of its results with those
of M. scabrinddis and M. aloba may answer the questfens abouf the identity of

. M. albuferensis,

2.4.1. Dufourfgland substances of M. suleinadis
The Dufour gland of M. suleinodis appears»like an elengated

jpear-shaped sac when observed under the microscope. 'fhe.abbroximate length
 of the Dufour gland is about 500 um and the diameter at:the widest point
"aboutIZOO um. The contents of the Dufouh glands are lighter than wateh and
'ihsoldble in it.- When the gland was pierced under water a colourless giobule
of 11qu1d was released which floated on the surface of the water.

_ The veny vo]at1le port1on of the contents on the Dufour gland of
_M. sulctnodts stud1ed on the Porapak Q column showed two major components,
wh1ch were identified as ethanal and propanone. . The minor components
1dent1f1ed were 2-methy1propana1 butanone and butenone (Figure 29). The
1dentif1cat10ns were based on the comparison of GC retentlon t1mes with
~authentic samples and GC traces from M. rubra301,362, The GC traces obtained '
were‘Veny similar to those obtained from M. rubra 361,362, o
: | | The identification of verious less volatile combodhds are
summarized in‘Table 22. The components were quantified by measuring the peak

areas of the GC profiles obtained from 10% PEGA co]dmn (Table 28, column D).
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The temperatﬁre programme from 125-162 °C at 2 °C/min produced sharp peaks
for convenient quantification but nonadecene and bishomofarnesene peaks were
not well resolved (Figure 30). The resolution of nonadecene and_
bishomofarnesene was achieved by the 5% 0V-101 silicone column (Table 28,
column B) using a temperature programme of 140-192 °C ét 4 °C/min. The total
amount of material in a Dufour gland varies widely between individuals,
therefore the percentage composition of the compounds for the each individual
was calculated and then the mean and standard‘deviation of thése pékcentages '
‘were calculated for the group. The standard deviation of the percentagevof
each component gives a measure of the variability‘pr constancy of composition
of the glandular secretfon.. |

The plots of components 1, 3 and 4 (Table 22) of the less
volatile portion of the contents of the Dufour g]ands, lie on one straight
1ine when the Togarithms of their retenfidn times were plotted agafnst their
carbon numbers. These components had identical retention times to those of
the corkesponding n-a]kanes.. Tﬁese peéks were not removed or shifted from
the GC-profile on bromihation or hydrogenation (Figure 30) indicating that
those components were not unsaturated; The GC-MS of peak 4 gave the expected
mass spectrun (Figure 31) for n-heptadecane (M* 240, Cy7H3g) and was
identical to that of authentic heptadecane.

Micro—bromiﬁation of the‘whole Dufour glands resulted in the
elimination of the peaks 2, 5, 6, 7, 8, 9, and 10 indicating unsaturation
(Table 22).

The hydrogenation'bf a whole Dufour gland resulted in the
elimination of the peaks 2, 5, 6, 7, 8, 9 and 10 confirming the presence of
' unsaturaiion (Table 22, Figure 30). The size of the pentadecene and
heptadecene peaks were increased after hydrogenation, cbnfirming the presence
of pentadecene and heptadecene in the Dufour gland contents: The size of the
hexadecane peak was unaffectéd, hence no presence of hexadecene was

indicated. New peaks for octadecane and nonadecane appeared as the reduction
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Chemical composition of the Dufour glands of Myrmica suloinodié{

~Table 22.
The analytical evidence for structure assignment is sunmerized.
Compounds Abbre-  Mean composition Mean % by Evidence
viation by weight - weight
(ng/ant+S.D.) + S.D.
1 Pentadecane c15 9.0 £ 5.5 1.2 £ 0.7 6C,Br-,Hyp-,.
- 2 Pentadecene :'C15c1 - 9,1 % 3.5 ',1.2 + 0.5 GC,an,Hzfs
3 Hexadecane =~ (16 5.3 + 1.5 0.7 + 0.2 oc,Brf,Hz-‘
4 Heptadecane c17 77.3 + 25.3 10.1 + 3.4 . GC,Br-,H,-,MS
5 8-Heptadecene  C17:1  89.0 ¢ 32.9 1.5 % 3.9 GC,Br+,Hy+,MS,0Z
6 o-Farnesene  F 10.6 £ 5.3 1.3 £ 0.5 GC,Bre,Hyt,
7 Homofarnesene  HF 1575 £ 39.6 205 % 4.0 GC,Bre,Hyt,MS
. 8 Octadecene  C18:1  12.8 £ 5.6 1.7 £ 0.8 GC,BrHyt
9 Bishomofarnesene BHF 318.1 ¢ 9é.5 | 40.6 + 5.5 GC,Br+,H2+,MS
10 9-Nonadecene  C19:1  88.1 % 25.6 1122 L3 GC,Br+,Hyt,NMS,0Z
. Total 777 + 148 100 |
Notes
GC: the‘substance has the same retent1on times as the assigned

- compound on polar and nonpo]ar GC phases.

‘:‘component unaffected by bromine treatment.
: component removed from GC profi]e‘on bromine treatment.
: component unaffected by hydrogenatiom

: hydrogenation of the component y1e1ds the corresponding
saturated ana]ogue

: identification confirmed by mass spectrum.

: olefinic position determined by ozonolysis.
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products of‘octadecene and'nonadecene'in the hydrogenated GC trace{ 'Threedsp
new peaks corresponding to farnesane, homofarnesane and blshomofarnesane ;

o appeared at shorter retent1on times. The amount of sh1ft of retent1on t1mes:
of farnesanes from their parent unsaturated anaTogues conf1rmed the presence'“
of four carbon-carbon double bonds in the farnesenes. |
‘ ; The ozonoTysis of heptadecene (peak 5, TabTe 22) coTTected.from?,n
| the Dufour gland, yielded octanal and nonanal, which confirmed the alkene
- pos1t1on at C8. S1m1TarTy nonadecene (peak 10 Table 22) on ozonoTysis gave f‘
‘nonanaT and decanal to 1nd1cate the unsaturat1on at C9._ The GC- MS ‘ |
exam1nat1on of peaks 5 and 10 (Table 22) gave the expected mass spectra
(F1gure 31) for heptadecene (M 238, C17H34) and nonadecene (M 1266, C19H38)
(‘ ‘The Dufour gland components 6, 7 and 9 (Tab]e 22) had the same .
retent1on times on 0v-101 and PEGA co]umns, ‘as the peaks 1dent1f1ed as .'

farnesene, homofarnesene and b1shomofarnesene from the Dufour gland of M.
]

. ‘scabrinod15180 Linked GC=- MS conflrmed peak 6 as a—farnesene (M+204,-

i Cl5H24) peak 7 as homofarnesene (Mt 218 C16H26) and peak 9 as
_blshomofarnesene (M 232 617 28) |

The maJor component of the.Dufour gland of M. sulctnadts is
' b1shomofarnesene, 1t accounts for 40.6% of the totaT quant1ty of the materlal
:present (Tab]e 22) The second major component is homofarnesene and it
accounts for 20.5% Heptadecane, 8- heptadecene and 9-nonadecene are present ,

_ 1n sign1ficant quant1t1es, 10.1%,_11 5% and 11.2% respect1ve1y.

:2.4 2 Dufour g]and substances of M. rugulosa "
d (‘v ] The externa] appearance of the Dufour gTand of M. rugulosa is
w‘s1milar to M. sulcznodts but relat1ve1y large and contains more material
" The workers of M. rugulosa are rather small compared to those of M. rubra but
-the1r Dufour gland is Targe 1n proportion and has about 75% of the volume of

an M. rubra Dufour gTand. The Dufour gland contents of M. rugulosa are also

1mm1sc1b1e 1n waten N
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“The very volatile portion of the Dufour gland'contents'of:M: S
”“lirugulosa was studled on the Porapak Q colwnn (Table 28 colunn E), and found'
" rto be very 51m11ar to that of M. sulctnodts and M. rubra. T ey
| The resu]ts of the 1dent1f1catlon and quantif1cat1on of Tess
'volatlle components of the Dufour g]and of M. rugulosa are sunmarlzed in

Table 23. The quant1f1catlon of the var1ous components was accomp]1shed hy

the measurement of the peak areas of the GC proflles (F1gure 32) obta1ned on

: the 5% 0V-101 s1T1cone column (Tab]e 28 coTumn B)

. . * The components 1, 2, 5 8, 11 and 15 T1e on one stra1ght T1ne |
.; when the Tog of the1r retention tlmes from an 1sotherma1 run were plotted
hpilaga1nst their carbon numbers. These components had the same retent1on tlmes

| , on poTar and nonpoTar GC phases, as those of correspondlng authent1c |

| n-aTkanes. These peaks were unaffected by bromxnation or hydrogenat1on.
ﬂh_M1cro—brom1nat1on of the who]e gTands resuTted 1n the e11m1nat1on of the
. peaks 3 4 6 7 9 10 12, 13 and 14 1nd1cat1ng the presence of '

L unsaturat1on (TabTe 23) " The hydrogenat1on of the whole gTands on 10% PEGA"
“‘column (TabTe 28, co]umn D) resu]ted in the total e11m1nat1on of the same

,‘hﬁcomponents. The s1ze of the heptadecane peak 1ncreased on hydrogenat1on due

“T:)to the hydrogenat1on of Targe quant1t1es of heptadecene. The nonadecane peak

hl a]so increased to a smaTT extent from hydrogenation of smaTT quant1t1es of
hi nonadecene and nonadecad1ene. The size of the pentadecane peak was
'unaffected. -Two large peaks for farnesane and homofarnesane appeared at
shorter retent1on times and the peak for bishomofarnesane was relative]y
t.smalT. : » ;
”. “ The aTkene poSition at (8 in heptadecene was determi ned by
5hozon01y51s. The ozono]ys1s of heptadecene in solvent produced octanal and

nonanal”as the only products.v The GC-MS of peak 5 (TabTe 23) gave the

- Jexpected mass spectrun for pentadecane (mt 212 C15H32) The peaks 10 and 11

had the identical mass spectra, compared to those of 8-heptadecene (Figure

31) and heptadecane'(FigureIBI) from M. suleinodis respectively. The Dufour
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ble 23. Chemical composition of the Dufour glands of Myrmica rugulosa,
The analytical evidence for structure assignment is summarized.

Compounds Abbre- Mean composition Mean % by Evidence
viation by weight weight |
(ng/anti’SoDo) t+ SDDI !
1 Tridecane c13 0.6 + 0.5 0.03 £ 0.02  GC,Br-,H,- ﬁ
2 Tetradecane c14 1.1 £ 0.7 0.06 + 0.04  GC,Br-,H,- |
3 Unknown I 0.4 + 0.5 0.03 + 0.02 Br+,Ho+
4 o-Farnesene F 196 + 73 12.76 + 1.37 GC,Br+,MS,Hy+
5 Pentadecane C15 ‘164 + 58 10.88 t 1.69 GC,Br-,MS,H,- f
6 Unknown 11 59 + 32 3.68 + 0,89  Br#,Hyt “
7 Homofarnesene  HF 309 + 127 20.00 + 2.85  GC,Br+,MS,Hyt |
8 Hexadecane c16 17 ¢ 10 1.10 £ 0.40  GC,Br-,Hy- |
9 Bishomofarnesene  BHF 115 £ 60 7.26 £ 2.25  GC,Bre,MSHpt |
10 Heptadecene c17:1 489 + 168 32.57 £ 4.02  GC,Br+,MS,0Z,Hyt.
11 Heptadecane C17 - 145 + 52 9.64 + 1.12 GC,Br-,MS,Hy-
12 Trishomofarnesene THF 16 + 6 1.10 + 0.24  GC,Br+,Hy+ f
13 Nonadecadiene  C19:2 3.1+1.9 0.21 £ 0,13 Br+,Hyt :
14 Nonadecene C19:1 6.9 + 1.3 0.50 + 0.34 Br+,Ho+
15 Nonadecane 19 1.5 + 1.5 0.15 £ 0.08  Br-,Hy-
. Total 1524 + 604 100
Notes
GC : the substance has the same retention times as the assigned
' compound on polar and non-polar GC phases. 5
Br- : component unaffected by bromine treatment.. , -
Br+ : component removed from GC profile on bromine treatment. /
HZ‘ : component unaffected by hydrogenation
Ho+ : component shifted by hydrogenation
M : identification confirmed by mass spectrum
0z : alkene position determined by ozonolysis
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©gland components 4, 7 and 9 had the corresponding identical retentions times .
" on polar and nonpolar columns, to those of farnesene, homofarnesene and |

180, e confirmation of peak 4 as j

bishomofarnesene from . scabrinodis
farnesene (Mt 204, C15H24), peak 7 as homofarnesene (vt 218, C16H26) and peakkl
9 as bishomofarnesene (MY 232, C17H28) was accomplished by GC-MS. The mass
spectra of components 1, 2 3, 6, 8, 12 13 14 and 15 were too weak for :
complete identification but on the strength of other ev1dences the structuresf
were assigned as, peak 1 tridecane, peak 2 tetradecane, peak 8 hexadecane,
peak 12 trishomofarnesene, peak 13 nonadecad1ene, peak 14 nonadecene and peak_
15 nonadecane. The other minor components remain unidentified. ‘ |
. The major component in the Dufour gland of M. rugulosadwas‘
8-heptadecene, it accounted for about 32 of the total quantity'ofﬁthe -

material present (Table 23). Pentadecane and heptadecane were present in

significant proportions, 10.8% and 9.6% respectively.

2.4.3. Dufour gland substances ot'M.schencki

The Dufour gland of M. schencki is the smallest out of all the ’
myrmicine ants investigated so far but still it is simiTatho the others in
external shape. The very po]atiTe fraction of the Dufour gland contents of |
_M. schenckt was found to be very s1m11ar to that of other myrm1c1ne ants so
.far 1nvest1gated. ~The var1ous Tess volatlle compounds present 1n the Dufour

gland of M. schenckz were 1dent1f1ed and quantified. The results are

_#;summar1zed 1n Tab]e 24. The quant1f1cat1on was performed by peak area

.Tmeasurement of the GC proflles (F1gure 32) obtained on the 5% 0V-101 (Tab]e
28, column B). |
_: i ‘ The components 2 4, 8 and 11 had the same retent1on times on
.‘polar and nonpoTar GC phases, compared to those of authent1c n- aTkanes. They
T1ie on one stra1ght line when the Togarithms of retention times from an

“1sotherma1 run were plotted against their carbon nwnbers. The’peaks were

1dent1f1ed as pentadecane, hexadecane, heptadecane and nonadecane
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FIGURE 32. Gas chromatograms of Dufour gland contents of Myrmica rugulosa and

-+ J»_schencki. The Dufour glands were chromatographed on a 1.5 m x 4 mm packed
,‘é(ﬂumn of 5% 0V-101 on Diatomite M with the oven temperature programmed from 130
h° 192 °C at 4 °C/min. . The symbols F, HF, BHF and THF represent farnesene,
Smofarnesene, bishomofarnesene and trishomofarnesene respectively:

.-
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:r»a»respectiveTy. The results from brominat1on and hydrogenat1on of who]e Dufouraf

b gTands confirmed the above identification.

The GC-MS of peak 3 (Table 24) 1dent1f1ed 1t as homofarnesene (M
“ 218, C15H26); The mass spectrum of peak 6 was 1dent1ca1 to that“of” -
 i‘,;bishomofarnesene (M* 232, Cy7Hpg). The mass spectra of all the other -
components were too weak for complete 1nterpretation.’ “7. | i ‘

In M. schencki about 80% of the tota] g]andu]ar content cons1sts -
o of homofarnesene and bishomofarnesene. - a-farnesene is only a m1nor component
‘ and represents only 0.1% of the tota] The major component b1shomofarnesene

‘ﬁfprov1des 63% of the total g]anduTar mater1a] -

+2.4.4, Dufour gland substances of Mt aZbufereneie‘

‘M. albuferensis has the Targest Dufour gland observed so_far'

'«'among the myrmicine ants. = In Figure 33 the poison apparatus of M.

