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Synthesis of gem-difluoromethylenated massoialactone by
ring-closing metathesis

Zheng-Wei You,a Yun-Yun Wua and Feng-Ling Qinga,b,*

aKey Laboratory of Organofluorine Chemistry, Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences,

354 Fenglin Lu, Shanghai 200032, China
bCollege of Chemistry and Chemical Engineering, Donghua University, 1882 West Yanan Lu, Shanghai 200051, China

Received 30 July 2004; revised 28 September 2004; accepted 30 September 2004

Available online 5 November 2004
Abstract—4,4-Difluoromassoialactone has been synthesized for the first time via a very short sequence, where the ring-closing
metathesis (RCM) was employed as a key step. The efficient procedure can easily be extended to the synthesis of other gem-difluoro-
methylenated a,b-unsaturated-d-lactone moiety. In addition, the viability of RCM of high electron-deficient olefins has been
demonstrated.
� 2004 Elsevier Ltd. All rights reserved.
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The similarity in size but substantial difference in elec-
trostatic properties between fluorine and hydrogen
makes fluorination an interesting strategy in the design
of biologically active compounds.1 In previous years,
the gem-difluoromethylene moiety (CF2) has been
proved to be a key structural unit in many fluorinated
compounds of biological and pharmaceutical signifi-
cance.2 This group has been recognized as an isopo-
lar–isosteric replacement for oxygen and used as one
strategy for the modification of biologically active
compounds.3

Unsaturated lactones are structural elements commonly
found in natural products of medicinal interest. Further-
more, they are often used as intermediates in the synthe-
sis of natural products. (�)-Massoialactone,4,5 a typical
a,b-unsaturated-d-lactone, is the major constituent of
the bark oil of Cryptocarya massoia, isolated for the first
time by Abe6 in 1937. It is a powerful skin irritant and
produces systolic standstill in frog heart muscle. (�)-
Massoialactone is the allomone of the two species of
formicine ants7 belonging to the Componotus genus col-
lected in Western Australia. This lactone has also been
isolated from cane molasses8 and jasmine blossoms9 as
a flavor substance. Various methods for the synthesis
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of massoialactone have been reported.10 As part of
our continuing interest in the preparation of gem-
difluoromethylenated biological active compounds,
now we would like to report an expeditious synthesis
of 4,4-difluoromassoialactone 4.
During the past few years, ring-closing metathesis
(RCM) have been developed as an efficient route to
achieve the synthesis of lactenones and lactones of dif-
ferent ring sizes.11 Furthermore, it has been demon-
strated that RCM can also be applied to olefins
bearing fluorine substituents.12,13 These results
prompted us to study the use of RCM as a potentially
powerful way to access gem-difluoromethylenated a,b-
unsaturated-d-lactone 4.

Our synthesis of 4 commenced from aldehyde 1 (Scheme
1). The gem-difluoromethylene moiety was introduced
by the reaction of 1 with 3-bromo-3,3-difluoropropene
in the presence of indium powder14 to yield the difluoro-
homoallyl alcohol 2. Treatment of 2 with acryloyl
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chloride and Et3N in the presence of a catalytic amount
of DMAP afforded the acryloyl ester 3.

When our work was proceeding, Percy and co-workers13

reported their unsuccessful attempts to get similar lac-
tone using the same strategy (Scheme 2). Acryloyl ester
5 failed to undergo RCM to any appreciable extent in
the presence of either the Grubbs� or Nolan catalysts,
either in dichloromethane or 1,2-dichloroethane over 7
days. Because of the high electron-deficient properties
of the substrate 3, we anticipated that the RCM might
proceed at high reaction temperature.15

Initially, the RCM of ester 3 was carried out in toluene
at reflux in the presence of 5% Grubbs�II catalyst, the
reaction resulted in incomplete conversion and only a
small amount of the expected product 4 was isolated.
Thus, high catalyst dosage (10%) was used, which also
resulted in incomplete conversion. Considering the ear-
lier olefin metathesis catalysts often require Lewis acidic
co-catalysts or promoters to improve their activities,16

Ti(OiPr)4 was used as co-catalyst. Fortunately, acrylate
ester 3 in toluene at reflux with Grubbs�II catalyst
(0.08equiv) and Ti(OiPr)4 (0.30equiv) underwent
smoothly to afford gem-difluoromethylenated a,b-
unsaturated-d-lactone 4 in 87% yield.17

To demonstrate the viability of our improved RCM
reation conditions, the RCM of the same substrate 5
used by Percy and co-workers was investigated. We were
pleased to find that the RCM of 5 proceeded smoothly
and compound 6 was isolated in 71% yield (Scheme 3).
Furthermore, treatment of compound 7 with Grubbs�II
catalyst (0.08equiv) and Ti(OiPr)4 (0.30equiv) in toluene
at reflux led to compound 8 in 69% yield (Scheme 3).

In conclusion, 4,4-difluoromassoialactone has been
expeditiously prepared for the first time. The strategy
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can be believed to be efficient for the synthesis of other
gem-difluoromethylenated a,b-unsaturated-d-lactone
moiety. In addition, it may be a reference for other
potential inert metathesis substrates, of which the two
double bonds are both electron deficient. We are continu-
ing our investigation in this direction.
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