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ABSTRAC l Tlie defensive secretion of the "daddy
longlegs" Leiobunum vittatum was analyzed and found
to contain the acyclic ketones 4-methylheptan-3-one and
E-4,6-dimethyl-6-octen-3-one as its major organic com-
ponents. Although 4-methylheptan-3-one has been found
previously as an alarm substance in certain ant genera,
the second component, whose structure is confirmed by
synthesis, is new.

Many terrestrial arthropods are protected by defensive
secretions, which they produce and store in integumental
glands, and eject when attacked by predators. Much work
has been done in recent years on these defensive mechanisms
(1), but the studies have been confined largely to insects
and millipeds, and have generally ignored species of other
classes. We here report on the chemical composition of the
defensive secretion of Leiobunum vittatum, an arachnid.
It is a "harvestman" (order Opiliones), belonging to the group
(suborder Palpatores, family Phalangiidae) that includes
most of the species commonly known in the United States
as "daddy longlegs".
The defensive glands of the animal are a pair of small

sacs, opening near the anterolateral border of the carapace
(2). When seized, the animals almost invariably discharge,
visibly wetting themselves with secretion and releasing a
powerful odor. The secretion was collected by grasping the
animals in forceps, pinching them slightly, and causing them
to discharge into small capillary tubes.
The sample, obtained from 14 individuals of both sexes,

amounted to approximately 5.7 Al of opaque liquid, of
which the major constituent was water. The infrared spectrum
(CC14) of the organic constituents showed aliphatic C-H
absorptions and a carbonyl absorption at 1713 cm-'. Analysis
by gas-liquid chromatography (GLC) on a 3-m column of
30% Carbowax 20M on. Chromosorb W at 1250C showed
two major volatile components with retention times of
2.7 and 6.3 min. IIi addition, there were trace components
(<1%) at longer retention times. Further information was
obtained by GLC-mass spectrometry.
The mass spectrum of the first eluted component contained

the following prominent peaks at 70 eV: m/e (relative
intensity) 128(3), 99(13), 86(38), 71(79), 57(100), and
43(89). These data are consistent with a ketone of molecular
formula C8H160. The McLafferty rearrangement peak at
m/e = 86 is best rationalized in terms of formula 1 (4-

nethylheptan-3-one, scheme 1), and an authentic sample of
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Scheme 1

4-methylheptan-3-one (3) was indistinguishable from this
component by GLC-mass spectrometry.
The mass spectrum of the second eluted component

contained the following prominent peaks at 70 eV: 154(6),
139(5), 136(4), 125(27), 97(60), 86(24), 69(49), 57(84),
and 55(100). The spectrum is consistent with a ketone of
molecular formula C1oH,80. The rearrangement peak at
m/e = 86, along with the peaks at M-29, M-57, and 57,
indicated that the second component "was closely related
to 4-methylheptan-3-one. With thim assumption, partial
structure 2 seemed attractive. Spectral data alone, however,
did not permit the assignment of an unambiguous structure
to the C5H9 residue cofmprisinj tle distal portion of the
molecule.
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Further information was obtained by microozonolysis.
To the natural two-component mixture in 30 Al of CC14
(containing approximately 200 ug each of 4-methylheptan-
3-one and the second component) was added 70 Al of hexane
(Fisher Certified 99 mole %). A stream of ozone-containing
oxygen was passed through the solution (-780C) until
a blue color persisted. The reaction vessel was warmed to
room temperature as argon was passed through the solution.
Triphenylphosphine was added to reduce the ozonide.
Analysis by GLC-mass spectrometry (2 m Porapak Q,
80-100 mesh, 160'C) revealed the presence of acetaldehyde.
Use of another column (2 m, 5% Carbowax 20M, 60-80
mesh firebrick, 140'C) permitted the characterization of the
remaining fragment as C8H,402. The mass spectrum (70 eV)
[142(3.5), 113(35), 57(92), and 43(100)] is consistent with
expectations for the diketone 4-methylheptan-2,5-dione
(3). On this basis, the second component can be formulated
as 4,6-dimethyl-6-octen-3-one (4).
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Abbreviation: GLC, gas-liquid chromatography.
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[It is to be noted that the occurrence of the McLafferty
rearrangement in the mass spectrum of the second eluted
component led to the formulation of partial structure 2.
The absence of a hydrogen atom y to the carbonyl oxygen
atom in 4,6-dimethyl-6-octen-3-one does not vitiate the
proposed structure in light of the facility of hydrogen migra-
tions in mass spectrometry (4). ]

E-4,6 Dimethyl-6-octen-3-one (4) was prepared by the
aluminum isopropoxide-catalyzed Claisen rearrangement
of 2-methyl-1-buten-3-yl 2-methyl-3-oxopentanoate (5), ob-
tained by the addition of 2-methyl-1-buten-3-ol to methyl-
ketenedimer 6 (Scheme 2; for an analogous preparation, see
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ref. 5). Compound 5 was heated at 2100C for 15 hr while
gas evolution was monitored. The reaction was carried to
approximately 75% conversion, as shown by GLC and
infrared spectroscopy. The product, 4, bp 20o6210'C (80%),
was distilled directly from the reaction vessel. Further
purification was effected by preparative GLC (3 m X 1.0
cm, 7% Carbowax 20M on 60-80 mesh Chromosorb W,
150CC).

Analysis: Calculated for C1oH,80: C, 77.86; H, 11.76.
Found: C, 78.09; H, 11.73.

The infrared spectrum (CC14) of 4 showed the expected
carbonyl absorption at 1714 cm-'. The NMR spectrum
(CC14) contained the following absorptions: 0.96 (3, d, J =

6.5 Hz, CH3-CHCO), 0.92 (3, t, J = 7.3 Hz, CH3-CH2CO),
1.42-1.66 (6, overlapping allylic methyl groups), 1.8-2.82 (5,

complex), and 5.17 (1, m, CH3-HC=). Ozonolysis of 4
gave acetaldehyde and 3. E-4,6-Dimethyl-6-octen-3-one
was identical with the second eluted component of the
L. vittatum secretion according to GLC-mass spectrometry.
Approximately 6% of the product mixture obtained from

the Claisen rearrangement of 5 was the Z isomer (4.75
min as against 6.3 min for the E isomer on a 3-m 30% FFAP
column at 1300C). That the two components were geometric
isomers was shown by their having identical mass spectra
and by the fact that ozonolysis of the mixture yielded solely
acetaldehyde and 3. The assignment of the more stable E
stereochemistry to the major isomer is made by analogy
to the known thermodynamic course of the Claisen rearrange-
ment (6).
The presence of various aliphatic ketones in arthropod

secretions has been noted previously (7). 4-Methylheptan-3-
one itself has been reported as an alarm substance in ants
of the genera Pogonomyrmex (8) and Atta (9). Some of these
ants coexist with L. vittatum through part of its range,
and one wonders how this "daddy longlegs" might fare when
attacked by them. Would its defensive secretion have the
potentially disastrous effect of alarming and drawing the
attention of the ants rather than repelling them? Or would
the secretion be unambiguously defensive because of the
second ketone that it contains?
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