‘H;albuferensts 1s compared to that of M. rubra. The Dufour gland is about 600

h“s;'um in. Tength and about 250 um in diameter at the w1dest point.

s The various less volat11e components of the Dufour gland were
ident1f1ed and quant1fied on the 10% PEGA column (Table 28 co]wnn D) The
- temperature programme of 120 160 °C at 3 °C/min effect1ve1y separated the
"components (F1gure 34). The quant1f1cat1on of the components was carried out
_:by the Pye Un1cam Spectra Phys1cs comput1ng integrator us1ng a standard |
ujhexadecane so]ut1on in hexane (770 ng/uT) as the externa] standard. The
: 1dent1f1cat10n of the peaks was carr1ed out by sim11ar methods as to those
~used for other spec1es of Myrmzca. The peaks 6, 7 and 9 were confirmed as
a—farnesene, homofarnesene and bishomofarnesene by their mass spectra. They
also had the same retention times as the correspond1ng peaks from M.
“nscabrtnodzs on polar and nonpolar GC phases.

. ' The farnesenes account for 92% of the total hydrocarbon content
of the Dufour gTand and o-farnesene (43%) and homofarnesene (38%) are the

maJor_components. The resu]ts of the quantitat1ve study is presented in



: a]kene position determined by ozonolysis

Table 24‘ Chem1ca1 compos1t1on of the Dufour g]ands of Myrmtca Schenckt-f,
| The ana]ytlcal evidence for structure ass1gnment 1s summar1zed.e‘
'TfCompBuhds,fjf?ffT' Abbre- Mean compos1t1on Mean % by .;.Evidence'“
R ' ' v1at1on . by weight 7 weight o
e (ng/ant+S D.) ~ s S D.
T Jja;Fa}héééhé R a5 0.2 10,12 £ 0,02 6C,Bre,Hyt
2 Pentadecane SRR v 1 0.4 + 0.9 0.15 + 0.07'f*’GC,Bn4,H2¥f o
_Y3 Homofarnesene HF 73+ 25 - 18.13 + 3.22 EGC,Br+,H2} o
4 Hexadecane "*“*?f;cxs . 38+15  0.92%0.32  GC,Br-,Hy
5 Unknown I S 21819 0.79 £ 0.33 Bre
76‘B1shomofarnesene BHF . 258 +91. 6289 £7.93  GC,Br+ H2+ MS
17‘Heptadecene ol 63+5.7 | 179£0.99  GCBreHyt
‘8‘Heptadecane o ‘W’C17 99439 ¢ 2,60 £.1.34 - GC,Br-,Ha-
9 Tr1shomofarnesene THF . ,f[ ;6.2 £ 3.5 o ' 1.58 +0.92 - GC,Br#,H2+
10 Nonadecene €19:1  8.0:6.8 245179  GC,BreHyt
11 Nonadecane 19 9.5 £ 9.1 2,79 & 2.32 GC,Br-,Hy-
12 Unknown 11 1.3 +6.2 .2.68%0.98 _ Brs
13 Unknown 111 13.0 + 5,2':f' 321 +111 0 Bre
|  Total - 402+ 194 - 100
‘ anEGC”f 2 : the substance hes tne_same retention times as the aséigned
e compound on polar and non-polar GC phases. :
.. Br- - . : component unaffected by bromine treatment.
.. Br+  : component removed from GC profile on bromine treatment.
“ Hp="" " : component unaffected by hydrogenation
o Ho# 3 component shifted by hydrogenation =
.. MS . : identification confirmed by mass spectrum
.02
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" Table 25.

- 2.4.5 Comparative survey of Dufour gland substances of myrm1c1ne ants

The present-study of the Dufour g]and contents M. sulctnodts M.
rugulosa M.schencki and M. albuférensts completes the investigation of n1ne
- species of the genus Myrmica, i.e. the seven species found 1n the Br1tlsh
Isles plus M. rugulosa from Belgium and M. albuferensts from Ma]]orca.;gThe
Myrmica species investigated by previous workers are M. _ | |
: rubra72 9, 181 219, 361 ‘M. scabmnodzs”l 180 M. pugmodzsn M. sabulet 71
| and M. Zobwomts334 363

- The highly volatile chemicals of the Dufour gland of M.

suleinodis, M. rugulosa and M. schencki are 1dent1ca1 to those of M. rubra -

71,180,362, 1he two main

. ruginodis, M. sabuleti and M. lobworm
components are ethanal and propanone, w1th lesser amounts of _
2-methylpropanal, butanone and butenone. The examination of the results of ,
a]]‘eight‘species clearly exhibit‘that the compos1t1on of this very volatile
fraction does not vary with the spec1es, but the amount of materia] can vary
‘widely between 1nd1v1duals. The etholog1ca1 exper1ments carr1ed out hy |
‘M. C. éammaerts71 350 (Un1vers1ty of Brussels) shows that the workers of each
) NMyrmzca spec1es respond quant1tative1y 1n the same manner to the very |
n‘volat11e fractions of the1r own or a11en Dufour gland The response be1ng,‘
“attract1on and 1ncrease of the1r linear speed.
A The Dufour g]ands of M. schznodzs M. rugulosa and M. schencki
dwem1t Tess voTat11e compounds which d1ffer quaT1tat1ve1y and quantitatively

from each other species. Similar results had been observed for other species

'j._of Myrmlca by prev1ous workers. The examination of.the resuTts of the eight

spec1es of Myrmica c]early 1nd1cates how the genus can be subdivided into "R
type" and "S type" groups (Figure 35). M. rubra and M. "ruginodis are typ1ca1
members of "R type“;Tas-their Dufour glands contain above 90% of linear

hydrocarbons71. M. rugulosa can be considered to belong to the "R type", but
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| Table 25. Chemical composition of the Dufour glands of Myrmica albuferensis -

Abbreviation Mean compositioh by

“ weight (ng/antS.D.)

' Mean % by we1ght

I'Pentadecane R

Pectadecene

2
3 Pentadecad1ene“"”"
4

»Heptadecane et

““‘ 5 Heptadecene

6 a-Farnesene

"' 7 Homofarnesene

9 Bishomofarnesene

10 Unknown T
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005
868 |

0.51
. 0.39

“10 40
0.3
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with some closeness to "S‘type". M. suleinodis is clearly an intérmediate‘
species between the two groups as it contains aboht 60% terpenoid “ |
. hydrocarbons and the rest being’1inear hydrocarbons. M. Zobigornis can be
regarded as a typical member of the "S type"334’363 and it is unique és it
contains 100% branched terpenoid hydfocarbons only. M. sabuleti and M.
scabrinodis are also typical members of "S type" as their Dufour glands
contain above 80% branched hydrocarbons71. The results of M. schencki shows
that it is also a typical member of "S group". The position of various
myrmica species in this classification, are i]]uétrated in Figure 35. It
should however be noted that this diagram hides the differences in indiyidua]
compounds which also separate the species. |

It has been clearly demonstrated by M. C. Cammaerts (University
of érusse]s) that the ants move rapidly on a terrttony mark ed with the less
volatile fraction of their own Dufour gland secretion350. The results of
M. C. Cammaerts for M. rugulosa and M. schencki are 111ustfated in Figure 36.
It clearly shows, first, that M. rugulosa workers run faster than M. schencki,
workers in all conditions although M. schencki individuals are larger.
. Secondly, foragers of both species move slowly bn contro] papérs at first énd
then move quickly as‘they mark the paper with their own Dufour secretion.
Third]}, they move even more slowly on paper marked with an alien secretion
until they have overmarked it with their own and then they move quickly on
1t, “Finally they both move rapid]y'on a territory already marked'with their
own'secretion, and further marking by the second, or third, etc. forager .
&oes not result in any increase of speed over that of the first forager. All
eight Myrmica species menttoned possess the‘same ttéi] pheromone 1ﬁ the
boison g]andlog’llo, therefore it can be presumed that in natura1 conditions
| it is the quantitative and qua]itative differences in the Dufour gland
secretions which confer a specific label to their trails when those Myrmica
ants share the same environment.

The analysis of Dufour gland contents of M. albuferensis and its
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compamison with those of other eight speofes of Myrmiaa c]ear1y’shows‘that:ttff
is more close to M. scabrtnodts than any other species.’ Neverthe]ess thereoi*“é
- are s1gn1f1cant d1fferences to make it different from M. scabrtnodzs. Thev
size and the total contents are about twice that of M. scabrznodts.- In M.
‘seabrinodis the maJor components are homofarnesene (41%) and b1shomofarnesenef f
(25%), and ao-farnesene (15%) is the third most abundent’l. “In M.,f: |
albuferensis the largest component is a-farnesene (43%). :In fact it has the G
largest amount of a~farnesene among the Myrmica species stud1ed. The amount

of b1shomofarnesene is comparatively small (10%).
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2.5 Structures of Farnesenes

In an investigation of the Dufour gland of the ant Myrmica rubra,
'Morgan and Wadhams found small quantities (Z.e. nanogram per ant) df
farnesene and two related compoundslgl. The latter were seen to differ from
farnesene by a CH, and CyH, increment respectively; and were identified by

their mass spectra and named homofarnesene and bishomofarnesene. The

182 ,¢

farnesene isomer from the ants was identified by K. Parry
(Z ,E)-a-farnesene, i.e. (Z,E)-3,7,11-trimethy1dodeca—1,3,6,10-tetraéne [17]
by the comparison of its mass spectrun and GC retention times on different
phases with those of a mixture of isomers prepared from nerolidol [40] by

dehydrationlgo, and published data364.

(a7 - - . [40]
Recently Lorna Thompson (UniQersity of Keele) has confirmed this
structure by total synthesislg3. The structures [41] and [42] had been
" proposed by Morgan and Wadhams 18! for homofarnesene and bishomofarnesene from
'»thé ants of the genus Myrmicaxon the basis of their mass spectra.

R1 ,_R2 | ' ‘ 'R3

N A AN AL

1417 R1=R3-Me, RZ=Et .
[42] rR1=r2=gt, R3-Me

At -about the same time, and subsequently, a series of
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-biologically important sesquiterpenoid compounds of similar structure ca]ied'f' ;
the juvenile hormones (JH 0-111, structures_[59-62], respective1y) have been d

isolated from a number of insect species.

' [59] RI=R2=R3=Ft JH O
- [60] Rl=RZ=Et, R3-Me  JH I

[61] Rl=Et, RZ=R3-Me  JUH II

[62] RI=R2=R3-Me CJH III .

'Faranal [153, a bishomofarnesene compound, - has been shown to be
the trail pheromone of the ant Monomorzum»pharaontsgo Two d1fferent
homofarnesene 1somers, (z, Z)- and ~. _ o
(z E) 3 4,7,11- tetramethyl 1, 3 6,10-dodecatetraene [19 20] have been
i reported recently as trail pheromone components in Solenopsis tnvtctalzo

' Because the pos1tions of the ‘extra methylene units in Myrmtca homofarnesene -
“‘are‘differentffrom those’in”other reported homoterpenoids,rit was considered

‘important to prov1de unequivocal proof of the structure for homo and

- bishomofarnesene.

The amounts of natural farnesene and its homo]ogues ava11ab1e X
(ca;”b.s ug/ant)‘prec1udes the app]icat1on of the usual- spectral techn1ques
such as NMR, IRhand‘UVQ‘ The on1y spectra1 technique generally app11cab1e t0"
.nanogram quant1t1es of compounds in mass spectrometry. The mass spectral |

181 ~To confirm the mass

vinformat1on of the farneseneswas already availab]e
'.-spectral ev1dence and to prove beyond doubt that the ethyl branches were on
. C-7 in homofarnesene and on: C 7 and C- 11 in b1shomofarnesene, recourse was
: made to m1cro—degradation and reactlon gas chromatography. 'The selected 4
degradat1ve method was ozono]ys1s._ The_re]1ab111ty and feasibility of the |

method were established by using a synthetic sample of mixture of (Z,E)-and
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(2,Z)-a-farnesene, available through the courtesy of Miss Lorna Thompson . -

(University of Keele).

o - CHs ,CHO

i 03 : _ PR 'i‘ ; ’ e “‘
+ :
TR GO+ CH,  +CHCOCHO+ HCHO |

‘ CHO CH, \CHO
071 [63)

. The synthetic. (Z E)-:and (Z,Z)-a-farnesene mixture, when -

ozono]yzed in soTvent gave the expected 4-oxopentanal (1evu11naidehyde)[63]
among other products. - A mixture of (Z)-and (E)-nerolidol [40] or any other
terpene with similar skeleton, gave the same product 4-oxopentanal [63], '
identified by the retention time on a 10% PEG 20M column and its mass : |
:.spectrun. The examination of ozonoly51s products for sma]l mo]ecules on the |
| Chromosorb 102 column, gave a peak corresponding to propanone to confirm the
presence of an 1sopropy11dene group in synthetic a-farnesene and nerolidol.
A suitable so]vent was required for ozono]y51s and examination of sma]]
“moiecular products on the Chromosorb 102 colunn. A number of so]vents, such
as methahoT;aethyTacetate,‘hexanoi were tried but carbon tetrach]oride was
found to be the most suitable. The small mo]ecuies up to six carbon'atoms
fcan be examined on the Chromosorb 102 coiumn before the appearence of the
‘u‘carbon tetrachioride solvent peak.; The other,advantageous of carbon |
tetrachioride are its aVaiTabiTity in high purity, ozonation takes piace
readiiy without the soTvent being ozonized and its moderate volatility which
. ‘a;aiiows ozone to be bubbied through it w1thout much soTvent evaporation. :
| ‘ The other ozonoTysis products expected from the synthetic |
' farnesene mixture, propanedial, 2-oxopropana1 and methana] were not observed
fin the gas chromatograms due to either their poor stabiiity‘or lTow response
jﬂi’actor towards the fTame-ion1zation detector.” Beroza and Bier1236 have also
reported the same prob]em w1th propanediai ‘ ‘ “ .
" The results obtained from the ozonoiysis of synthetic a-farnesene

and neroTidolldemonstrated that the method can be applied reliably to study
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_the nanogram quantities of farnesene and its two higher homo1ogueé,‘avai1ab1esk
from the ants of the genus Myrmica, The three compounds werevtherefore o
collected separately from whole gasters of myrm1c1ne workers, by preparat1vel”t“
GC and ozonolyzed separately in solvent. The ant farnesene [17] gave the ‘
expected‘4-oxopentaha1[63] and propanone. The mass spectra of\4-oxopentanal;ft'
(Figure 37) obtained by GC-MS were identical irrespective of the spurce. The
polecu1ar ion is present at m/z 100 (3%, M*). The base peak is at m/z 43 for ‘
the MeCOt jon. The fragmentation pathways and possible structuresof the |

- various ions are illustrated below.

99 - R 1‘*

msz100
| THa .+
~—CO - |

“msz100 msz 72

'M{  ‘The ana]ys1s of ozono]ysis products of ant homofarnesene and

: bishomofarnesene on the 10% PEG 20M column did not show a peak correspond1ng
'-to 4-oxopentana1 A peak with h1gher retention time correspond1ng toa
,,compound w1th one extra carbon atom than 4-oxopentana1 was produced instead
'_(Figure 38). Th1s peak was ident1f1ed as 4-oxohexanal [64] by its mass
i.spectrun (F1gure 37) 'The mo]ecu]ar ion 1s seen at m/b 114 (2%, m* ) and the
" base peak is at ‘m/z 57 for the Etcot ion. “The possible masS spectra]

7fragmentat1on pathways are 111ustrated below.

