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Necrophagous beetles belonging to the family Silphidae are recognized as potentially useful in forensic
investigations (to estimate post mortem interval). Gas chromatography analyses of extracts of aerations
of adult Oxelytrum erythrurum revealed the presence of two male-specific compounds. These compounds
were identified as (Z)-1,10-nonadecadiene (major) and 1-nonadecene (minor) using microderivatizations
of the natural male extract, such as hydrogenation, partial reduction and methylthiolation, mass spec-
trum comparisons, and co-injections with authentic standards. Both compounds might be components
of a pheromone responsible for sexual communication in this species.

© 2015 Published by Elsevier Ltd.

Through decomposition, the nutrients, and organic matter that
are present in carcasses are recycled, and decomposing carcasses
support a large and dynamic arthropod community.' Among mem-
bers of this community, ‘carrion beetles’ (Coleoptera: Silphidae)
are usually associated with vertebrate carcasses.”® Due to this
association, silphid beetles might be important tools to estimate
the post mortem interval of corpses in criminal investigations.
Species in the genus Oxelytrum are particularly useful because lar-
vae are strictly necrophagous.”

Oxelytrum discicolle (Brullé) is the most commonly collected
species of Silphidae in South America,® co-occurring with
Oxelytrum erythrurum (Blanchard) in the southern regions of the
continent. Not only is their distribution similar, but based on mor-
phology it has been hypothesized that these species are closely
related (evolutionary speaking).” Despite a few existing papers
addressing their occurrence®® and feeding habits,” only recently
has the chemical ecology of O. discicolle been studied, revealing
the existence of a male produced sex pheromone composed by a
major and a minor component, (Z)-1,8-heptadecadiene and 1-hep-
tadecene, respectively.® Because of the taxonomic proximity and
the similarities concerning the feeding habits and the habitat of
0. discicolle and O. erythrurum, the objective of this study was to
identify and synthetize the chemical compounds produced by O.
erythrurum using the same methodology applied by Fockink et al.®
for O. discicolle.
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In the current study, volatiles emitted by males and females of
O. erythrurum were analyzed through gas chromatography®'° and
two male-specific compounds were detected (Fig. 1), presenting
the following Kovats Indexes (KI) on a RTX-5, RTX-WAX and EC-1
columns, respectively: (A) 1888, 1988, and 1896; (B) 1897, 1938,
and 1932. The emission of the compounds started on the 15th
day after the emergence of males, during the photophase and the
scotophase. The ratio between the major (A) and the minor (B)
compounds was of 92:8, respectively.

The GC/FTIR and the GC/MS spectra of O. erythrurum
male-specific components are shown in Figure 2. For the major
compound (A), the infrared spectrum (Fig. 2a) showed characteris-
tic bands in the region of hydrocarbons between 2800 cm™' and
3000cm~!, beyond of bands at 3089cm~!, 3002cm’!,
1640 cm~!, 995cm™', and 911 cm™! indicating a terminal and
Z-configuration double bond.''"'® The mass spectra (Fig. 2b)
exhibited molecular ion at m/z 264 and through these data, the
compound A may have the molecular formula C;gHsg,

The infrared spectrum of the minor compound (B) also revealed
bands characteristic of hydrocarbons (Fig. 2¢). However, it is possi-
ble to observe only one characteristic band of the double bond at
3084 cm™!, and along the bands at 1645cm™!, 992 cm™!, and
916 cm~! indicating a single terminal double bond. The mass spec-
tra of the compound B (Fig. 2d) revealed a molecular ion (m/z 266)
with two mass units more than compound A, confirming the exis-
tence of only one double bond. The empiric formula proposed was
CioH3s.
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Figure 1. Gas chromatographic analyses of volatiles obtained from male and female
Oxelytrum erythrurum (Coleoptera: Silphidae) evidencing male-specific major
(A) and minor (B) compounds.

To determine the structures of these compounds several
microderivatizations were carried out with the natural compounds
(hydrogenation, partial reduction, and methylthiolation). First, the
compounds were submitted to a catalytic hydrogenation over
Pd/C'” to prove the presence of double bonds. The single product
formed revealed a M* at m/z 268, as a result of the insertion of four
hydrogens in the compound A, and two hydrogens in B. The hydro-
genated product showed a fragmentation pattern of a linear chain,
which suggested it to be a n-nonadecane. This was confirmed by
co-injections with authentic samples. Besides, the identity of the
minor compound (B) was confirmed by co-injecting the extract
of males with an authentic sample of 1-nonadecene.

