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Biosynthesis of Methacrylic Acid and Isobutyri\cﬁ acids
in a Carabid Beetle, Scarites subterraneus!
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Abstract: Dg-L-Valine is incorporated with high efficiency into methacrylic and isobutyric acids in the pygidial defensive
glands of a carabid beetle, Scgrites sublerraneus.

While carabid beetles are well known to produce a wide variety of defensive compounds,2'3 the
biosynthetic pathways by which these substances are produced have not been studied extensively.
Methacrylic acid (4), an important constituent in the secretions of many carabids, was the subject of one early
biosynthetic investigation by Benn et aL,4 who observed the low incorporation (<0.03%) of radioactivity
from 4-14C-L-veline into 4 in Carabus taedatus. Although Wheeler ef al. had suggested previously that 4 is
derived from L-valine (1) via isobutyric acid (3) (Scheme 13,7 none of the postulated intermediates has been
experimentally demonstrated in this biosynthesis.
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We have recently found that the North American carabid beetle Scarites subrerraneus praduces a
defensive secretion containing both isobutyric acid (3) and methacrylic acid (4), along with isoerotonic,
crotonic, angelic, and tiglic acids.® The co-occurrence of 3 and 4 provided a good opportunity to examine the
pathway to these four-carbon branched-chain acids in more detail. Using Dg-L-valine, we have now
demonstrated that this amino acid can serve as an efficient precursor to both isobutyric and methacrylic acids.
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Appreximately 20% of the labeled valine administered 10 the beetle was incorporated into methacrylic acid in
this experiment.

A solution of Dg-L-valine [(CD3)2CDCD(NH2)(COOH), Cambridge [sotope Laboratories; Smg/100
pL saline)] was prepared and 5 pL aliquots were injected into three adult beetles. Control beetles received
only the solvent (saline). After two days the beetles were frozen and the defensive glands were excised. The
excised glands were crushed separately in hexane (100 pL). Pentafluorobenzyl (PFB) esters of the acids
present in the extracts were made by adding pentafluorobenzyl bromide (Aldrich, 10 pL) and triethylamine
(Aldrich, 10 pL)7. After 24 hr, 30 pL of water was added and the PTB esters were extracted into hexane (25
uL). The hexane layers were examined directly by GC® and GC-MS?,
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A gas chromatogram of the PFB esters obtained from a glandular extract of a deuteriovaline-injected
beetle is shown in Figure 1. Two new peaks (marked with stars in Figure 1) eluted immediately before those
of the PFB esters of isobutyric (5) and methacrylic acid (6). Itis known that deuterated compounds usually
elute prior to those of the comresponding non-labeled Compounds,lo‘ll and we assumed those new compounds
10 be 7 and 8, respectively. Chromatograms obtained from extracts of control beetles did not contain either of

these peaks.
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The identity of all GC peaks was established by obtaining the mass spectra of the corresponding
compounds by GC-MS.? The m/z value of the malecular ion of the pentafluorabenzyl derivative of the
perdeuterioisobutyric acid (7) obtained from deuteriovaline-injected beetles was seven mass units higher than
that of isobutyric acid PFB ester (Figure 2), as required for the loss of the deuterium atom attached to the
chiral center of valine.
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From the mass spectra of PFB esters of perdeuteriomethacrylic acid (8) and methacrylic acid (6), it was
evident that five deuterium atoms were retained in the labeled methacrylic acid (Figure 3). The mass spectral
data also indicates that the peaks at m/z 41 and 69 represents C3H5+ and CH2=C(CH3)VCO+ respectively; the
corresponding perdenterated analogs show corresponding m/z values at 46 and 74 (Figute 3). The formation
of prominent ions at m/z 221 and 226 requires a rearrangement leading to a loss of a benzylic hydrogen atom
along with the elements of carbon dioxide [*CO;H]. While the mechanism for this unanticipated
rearrangement is obscure, it must require a double bond in the acid moiety, since pentafluorobenzyl
isobutyrate yields no analogous fragments.

It is interesting to note that the ratio of deuterium-labeled to unlabeled isobutyric acid is much higher
than the corresponding ratio of methacrylic acids (Fig. 1). If both of these products stem from the same
L-valine pool, how can this observation be rationalized? We suggest that a primary kinetic isotope effect
operates during the dehydrogenation of isobutyric to methacrylic acid, resulting in the selective depletion of 3
to give unlabeled 4. The consequent relative deuterium enrichment in the residual isoburyric acid and
deuterium dilution in the methacrylic acid fraction is exactly what would be anticipated if the saturated acid
were the precursor of its unsaturated analog, as suggested over two decades ago.3
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