. o co _ Nos
' msz 86

msz114
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CHO
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"FIGURE 38. Gas chromatograms of ozonolysis products of
_farnesenes. (a) ant farnesene, (b) synthetic farnesene,

(c) nerolidol, (d) ant homofarnesene and (e) ant bishomofarnesene
... were ozonolyzed. ‘The products were chromatographed on a ,
2.75 m x 4 mm column of 10% PEG 20M at 140°C. (attenuation x200)
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| The examination of ozono]ysis products of ant homofarnesenet§nd e
bishomofarnesene for small molecules on the Chromosorb 102 column revea1édﬁi,] ;
thgif differences in structure. :The ant homofarnesene gave propanone to shm&-f
the presence of.an isopropylidene groub similar to a—farnesene.or ﬁér§lid61.l' 
Bishomofarnesene did not give a peak for propanone (therefore an R
150propy11dene group is absent) but a peak corresponding to butanone was f'
identified by its retention time and mass spectrum.  The product1on of
butanone from bishomofarnesene demonstrated the presence of an isobutylldene_:
group in its structure. - The fragments observed on degradation can be_: 

assembled together, to confirm the structures for homo and bishomofarnesene. -

/CH3_ CHO

- . / .o . B . \.-
+ CO + CH, +CH,COCHO + HCHO
CNRZ UNGHO . e

[41] < R'=wme.

¥ [42] o R1= Et. .. ..
S  The production of 4-oxohexanal from homofarnesene from ants of
the 9é"US Myrﬁicd' shows that it'is Structurally'different from the
homofarnesene isomers reported from SoZenOpSts znvzctalzo [19 20] - Similarly

“a structure 11ke [65] can a]so be e11minated as it w111
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.not produce 4-oxohexanal. A structure such as [661 can be eiiminated as no”’f
ethanal was observed as an ozonolysis product.

The ozonq]ysis of a-farnesene and its homologues in solvent
required the material from a minimum of‘ZO ants. The technique Waswreffnedf'\
'by the development of the solventless ozonolysis in glass capi]1aries.‘cHence
the amount of substance from only one M. scabrinodis ant was sufficient tor ‘
the analysis. Figure 39 shows the GC profiles on Chromosorb 102 s of the
solventless ozonolysis products of farnesene, homofarnesene and S
bishomofarnesene collected separately from one ant. The e1egance of this
technique is that the GC can be operated at its maximum possible sensitivity.
as there is no solvent peak and no impurities are introduced by the so]vent.
The method is descr1bed in deta11 in the exper1menta1 sect1on.,~=5-""”f

The retention t1mes on different GC phases and the mass spectra
of farnesene, homofarnesene and bishomofarnesene obtained from all ants of
the genus Myrmica stud1ed so far, are identical. The mass spectra of the |
“;‘farnesenes (F1gure 40) were obtained by GC-MS using 5 ‘whole gasters of
workers of M. rugulosa.' L.J. Wadhams365 interpreted the mass spectral

_ fraghentation patterns of the farnesenes and proposed the structures for

’ homofarnesene and bishomofarnesenelgl. He had suggested that the C-7- methy]

| '”'group of farnesene appears to be replaced by an ethyﬂ group in homofarnesene.'

 He also suggested ethyl groups at C-7 and C-11 in bishomofarnesene. It is

dlffICU]t to conf1rm structures of comp11cated molecules such as

: homofarnesene and bishomofarnesene on their mass spectrun alone. _As a

| branched saturated hydrocarbon g1ves a mass spectrun wh1ch can be 1nterpreted
" more clear]y to 1ocate.the branching positions, than its unsaturated analogue
it was decided to hydrogenate the farnesenes and examine the farnesanes by

;”GC-MS as, further conflrmatlon of the structures ass1gnai

H,/Pd/140°

NiE R" Rz‘Mze [67) R R*=Me
[a1] R = Me, R%=Et R' [68] R'=Me, R?=Et
"[42] R'= R%=zEt . . o] Rl R2=Et
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FIGURE 39. Gas chromatograms of solventless ozonolysis of the farnesenes. (a)
homofarnesenz and (b) bishomofarnesene, 200 ng each were collected separately in
glass capillaries and ozonized. The glass capillaries were solid injected on a
Porapak Q column at 160 °C (attenuation x 200). ¢
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Mass spectra of farnesenes
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On co]umn hydrogenation can be'performed directly by using a .

¢ 254 and employing hydrogen as the carrier gast“ ‘

‘pre-co1umn‘of 1% Pd catalys
257, The farnesenes are more difficult to reduce than monounsaturated |
alkenes but six cm of pre-co]umn catalyst and a hydrogen flow rate of 40 |
m1/min, complete]y hydrogenated microgram quantities of farnesenes | . |
instantaneous]y. F1gure 41 illustrates hydrogenat1on of total material from‘p
‘one Dufour gland of M. scabrinodis, on the'10% PEGA column. The amount of
shift of retention times on hydrogenation corresponds to the presence of four
double bonds in the farnesenes. The farnesanes produced by the reduct1on of“
’correspond1ng farnesenes, from all the ants of the genus Myrmtca stud1ed so
far had the identical correspond1ng retent1on times. The single peak ’
produced by the reduct1on of the mixture of synthetic (Z E) and
“b(z z)-a-farnesene also had the 1dent1ca1 retention t1me as the farnesane
... derived from the ants. |

| The mass spectra of the farnesanes obta1ned by GC-MS are = -
i]lustrated in F1gure 42 The addition of elght hydrogen atoms per molecule'
of farnesene (M' 204, CigHog), homofarnesene (M 218 315”25) and - |
bishomofarnesene (M 232, C17H28) to generate farnesane (M 212, C15H32)'_ |
b_[67], homofarnesane (M 226, C15H34) [68] and b1shomofarnesane (m* 240
,C17H36) [69] respect1ve1y, confirmed the presence of four double bonds and
the absence of any carbocyc]1c rings in the farnesenes. The molecular ions
. are. present in all the spectra of farnesenes and farnesanes.-'The M*-29 peak
is not very sign1f1cant in the mass spectra of elther farnesene [17] or '
: farnesane [67]. Th1s can be expected as farnesene has no ethyl group and
farnesane has only a term1na] ethy] group. The M 29 peak can be clearly
i_seen in the mass spectra of compounds conta1n1ng non—term1na1 ethy]
3 branching. In the mass spectrun of homofarnesane [68] the m/b 141, peak is
_F:weaker than the m/z 127 peak. However in the case of b1shomofarnesane [69]

~the peak at m/h 141 is stronger than that at m/h 127 because the ions

| ~_aproduced by the c]eavage of bonds on either side of C-Z are of equal mass. .
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FIGURE 41. Gas chromatographic reduction of farnesenes. (a) one Dufour gland
of Myrmica scabrinodis chromatographed on a 2.75 m x 4 mm packed column of 10%
PEGA on Chromosorb W, at 160 °C (attenuation x 500). (b) The same mixture was
hydrogenated using a 6 cm pre-column of 1% palladium catalyst on top of the PEGA
column and hydrogen was used as the carrier gas at 40 ml/min. |
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FIGURE 42. Mass spectra of farnesanes
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127

141 ‘ | |
" [68] hemofarnesane

i \ S
[69) bishomofarnesane

Therefore it may be presuned that b1shomofarnesane [69] is
symmetrical around C-7. Such a structure for blshomofarnesane 1s poss1b1e :
- only if an ethyl .group is present at C-11 in its precursor, bishomofarnesene.'
_fh Homofarnesane’and bfshomofarnesane are novel compounds, not reported - |
‘prev1ous1y. | | | | :
o ~On the strength of the ev1dence presented 50 far, homofarnesene
and‘bishomOfarnesene from ants of the genus Myrmzca are identified as
7- ethy] 3, 11-d1methyldodeca-1 3, 6 10- tetraene [41] and ‘,
7 ethyl 3 11-d1methy]tr1deca-1 3 6 10-tetraene [423, respectively. The
»determ1nat1on of the geometry of 3 4 and 6 7- doub]e bonds of homofarnesene,'
| and 3,4- 6 7- and 10 11- doub]e bonds of b1$homofarnesene awaits
‘-_stereOSpeCIflc synthesis of homofarnesene and b1shomofarnesene. By analogy
__w1th (Z E)-a-farnesene, the 3, 4 and 6 7- doub]e bonds in each of the higher
homo]ogues may be expected to (Z) and (E) respect1ve1y. Although no def1n1te‘

m‘1nformat10n is ava11ab1e yet on the additional isomers possible at 10,11-

e double bond of b1shomofarnesene, it m1ght be expected to be (Z) by comparison

of its structure with Juven11e hormone I [60]. Similarly the_‘
trlshomofarnesene isomer 1dent1f1ed from M. scabpznodzslgo may be expected to

have the extra methy]ene unit at C-4, as in faranal [15], or at C-3 as an
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- ethyl group as found in‘juveniie hormoneyo [59]; |

| It can now be established that the location of the extra
methy1ene‘group in Myrmica“homofarnesene is at C-7 aé an ethyl group
therefore it .is structura]]y different from the homofarnesene [19 20]
*reported from Solenopsis invicta where the extra methy]ene group 1s present
“at C- 4. ‘It is also different structurally ‘from juvenile hormone II [61]

whlch has the extra methy]ene group at the end of the carbon cha1n. The 'f g

. bishomofarnesene [42] from the genus Myrmica, has the same basic carbon

ske]eton as the juvenile hormone I [60] but it is different from farana]

.[15], the trail pher‘omone of Monomomwrz pharaoms. St
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2.6 Mandibular Gland Substances of the Genus Myrmica

The mandibular gland secretions of eight species of Myrmica have
been investigated prevtously and their qualitative and quantitatfve'chenical‘
compositions are docunented171’334’360’366’367. As the composition of the
'mandibular gland has been found to be species-specific through these studies,
it could be of use to the chemical taXonomist as a means of'distfnguishing
morphologically closely related species from one another. The'study of
mandibular glands of M. albuferensis was undertaken as the resdhsnmy;.
complement those obtained from their Dufour glands, to solve the contronersy
about its identity. The major components of the mandibular glands of
myrmicine workers are commonly 3-octanone and 3-octanol. Etholooical.tests'
have been carried out by M. C. Cammaerts (University of Brussels) to find out
~ the responses of myrmicine workers to their mandibular gland substances39P,
The queens of myrmicine ants also have the same 3-octanone and 3-octano1 as-
the major components. The analysis of large no of heads of Myrmica rubra
queens sent by M. C. Cammaerts, was undertaken to enable her to f1nd out
whether there 1s a re]at1onsh1p between the aggregatIve power of the queens
and the 3-octanol content. 3-octanol acts alone or synergistically with
3-octanone, to attract worker ants, increase the1r linear speed and decrease
‘their sinuos1ty of movement360 365 - 3- Octanol has a chiral centre at C-3 and
1t was considered to be important to find the enantiomer1c composition of
- 3- octano] from myrm1c1ne ants because “odour receptors in insects can -

d1scriminate between enantiomers.

2.6.1 Mandibular gland snbstances of M. albuférensis : .

. HMandibular Qlands are associated with the mesal side of the base
of the mandib1e. In the study of M. rubro, wadhams365 found that the GC
profiles obtained from ekcised mandibul ar glands were the same as those of

their individual heads. The major components of the mandibular glands of
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.myrm1cine ants were 1n1t1a1]y found by Crewe and Blum to be 3- octanone and o

3~ octano]368 A comp]ete analysis of the mandibular glands of M. scabrtnadts i

by Morgan et al.367 revealed the presence of a homologous series of_._,‘ﬁ

3-alkanones :and 3-alkanols in the 06 to cll chain length range. S1m1lar t

o qua11tat1ve results were obtained when ¥. albuferensis was studled A

o typlca] GC profile obtained by the analys1s of a worker s head is shown 1n ;n

- Figure 43.- ‘The identifications were done mainly by the compar1son of GC
360 The

“;“ retention times with authentic samples and with pub11shed data .

linear 3- alkanones and 3-alkano1s 1ie on two separate stra1ght lines paraﬂeT*F

" to each other, when the logarithns of their retention times were plotted
_ against their carbon numbers.  The branched chain alkanones and alkanols do
not line on these Strafght~1ines.‘ The 3-octanone‘peak,‘when trapped and

reduced with NaBH, produced 3-octanol. -The resu]ts of quant1tat1ve ana]ysis‘

. of various components are sunmarised in Tab1e 26. Conc1us1ons s1m11ar to

" those made by Dufour g]and anaTys1s can be made, when the resu]ts of
‘mand1bu1ar gland ana1y51s of M, albuferensts are compared to those publ1shed
H“ for M. scabrtnodts. The maJor d1fference between the two species is seen in
“the 3-octanone to 3-octanol rat1o. “In M. scabrtnodts 49% of the total
‘glandular contents is 3-octanone and 3- octanol represents only 17. 8%367. But
: ‘f1n‘M. albuferensts 3-octanol 1s found in more SIgnif1cant quantities and
“*represent 31% of the g]andular contents. “The amount of 3-octanone is
u‘ s1gniflcantlylessthan.n ﬂl 3cabr1n0dts and represents only 37%.. The
| comparisOn‘of‘the results_of M._azbuferensis‘with those found in literature
for other myrmicine ants clearly shows that it is more close to M.
| scabrinodis than any other‘species studied sovfar36°536?, but the differences
~ between them‘are significant‘enough to classify them as two"separate species.
This conc]us1on is supported by the resu]ts of the Dufour gland analysis
N discussed before (2 4 4) The fact that M. albuferensis or1g1nates from an
extreme]y spec1alised habitat of salt marshes of Albufera can not be ignored

: ‘ and the differences observed may be pure]y environmental. A chemical
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Table 26. Chemical composition of the mandibular glands of   5
o Myrmica albuferensis
| Compounds | Mean composition by : Mean % by weigh£‘  e
weight (ng/aﬁttS.D.) +S.D.

38‘f 432 0.91

1 Ethanal _ 150 +
2 Propanone - 15+29 331 0.74
3 Methylpropanal | 265 + 84 ‘f.“‘l‘ ‘ \7;37 + 1.81
4 3-Hexanone 43:19 . 1.25 + 0.47
5 3-pentanol | A&7 0.70 £ 0.17
6 3;Heptanone - ‘35 + 16i o ‘ 1.00 t‘0.36k
"7 3-Hexanol' ~~ 55%21 U 1.56 % 0.47
8 3-Octanone 1278 + 106 - 37.07 + 1.58
9 3-Heptanol . 47&7  139%0.23
|10 6-Methyl-3-octanone . 76+10 2092016
nu 3fNonanohe  , . _“‘42 :‘8‘ S La2zs 0.14
12 3-Octanol 1057 £ 122 . 30.93 % 4.77
13 6-Methy1-346ctan01 trace i -
14 3-Decanone M3s65 695+ 127
15 3-Nonanol 1623 0.48 + 0.08
16 Mefhyl‘Undecanone U trace - |
17 3-Undecanone 13 :2 . 0.38 £ 0.05
Total 3560 & 280 10
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FIGURE 43. A gas chromatogram of mandibular gland contents of Mymmica
albuferensis. An individual head was chromatographed on a 2.75 m x 4 mm column
of 10% PEG 20M on Chromosorb W at 130 °C (attenuation x 500). 1= ethanal; 2=
propanone; 3= methylpropanal; 4= 3-hexanone; 5= 3-pentanol; 6= 3-heptanone; 7=
3-hexanol; 8= 3-octanone; 9= 3-heptanol; 10= 6-methyl-3-octanone; 11=
3-nonanone; 12= 3-octanol; 13= 6-methyl-3-octanol; 14= 3-decanone; 15=

3-nonanol; 17= 3-undecanon¢.*_ '
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) investigation of M. aloba is required to determine how it is related to M. -

 albuferensis before any final conclusions can be made.

