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Abstract—The chiral synthesis of maconelliol, [2,2-dimethyl-3-(1-methylethylidene)cyclobutyl] methanol, the alcohol moiety of the
major sex pheromone component isolated from the pink hibiscus mealybug, Maconellicoccus hirsutus, is described. The compound
was synthesized in six steps from alpha-pinene and the key step is dehydration of 5 to 7 through the intermediate 6. The absolute
configuration of the naturally occurring maconelliol was determined as R.
� 2004 Elsevier Ltd. All rights reserved.
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Figure 1. Structure of maconelliol 2 and major sex pheromone

component 1.
Recently, we identified maconelliyl 2-methylbutanoate
1, [(R)-2,2-dimethyl-3-(1-methylethylidene)cyclobutyl]-
methyl (S)-2-methylbutanoate, as a major sex phero-
mone component of pink hibiscus mealybug, Maco-
nellicoccus hirsutus.1 This novel cyclobutanoid monoter-
pene derivative and lavandulyl 2-methylbutanoate, (R)-
2-isopropenyl-5-methylhex-4-enyl (S)-2-methylbutano-
ate, together constitute a blend, which proved to be a
potent male attractant at a concentration as low as
0.1lg per trap in field bioassays conducted in Florida,
USA.2 The terpene alcohol moiety of 1, maconelliol 2,
contains a methylethylidene group that separates 2 from
all cyclobutane derivatives previously discovered as sem-
iochemicals, and underlines its novelty (Fig. 1). We
undertook synthesis of 2 in order to confirm the maco-
nelliol�s structure, unambiguously determine the abso-
lute configuration of pheromone component 1, and
provide material for field bioassays. Herein we report
the conveniently chiral synthesis of maconelliol 2 in six
steps from a-pinene.

Our approach began with the preparation of the known
(+)-(cis)-pinononic acid 4 from (1R)-(+)-a-pinene (91%
ee) by allylic oxidation3,4 and oxidative cleavage of
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resultant verbenone.5 Treatment of 4 (91% ee) with three
equivalent of CH3MgCl in THF gave the tertiary hydr-
oxy acid 5 as white crystals (67% yield, 80% ee). Partial
loss of chirality is due to double epimerization during
nucleophilic addition.6

To prevent possible decarboxylation during the dehy-
dration, 5 was converted into the methyl ester using
thionyl chloride in absolute methanol.7 After examina-
tion of four dehydration reagents reacting with both
methyl ester and free acid 5, phosphorus oxychloride
in pyridine8 was found to be the most appropriate.
The reaction of 5 with POCl3 in pyridine at room tem-
perature for 24 h yielded lactone 69 (75%) exclusively,
and no dehydrated isomer could be detected. The enan-
tiomeric purity of resulting 6 was determined by chiral
GC analysis10 to be 80% ee (Scheme 1).
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Scheme 1. Preparation of the optically active maconelliol 2. Reagents and conditions: (a) O2/Co(4-MeC5H4N)2Br2, rt, 7d, steam dist.; (b) NaIO4/

RuCl3/CCl4/acetone/H2O (2:2:3), rt, 24h; (c) CH3MgCl/THF, reflux, 2h; (d) POCl3/pyridine, rt, 24h; (e) p-TsOH/C6H6, reflux, 2d; (f) LiAlH4/ether,

rt, overnight.
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The lactone 6 was then easily converted to 711 (78%) by
p-toluenesulfonic acid12 in benzene without isomeriza-
tion of the double bond. The resultant acid 7 was
reduced with LiAlH4 in ether13,14 to furnish the (R)-
(�)-maconelliol 215 {88%, 78% ee, ½a�24D � 31 (c 0.1,
MeOH)}. Similarly, (1S)-(�)-a-pinene (85% ee) was also
converted into (S)-(+)-maconelliol 2 {70% ee, ½a�24D þ 23
(c 0.1, MeOH)}. All spectral and chiral GC data of syn-
thetic (R)-(�)-maconelliol 2 are in good accord with
those of the naturally occurring product.1

In conclusion, the first chiral synthesis of (�)- and (+)-
maconelliol 2 was accomplished starting from a-pinene.
The key step was dehydration of 5 to 7. It was success-
fully achieved through lactonization. All other attempts
to dehydrate 5 or its methyl ester resulted in undesired
isopropenyl isomer, which could not be efficiently sepa-
rated from 7 by column chromatography. The absolute
configuration of the naturally occurring maconelliol 2
was determined to be R. Therefore, the major sex phero-
mone component 1 from M. hirsutus has been assigned
as (R)-maconelliyl (S)-2-methylbutanoate1 after esterifi-
cation of (R)-(�)-maconelliol 2 with (S)-(+)- and (R)-
(�)-2-methylbutyric acids16 individually.
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