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Introduction
Drosophila athabasca, a species complex native to North
America, provides a unique opportunity to study nascent
speciation arising from sexual isolation.1 There are currently
three distinct races of D. athabasca: WestNorthern (blue),
Eastern A (red) and Eastern B (yellow). It is assumed that
cuticular hydrocarbons (CHCs) influence the sexual selection
process. Gas chromatography - mass spectrometry (GC-MS)
from several isofemale lines of D. athabasca reveals a wide
array of functionalities, including: saturated, unsaturated, and
branched alkanes, fatty acids, acetates, and esters.2 The aim
of this study is to identify, synthesize and measure biologically
relevant quantities of CHCs present in this species complex
for biological evaluation toward a greater understanding of
CHC function in D. athabasca.

Figure 1. Geographic
locations of the three
distinct races.
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Figure 6. 100 fly chromatogram
overlay of Eastern A, Eastern B and
WestNorthern. Major CHCs identified
are labeled.6 The CHCs of greatest
significance include the following:
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(Z)9-hexadecenoic acid
hexadecanoic acid
(Z,Z)9,12-octadecadienoic acid
(Z)9-octadecenoic acid
2-methyldocosane
(Z)11, 10, 9-tricosene
(Z,Z)10, 14-pentacosadiene
(Z)12, 11, 10-pentacosene
(Z,Z)11, 15-heptacosadiene
2-methylhexacosane
2-methyloctacosane

Saturated CHCs

Figure 16. Mass spectrum and chromatogram of (Z) and (E)11-tricosene
DMDS. DMDS derivatization revealed the position of unsaturation
between C11 and C12. H1NMR of the isomers determined the
stereochemistry of the CHCs. (Z) and (E)11-tricosene have slightly
different retention times, confirming the isomer present in D. athabasca.

Monounsaturated CHCs

Di-Unsaturated CHCs

Experimental Approach
•
•

CHCs were isolated from the three races and analyzed
using GC-MS. Over 100 CHCs were decoded by
fragmentation patterns.
Dimethyl disulfide (DMDS) derivatization led to
unambiguous determination of positions of unsaturation.3
Figure 7. Mass spectrum of n-heptadecane. Saturated
CHCs have a linear fragmentation pattern.

Carboxylic Acid CHCs

Figure 8. Mass spectrum of (Z)11-pentacosene. A “hill” can
be observed for some monoenes indicating one position of
unsaturation.

Methyl Ester CHCs

Figure 9. Mass spectrum of (Z,Z)10,14-pentacosadiene.
Two “hills” can be observed for dienes, indicating two
positions of unsaturation.

Isopropyl Ester CHCs

Conclusions and Future Plans
•
•

Figure 2. Methodology of DMDS derivation.

•

Figure 17. Mass spectrum of (Z,Z)11, 15-heptacosadiene DMDS. DMDS
derivatization revealed positions of unsaturation between C11-C12 and
C15-C16. In this case, only one position of unsaturation reacted with
DMDS yielding an M+ peak of 476.

•

Synthesis confirmed identity and stereochemistry of
identified compounds.

•

Synthetic Routes

•
•

Over 100 CHCs were unambiguously identified by a combination of
GC–MS, NMR and stereoselective synthesis.
Dimethyl disulfide (DMDS) derivatization led to unambiguous
determination of positions of unsaturation.3
Varying ratios of CHCs present between the D. athabasca races
indicates that these identified CHCs potentially play a chemically
active role.
DMDS derivatization will be used to confirm the positions of
unsaturation for the synthesized dienes.
Identification of remaining minor compounds (*) using described
methods are currently underway
Generation of race-specific synthetic pheromone profiles to be used in
behavioral studies
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Figure 3. Alkylation of terminal alkyne followed by reduction
using Lindlar Catalyst or Palladium under H2(g) for the
production of monounsaturated or saturated CHCs.4

Figure 10. Mass spectrum of (Z)9-octadecenoic acid. Loss
of H2O is commonly observed in carboxylic acid CHCs.
They can also undergo a McLafferty rearrangement
yielding an [M-60]+ peak.

Acetate CHCs

Figure 11. Mass spectrum of methyl (Z,Z)9,12octadecadienoate. Cleavage between the carbonyl carbon
and the oxygen gave an [M-31]+ peak. They can also
undergo a McLafferty rearrangement yielding a [M-74]+
peak.

2-methyl CHCs

Figure 12. Mass spectrum of isopropyl (Z)9octadecenoate. The bond between the carbonyl carbon
and the oxygen is cleaved giving an [M-59]+ peak. There
are two possible McLafferty rearrangements yielding [M42]+ and [M-102]+ peaks.
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Figure 4. Synthetic route for producing cis di-unsaturated
CHCs, such as 10(Z),14(Z)pentacosadiene.5

Figure 5. Synthetic route for modifying carboxylic acid CHCs to
ester CHCs.

7.

Figure 13. Mass spectrum of (Z)11-octadecen-1-yl acetate.
Acetates give a very weak M+ peak but a strong [M-60]+
peak due to the McLafferty rearrangement.

Figure 14. Mass spectrum of 2-methyldocosane. A weak
M+ peak is observed followed by a [M-15]+ peak due to a
loss of a methyl group. The base peak, [M-43]+, resulted
from a loss of an isopropyl group.

Figure 15. Mass spectrum of 3-methyltricosane. A weak
M+ peak is observed followed by a [M-15]+ peak due to a
loss of a methyl group. Additional peaks of [M-29]+ and
[M-57]+ are due to losses of an ethyl group and sec-butyl
group, respectively.
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