2.6.2 Mandibular gland substances of M. rubra queens -

| The queens of the genus Myrmica also contain 3-octanone and
3-octan01,‘simi1ar to their workers as major components. A 1arge.nmnber of =
head§ of queens sent by M. C. Cammaerts»(UniVersity of Brussels):were |
analysed to assist her study to determine the relationship between the
aggregative power‘of‘thelqueens and the amount of.3-qctanol preseht in the
head. The raw data obtained from over one hundred queens from 5 nests'are
preSented in Appendix 1. A very wide range of values were obtained and this
may be partly due to some volatiles been lost in certaih samples dum'.ng |
transpdrtation; The results were sent to M. C. Cammaerfs but no clear
relationship was evident between 3-octanol content and the aggregative bower
- of the!queens369. They believe that the age is an 1mportant factor to decide

the aggregative power of a myrmicine queen.

: 2,6.3 Chirality of 3-octanol

| ~The olfactory perception mechanism of insects can often
d1stingu1sh between opt1ca1 1somer529 The various possibilities in.insect
behaviour towards the optica] isomers were categorized in sectlon 1.3.2. '
Mpr1370 ha; recently divided or categor1zed the chiral pheromones on the
besis of the reletionship between their physiological activity end
steheoehemical sfructure. 3-octanol_has been reported from a number of
species of myrmicd’ants ée a cdmponent of the alarm pheromone360’368
:Depending upon the species, 3- octano] can act alone or synergistically ‘with
3 octanone, to attract worker ants, increase thelr linear speed and decrease
their sinuos1ty of movement360’366 As no information was available on the

enantiomeric composition of 3-octanol from Myrmica ants, it was examined in

the bresent study.
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The isolation of sufficient amounts of pure pheromone components
'to perform an accurate determination of optical rotation by conventional
methods is difficu1t4or‘impossib1e. A hunber of alternative methods are
evaiiab]e to examine the chirality of minute quantities of material;.'NMR
'spectroscopy has been used to determine optical isomeric compositioh'of
" chiral pheromones either direct]y by the use of a chiral shift reagent303'3_05
or indirectly by the preparation of a diastereomeric derivative and | |
subsequent examination with an ‘achiral shift reagent303 305, However, this
. method required at least 500 yg of pure material and highly sophisticated
instrumentation. The chromatographic technique are preferred for enantiomer
composition studies as they are more sensitive, needs less sophisticated
instrunentatioh and can be applied even to impdre bioiooicai samples; .ihe
direct resolution of enantiomers has been achieved by HPLC using either using
a chire] stationaryrphase243’247 or an optically active reagent in the mobile

phase248’249 A recent example has used a chiral absorbent 1n TLC to

’ separate enantiomers251

The direct resoiution of enantiomers by'GC has been achieved
using optically active stationary phase5239{ An aiternative to the direct
“separation of enantiomers, is the separation of a diastereomeric derivative
‘formed w1th an optica]]y pure derivetizing agent, on achiral stationary
phases, which are less exbensive and more wideiy available. Although a
nunber of derivatives have been used tor alcohols, on1y a few comparative
data of the various methods that can be uti]ized were available. In this
investigation three candidate methods were explored to find the most
efficient and sensitive method to determine chiral composition of nanogram to
| microgram quantities of alcohols avaiiab]e from insects. *

‘ | The three diastereomeric derivatives of 3-(+)-octanol prepared
were the N- TFA-(S) (+ )-alanyl ester,:the N-TFA—(S)f(-)-prolyl ester and the
(+)-trans-chrysanthemoyl ester. Of these the N-TFA—(S)-pro]yi ester was the

most conveniently prepared as it Was readily formed from highly optically
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pure, édmmercially available N-TFAP(S);(-)-proly].chloride. A long timé'was .
 required (3 days at room temperature) for the formation of the o
N-TFA—(S)-(+)-a1any1 estef [70], which Tessened its usefulness and a higher
o temperature resulted in partial recemization. The other two derivatives wére 5
formed much more readily. The N-TFA-(S)-(-)-prolyl ester [71j was produced

in sufficient amounts for analysis in 10 min at 90 °C and

(+)-trans-chrysanthemdyl ester [72] in 2 h at 40 °C.

COOR

|
: C "IIIIH

.
CH; 'NHCOCF,

{70]
( S@H
N” “YCooR |
| R=3-octyl
COCF, h \
S [r1] o :
CH%,CH3
L “%As‘““
. CH! _ | |
(72

The gas chromatography of the three derivatives of 3-(t)-octanol
on the 0V-1 capillary column (Table 28, Column G) resulted in baseline
separation of the diastéréomeric pairs with separation factors (a) 6f31.03 or
more (Table 27). The oil of Japanese peppermint (Menthae japonicae) was

known to contain (S)-(#)-3-octano] enantiomer as a minor constituent3’1:372,
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‘Table 27. Comparison of GC properties of 3-()-octanol derivatiied with

different chiral resolving agents on an apolar (0V-1) capillary

column.
- Derivative o ov-12

Retention time/min a R Elution order

1st isomer 2nd isomer 1st isomer 2nd isomer
N-TFA-(S)-(+)- 2.7 2.8 1,03 .2 R S
alanyl ester
§ "
N-TFA-(S)-(-)- 8.6 7 8.9 1.04 1.8 R S
prolyl ester
(+)-trans-chrysan- 8.3 8.6. .03 1.9 S | R

theméte ester

a pnalyses performed isotherma]]y‘at 150 °C (0v-1).



T_A sample of (S) (+) 3-octanol was 1solated from the Japanese pepperm1nt o1l

by preparat1ve 6C on the 10% PEG 20 column (Figure 44). The o

(S)- ( ) 3- octanol thus obta1ned was used to determ1ne the elut1on orders of

| the three racemic der1vat1ves (Table 27) Gas chromatography showed that the_l

3- octanol from Japanese pepperm1nt 011 cons1sted of 100% (S) enantlomeniv

G This fact also showed that no recem1zatlon occurred during the S

T_'der1vatizat1on. N ges s i
“d | | The El- MS of ne1ther the N-TFA-alanyl nor prolyl esters ofm
\3 octanol gave observable molecular‘1ons._ However,}the EI MS of 3 octyl
o chrysanthemate exh1b1ted a clear molecular ion (m/z‘280 1%) The presence'“-
-f§5°f the molecular ion in the chrysanthemate spectrun is part1cularly |

-Eadvantageous in the analys1s ofenant1omers present in complex m1xtures where -
??a551gnment of d1astereomers from the1r retent1on 1nd1ces on chromatography 1sJ5

A

‘férsomet1mes dlff1cult. Therefore,_(+) trans-chrysanthem1c ac1d was chosen as '
7 ﬁl‘f‘the most useful der1vat1z1ng reagent to study the naturally occurr1ng -
fof"3 octanol from Myrmtca ants. ;“‘”" o :

Comparison of the gas chromatogram of 3 (S) octyl chrysanthemate ,

‘~‘gprepared from 3- (S) octanol from oil of Menthae Japontcae w1th that prepared
” ”fffrom 3 ( ) octanol established the elut1on order as S followed by R on the
1V(OV 1 stat1onary phase._ Th1s result was’ cons1stent w1th the elut1on order of
1.;t;the chrysanthemates of 2-octanol on SE-30 stat1onary phase observed by other
%:rigxworkerszg3gﬁl 5 | - . e

Co-chromatography of the 3-octanol from the Myrmtca ants and the

:cf:recemate as the1r chnysanthemate esters revealed that the ant alcohol was
_'essentlally the later—elut1ng R enant1omer;_ The Figure 45 illustrates the
‘tmfreconstructed 1on chromatograms of octyl chrysanthemates.p The mass spectra
-:l of the chrysanthemate esters of 3- octanol from all three source were
“rident1cal [m/z 280 (¥, 13), n/z 168 (C10H1602 , 5%), m/z 151 CTUBIE
gh13%) m/z 123 (C9H15 3 100%), m/z 107 (9%), m/z 93 (7%), m/z 81 (32%), m/z 71

"(40%), m/z 69 (24%), m/z 57 (53%), m/z 55 (26%)]



182

-

ol

ulw

|oueld0-(+)-(s)-¢

QUOYIUIU - ==

[oyIudW - § ==

) Lo *UTW | *Y SeMm
sread Toueroo=-(+)-(s)=-¢ a2y3 JO0 2WTI}
uotiua3iax ayr *(000‘0S X uoIIEeNUdIE)
D. 02T .3®- M 'qIosouoIyd uo WOz 9534 %0T
JO uuntoo padoed uwr X W gLz ©

uo paydexbfojeworys sem (frd ¢+0) TTIO
jeadu ayl +*1T10 jururaddad asaueder

3o wexbojeuwoxyd seb v *$py qdNOI1A



RIC

B
C
~~——
D
E
- 1 v ' . y ) ) 1 v ]

P RS min E
FIGURE 45, Reconstructed fon chromatograms (RIC) of
3-octyT-[+)-trans-chrysanthemates of 3-octanol. 3-Octanol from (A) oil of

recemic mixture. : Analysis was performed on a 20 m x 0.3 mm OV-1 capillary

k Menthae japonicae, (B) o1l of menthae japonicae with commercial recemate, ial
{ClWymica ants, (D) Myrmica ants with commercial recemate, and (E) commercia

column at 150 °C. o
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‘Lﬁrthe aggregation pheromones of bark beetles

.134ir

The (S)-(+)-3-octanol had been reported as eariy as 1943371 but '
:thTS is: the first report of (R)-(- )-3-octanoT.from a bioTogicaT source.f"fr

SiTverstein373

has reviewed the chiral insect pheromones and in those'examplei”
so far reported, nearly always only one opticaT isomer or a specifie blend'of
_opticaT isomers occurs naturaTTy; rarely the racemic mixture.’.The mandibuTar T
aTarm pheromones of Atta texana and A. cephalotes in | | _.p‘
‘(S) (+) 4-methyl-3-heptanone enantiomer onTy29 ~ Pasteels et al. 198 £ound the
f absoTute configuration of a pheromone’ from the head of another myrmicine ant _
Tetramoriun impurum to be (3R,4S)- 44nethy] 3- hexanol. ATthough a |
generaTization on the fragments of information must be av01ded, it w1ll be.:
| interesting to see if the C-3 chiral centre of the many mandibular gland
pheromonal alcohols ofﬁmyrmic1ne ants listed by Blum and Hermann’ 0 are aTT of‘f
‘i‘fthe‘R configUrationQ‘ The 45 configuration Of‘Attd heptanone and Tetramoiiwn

' hexanol (above) 1s aTso found in the 4-methyT 3- heptanoTs thCh are found in :
374

" For Atta texana the naturaTTy occurring (S) enantiomer of _

(S)- (+) 4-methyl-3- heptanone 1s about 100 times more active than the (R)-

29‘ For maTe fTour beet]es the

. enantiomer in reTea51ng the aTarm behav1our
. optimaT attraction is reTeased only by the (4R 8R)-optical 1somer, out of the .
tg}four optical isomers possible for 4 8-d1methy1decanaT375 Similar -

“behaviouraT experiments were carried out by M. C. Cammaerts (UniverSity of

"fBrusseTs) using 3- octanoT on Myrmtca ants as a continuation of the present

e study. Her resuTts c]early demonstrated that (R) (=)= 3-octanoT 1is highly

'effectiye_in.orienting an ant to the source. The racemate wasppartially
active whereas theh(S) (+)'enantiomer.was'as inactive as the hexane control.
The (R) ( ) 2 octano] also showed no 51gn1ficant act1v1ty in orienting the
worker ants. The results are 1Tlustrated in Figure 46. Therefore it can be .
concTuded that the correct configuration at the C-3 chiral centre and the
position of the hydroxy] group alone the that (R)~(~ ) 3-octanol is highTy

effective in orienting an ant to the source. The recemate was partially
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‘active whereas the (5)-(+ )-enantiomer was as‘inaétfve as the hexahe cdntfdi:ffl
The (R)-(- ) 2- octanol a]so showed no s1gn1f1cant act1v1ty 1n orientlng the  f
- worker ants. The resu]ts are 11]ustrated in F1gure 46. Therefore 1t can be‘e
 'conc1uded that the correet eonfiguretjen‘at‘the C-3 ch1ra1 centre and‘the‘;
position of the Hydroxfl gkeup‘a]one,the chain are‘important for bio1egice1

activity.
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- EXPERIMENTAL

- 3.1 General Procedures

3.1.1. Sources and collection of ant colonies
a. Te tramorium caespitum '
Three Targe colonies (apprbxihately‘lo,ooo individua]s/co1ony)p
were collected from Heartland moor in Dorset during‘August 1982. They were“"
‘transported to the laboratory, separated from the soil using a pqoter and

transferred to artificial nests.

b. Salenopszs geminata L
The ants were collected from Co1ombo, Sri Lanka and p]aced in a
p1ast1c bottle half f111ed w1th mo1st so11. The inner wa]ls of the bottle :
were coated w1th polytetrafluoroethylene to prevent ants from escap1ng and
tt the open1ng was closed with a piece of fine ny]on nett1ng. The co1on1es were

| transported with1n a few days by air as cab1n 1uggage or air cargo.‘

. | C. Myrmiea‘rubm‘
S ‘d." :M‘y‘rmi‘ca ecabrtﬂnodis “
o e. Myrmica ruginodis’
“ji“These‘ants Were Co]]ected‘from_Chesterton,‘North Staffordshire.
The nests were dug up and transported with tﬁe.soi] in polythene bags to the
laboratory. - In thetlabdratony the ants and brood were separated from the

soil and placed 1n artificial nests.

f. Myrmica suleinodis .

A sma]l_coleny;was supplied by M. V. Brian and Mrs.

J. C. Wardlaw from Furzebrook, Dorset. .
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g. Myrmica'rﬁgulosa
Two colonies were supplied by C. A. Collingwood (Leeds) and

R. Cammaerts (Brussels). The Belgian colony originated from Brabant and

Hainaut. .

h. Myrmica schencki

A colony was supplied by M. Nielsen (Aarhus, Denmark).

i. Myrmica albuferensis
A small colony was collected by C. A. Collingwood from salt

. marshes of Albufera, Mallorca, Balearic Islands.

j. Monomorium pharaonis |
A small colony was supplied by J. Edwards, Ministry of

Agriculture, Slough.

3.1.2. Maintenance of ant colonies
é. Tetramorium caéspitum

" The ants were maintained in the laboratory at room temperature,
in a wdoden box (25 cm x 28 cm x 4 cm) with a sliding glass top, filled with
moist soil and peat. The g]ass top was kept covered with a piecé‘of‘black
paper"and the peét was moistehed once a fortnight. Four holes (1 cm
diameter) in the.longest sides of the nest box provided exits and entrances
for thé foraging workers. The box was placed in an aluminium tray, serving
as a foraging enclosure (60 c¢cm x 45 cm x 7.5 cm) with its vertical walls
coated with po]ytetraf]uoroethy]ene (ICI, 'FLUON') to prevent ants from
egcaping.

