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Synthesis of the sex pheromone of the obscure mealybug, the
first example of a new class of monoterpenoids
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Abstract—A diastereoselective synthesis of (1R*,2R*,3S*)-1-acetoxymethyl-2,3,4,4-tetramethylcyclopentane, the sex pheromone
of the obscure mealybug Pseudococcus viburni, is described. Key steps included the polyphosphoric acid-catalyzed cyclization of
isobutyl methacrylate to form the core five-membered ring, and diastereoselective quenching of an enolate intermediate to give
the thermodynamically less favored cis orientation of vicinal methyl groups in a cyclopentanone intermediate.
� 2007 Elsevier Ltd. All rights reserved.
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Scheme 1. (A) Typical biosynthesis of monoterpenes by head-to-tail
connection of DMAPP and IPP; (B) Connection of the two isoprene
units forming the carbon skeleton of the obscure mealybug sex
pheromone.
We recently identified (1R*,2R*,3S*)-1-acetoxymethyl-
2,3,4,4-tetramethylcyclopentane 1 as the female-pro-
duced sex pheromone of the obscure mealybug, Pseudo-
coccus viburni (Homoptera: Pseudococcidae),1 a widely
distributed pest of ornamental plants, crop plants, and
grape vines.2 This compound, with its 1-hydroxy-
methyl-2,3,4,4-tetramethylcyclopentane skeleton, repre-
sents the first example of a new structural class of
monoterpenoids, in which the 1 0-4, head-to-tail connec-
tions that link the dimethylallyl pyrophosphate
(DMAPP) and isopentenyl pyrophosphate (IPP) units
that make up the 10-carbon skeleton of a typical mono-
terpene (Scheme 1A) appear to have been replaced with
unprecedented 2 0-2 and 3 0-4 linkages (Scheme 1B).

During the identification of this compound, the relative
stereochemistry of the insect-produced compound was
difficult to determine because of the very small amounts
that were isolated from the insects. Thus, to verify the
structure a nonstereoselective synthesis was developed,1

aimed at producing a mixture of all four possible diaste-
reomers (as pairs of enantiomers), from which the cor-
rect diastereomer was separated chromatographically,
conclusively identified, and unambiguously matched
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with the postulated structure for the insect pheromone.
However, the low overall yield of the biologically active
isomer and its purification in very limited quantities
from the mixture of isomers by preparative gas chroma-
tography rendered this synthesis unsatisfactory for lar-
ger scale production of the pheromone for field trials.
We report here a diastereoselective synthesis of this
highly irregular terpenoid from readily available starting
materials (Scheme 2).

Treatment of isobutyl methacrylate 2 with polyphos-
phoric acid at 100 �C as described by Conia and Leriv-
erend3 and modified by Mori and Sasaki4 produced
2,4,4-cyclopent-2-en-1-one 3 in moderate yield. As
expected, Michael addition of Me2CuLi to 3, followed
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by quenching in the usual fashion produced a prepon-
derance of the trans-2,3,4,4-tetramethylcyclopentanone
mixed with the desired cis-diastereomer (ratio 82:18),
due to preferential protonation of the intermediate eno-
late to form the thermodynamically more stable trans-
diastereomer. However, the selectivity could be reversed
by using a chelating proton donor during the quenching
of the enolate.5 Thus, ketone 3 was added dropwise to a
solution of Me2CuLi in ether at <�50 �C, the mixture
was warmed to �40 �C, and stirred at �40 �C until
GC analysis indicated that the starting material had
been consumed. The reaction mixture then was cooled
to �60 �C, and the resulting slurry was transferred by
canula into a precooled solution (�78 �C) of 4 equiv
of ethyl salicylate in ether. After warming to room tem-
perature and workup, 2,3,4,4-tetramethyl cyclopenta-
nones 4 were obtained in 89% yield as a 72:28 mixture
of the cis and trans-diastereomers.

Reaction of the mixture of diastereomers with methylene-
triphenylphosphorane under typical Wittig reaction
conditions was not successful due to competing enoliza-
tion of the sterically hindered ketone. However, the
ketone was cleanly converted to methylene tetramethyl-
cyclopentene 5 by treatment with the Zn–CH2Br2–TiCl4
reagent.6 Hydroboration with oxidative workup gave
alcohols 6, with the wrong configuration at carbon 1.
This center was readily inverted by the straightforward
sequence of oxidation to aldehydes 7 with pyridinium
dichromate, and epimerization of the purified aldehyde
by brief treatment with catalytic NaOMe in MeOH, giv-
ing 8.7 Purification of the aldehyde before epimerization
proved to be crucial, because attempted base-catalyzed
epimerization of the crude aldehyde did not proceed to
completion. Reduction of epimerized 8 with NaBH4

produced alcohol 9 with the desired relative configura-
tion. The synthesis was completed by acetylation with
acetyl chloride and pyridine in ether. Spectra of product
9 were identical to those of the insect-produced
compound.1

