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Abstract

Formal synthesis of chiral grandisol and the oleander scale pheromone and their antipodes can be
achieved through a convenient lipase-catalyzed enantiodi�erentiation process of the common cyclobutane
intermediate (þ)-2-(1-hydroxyethyl)-1-(methoxymethyloxyethyl)cyclobutane-1-carbonitrile 3. The resolu-
tion a�orded both enantiomers in almost enantiomerically pure form and their absolute con®gurations
were assigned on the basis of the �d values for their (R)- and (S)-MTPA esters. # 2000 Elsevier Science
Ltd. All rights reserved.

Cyclobutane derivatives are remarkable compounds not only because they are present in the
basic structure of natural products,1 but also because they can be readily transformed into a
variety of synthetically useful derivatives by further modi®cations, such as ring enlargement or
ring opening reactions.2 Some of them have important implications in the medical/pharmaceu-
tical ®eld, for instance as inhibitors of the replication of herpes symplex type-1 and type-2 viruses,
varicella zoster virus, human cytomegalovirus and HIV3 or as anti-leukemics.4 Others are
important as pest control agents, such as the cotton boll-weevil pheromone (grandisol, 1)5 and
the oleander scale pheromone 26 (Fig. 1).
Compound 3 is a common intermediate for the synthesis of grandisol (R=THP)7 and the

oleander scale pheromone (R=MOM),6b both in their racemic forms. Asymmetric synthesis of
one or both enantiomers of grandisol have been based on crystallization of diastereomeric salts/
esters,8 transformation of homochiral starting materials of natural origin,9 and asymmetric
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photocycloaddition of a chiral enone with ole®ns,10 among others. To our knowledge, however,
in only one case was the synthesis of the active enantiomer conducted by transformation of a
homochiral intermediate, which had been obtained by an enzymatic process involving stereo-
selective oxidation of a cyclobutane meso-diol with horse liver alcohol dehydrogenase.11 We
report herein the preparation for the ®rst time of both enantiomers of the versatile cyclobutane 3
in enantiomerically pure form, and hence a formal synthesis of the enantiomers of grandisol and
the oleander scale pheromone, through an e�cient enzyme-induced enantiodi�erentiation process.12

Compound 3 (R=MOM) was prepared by lithium hexamethyldisilazide-induced cyclization of
d-epoxynitrile 4 in 60% yield as 79/21 trans/cis mixture of isomers, which were separated by
careful column chromatography.6b The reaction was regio- and stereoselective with the major
isomer trans-3 (48% yield) having the same relative con®guration as the natural pheromones,
that is with the methoxymethyloxyethyl and hydroxyethyl groups on the same side of the ring.
Enantiodi�erentiation of alcohol trans-3 was tested by a transesteri®cation process in the pre-
sence of di�erent enzymes (Pseudomonas cepacia lipase, Candida antarctica lipase, Pseudomonas
¯uorescens lipase and lipase MY) in hexane and vinyl acetate as the acylating agent (Scheme 1).
Lipase PS and PFL successfully esteri®ed the (1R,2S,5R)-enantiomer to a�ord acetate (1R,2S,5R)-5
and leaving unreacted the (1S,2R,5S)-enantiomer.13 Homochiral acetate (1R,2S,5R)-5 was
hydrolyzed under mild conditions14 and both enantiomeric alcohols duly characterized by their
spectroscopic and analytical features. The yields of pure products ranged between 43 and 48%
and their e.e. values were equal to or higher than 98% (E>900 in both cases).

Enantiomeric excess values were determined on a chiral cyclodextrin GC column (Cydex B 25
m�0.22 mm, isothermal 150�C column temperature) and by 19F NMR spectra of the Mosher
esters of the alcohols.15 It should be noted that, to our knowledge, only one report has been

Figure 1.

Scheme 1. (a) LiHMDS/benzene/4/0�C/3.5 h, 20�C/6 h; (b) lipase, vinyl acetate/hexane; (c) KCN/EtOH, re¯ux, 24 h
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found in the literature about utilization of lipase PS or PFL to prepare chiral cyclobutane
derivatives, i.e. in the synthesis of a carbocyclic analogue of oxetanocin A through lipase PS in
low e.e.12c and hydrolysis of a meso-cyclobutene diacetate with PFL in good e.e.16 CAL was also
highly e�ective in acylating the more reactive enantiomer in a short period of time (ee >99%
after 3 h reaction) but the e.e. of the unreactive enantiomer was clearly insu�cient. Lipase MY's
active site did not recognize compound 3 as a proper substrate for enantiodi�erentiation (Table 1).

Absolute con®guration of the alcohols was assigned on the basis of the �d=dS±dR values for
their (S)- and (R)-MTPA esters, as described by Kakisawa et al.17 In the most stable conforma-
tion the 1H NMR signals of the protons on the right side of the (S)-MTPA plane resonate at
lower ®elds than those of the (R)-MTPA ester due to the diamagnetic e�ect of the benzene ring
(�d>0). For the same reason, protons on the left side of the plane should provide negative �d
values (�d<0). In our case, we prepared the (S)- and (R)-MTPA esters of both enantiomerically
pure alcohols and recorded their 1H NMR (300 MHz) spectra. The (S)-MTPA esters are shown
in Fig. 2. The complete assignment of the protons was achieved by DQCOSY and HETCOR
experiments and the �d=dS±dR values were determined. Most of the chemical shift di�erences
were negative for the reactive enantiomer (for example, ^0.064 ppm for proton at C-5, ^0.042
ppm for proton at C-2 and ^0.001 and ^0.018 ppm for protons at C-3, among others), and the
same values but positive were found for the unreactive enantiomer. As expected, the absolute
magnitudes of the di�erences were proportional to the distance of the protons from the MTPA
group. These results indicated that the absolute con®guration of the lipase-recognized enantiomer
should be R while that of the unrecognized enantiomer should be S. With the absolute con®g-
uration of both enantiomers established, application of the previously described methodology on
(1R,2S,5R)-3 should provide an e�cient synthesis of grandisol7 and the oleander scale pheromone6b

Table 1
Chiral resolution of (1S,2R,5S)-3 and (1R,2S,5R)-3 through lipases

Figure 2. (S)-MTPA esters of (1S,2R,5S)-3 (left) and (1R,2S,5R)-3 (right)
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in enantiomerically pure forms. Similarly, the antipodes of these pheromones could be prepared
from the (1S,2R,5S)-enantiomer.
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