The ants were fed on 5 diet of cheese, dessicated coconut,

maggots, meal worm larvae (Tenebrio molitor), aqueous sugar solution (10%

w/v) and Banks diet376, The Banks diet consited of 100 g of fried ground
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beef, 3 whole eggs, 1 ml multiple vitamins, and 500 ml of f1y pupae pureed 1n .
a‘blender and mixed with hot water (400 m1) and agar (15 g). Th1s m1xture '
was then poured into pans, cooled and cut into blocks for feeding. ,The‘ -

mixture can be stored up to six months at -20 °C.

- b. Solenopsis geminata
) The ants were maintained in the animal house in a dark plastlc —_—
bottle (7 cm o.d.) half filled with moist soil and peat. A g]ass tube (4 mm
i.d.) pierced into the wall provided the exit. . The 1id was opened and the
peat was moisturized once a fortnight;. The nest was p]aced in p]ast1c |

- washing up bowl with its vertical wall coated with po]ytetrafluoroethy]ene.f
The plastic bowl was kept in an alnminiun tray fi]led:with water. fne colony
:._was maintained at 28-30 °C and 50-60% relative hunidity.: The ants were fed

with a diet of brood from other ants, dessicated coconut, young locusts and

10% sugar solution.

. Co Myrmica species‘

The Myrmica ants were maintained in the laboratory at room
“temperature in‘coniea1 flasks (250 m1) filled with lpCm of mofstened pTaster .
| ‘df Paris. Seven short 1engths of glass tub1ng were connected to the bottom
”‘of the f1ask four of wh1ch were connected to test tubes (10 mm x 80 mm)
covered so as to provide darkened brood chambers. Two of the tubes served as
B exitstfrom the nest whilst the other‘whieh‘opened below the‘leVel of the

‘plaster prov1ded a means of keeping the nest mo1st by adding water from time

i to t1me. ‘The top of the nest was c]osed w1th a rubber. bung. " The ants were

‘fed w1th a d1et of mea] worm 1arvae, maggots, Banks d1et376 and 10% sugar

so]ut1om

d. Monomorium pharaonis

‘_The ants were maintained similar to M. geminata but kept at room
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o 190"_".
- temperature in the laboratony.

3.1.3. ldentification of ants :

- The species M. rubra, M. scabrinodis and M. ruginodis coiiectedn
by A. B. A. were 1dent1f1ed in the 1aboratory using the Hand book fop the o
"Identzficatton of British Insects377 ‘by microscopic examination of the ft t ’
workers' antennal scapes, epinotal_spines and petiole. S. geminata was
378 :
and C; A. Collingwood made the spe01f1c generic confirmation. The other ants-
inzthe study were identified by respective“eollectdrs and the identifications

were confirmed by C. A. Col]ingwood to whom specimens were sent.
3.1.4. ‘Gas liquid chromatography

é. Instruﬁentdtion ‘

The anéiyses'of the volatile constituents of the glands were

carried out using the following gas chromatographs. |
| (1) Pye 104 series gas chromatograph fitted ‘with’ dua]
".f1ame 1onization detectors (FID) ‘ ,
| - (11) Rye Unicam PU 4500 chromatograph fitted w1th dual
" flame ionization detectors (FID). o
_ (iif). Car]o—Erba HRGC Fractovap 4160 series gas '

'chromatograph with spiit-splitiess and on-column cold 1nJect10n systems, and 7
‘:equ1pped with 1nterchangeab1e flame 1onizat10n detector (FID-20) and nitrogen

phosphorus detector (NPD—40)

b. Columns
~The co]wnns used in the 1nvestlgations are listed in Tab]e 28

together w1th their spec1f1cations._



Table 28. ‘Specification of the columns employed in the GC analyses

Co]umn Material Liquid %Load- Support Mesh-

phase ing

range

100-120
100-120

100-120

100-120

- 100-150

©100-120

sorb W
B glass 0v-101 5 Diato-
‘ mite M
C glass ~PEG 20M 10 Chromo-
N R SR sorb W
~D- ' glass'~ PEGA 10 - Chromo-
‘ ” : sorb W
CE glass  PORAPAK Q
©F " glass  CHROMO-
E o SORB 102
6 fused  OV-1 ko ke

" silica . [bounded]

"H . glass ' FFAP ~~ 15  Chromo-.

sorb w

100-120

Support
treatment

AW-HMDS

AW-HMD S

AW

AW

AW-DMCS

© D D e G S WS S G R R D G S WD N N G G R T W M N D S D WD D T G MR I D G G G D AN G WA G W A T W T I D WD D G s e S S S W T G e S N AN G o S A S S W e

Column dimensions o
length(m) x i'd'(mm)f“[

1.5

2.75
2.75

Ls

1.5

25

0.32

*% 0 4 ﬂm thlckness

‘***‘ cap11lany
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. ¢. Preparation of column packings
(i) Conventional: packings '
: ,,A known amount of 1iquid phase was dissolved in the solvent
recommended'by the manufacturers, in a ribbed "rotavapor"(Buchi, Switzerland)
flask (500 m1). The solid support (approx. 10 g/m) of the stated mesh size
‘was added slowly to the solution to form a sldrry. The solvent waS'rempved
slowly under vacuum using a rotary evaporator. Hand turning of the flask wés
‘ emb]oyed to ensure an even csating of the support with the stationary phase -
and to avoid bumping and excessive movement which would haVe caused the = -
‘;fragi]e support to fragment. Once dry and free-flowing, it was fransferked>_h
to a fididised bed drier and‘a steady stream of nitrogen was passed through
the packing for six hours whilst maintaining'the bed at approximately iob\°c._ 
:This completed the drying and freed the packing from any very fine particles.
The inner surface of the glass column was deactivated by wasﬁing with either
hexamethy]dlsilazane or dimethyldichlorosilane. The excess 1iquid was
_emptied and the column was dried at 120 °C for one hour. Columns were packed
by‘épp]ying a vacuun at one end through a column fitting, a s1lan1zed glass
wosi'biug af ihis end ensured the retention of the psrticulate packing. - The
Aco]umn was packed tightly by the application of minimum amount vibration. A
7 cm gapywésfléfthbétween.the top of the column and the 1 cm silanized glass
| WOol_b1ug to accommodate the so]id.injectonﬁ
Al] the columns were conditioned for 12 h at 10 °c below the
_ mai1mum operat1ng temperature recommended for the partlcular phase, using a
nitrogen carrier gas flow of 50 ml/min.
_ '._“.- DR
(ii) Porapak Q and Chromosorb 102 columns
Both Porapak Q (Waters Assoc1ates, M1lford Mass. U.S,A.) aﬁd

Chromosorb 102 (Phase Separat1ons Ltd., Clwyd, U K.) columns weré prepéred by
simply filling the deactxvated g]ass columns with the powder polymer by the

~ . technique descr1bed in sect1on (i).
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sf”*h?h«' “(iii) Capillary columns

! ‘u,ﬁe i A "Crossbond" fused silica cap11]ary column (25 mm X 0.32 mm) ..
«"hw1th OV 1 stat1onary phase of 0.4-0.45 mm film thickness was purchased from

i f Carlo Erba Ltd. (Milan, Ita]y).

ST
o it

. 3,1.5. Dissection of glands and sample preparation for solid. injeotion”

The ants held with a pair of soft feather Tight tweezers (290 mm,ﬂ

nﬁ\‘Gallenkamp) and killed by momentarily immersing them in liquid n1trogen. The_’

h 'Dufour gland and poison vesicle with its two glandular filaments were removed”g

it fby dissecting the ants in distilled water, under a Vickers Zoomax b1nocu1ar

:':fm1croscope:(magn1f1cat1on X 35).,:The ant was held by the pet1ole with onesﬁgd[

‘pair of fine forceps (Idealtek No.4, Trady's, Switzerland) and with'anothere -

‘1fpa1r of forceps the final:tergite and sternite were pulled apart to w1den the'e

"‘Openlng for the st1ng. Finally the anterior port1on of the gaster was pulled '

i "oout by the f1na1 stern1te- The h1ndgut ma1p1gh1an tubules, fat bod1es and

"Vt«‘dother muscu]ar t1ssue were removed carefu]]y until only the Dufour g]and and i7

wfthe po1son vesicle’ rema1ned attached to the sting.‘ One of. the glands was ifh .

‘ﬁgremoved carefu11y depend1ng on wh1ch one was under study (even the st1ng

‘ n;]ance was carefu11y removed when po1son ve51c1es were stud1ed), mounted on a

f@wsmall p1ece of g1ass and b1otted dry w1th t1ssue paper;' The sma]] p1ece of

ff‘glass conta1n1ng the g]and was: pushed into the bottom of the sma]l g]ass tube

“3(25 mm X 1 8 mm) c]osed at one end and the open end was sealed 1n ‘a

| ﬁu?m1cro—f1ame. As an a1ternat1ve, if the g]ands are 1arge enough the

”f:glandular 11qu1d can be drawn into a f1ne cap111ary (50 70 um) by cap1]1ary

- tube,h

ﬁhact1on by p1erc1ng 1t and the cap111ary can be sea]ed 1n the 1arger g]ass

it “, :
KRNI

"“ B St ki })w “" .
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The method descr1bed by Morgan and Wadhams -was empToyed.: The

samp]e to be ana]ysed,‘such as 1nsect t1ssue, d1ssected glands, glandular
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contents extracted with a glass capillary (50-70 um), whole heads or gasters,
were sealed in a thin walled 35 mm x 1.8 mh glass tube. The glass tube was -
introduced into the solid injector (Figure 47), mounted in the modified
injettiob port of either Pye 104 or Pye Unicam PU 4500 GC and allowed to heat:
to approximately 200 °C for 3 min. The tube was then crushed in the earrier
gas stream by depressing the plunger in order to release the volatiles onto

the packed GC column.

31,7 Trapping and rechromatography of GC effluent
An effluent sph‘tter228 was made from thick walled glass |
capillary tubing (6 mm u.d. and 0.4 mm i.d;); with a 6 mm metal screw sealed
to the outlet (co]]ectpr) end and a metal capillary fitted with a restrictor,
seated to the end fdr connection to the detector (Figure 48). The restrictor‘f
was a piece of fine uire inside the metal capi1lary, of such a diameter aud
length;to give\a 95:5 (outlet:FID) Sp]it;ratib.. The splitter was connected._n.
bj eHSwa§e1dkbunion to'the end of GC column. The outlet heater was usually
. mainta1ned at 200 °C and the out]et kept c]osed w1th 6 mm Pye hexagona]
| coup]ing nut with a silicone rubber septun. The follow1ng methods were
1 employed to trap and study the GC effluent. -
a. Trappzng of mierogram quantztzes

L | Approx1mate1y 5s before the des1red GC peak or reg1on under
study emerged from the co]umn, the outlet was opened and a new nut w1th a2s
cm x 1.5 mﬁ b.d.: (1 mm i d ) U-shaped sta1nless steel tublng go1ng through
the 5111cone rubber septun was screwed in and the U-tube was cooled with a
ethy]acetate 11qu1d n1trogen bath in a small Dewar flask. The trapped-
mater1a1 was washed w1th a suitable solvent into a Reacti-vial for subsequent 2

analysis by bioassqy or reaction gas chromatography.
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. b. Trapping of manogram quantities
Glass capillaries of 0.5 mm o.d., 0.45 mm i.d. were used to trap

nanogram quantities of material from GC effluent. Approkimate]y 5 s before
- the desiréd GC peak'or region Underistudy appeared, the outlet was opeh&land‘ |
a new nut with a 45 mm x 0.5 mm 0.d. (0.45 mm i.d.) glass capillary going
through the silicone rubber septun and 15 mm polyethylene specimen tube cap,
was screwed in and the specimen tube cap was filled with Tiquid nftrogen .
(Figdre 48). Once the peak had eluted, the hexagonal nut was unscrewed and
thé capillary was immediately removed. The capillary was either sealed at
both ends in a micro—flame for rechromatography or broken into 3 equal pieces
and dropped into a 35 mm x 1.8 mm o.d.‘ (1.75 mm i.d.) glass tube closed at;[;jf
one end if a reaction had to be performed énd the open end waszsealed; ‘When '
rapid change-over of traps is required, for collecting compounds that eluted
close together, the splitter illustrated may be reb]aced with one ending in a .
- male Luer fitting anq the glass capillaries attached with a female Luer jdint”e
holding a soft‘siliconerubbEr septun. - The g]aés capillaries and tubes.Were
baked at 230 °C for 30 min before use. It was important to avoid -
contamination_of the tube by handling with greasy hands.

i The effiéienqy of the procedure_was deferhined by.iﬁjecﬁing 0.5
”ﬁi of-stahdafd solution of,tetradecane.and péntadecane in:hexéné (sob ng
each/u]); ohfo column A at 145 °C. The pentadécane peak was trapped,
rechromatographed and peak areas compared. To demonstrgte the use of this
techniqué to:determine_the hoﬁogeneity of a GC peak, a ﬁufour g]énd_df the
ant M. rubf&\was dissected out, sealed up in a 35 mm x 1.8 mm glass tube and
chromatographed on column D, with oven temperature programmed from 125 to 162
°C at 2 °C/min, and the effluent between 13.5-15 min’was collected and
rechrbmatographed oh‘éoidmn‘A‘with the temperature'prégrammed from 140 to 192‘

°C at 4 °C/min.
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3.1.8 Quantitative analysis. |

The quantity of material repreeented by a GC peak was determihed'
by using the same orasimilar compound es an external standard.
-Quantificetion was done either by peak area determination by trianguletion
' (i.e. peak height x peak Width at half height) or using a computing
integfator (DP 101, Pye UnicamiSpectra Physics). The determination were
usually made on ten replicate analysis of both unknowns and the standards,

and the mean values used.

- 3.1.9 Gas:chromatography-maSS spectrometry
A Pye 104 gas chromatograph linked through a glass jet separator
to an AEI MS 12 mass spectrometer was used with the following cond1t1ons.
‘Trap current 10 yA; Electron energy 70 eV, Accelerat1ng voltage 8 kv,
Multip:lier vo]tage 1.5 x 10 kV; source temperature 140 °C. The effluent
from the GC.column, before entering the glass jet separator, Was'spiit 90:10 ..
(Mass spectrometer:FID) using a glass sp]itﬁer; The collimating s]ite were
kept wide open when maximum sensitivity was requ1red. The carrier §as used
was he]iun at a flow rate of 20 ml/min. When the system was operéted at its
maximum sens1t1v1ty, background spectra were recorded and subtracted manually
.from the total spectrun. -The peak he1ghts and the m/z va]ues were fed 1nto
the Unj?ersity central computer and computer plots of the mass spectra were

obtained. :
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3.2 Micro-ReaCtion Techniques Used With GC

. The following reaction gas chromatographic techniques were
" employed to characterize microgram to nanogram quantities of volatile

chemical compounds.