The unique terpenoid skeleton of this compound sug-
gests several implications. First, the obscure mealybug
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Scheme 2. Reagents and conditions: (a) Polyphosphoric acid, 100 �C, 34%;
TiCl4; (d) BH3ÆDMS, THF, 0 �C; aq NaOH, H2O2, 75% from 5; (e) PDC, C
AcCl, pyridine, ether; 81%. Curved arrows on structure 1 indicate NOE cor
has a broad host range that includes such important
and widely studied crop plants as grapes, apples, and
pears.2 These and other known host plants have not
been reported to contain terpenoids with a 1-hydroxy-
methyl-2,3,4,4-tetramethylcyclopentane skeleton, sug-
gesting that the mealybug is not simply producing the
pheromone by modification of a closely related precur-
sor from the host plants. Second, most monoterpenes
are generated from cyclizations of geranyl pyrophos-
phate followed by subsequent Wagner–Meerwein rear-
rangements that generate the diversity of known
terpenoid structures.8 However, we have been unable
to discern any relatively short and reasonable biosyn-
thetic route to the 1-hydroxymethyl-2,3,4,4-tetramethyl-
cyclopentane skeleton from a geranyl precursor. Third,
the production of the pheromone is clearly under tight
control, because the insects only produce one of the
eight possible stereoisomers.1 Taken together, these
points suggest that obscure mealybugs are producing
these compounds de novo by a clearly defined biosyn-
thetic pathway. They further suggest that these small
insects may have developed terpenoid biosynthetic
pathways that are distinctly different from the typical
terpenoid pathways found in other organisms. In fact,
the production of irregular terpenoids appears to be a
common trait in mealybugs and the related armoured
scale insects.9,10 For the six mealybug species for which
pheromones have been reported,10,11 all consist of irreg-
ular terpenoids, with all except that of the obscure
mealybug having a 1 0-2 linkage. Overall, the irregular
terpenoid pheromones produced by mealybugs and
scales suggests that these insects represent a rich and
untapped source of enzymes capable of catalyzing novel
cyclizations and rearrangements.

The fact that all of the irregular terpenoid pheromones
identified from mealybugs and scales are unique struc-
tures is also worth noting from a biological standpoint.
In many other insect families, species-specific phero-
mone signals are typically created from different subsets
and ratios of a small group of compounds that are
shared by some or all members of the group. In contrast,
from the examples reported to date, scales and mealy-
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(b) Me2CuLi; ethyl salicylate quench, �78 �C, 89%; (c) Zn–CH2Br2–
H2Cl2, 81%; (f) NaOMe, MeOH; (g) NaBH4, EtOH; 93% from 7; (h)
relations used to assign the relative stereochemistry.
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bugs may make much greater use of species-specific
chemicals to create unique communication channels.
Production of a unique olfactory signal would limit
the possibility of interference with or competition for a
pheromone channel. This lack of competition may
explain why these insects often appear to be less sensi-
tive to stereoisomers or other analogs of their phero-
mones (pink hibiscus mealybug represents the only
published exception to date).11 This stands in distinct
contrast to insect families such as the Lepidoptera and
Coleoptera, in which individuals are frequently acutely
sensitive to even traces of isomers or other structural
analogs of their pheromone components.
Acknowledgments

We thank the USDA Western Regional IPM grants pro-
gram, the California Table Grape Commission, the Cal-
ifornia Raisin Marketing Board, and the Viticulture
Consortium for funding in support of this project.
NMR analyses were conducted with a spectrometer pur-
chased with support from an NSF Major Research
Instrumentation grant.
Supplementary data

Supplementary data includes experimental procedures,
and tables of the mass, 1H NMR, and 13C NMR data
of the isomers of alcohols 9 and acetates 1. Supplemen-
tary data associated with this article can be found, in the
online version, at doi:10.1016/j.tetlet.2007.06.169.
References and notes

1. Millar, J. G.; Midland, S. L.; McElfresh, J. S.; Daane, K.
M. J. Chem. Ecol. 2005, 31, 2999–3005.

2. Bentley, W. J.; Zalom, F. G.; Granett, J.; Smith, R. J.;
Varela, L. G.; Purcell, A. H. IPM pest management
guidelines: grape, insects and mites. University of Califor-
nia, Univ. Calif., Agric. Nat. Resource Publ. 3448.
Oakland, CA, 2004.

3. Conia, J.-M.; Leriverend, M.-L. Bull. Soc. Chim. Fr. 1970,
2981–2991.

4. Mori, K.; Sasaki, M. Tetrahedron 1980, 36, 2197–
2208.

5. (a) Krause, N. Angew. Chem., Int. Ed. Engl. 1994, 33,
1764–1765; (b) Krause, N.; Ebert, S.; Haubrich, A. Liebigs
Ann./Recueil 1997, 2409–2418.

6. (a) Takai, K.; Hotta, Y.; Oshima, K.; Nozaki, H. Bull.
Chem. Soc. Jpn. 1980, 53, 1698–1702; (b) Lombardo, L.
Org. Synth. 1987, 65, 81–87.

7. Schulte-Elte, K. H.; Pamingle, H. Helv. Chim. Acta 1989,
1158–1163.

8. Croteau, R. Chem. Rev. 1987, 87, 929–954.
9. Dunkelblum, E. In Pheromones of Non-lepidopteran

Insects Associated with Agricultural Plants; Hardie, J.,
Minks, A. K., Eds.; Scale insects; CABI: Wallingford,
1999; pp 251–276.

10. Review: Millar, J. G.; Daane, K. M.; McElfresh, J. S.;
Moreira, J. A.; Bentley, W. J. In Semiochemicals in Pest
and Weed Control; Petroski, R. J.; Tellez, M. R.; Behle, R.
W., Eds.; Chemistry and Applications of Mealybug Sex
Pheromones. American Chemical Society Symposium
Series 906; Washington, DC, 2005; pp 11–27.

11. Zhang, A.; Amalin, D.; Shirali, S.; Serrano, M. S.;
Franqui, R. A.; Oliver, J. E.; Klun, J. A.; Aldrich, J. R.;
Meyerdirk, D. E.; Lapointe, S. L. PNAS 2004, 101, 9601–
9606.

http://dx.doi.org/10.1016/j.tetlet.2007.06.169

	Synthesis of the sex pheromone of the obscure mealybug, the first example of a new class of monoterpenoids
	Acknowledgments
	Supplementary data
	References and notes


