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Abt. A

Cyclopentyl Ketones: Identification and Function in

Azteca Ants

Abstract. The anal gland secretions of dolichoderine ants in the genus Azteca
are fortified with cyclopentyl ketones. Since these compounds, 2-methylcyclo-
pentanone, cis-1-acetyl-2-methylcyclopentane, and 2-acetyl-3-methylcyclopentene,
release sustained alarm behavior in ant workers, they constitute a new chemical
class of insect pheromones. The ketones probably also function as defensive
compounds and thus are part of the ants’ alarin-defense system.

Ants in the subfamily Dolichoderinae
have yielded several novel natural
products (Z) related to nepetalactone,
a characteristic compound of the cat-
nip plant (2). Five of these exocrine
products have been identified from
ant workers in a variety of dolicho-
derine genera (/). Also, several acyclic
ketones, of both terpenoid (3) and
nonterpenoid (4) origin, are produced
by these ants. Whereas these ketones
function as both defense materials (4)
and releasers of alarm behavior (5),
the cyclopentanoid monoterpenes are
reported to be utilized either for de-
fense (6) or as fixatives for the more
volatile ketones (7). All of these exo-
crine products are synthesized in the
~anal glands (8), structures which are
limited to species in the subfamily
Dolichoderinae and appear to have
arisen de novo to function as social
organs.

The dolichoderine genus Azteca
constitutes one of the most conspicu-
ous ant taxa in the American tropics.
Many species have an obligatory rela-
tionship with myrmecophytes in the
moraceous genus Cecropia, whereas
others construct large carton nests in
a variety of trees and shrubs (9).
When disturbed, workers in the popu-
lous colonies swarm all over the in-
truder. Although they lack a functional
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sting, an emphatic deterrent message is
conveyed through painful bites ad-
ministered by the aggressive workers.

Disturbed workers of many species
of Azteca are characterized by a pun-
gent sweet-sour odor which, to our
noses, differed clearly from that of any
other dolichoderine genus with which
we were familiar. Consistent with their
distinctive  organoleptic  properties,
three cyclopentyl ketones which have
not been previously detected in ants

m/e (relative intensity):

o

98(50), 83(10), 70(10), 69(30),
56(10), 55(60), 42(100), 41(50)

“2C0CH, 126(20), 111(9), 83(57), 71(83),
55(88), 43(100)

>R

2, cis

+COCHs 1 622), 111(34), 83(60), 71(42),

On

H 55(88), 43(100)
3, trans
COCH3 124(38), 109(42), 81(100), 79(24),
53(19), 43(85)
2
Fig. 1. Mass spectra of cyclopentyl
ketones.

or any other biological source and
possess this odor have been identified
as anal gland products (10). Further-
more, since these compounds function
as alarm pheromones, they constitute
a new chemical class of releasers of
social behavior (11) and may also be
utilized as defensive compounds.

Methylene chloride extracts of two
species of Azteca which had con-
structed carton nests in a spiny palm
(Astrocaryum  standleyanum) and a
cashew tree (Anacardium occidentale)
were prepared for chemical analyses.
The palm species was determined as
Azteca nr. velox and the cashew popu-
lation as Azteca nr. nigriventris (12).
Combined gas chromatography-mass
spectroscopy (I3) of the extracts indi-
cated three previously unreported
major volatile components with molec-
ular weights of 98 (1), 126 (2), and
124 (4) (see Fig. 1) in A. nr. nigri-
ventris, whereas the 124 component
was not detected in A. nr. velox. A
computer search of numerous mass
spectra (I4) indicated similarities of
1 to 2-methylcyclopentanone, and ex-
amination of authentic samples of posi-
tional isomers (I5) confirmed the
presence of the 2-isomer (1) in both
species of Azteca.