3.2.1 Epoxidation

Microgram quantities of alkenes either synthetic or from ant
glands were directly trapped from the‘GC effluent in a solution of
“m-ch1oroperbenzoic acid in hexane (100 ul, 0.05 M). The GC effluent nas.
split using an all-glass splitter 228 (Figure 48) with the outlet modified to
end in'a male Luer fitting instead of the metal screw. .The des1red GC peak .
was trapped by passing the effluent through a Luer needle (7 cm, -1 mm
i.d. )bent at right angles, into the m-chloroperbenzo1c acid solution in a
micro-test tube coo]edninmliquid nitrogen and ethy] acetate.-VThevmicro-test;
tdbe (5 cm) was made fronwa Quickfft 5/13 neck. The needle was rinsed:with
the:reagent solution (10 u1). Alternatively, microgram quantities of alkenes
were trapped in metai-U-tubeS‘as in Section 3.1.7 and washed into a -
micro—test tube with the reagent solution (100 u]) The reaction solution
 was kept at room temperature for 10 min before the products were exam1ned on
e1ther 10% PEG 20M column or Ov-1 capillary column. (Table 28, co]umns C and
G respect1ve1y)
| ‘ | Nanogram quant1t1es of a]kenes were d1rect1y trapped 1n glass
cap111ar1es (45 mm x O. 5 mm) as descr1bed in Section 3.1 7. The reagent
solution (1 u] 0.05 M) was injected with a 5 ul syringe (Scientific Glass
Eng1neer1ng, London), fltted with a 75 mm x 0.23 mm (o.d ) need]e suitable
“for on- column 1nJect1on, onto the trapped mater1a1 1n the glass cap111ary.
The solution in the capillary was moved up and down and withdrawn back into
fhe syringe.‘rThe solution‘in the syringe was immediately injected on a cold

(40 °C) OV-1 capillary column and the products were investigated with the GC
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oven temperature programmed from 40 °C to 300 °C at 10 °C/min.
| st o The efficiency of the procedure was determined using hexane
solutions (350 ng/ul) of (Z)- and (E)-6-pentadecene, (Z)- and
(E)47-pentadecene (synthesized by Miss Maria Bohan), (Z)- and

(E)-8-heptadecene, (Z)--and (E)-9-nonadecene (synthesized by R.P.Evershed)
and: (Z)-9-tricosene (Aldrich).

3.2.2 Cleavage of epox1des
| The epox1des not commercially available were synthesized from the :
. corresponding alkenes by reacting the alkene with m-chloroperben201c_ac1d.- e
The Juvenile hormones were obtained from Sigma Chemical Co. kSt.Louis, MO,
~U.S.A.)." Periodic acid, purchased from Fluka (Switzerland), suppliedlas' |
H5106 was dried to a constant weight in an evacuated drying pistol at.100_°QE,J
and ground to a fine powder in a mortar. | | -
‘The cleavage of epoxides to correspondlng carbonyl: compounds was

- performed by the following methods.

. a Cleavage in glass capillaries _ _ |

| The epoxides wére trapped separately (200-300 ng) fnto g]ass'
capi]]ariés [45 mm x 0.5 mm (o.d.)] as described in Section 3.1.7, from the
10% PEG ZOM column (Table 28‘, coiumn C). The trapping capillary was broken
“fnto 3 éqdél pieées‘and‘dropﬁed intd a 35 mm x 1.8 mm o.d. (1.75 mm i.d.)
. glass tube ¢losed at one end which contained solid peribdiC'acid (0.5 mg or
less). The opén end was sealed immediately and the tube was kept at rbom
temperature fof‘3‘min.37Tﬁis was reintfoduced into the gas chromatograph with
the soIid injectqr anq the‘products were identified either on 10% PEG 20M or

Pbrapak Q column (Tablé 28, columns C and E respectively)

b. Cleavage by pre-column packtng

A per10d1c acid pre—co]umn packing (10% w/w) was prepared by

'
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f';:;: evaporating a solution of anhydrous periodic acid powder (IOQ mg) in abso]ute ff

ethanol in contact with 5% 0V-101 on 100-120 mesh Chromosorb W (1 g) in a"f
rotating evaporator. When dry and free’fTowing it was packed in a g]ass tube;’
v"hbetween two s11anlzed glass woo] pTugs and n1trogen (50 m]/m1n) was passed |
- for 2h at 200 °C for dry1ng Hexane (5 ul x 5) was 1nJected onto it at 200 _

°C for cond1t10n1ng. It was made into a pre-column packing (7 cm) between

C o two silanized glass wooI plugs on column C or E (Table 28). ~ Epoxides trappede :

>1n g]ass cap1]1ar1es (3 1 7), solut1ons, or crude reaction mixtures (aTkene

and m-ch]oroperbenzo1c ac1d in d1ch10romethane) were 1n3ected onto the coTumntfi

| 7‘g and the carbonyl products formed were exam1ne¢

3.2.3 0zono1ys1s R

Ozone was generated to cleave the alkenes to correspond1ng

} ‘Acarbonyl compounds us1ng a m1cro—ozone generator270 271 (F1gure 49).

'h J‘Ozon01ys1s of the aTkenes was performed ‘either in- soTvent or in glass '

H“‘cap111ar1es w1thout the use of a solvent.

o a.‘OzonoZysts tn soivent‘ |
En e M1crogram quant1t1es of aTkenes from the GC eff]uent were trapped-V“
fwseparately into U-shaped meta1 tub1ng (3 1 7) The trapped mater1a1 was

* washed out. W1th carbon tetrach10r1de (x3 30 u1) into a 91355 m1cro-test

thTTtube, cooTed in 1ce._ A f1ne stream of ozone (10 mT/m1n) through a fine gTass

‘) \cap1l1ary was passed d1rect1y 1nto the soTut1on for 3 m1n.(F1gure 49) The

n‘presence of excess ozone was checked w1th a piece of wet starch 1od1de papenr
‘The ozon1des formed were reduced by the add1t1on of a smaTT crysta] of
tr1pheny1phosph1ne.‘ The products formed were anaTysed on 10% PEG 20M - (Table

28, coTumn C) or Chromosorb 102 (TabTe 28 "column F) coTwnns.

$ b..0zonolysts wtthout solvent ?[

Nanogram quant1t1es of aTkenes were trapped in g]ass capillary
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tubing (3.1.7). The co]]eetion tube was broken into three equal pieces and
dropped into a larger glass tube (35 mm x 1.8 mm) closed at one end. A fihekr
stream of ozone (10 ml/min) was passed for 20 s, through a glass caplllaty

(0.5 mm o.d.) extending to the bottom of larger glass tube cooled in 1ce.::r
The open end was sealed immediately and the tube was kept in the injection

area at_200 °C for_5 min before crushing.for.the pyrp]ytic cleavage of the,;v
ozonides. . This was applied to a wide variety of known alkenes (Table 13).by
trapping 200-300 ng samples from column C, and E (Table 28) and the products_'a

. were examined on the same columns.

3.2.4 Hydhogenation-

- For microscale hydrogenation of unsaturated compounds, 1% . ~ -~
pa]lad1un cata]yst was prepared by’ evaporat1ng an aqueous solution (150 m])
of palladium ch]or1de (25 mg) and sodium hydroxide (11.2 mg) in contact with
© 100-120 mesh Chromosorb W (1.5 g) in a rotating evaporator. Once the
‘ mater1a1 Was‘free t]owfng>it was further dried in an oveh.at 150.5C"for,12 h. .
It was packed:in a g]ass‘tube (4 mm i.d.) between two silanized glass wool |
:‘p1Ugs‘and hydrogen'(40 ml/min) was passed for'ﬁd min, at 200 °C, inside GC
1 eVen'for activatien. The hydrogen gas emerging. from the co]umn was burnt in
"the FID. “The activated catalyst was made into a pre—co]wnn packlng (6 cm)
“between two s11anized glass wool plugs on column C or D (Table 28)

_ ~Either trapped alkene samples or alkenes in-hexane solution
“(ch10r1nated so]vents were avo1ded) were 1nJecteq using hydrogen as the
“carrler gas at a flow rate of 40 m]/min: The flow rate of.air into the FID
was 1ncreased to 1200 m]/min to ma1nta1n the same sensitivity as when
nitrogen was the carr1er gas.' The system was constantly checked for gas
leaks. When hydrogenation was done on a micro-preparative scale for the
subsequent analysis of the'hydrOgenated products by GC-MS, they were either
trapped;%h metal U-tubes or.in glass capi11arfes (3.1.7). The hydrogen from

the end of the U-tube was vented.
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3.2.5 Methoxymercuration-demercuration
Microgram quantities of alkenes trapped into metal U-tubes from

the GC effluent (3.1.7) were washed separately with methanol (100 ul).into e
epecial glass viel (Figure 10). Powdered mercuric acetate (0.1 mg) was added
and the solution was shaken for 24 h.in the dark. - A minimum quantity ofr‘
finely powdered eodiun borohydride was added to the ice cooled solution unti}
no more reaction was visible. The reaction mixture was made acidic with a o
fewrdrops of glacial acetic acid fo]]oweo by two drops of water. : Ether (5
ul) was added and the mixture was thorougly shaken. . The ethereal layer was
pushed into the narrow neck\region of the vial by adding water into the

bottom chamber, using a syringe. The methoxy derivatives present in the

o ether layer were examined by GC on 10% PEG 20M column (Table 28, column C)

‘and GC-MS.

3.2.6 Sodiun borohydride reduction _

o Nanogram quantities of carbonyl compounds were trapped separately
.from the GC effluent from the 10% PEG 20M column (Tab]e 28, co]umn C) 1nto
glass capillaries (3.1.7). " 3The collection tube was broken into three equal -
. pieces and dropped into alglass tube (35 mm x 1.8 mm o.d.)'closed at one end
.whicn'eontafnedffine1y'powdered solid sodiun borohydride (0.1 mg). The open
end was sealed immediately in a mfcro-flame and the tube was kept for 15 min.
at room.tempereture,~ This was reintroduced into gas chromatograph kept for 5
'»fmin at 200 ~°C at the injection area before crushing the tube. “The alcohol
products formed were examlned on the 10% PEG 20M column (Table 28, column C)

L Alternat1ve1y, a solutlon of sodiun borohydr1de in wet

tetrahydrofuran (1 ul,;0.03 M);was-1nJected onto the trapped carbonyl
Icompoundspin the.glaSS capillary (3.1.7), using a capillary syringe (5 ul,
Scientific GlasS'Engfneering,'London) fitted with a fine needle (75 mm x 0.23
mm o.d ). The cap1l]ary was kept for:10 m1n at room temperature. The |

syringe was r1nsed severa] t1mes w1th distilled water and the solution inside
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the capillary tube was withdrawn back into the syringe and injected

immediate]y on a'cold (40 °C) ov-1 capillary column.

3.2.7 Bromination
; Microscale bromination of glandular components was performed by -

adding bromine solution (0.5 ul, 1% v/v in carbon disulphide) to a cleanly
d1ssected gland, mounted on a small piece of g]ass, placed inside a g]ass tube
(35 mm x 1.8 mm o.d.) closed at one end. About 20 min time was allowed for
the reaction to take place and excess bromine to evaporate. ' When there was "
no more visible colour of bromine present, the glass tube was sealed and e
introduced into the gas chromatograph. | |

o A]ternatively,‘nanogram quantities of material trapped from Gc;}'
‘efftuent into glass capillaries (3.1.7) were brominated by injecting a
solution of bromine in hexane (1 ul, 5% v/v) onto the trapped material using
a capillary syringe (5 ul, Scientific Glass Eng1neer1ng, London) fitted with
‘a‘fine‘needle (75 mm x 0.23 mm 0.d.). The solut1on was w1thdrawn back 1nto
“‘ﬂthe Syringe and injected immediately on a cold (40 °C) OV-l‘cap111any column.

The gas chromatograms obtained were compared with those obtained without
~bromination. |
_3.2.8 Ester1f1cat1on with dlazomethane

- Mlcroscale preparation of d1azomethane was achieved by the method
of Fales et al.340, N-Methyl-N'-nitro-N-nitrosoguanidine (MNNG)'(l mg) was
‘covered with water (100 u1) in a React1 v1a1 (1 ml) coo]ed in“an ice bath.
_Due care was taken 1n hand1ng MNNG as it is a potent mutagen. The
Reacti-vial was new and scratchless. Freshly distilled and anhydrous
.tetrahydrofuran (THF) (100 ul) was added on top of the aqueous layer and the
vial was screw capped with a silicone rubber septun. A short piece of
me1t1ng p01nt tub1ng, flamed to smooth the ends was placed through the septum

to prevent‘any poss1b]e_bu11d—up of back pressure. An aqueous KOH solution
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(50%, 50 ul) was added with a syringe on MNNG. The yellow CHyN, THF layer
pfbduced Was withdrawn with a syringe fitted with a fine needle (0.23 mm |
0.d. ). ““ | o
| The fatty acids were tkapped in glass capilléries (3.1.7) fromfi‘
the 15% FFAP column (Table 28, column H). CH,N,/ in THF (1 ul) was injected
onto the trappéd material and the solution was withdrawn back into the -
syringe fitted with a fine needle (0.23 mm o.d.). - The esters formed were .
examfned by on-column injection on the OV-1-capillary column. The method waS'_
applied to investigate the esterfication of authentic samples (500 ng) of .. .

myristic, palmitic, stearic and benzoic acids. -



3.3 Trail Pheromone of :Tetramorium caespitum .. .
3.3.1 Preparat1on of glandular extracts for bioassay
A t1ssue grinder was made from a Pyrex test tube (3 cm x 8 mm P
“;_ i.d.) and a piece of gTass rod with a spherical knob at one end. The

‘:':)abras1ve surfaces on. the bottom of the test tube and on the spherical base off;

o the rod were produced by grinding the two surfaces together with a sTurry ofﬁ@f

J:V‘carborundum and . Teepol (detergent). The tissue grinder was baked in an ovenfdf

at 230 °C for 2 h before use.

- The ants were killed by exposing them to the con'vapour from"
i p'«'T1qu1d n1trogen. The poison gTands and Dufour gTands were d1ssected cTeanTyfﬁr

’h‘f)from the gasters as described in section 3.1.5. The gTands were transferredgff

””fr)vwith tweezers onto the wet surface of the base of the rod and macerated w1thwtf
"0f)”a soTvent such as’ hexane or acetone (100 ul1). The extracts were kept:,fwl-‘v

. ice-cold unt1waurther use. oo

vr:3.3 2 B1oassay of tra1T foT]ow1ng behaviour .

'-f The method of PasteeTs and Verhaeghe218 was empToyed to measure

:ftf?fthe tra1T foTTow1ng behav1our of ants towards the test soTut1ons. A c1rcTe ei”
: :.;rof 5 cm radius was drawn W1th a Tead penc1T on a p1ece of wh1te paper (13 cm
.x 13 cm) The c1rcunference of the circle was marked w1th arcs (1 cm) The
o soTut1on under 1nvest1gat1on (usuaTTy 25-100 uT) was 1nJected 1nto a - :“
_,Standardgraph (BTundeT Har]1ng, Dorset) ‘S' funneT pen (0 8 mm) and a i
=[tcont1nuous streak was drawn on the c1rcle. The soTvent was aTTowed to
:.evaporate for two m1n and the paper was pTaced 1n the forag1ng area of the
:rant nest.‘E The number of arcs run aTong the tra1T by each 1nd1v1duaT worker
"ant was recorded for a spec1f1ed per1od of time (usuaTTy 20 m1n) )The
med1an of the vaTues thus obta1ned was used as a measure of act1v1ty.
ERoiE The pens were thoroughlyuwashed us1ng a stream of acetone.' This

‘was done convenientTy by pTac1ng the dismantled pen 1ns1de a syringe barrel
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(5 ml) filled with acetone and applying low suction through the needle. A
blank bioassay using solvent only was always performed before a test to. |

ensure no residual activity was present in the pen.