For position determination of double bonds of the major com-
pound (A), direct reactions of O. erythrurum male extracts with
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dimethyl disulfide intended to identify the DMDS derivatives,
however they did not succeed. Although in such reaction products
of dimethyl disulfide generated several peaks on GC/MS analyses,
mass spectra were difficult to interpret. Several conditions of reac-
tions were evaluated without success. In contrast, the DMDS
derivatives of compounds with one double bond produced very
characteristic mass spectra.'® Because of that, the strategy for the
determination of double bond positions was carried out first in a
partial reduction employing NH,NH,,'” to produce the respective
monoenes, followed by the DMDS reaction.!”!® This procedure
was also applied to determine the complete structure of the major
component (a triene acetate) of the sex pheromone of Tuta absoluta
(Meyrick) (Lepidoptera: Gelechiidae) on a 100 ng scale.'®

The reactions of the major compound (A) with NH,NH, fol-
lowed by DMDS showed in the mass spectra for nonterminal
adduct monoene intense fragments at m/z 173 and m/z 187, indi-
cating a double bond at carbon 9 or 10 (Fig. 3). Based on these data,
(2)-1,10-nonadecadiene (1) or (Z)-1,9-nonadecadiene (2) were pro-
posed as the identity of the major compound. Both compounds
were synthetized using the same methodology to confirm the
proposed structures (Scheme 1).

The first proposed structure, (Z)-1,10-nonadecadiene (1) was
obtained according to Scheme 1la. 2-(9-bromononyloxy)-tetray-
dro-2H-pyran (5) was prepared from 1,9-nonanediol (3), which
suffered a monobromination®® and was subsequently protected
with DHP.?! The ether (5) was alkylated with the anion generated
with n-BuLi from 1-decyne (6), providing the intermediate 7,°
which was de-protected to yield the alcohol (8).> The stereoselec-
tive reduction of the alcohol (8) with H, over Pd/CaCO3 (Lindlar’s
reagent) resulted in the alcohol (9).* The alcohol (9) was
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Figure 2. Infrared and electron impact mass spectra of the male-specific major (a and b) and minor (¢ and d) compounds of Oxelytrum erythrurum (Coleoptera: Silphidae).
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Figure 3. Electron impact mass spectra of DMDS adduct formed for the double bond in the carbon 9 or 10 of the major compound (A) emitted by males of Oxelytrum

erythrurum (Coleoptera: Silphidae).
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Scheme 1. (a) Synthesis of (Z)-1,10-nonadecadiene (1): (a) 48% HBr, 83%, (b) DHP, pTSA, 89%, (c) n-BuLi, (5), 90%, (d) pTSA, 92%, (e) H,, Lindlar, 83%, (f) CBr4, PhsP, 87%, (g) t-
BuOK, 79%. (b) Synthesis of (Z)-1,9-nonadecadiene (2): (a) 48% HBr, 83%, (b) DHP, pTSA, 89%, (c) n-BuLi, (13), 89%, (d) pTSA, 91%, (e) Hy, Lindlar, 65%, (f) CBr,, Ph3P, 75%, (g) t-
BuOK, 79%, tentative components of the major compound (A) of Oxelytrum erythrurum (Coleoptera: Silphidae).

converted to bromide (10),>°> and an elimination reaction of this
bromide (10) afforded the diene (1).2° The yield of each step is
shown in the legend of Scheme 1 and the overall yield of this syn-
thetic route was 35%.

The second proposed structure, the (Z)-1,9-nonadecadiene (2),
was synthesized based on the same route starting from 1,8-octane-
diol (11), with an overall yield of 23% after seven steps
(Scheme 1b).

The two synthetic compounds were co-injected with the natu-
ral extracts of males and co-eluted on all three different GC col-
umns tested (RTX-5, EC-1, and RTX-WAX). The mass and infrared
spectra of the (Z)-1,10-nonadecadiene (1) were indistinguishable
from the spectra of the natural compound (see Fig. 4a and c).
However, for the (Z)-1,9-nonadecadiene (2) small differences in
intensity of some fragments (m/z 81/82, m/z 109/110, m/z 235/
236) could be detected (Fig. 4b).

In conclusion, all of the analytical data confirmed that the major
and the minor male-produced compounds from O. erythrurum are
(Z2)-1,10-nonadecadiene and 1-nonadecene, respectively. Both
structures are very similar to male produced sex pheromone com-
ponents of the congener, O. discicolle’ ((Z)-1,8-heptadecadiene and
1-heptadecene). Because of difficulty obtaining adult O. erythru-
rum, bioassays to test the attraction of both sexes to these com-
pounds were not performed. However, we hypothesize that the
chemical mediated sexual communication and the biosynthetic
pathways?®’ in O. erythrurum and O. discicolle are alike because of
the close relationship and the similar natural history of both spe-
cies. In O. discicolle, females are not attracted to the male phero-
mone alone, but only in the presence of a carcass, apparently
revealing an association of reproduction and oviposition site.® So,
we expect that the two compounds herein identified are the male
produced sex pheromone of O. erytrhurum.
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Figure 4. Comparisons of the electron impact mass spectrum of (a) (Z)-1,10-nonadecadiene (1), (b) (Z)-1,9-nonadecadiene (2) and (c) natural major component (A) of

Oxelytrum erythrurum (Coleoptera: Silphidae).

Thus, studying the chemical ecology of necrophagous species
creates an important chemotaxonomic identification tool, which
could be easier than comparing the external morphology of closely
related species, such as O. discicolle and O. erythrurum.
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