The other two volatiles both ap-
peared to be related methyl ketones
from their mass spectra (base peak
m/e 43). Comparison of 2 with acetyl-
cyclohexane (16) and of 4 with acetyl-
cyclohexene (15) suggested that the
two unknowns might be methylcyclo-
pentyl (or pentenyl) methyl ketones.
A mixture of cis- and trans-1-acetyl-2-
methylcyclopentane was synthesized by
the method of Hopff (17, 18), and
cis-1-acetyl-2-methylcyclopentane ~ was
prepared by catalytic hydrogenation of
1-acetyl-2-methylcyclopentene (19, 20).
The retention time and mass spectrum
of the ant volatile of m/e 126 (2)
were identical to those of cis-1-acetyl-
2-methylcyclopentane. Although syn-
thetic cis and trans (2 and 3) are
separable on the column used, trans
(3) was not detected in either Azteca
species. The mass spectra of the iso-
meric I-acetyl-1-methylcyclopentane
(21) and 1-acetyl-3-methylcyclopen-
tane (22) were sufficiently different to
distinguish them from 2.

The mass spectral fragmentation pat-
tern of 4 was similar to those of 1-
acetyl-2-methylcyclopentene (23) and
3-acetyl-2-methylcyclopentene (23), but
the relative intensities differed signifi-
cantly. Ozonolysis of 2,4-dimethyl-
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cyclohexene obtained by acid dehydra-
tion of 2,4-dimethylcyclohexanol (I15)
followed by treatment with potassium
tert-butoxide gave 2-acetyl-3-methyl-
cyclopentene, which was identical with
the third volatile from A. nr. nigri-
ventris. All three ketones were also
found in extracts of three other
Azteca species but were lacking in two
others (24). »

The communicative functions of the
cyclopentyl ketones were evaluated on
strong colonies of the Azteca species
in both the palm and cashew trees.
Both species had strong foraging popu-
lations on well-developed trails. Drop-
lets (10 pl) of the synthetic ketones
were placed directly on trails 30 cm
from the nests, and the reactions of
the workers were observed for up to 2
hours.

All of the ketones produced typical
alarm reactions in both Azteca species.
Large aggregations of excited ants
formed above and below the ketonic
droplet, -and the alarm reaction ap-
peared to spread concentrically from
these masses of workers. Many workers
appeared to be recruited to the point
of application of the droplet so that
traffic along the odor trail increased
at least two- to fourfold almost im-
mediately. At the same time some
workers moved away from the aggre-
gations and as a consequence the
upper portion of the tree was covered
with ants moving in a rapid but non-
oriented manner. Typical alarm be-
havior sometimes persisted for more
than 30 minutes. For 4. nr. velox ke-
tone 1 was considerably more active
than 2 in releasing alarm behavior.
Ketone 4 was the most active alarm
releaser for workers of A. nr. nigri-
ventris, and 1 and 2 were approxi-
mately equal in activity.

Fighting often resulted when the
workers of either species were exposed
to a cis-trans mixture of 1-acetyl-2-

methylcyclopentane (2, 3) (25). Ants .

attracted to the ketonic emission source
frequently challenged their sister work-
ers with spread mandibles and the
struggling combatants often fell from
the trees (26). .

An especially aggressive ant species,
the imported fire ant Solenopsis in-
victa, was used to determine whether
the ketones were effective repellents.
Droplets (10 ul) of each ketone were
applied to the thoraxes of freshly
killed crickets, which were then placed
on the foraging platform of a labora-
tory colony. Excited workers ap-
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proached the crickets but rapidly
moved away from them without mak-
ing contact. Untreated crickets, on the
other hand, were quickly overrun by
the ant workers (27).

Dolichoderine anal glands have pre-
viously been demonstrated to be an
extraordinarily rich source of terpe-
noid natural products which possess a
clear-cut biogenetic relationship (1).
These cyclopentyl ketones, however,
do not appear to be related to the
monoterpenes and may be produced
from acyclic precursors (such as 2-
octanone). Biosynthetic considerations
notwithstanding, the presence of cyclo-
pentyl ketones in the anal glands of
Azteca species suggests that the chem-
istry of the Dolichoderinae still offers
many surprises as testimony to the bio-
synthetic versatility of these well-
developed exocrine organs (8). It is
difficult to avoid the conclusion that
the great success of the dolichoderine
ants is highly correlated with the evo-
lution of these social organs which are
“committed” to the synthesis of phero-
mones and defensive products.
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