- 3.3.3 Bioassay of glandular extracts

Twe poison g]andswere extracted tnto acetone (100 u1) as

~ described in section 3.3.1. vThe trai1 bioassay was performed as section
| 3.3;2. The behaviour of the worker ants was observed for 20 min and the
median of the number of arcs run was determined. A mean value was obtained: .
by repeating the test three times. The activity of an extract of two anour

vg1ands was tested in a similar manner. = -

3.3.4 .Thin layer chromatography -
| An extract of two cleanly dissected po1son glands was made in
S distilled ecetone (50 u1). ~ The extract was applied to the origin of-a silica .
ge] 1ayer (20 cm x 5 cm x-0.3 mm) on a glass p]ate and developed w1th
hexane-acetone (60:40).  The solvent front was allowed to run 15 cm. The '
plate was air dried and the silica was cut into ten bands (1.5 cm each) The
“ bands were scraped separate]y into Pasteur pipettes p]ugged w1th g]ass wool.
Each fract1on of s111ca was extracted with acetone (100 u1) directly 1nto a
Standardgraph pen.‘ The trail fo]1ow1ng act1v1ty evoked by each fraction was
tested by the b1oassay described in sect1on 3.3 2. Blank b1oassays using
so]vent on]y were performed before and in between each test to ensure no
activity was present by_contam1nat1on.; The test was repeated in the same
manner exeept only.the region between 4.5-9 cm was.seraped with a small
spatu]e;and width of each band was narrowed tolZ mm. .

| ‘Similar expertments were.perfermed to test for functional
groups. . Two poison gtandsrwere extracted separately in HCl in acetdne (1%)
and Bry in hexane (i%, v/v) respectively. The reaetion mixtures were

separated by TLC and the bioassays were carried out as before.



- 209

Samp]es:of synthetic 2,5-dimethylpyrazine and
3-ethyl-2,5-dimethylpyrazine were chromatographed under the same conditions
as above. - The spots were visualized under the UV lamp and the R¢ values were

calcul ated.

- 3.3.5 Gas chromatography » -

Three poison glands were clean]y dissected without the Dufour

gland and the sting and sealed in a glass tube (3.1.5). The contents of the

. tube was chromatographed via the solid injection method on the PEG 20M (Table-

28, column C) at 130 °C. The jonization amplifier was used at attenuation‘x\.

50. A Dufour gland was chromatographed under the same conditions in order to

distinguish anyhpeaks that may arise as contaninants in the poison gland GC -

'traces.

3.3.6 Trapping of GC effluent ‘
. Two po1son glandswere 1nJected onto the PEG 20M (Tab]e 28 co]wnn,

C) at 130 °C. . The effluent was split and collected.in metal U-tubesas .

descr1bed in section 3.1.7. . The collection tubes were changed at -1 min:--

. intérvais. ‘The trapped material was directly washed with acetone (50 u])

into Standardgraph pens and the act1v1t1es of varlous fract1ons were

bioassayed as before (3.3.2).

3. 3 7 Gas chromatography-mass spectrometny

The polson glandsof 50 ants were cleanly d1ssected and sealed in
a glass tube (3 1 5) The mass spectra of the two major components of the
poison gland were obta1ned by GC-MS as described in section 3.1.9. A low
vb]eed 5% SE-30 column (Table 28, column A) was used'at 130 °C. - The
collimating s1its of the MS were kept wide.open'and the multiplier voltage
was opehated at 3 X 10‘kvl 'Background sbectra were recorded_before and after

the peaks of interest and subtracted from the total spectra. The mass
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spectra of synthetic 2,3-dfmethy]pyrazine, 2,5-dimethylpyrazine,
2,6-dimethylpyrazine, ethylpyrazine and 3-ethyl-2,5-dimethylpyrazine were o

obtained under the same conditions using solutions in hexane (500 ng/ul).

3.3.8 Quantification of glandular components

The poison glands of ten worker ants were dissected cleanly
without the Dufour gland and the sting and sealed separately in glass tubes
(3.1.5); The contents of the tubes were chromatographed by solid injection .\'
(3.1.6) on the PEG 20M (Table 28, column C) at 130 °C. A computing .
8 integrator was employed to calculate the absolute quantities of material;;r‘[
‘u51hg a so]ution of 2,5-dimethylpyrazine (510 ng/ul) as an e;ternal stehderd -

(3.1.8).

‘3.3.9 Bioassay of synthetic substances

: ‘Mixturesof 2,5-dimethylpyrazine and 3-ethy1-2,5-dimethy1pyrazine
in hexane (to give a total of 4 ng per sample) were made separately in 10:0,

- 9;1;,8:2, 733,_6;4, 5:5, 4:6, 3:7, 2:8, 1:9, 0:10 proportions. The m1xtures :

were.used to lay circular treils as described in section 3.3. 2. The tra1ls

) were presented in the foraging area and the number of arcs run a]ong the
'.trall by each worker ant were recorded for 20 min and the med1an va]ues were
“obtained The means of the median va]ues were calculated after repeating the

‘.‘exper1ment three t1mes. Blank tests were carried out between each test us1ng

hexane on]y to avoid any cross-contamination of activity. Similarly the

act1v1ty of-one pOISonlg]end equ1va1ent of material on a trail -was tested for

comparison. | | |

Sl The activ1t1es of the fo]]ow1ng compounds to evoke trail

| fo]]ow1ng behaviour were tested by bioassay by presenting 4 ng/31 4 cm trail.
| The compounds tested were 2-ethy]pyrazine, 2,3- d1methy1pyrazine, ’

2, 5-d1methy]pyraz1ne, 2 6-d1methy1pyra21ne, 2, 3 5- tr1methylpyraz1he,

2,3,5,6-tetramethylpyrazine, 3-ethyl-2,5-dimethylpyrazine and methyl
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4-methylpyrro1e-2-carboxy1ete.- The ant colonies used to test the acfivity i
.were Tetramoriun caespitum, 7. impurum, Myrmica rubra, and M. ruginodie; |
The determination of theresho]d concentrations at which the
worker ants display .trail following reactions were performed by present1ng. B
them a range of concentrations of synthetic trail substances.  The
2,5-dfmethy1pyrazine'and 3-ethyl-2, 5—dimethyﬁpyrazine were presentedf-?e'
| separately at 10~ 3, 10'2, 10'1 1, .10, 102 and 103 ng per trail and
“act1v1t1es were b1oassayed.
To determine whether the 70:30 mixfure of 2,5-dimethy]pyrathe”
. and 3-ethy1 2, 5-d1methy1pyraz1ne act in synergy, a bioassay. was: carr1ed out.‘
First using the mixture at 4 ng tota]/31 4 cm trail level, Then ‘
2,5~ d1methy1pyraz1ne and 3- ethy1 2, 5-d1methy1pyraz1ne were presented
mﬂseparately at 2.8 ng/trail and 1.2 ng/trail Tevels respectively.
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3.4 Chemical Investigation of Solenopsis geminata

3.4.1 Sample preparation
The ants were k111ed by momentary 1mmersion in liquid n1trogen.
E1ther d1ssected 51ngle glands, capillary extracts or individual heads were:
sealed in smalltglass tubes (35 mm x 1.8 mm) for subsequent GC analysis. - f
When Dufour glands were cleanly dissected, due care was taken to avoid N
contaﬁination from the poisdn gland and stihg because large quantities‘ot“
alkaloids from the latter interfered with the ana]ys1s of the Dufour g]ands.f‘
Whole heads were used for the general study of the postpharyngea] g1ands.‘ o
| When necessary the postpharyngeal glands were excised in water, under the
x‘m1croscope by breaking the cuticle and w1thdraw1ng the ye1low mass over the

"brain W1th tweezers.,

3.4.2 Postphanyngeal gland substances
- a. Gas chromatography
- "Individual heads'or dissected glands were solid ihjected on the )
'SE-30 (Table 28, ‘column A). The GC oven tempehature was programmed from 147
'}:to 260 °C at 3 °C/min. Pieces of-cuticle, mandibuiar glands, various other =
parts 6€ the head ahd thorax were also examined for compérison.
Quantificatioh'of peaks was'done-using a solution of hexadecane in hexane
(770 ng/ul) ‘as an external standard. ‘
by GO-MS i
~The mass spectra of the thhee major hydrocarbons ‘of the '
postpharyngeal gland were obteined by GC-MS using a SE-30 column as described
in'sectioh 3.1.9..r;A single head was solid injected on the column and the GC
| oven temperature was programmed from 166 to 232 °C at 4 °C/min. = The mess
spectra of authentic heneicosane, tricosane and (Z)-9-tricosene were*aiso

taken under the same‘conditiens.‘
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C. Doubie bond position of tricoeene
The tr1cosene peak obtained from the gas chromatography of a.
s1ngTe head of S..gemznata was co]Tected into a metal U-tube (3.1. 7) ,The f
trapped materlal was washed with methanol (50 ul1) into a-spec1a1 gTaSS'vialiQ'
Y(F1gure 10). The material.thus collected was methoanercurated and .

_demercurated by the procedure described in section 3.2.5 to y1e1d the methoxy:

'7.h der1vat1ves of tricosene. - The product was extracted with ether (5 u]) and

' i"'Q'”f__'the mass spectrun was obtained by 6C-MS using the ether extract (1 “])

d. Conftguratton of 9-tricosene
Argentat1on-TLC was empToyed to determine the conf]gurat1on of
9 tr1cosene from’ the postpharyngea] g]ands. the tr1cosene peak obta1ned-fromh'

' the gas chromatography of two heads of S gemtnata was colTected as descr1bed f

i ;.1n sect1on 3.1. 7. “The trapped material was washed with hexane (50 uT) 1nto aﬁl

“'React1 v1a1 (0 33 mT) and appT1ed to the origin of a 10% AgNO3-s111ca geT

’\‘d‘fus;Tayer (20 cm X 5 cm x 0. 3 mm) It was developed w1th d1ethy1ether (1% v/v)

‘yff1n 11ght pertroleun (B. Pt-m 40- 60 °C). The spots were v1sua11zed by

| ;spray1ng w1th 10% H2504 and heat1ng in an oven at 120 °C for 10 m1n. The ﬂ_ifi
: authent1c (Z) 9-tr1cosene (ATdr1ch) and a m1xture of synthet1c (Z) and
"(E) 9- nonadecene were aTso chromatographed under the same cond1t1ons.

‘e. EthoTog1ca1 act1vity of (2)- 9-tr1cosene

.Tn(Z)- -tricosene (1 ug) was app11ed to a p1ece of white paper (1;~
T\pvcm X 1 cm) and pTaced in the forag1ng area of S. gemtnata. The behaviour of

‘wvﬁnthe worker ants towards the p1ece of paper was observed for 20 m1n.f

r3 4 3 Po1son gTand substances
. Gas chromatography Hd hfﬁwr‘ |
: The po1son gTands were cleanly d1ssected as descr1bed in section
T'T-3 1. 5. The 1nd1v1dua1 gTands were gas chromatographed on e1ther the 10% PEG |
.120M coTumn (TabTe 28 co]umn C) at 185 °C or the 5% SE-30 coTumn (Table 28,
‘”colwnn A) at 190 °C us1ng the solld 1n3ect1on techn1que(3 1 6) The
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authent1c samples Of cis-and tranS-Z-methy1 6-undecylpiperidine (synthesized
by A. P. B111ington) were also chromatographed under the same cond1t1ons.;.
For the examinatioh of the trace constituehts, a poison gland was ground ahd
extracted with hexane (5 ul) and the solution was chromatographed (0.5 ul) on :
the ov-1 capi]]any column with the oveh temperature programmed from 40 to 300
°C at 10.°C/min. - The components were quantified using a solution of
.2,5-dimethy1pyrazine in hexane (511:ng/ul) as an external standard (3.1.8). -
‘b coms’ . R
The mass spectra of the two major components of the poison gland
were obtained by GC-MS using the SE-30 column. (Tab]e 28, column A) as
described in section 3.1.9." One poison gland was solid injected on the
co]uhn at 170 °C and the mass spectra of the two peaks and the va]iey in-
“between were recorded. The spectra of authentic samp]es were also recqrded_”

under the same conditions.

~3.4.4 Dufour gland substances -

o ‘e. Gas chromatography 1

A mixture of boric acid (20% w/w) and 5% SE-30‘oh Chrcmdsorb W

(100 120 mesh) was prepared for a pre—co]umn (12 cm x 4 cm) for‘the”‘\ e
subtraction of p1per1d1nes, used with either the 5% SE-30 co?umn (Table ?8
column A) or 10% PEG 20M column (Tab]e 28, column C). The Dufour glands were
so]id\injected (3.1.6) on the SE-30 column at 190 °C (attenuation x50) or on
the PEG 20% co]umn at 185 °C (attenuat1on x50) The Dufour g1and extracts in
hexane (5 u]) were also exami ned by on-co]umn 1n3ect1on (0.5 ul, 40 °C) on
the OV-1 cap11lary co]umn (Tab]e 28 co]umn G) and the oven temperature was
d1ncreased from 40 to 300 °C.at 10 °C/m1n. |
o b. Ge-MS .
. The mass" spectra of the maJor components of the Dufour g]and were
.obta1ned by Gc MS u51ng the SE-30 co]umn (Table 28, column A) as described in

section 3.1.9. Twelve Dufour glands were solid injected on the column and GC
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oven temperature was programmed from 166 to 232 °C.at 4 °C/min. The mass L
spectra of authentic heptadecane, heneicosane and (Z)-9-tricosene were also
taken under the same conditions.

| C. Bioassay bf trail following behaviour

The glandular extracts in acetone were bioassayed in the same

. manner as described for Tetramorium caespitum in section 3.3.2. A

cross-activity study was carried out using Dufour gland extracts of
' Solenopsis geminata, Myrmiéa scabrinodis and Monomorium pharaonis. A _
solution of synthetic faranal (gift of Prof K.'Mori) was also tested by
bioassay (4 ng/31.4 cm trail) on the above three species of ants.

d. Trapping of GC effluent | |

Two Dufour glands were injected onto eitherlSE-3O or PEG 20M

~ columns at 190 or 185 °C respective]y; Fractions of the GC effluent were
collected sepérate]y in metal U-tube as described in section 3.1.7. The
tkapped material was washed with hexane (50u1) and the solutions Wére made
upto 5 ml with hexane. The activity of each solution was bioassayed
sebarate1y using an aliquot (50 ul) by the method described_in section 3.3.2.
ke e Micro-reactiahs a e ' o = |

The total contents of a Dufour gland were brominated as.deécribed“
in th; sectionl3.2.7.: The hydrogenation df the Dufour gland contents was
béfforhe&'by the methodlde§cribéd.in'thé sectidhﬁ3.2.4. '+he.pfoddcts of both !
~ reactions were examined on both SE-30 and PEG 20M columns. The total effluent
. of the rgﬁctidn products were co]]gcted énd.tested for activity'by bioassay
as descrfbed in thé section 3.3.2. :Tﬁe'tricosene peak waé'colléctedr(3.1.7)
from 5 Dufour glahds and ozonolyzed as described in section 3.2.3.

o Thm '. lqyér éhromaiégiaphy S | |

' An'extract of two.bufour glands was made in hexane (500 ul). An
aliquot of the extract (50 ul) was applied to the origin of a silica gel
layer,(ZO cm x 5 cmlx 0.3'hm)land'thé'p1ate was developed with hexane. The

solvent front was allowed to run for 15 cm.  The silica was cut into ten
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bands (1.5 cm each) and extracted with hexane. - The activity of éach baﬁd‘was :
tested as described in the section 3.3.4. A Dufour gland extract treated = -
with Br,"in hexane (100 w1, 1% v/v) was tested in the same manner. A sample
of synthetic a-farnesene was also chromatographed under-the same conditioné ,

for comparison.
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3.5 Dufour Gland Substances of the Genus Myrmica

3.5.1.Samp1e preparation

The ants were killed by momentary immersion in liquid nitrogen.:‘
The Dufour glands were removed as described in section 3.1.5. Either = |
dissected single glands, capillary extracts or whole gasters were sealed in
small glass tubes (35 mm x 1.8 mm) for subsequent GC ana]ysis by solid

iinjection (3.1.6).

- 3.5.2 Gas chromatography

The following GC conditions were used to study the Dufour g]and
oohstituents of the four ‘Myrmica species under 1nvest1gat1on. ,Unless
"otherwise stated nitrogen was used as the carrier gas at a»flowxrate of 50
ml/min. - | |
TR Myrmica suleinodis

(i) 5% w/w 0V-101 silicone (Table 28, co]umn B) w1th GC oven .
‘temperature progranmed from 140 to 192 °C at 4 °C/min. ‘ o

/(1) '10% w/w PEGA (Table 28, column D) with GC oven temperature
| at 127 °C 1sotherma1 or programmed from 125 to 162 °C at 2 °C/m1n. |
(111) Porapak Q (Tab)e 28, column E) at 170 °C isothermal.

b._Myrmzea rugulosa TN R
- (1) 5% w/w 0V-101 s111cone (Tab]e 28, column B) with GC oven
| temperature programmed from 130 to 192 °C at 4 °C/m1n.
-(11)-10% w/w PEGA (Table 28, column D) with GC oven temperature
'programmed from 120 to 160 °C at 2 °C/m1n.
(1i1) Porapak Q (Table 28 co]unn E) at 170 °C 1sotherma].

*
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. C. Myrmica schencki -

The columnsand conditions were the same as for M. rugulosa. -

- d. Myrmica albuferensis
(1) 10% w/w PEGA (Tab]e 28, column D) with GC oven temperature

programmed from 120 to 160 °C at 3 °C/min. -

‘3 5 3 Gas chromatography-mass spectrometny (GC-MS)

, The identification of all major components in the Dufour gland f
| contents was confirmed by GC-MS (3.1.9). Five Dufour glands of the species'
under study were clean]y dissected and sealed in a small g]ass tube (3.1. 5)
‘The glass tubes were solid injected (3.1.6), separately, using the same '

' co]umns and cond1t1ons (3.5.2) employed for quant1f1catlon of the components._t
"3.5.4 Aha]ytica] evidence for structure assignment of GC peaks

“ " a. Bromination

The glandular components were brominated as described in section
©3.2.7 and the products were examined under the same conditions used for

identification and quantification of the compounds (3.5.2).

b Ozopolysis

| The Dufour glands were cleanly dissected from the.ants (3.1;5),
| gas chromatographed using the solid injection technique (3.1.6) and the
- alkenes of interest were trapped separately (3.1.7).' The alkenes were
ozonolyzed and the products were examined on the 10% PEG 20M column (Table
28, column C). ::The carbonyl compounds formed were identified by the"
comparison of the retention times and mass spectra with those of ‘respective

authentic samples.” . = & e
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- ¢. Hydrogenation
- The 1nd1v1dua] cleanly dissected Dufour glands were injected on
onto the 10% PEGA column (Table 28, column D), containing a pre-column -
packing (6 cm) of 1% palladium caialyst (3.2.4) at 127 °C isothermal.
Hydrogen was emplqyed és the carrier gas with the flow rate adjusted to
prdduce the same retention times for the safurated alkene peaks aé when using
nitrogen as carrier. | |

'3.5.5 Determination of glandular dimensions

The dimensions of the glands were determ1ned us1ng a scale
| ehgraved on glass reading to 0.1 mm. The g]ands were p]aced in a drop of
water.on a microscopic cover slip (18 mm-x 18 mm) placed over the scale. . The
glands were examined under the microscope (3.1.5) and the dimensions were

recorded.

3.6 Structures of Farnesenesu‘

3. 6 1 GC MS of farnesenes -

o " ‘The total volatile materia] of 5 gasters of. M. scabrtnodts were
*;exéﬁined on the 10% PEG 20M co]umn (Table 28, column C) at 160 °C and the
mass spectra of the three major components present, were obtained by GC-MS

- (3.1.9).

3;6;é Ozbho1ysi5‘of farnesenes

. Farnesene (4 ug), homofarnesene (10 ug) and bishomofarnesene (10
ug) Qére co]]ected separate]y in meta1 U-tubes (3 1.7) by solid injeétingl
(3.1.6) 20 gasters of M. scabrznodzs on 10% PEGA column (Table 28, "column D)
at 140 °C. The co]]ected farnesenea were washed separate]y with carbon

tetrachloride ( x3, 30 ul, preparative GC-pur1f1ed) into glass micro-test
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tubes and ozonolyzed (3.2.3, Figure 49). The carbonyl products formed were | :
enamined on the 10% PEG 20M column (Tab]e 28, column C) at 140 °C |
(attenuation x 200) and the Chromosorb 102 column (Table 28, column F) at 160
°C. The mass spectra of the carbonyl products formed were obtained by GC-hS
(3 1.9) using the same columns. -~ -
A sample of synthetic (Z,E)- and (Z,Z)-a-farnesene (synthes1zed by h
Miss Lorna Thompson)-and-(E)-or-(Z)-nero]ido] (Koch-Light) were also -
fozonolyzed and the products were examined similarly for comparison. |
~ - Alternatively farnesene (200 ng), homofarnesene (500 ng) and:
bishomofarnesene (500 ng), from one clean]y dissected Dufoun gland of M.
écabéinodis were separately,trapped from the 10% PEGA column (Table 28,
column D) at 140 °C into g]ass capillaries (3.1.7b). The trapped mater1als
'”were ozonolyzed separately using the solvent less ozono]ys1s techn1que T
(3.2.3) and the products were examined as described for ozonolysis in
 so]§ent;“ |
3.6.3 Hydrdgenation of farnesenes
_ _ . The total volatile material from 20 who]e gasters was |
hydrogenated on the 10% PEGA column, at 140°C, (Table 28, co]umn C)
containing a,pre-column packing (6.cm) of 1%,_pa1]ad1un»catalyst.(3.2.4).
Hydrogen was used as the carrien gas at a ffow rate of.40'm1/min. The tota]
hydrogenated effluent was collected in meta] U-tubes (3.1.6a) .
Wh The collected mixture of farnesenes was taken up in hexane (25
u])‘for‘eubsequent GC—MSIexamination'on 10% PEG 20M column.{Table 28, column
C) at 160°C.
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3.7 Mandibular Gland Substances of Genus Myrmica

3.7.1 Myrmica albuferensis-

The worker ants were killed instantaneously, by holding them W1th
a pair of soft feather 1ight tweezers (290 mm, Gallenkamp) and momentary - °.
immersion in liquid nitrogen, to ensure that the ants did not become tpo
disturbed. The heads were separated from the bodies and sealed in a thin
‘ha11ed gTass tube (20 mm xwl.8 mm 0.d. ). .The samples were introduced ihto&
the gas chrometograph by the solid injection teehnieue (3.1.5). The tubes
were kept at 200 .°C at the injectioh‘port‘for 3 min beforeacrushing.~_Thei;gtf
mandibular gland contents were analysed on 10% PEG 20M (Table 28, column C)
at 130°Chisotherma1.‘ The quantification of individualzchemfcal.compqnents

was achieved as described previdus1y (3.1.8).

3.7.2 Myhmica rubra queens

. A 1arge nunber of heads of M. rubra queens was supp11ed by Mme.

M. C. Cammaerts (Un1vers1ty of Brussels, Be]g1un) The amounts of-3-octanol .

and 3-octanone present in the mandibular glands were determined by the soiid

'Iijihjection ot_the individual heads (3.1.5) on the 10% PEG 20M column (Table :
| 28, column C) at'the_93 °C isotherma].-

'3.7 3 Reduction of 3-octanone

_ | The 3- octanone from mand1bu1ar glands was trapped 1nto a glass

| -:cap111ary (3 1. 7) by the 1nJect1on of an ind1v1dua] head of M. rubra onto 10%
PEG 20M column at 130 °C. The reduct1on of the 3-octanone was performed by
sol1d sodiun borohydr1de as described 1n section 3.2.6, without using a
so]vent. The 3—octanol product formed was examined on the same column under .
“the same eond1t1ons. ‘Alternatively the trapped 3-octanol in the glass
éapil]ary was reduced using a solution of sodium borohydride in

tetrahydrofuran.(3.2.6)'and the products were examined on the QV-1 capillary
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column (Table 28, column G).

- 3.7.4 Isolation of 3-octanol
3-Octanol was collected separately from the mandibular glands of
the ants, M. rubra, M. ruginodis and M. scabrinodis. . The ants were’kilied‘by
momentary immersion in T1iquid nitrogen. The individual heads were separated\\
‘and‘30‘heads were sealed in a small section of soda glass capillary tubfng
‘(35 mm X 1.8 mm). The vial was kept for 5 min in the injection port at‘ZOO o
°C and injected (3.1. 6) onto 10% PEG 20M column (Table 28, column C) at 120 '
°C. The 3-octanol peak was collected in a metal U-tube (3.1.7). - The “
material collected was washed with dichloromethane (x2, 50u1) intoa - -
- Reacti-vial (0.33 ml) containing anhydrous magnesium solphate'(l mg). ..:The
| supernatent liquid was withdrawn and used for derivatization. | _ "' _
| Opt1ca1]y pure (S)-3-octanol was collected from oil of Japanese
”peppermiht (Menthae Jjaponicae) (Maruishi Se1yaku, Tokyo) in the same way by
injecting (5 w1 x 5) samples on the PEG 20M column (Table 28, column C)-at
‘120‘?C, and the small octanol peak (Figure 44) was collected (3.1.7).

, 3.7 5 Preparatlon of N-tr1f1uoroacetyl (S) alanyl esters
: | N-Tr1f1uoroacety1 (S) alanyl ch1or1de was prepared by a variation
of the method of Souter3’9, . (S)-A]an1ne (100 mg,-A]drlch) in a dry, glass
g stopped flask was cooled in an ice bath and.completely disso]ved in
‘tr1f1uoroacet1c anhydride (1 m] A1dr1ch) by occas1ona1 shak1ng. The excess
"tr1f1uoroacet1c anhydride was evaporated by a stream of dry nitrogen and
freshly d1st111ed thionylrch1or1de (1 ml) was added to the chilled flask.

The excess thionyl chloride was evaporated under dry nitrogen and the residue
was d1ssolved in d1ch10romethane (500 pl)

| 3-0ctanol 1n dich1oromethane (50 ul) was added to
N- tr1f]uoroacety1 (S)- a]any] chloride solution (50 u]) in a Reacti-vial (0.33

ml). “The vial was stoppered and kept for three.days at room temperature and
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the products were exam1ned on the Ov-1 cap111ary column (Table 28, co]umn G) '

at 150 °C isothermal.

3.7.6 Preparation of N—trifluoroacety] (S)-prolyl esters |

v The N-tr1f1uoroacety1 (S) prolyl ester of 3-octanol was prepard |
' by a varlatlon of the method of Ha]pern and Westley380 3= Octanol in
 ch]oroform (50 ul) was p]aced in a React1 vial (0 33 ml) and |
N-tr1fluoroacety]-($) prolyl chloride (15 umo]) in chloroform (100 w1)
(Regis, Ch1cago, IL, U S.A.) and pyrldlne (10 ul) were added. .The sealed
vial was heated (90 °C, 10 min), when cool, -hydrochloric acid (100 ul, 1'M)'
wé§ added and:éhaken. _The_lower organic layer was separated,.dried over
- sodiun.su]pﬁote and examined by GC on OV-l_cepfllary column (Tab]e 28, column,

G) at 150 °C.

‘3.7.7‘Prepakatioh of'(+)-trans4chhysanthemate esters

PRI m

The 3-octanol was chnysanthemoy]ated by a previoosly deséribed
d293, ‘Typically, (+)—tfanséchrysanthemic acid (gift of Prof C. J. W. -
Bfooksj,(z mg) was treated (60 éC;]l h)‘with'freshly-distilled thionyl -

1 ch]oride‘(zoo u1 BDH). Excess thionyl chloride was removed in a stream of "
dry n1trogen.‘ The a]coho] 1n toluene (50 u], sodium drled) was treated with
chnysanthemoy] ch]or1de (three mo]ar proportlons) in toluene (50 u]) The
‘ester was purlfled by TLC (silica gel G, us1ng d1ethy] ether—hexane, 96:4, R¢

‘same as methyl pa]mltate) “and exam1ned on the OV-1 cap1]]ary column (Tab]e

- 28, co]umn G) at 150 °C.
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APPENDIX I

The amount of 3-octanone and 3-octanol in the mandibular glands of Myrmica rubra -
queens .. - . , ‘ , L .

Nest Replicate number 3-octanone {ng) 3-octanol (ng)
G 1 - 15.8
2 trace . 66.3
3 - 21.3
4 - 13.4
5 3.6 207.5
6 - 43.4
H 1 17.0 276.9
2 13.4 246.2
3 4.3 94.7
4 11.8 306.1
5 6.7 177.5
6 - ‘ 2.4
7 3.2 166.7
8 4.3 190.6
9 3.6 99.4
10 36.7 453.7
11 6.7 184.6
12 13.0 145.2
13 26.8 © 295.1
14 - 3.9
15 45.0 411.1
16 2.0 34.7
17 26.0 293.5
18 7.9 206.1
19 1.6 159.8
20 6.3 175.2
21 9.4 134.1
I 1 115.2 813.7
2 1.6 34.7
3 e -
4 0.4 18.1
B 0.8 53.7
6 - 5.5
7 18.9 216.5
8 1.6 45.0
9 - 3.2
<10 - 5.5
11 - 21.3
12 28.0 - 96.3
13 1.2 66. 3
14 1.6 79.7
15 -18.1 469.5
16 1.2 23.7
17 39.8 201.2
18 106.5 447.4 '
19 8.7 80.5
20 7.9 95.5

21 "~ trace . 26.8
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~ APPENDIX I ({continued)

Nest Replicate number 3-octanone (ng) 3-octanol (ng)
J 1 0.4 27.2
2. - 15.0
3 6.3 107.3
4 65.1 423.1
5 11.4 299.8 i
6 9.9 90,7
7 2.8 96.3
8 - 22.9
9 8.7 85.6
10 1.6 51.3
11 12.6 189.4
12 4.7 36.3
13 49.7 258.8
14 - 7.1
- 15 3.9 195.
16 0.2 18.9
17 7.9 132.6
18 31.6 301.4
19 88.4 494.7
20 24,5 268.7
21 90.3 430.0
22 46.2 456.1
23 14.6 202.8
24 J 7.9 98.6
25 1.6 - 89.8
26 ) 5.5 260
27 . 17.8 343.2
28 . 9.9 142.8
29 . - 71.4 383.5
30 3.2 62.3
31 3.2 184.6
| 32 73.0 239.1
- 33 4.7 49.7
K 1 14.5 199
o 2 9 124
4 23 359
5 6.9 37
6 69,7 oo .419.8
7 5.9 o218
8 43.9 L3184 .
9 o . 25.7 : 257
L1 trace. - . 56.3°
S o118 0 232
120 A . 85.8
13 T 30,7 o492
14 . 3.2 - 172.4
15 2.2 99
16 43 202.4
217 28,9 367 ¢
18 - 4:8 - 161.7
19 11.2 269.2
20 - -
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APPENDIX I (continued)

. - - S NS VD A TR D S T D S AN G D T S e S S D A A D G G e NG e T A N BN T I W A R D D I D D D AR D A G M G G M AN NN W S D G e W G

Nest Replicate number 3-octanone (ng) 3-octanol (ng)
22 trace 25.9
23 18.2 251.9
24 115 623.6
25 3.7 139.3
26 1.5 33.6
27 120 596
28 9.7 105
29 1.5 52.5
30 88.4 476.8
31 71.8 287.5
32 0.5 39.2
33 0.5 14.0
34 1.0 24.6
35 0.7 58.7
36 74.2 401.3
37 29.8 375.3
38 31.3 366.9
39 4.5 234.4
40 12.8 223.7
41 5.9 74.4
42 120 500
43 - -
44 1.5 62.7
45 190 385.9
46 32.1 351.8
47 1.9 24.6
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