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Bicyclic lactones are found in many natural occurring products
and are potent enzyme inhibitors (Figure?2alo’- and seleno-
lactonizatior are classical examples to form these molecules and
entail the intramolecular addition of a carboxyl group to olefins.
On the other hand, Backitahas shown a similar process where
the carboxylic group is added intramolecularly te-allyl palladium
complex. Alternatively, formation of these lactones can be alkylated
by a radical pathwa$.The epoxidé and cycloproparferoute,
oxymetalatiorf,and ring-closing metathe$thave also been useful
for the construction of bicyclic lactones. However, multistep
synthesis is usually required to construct these lactthRecent
emphasis on green chemistihyas called for the development of
methodologies in rapid syntheses of complex molecules in fewer
steps. In an effort to develop reactions based on “atom-econéty”,
we herein report a direct formation of bicyclic lactones.

Recently, we and others have reported the usg-dicarbonyl
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Figure 1. Natural products containing bicyclic lactones.

Table 1. Reaction of Cycloctadiene with Ethyl Benzoyl Acetate

under Various Conditions2

H20 (2 equiv.)
CHCl,

ot Ui

for the hydroalkylation of alkenésand diened®>16 However, the
addition was mainly limited to the use of dibenzoylmethane as the

p-diketone. Indeed, a less activated methylene, 2,4-pentanedione,

failed to add to cyclooctadiene when a combination of AwCid
AgOTf were used as catalysts. However, a combination of
Ga(OTfy and HOTf successfully catalyzed the reaction and yielded
the expected product. This result encouraged us to extend our
system tq5-ketoesters, which could lead to the formation of lactones

(eq 1).

cat. Ga(OTf);

isolated
conversion® yield
entry catalysts? (%) (%)
1 5% AuCk/15% AgOTf 0 0
2 Ga(OTfy/HOTS 75 64
3 GaCh/HOTf 0 0
4 IN(OTf)s/HOTf 60 53
5 Zn(OTf/HOT 45 32
6 Cu(OTf/HOTS low trace
7 Ga(OTfy 0 0
8 HOTf 35 29
9 40% HOTf 84 10

0 o cat. HOTf fe) 0
)J\/U\ HZO 2
J 2+ ' + R?0OH (1
R OR (K> ChyCh R o (1

n

In our initial studies, ethyl benzoyl acetate was added to
cyclooctadiene using various combinations of catalysts (Table 1).
The combination of AuGl and AgOTf did not lead to any
conversion, while the use of Ga(O¥fand HOTf converted the
pB-ketoester into the lactone with minimal side products (entries 1
and 2). Ga(OThHis more effective than Gag{entry 3), while other
Lewis acids afford a lower yield of the product (entries@). The
use of Ga(OTf) alone did not lead to any conversion (entry 7).
The use of HOTf alone can also catalyze the reaction albeit in lower
yield (entry 8). Increasing the amount of HOTf led mainly to
dimerization of the diene (entry 9). Clearly, the role of Ga(Q@Tf)
is important for this reaction. Among the various solvents tested
CH,Cl, was found to be the preferred solvent.

Subsequently, varioug-ketoesters were added to a range of
cyclic dienes under the optimized conditions (Table 2, entries
1-10). The presence of an electron-withdrawing substituent on the
aryl group seems to be more beneficial (entries 4, 6, 8) compared
to an electron-donating substituent (entry 7). The position of the

substituent is also important. A meta-substituted phenyl decreases

the yield of the reaction (entry 9), whereas an ortho-substituted
17184 = J. AM. CHEM. SOC. 2005, 127, 17184—17185

aConditions: 1.1 equiv. ofaunder refluxing dichloromethan&.15%
mol of Lewis acid and 5% of HOTf were used, unless otherwise mentioned.
¢ Based orRa.

electron-withdrawing group on the phenyl lead to only a trace
amount of desired product. Finally, a methyl ester seems to be more
beneficial than the ethyl ester (entry 5). On the other hand, less
activateds-ketoesters (such as acetoacetate) and malonates lead to
very low conversions under the present conditions. Linear dienes
were also effective but gave a complicated mixture that is still under
investigation. Interestingly, only a single diastereoisomer is observed
for these reactions, except in the case of prodjict
Mechanistically,4 can be isolated during the course of the
reaction. Subsequent treatment of this intermediate with a catalytic
amount of Ga(OTHand HOTT affords the expected prodBzin
almost quantitative yield. This result suggests that the product is
formed via a cascade addition of activated methylene to the diene
followed by an in situ lactonization. To verify this hypothesis, when
a stoichoimetric amount of Ga(OEf)land HOTf is added to

TfO,

. OTf
1a 1 €auiv. Ga(OTf); /Ga\O 0.90 equiv. of 2a
OEt

1 equiv, HOTf !
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Table 2. Addition of Various -Ketoesters to Dienes Catalyzed by
Gallium and HOTfa

15% Ga(OTf);
5% HOTf
@ H,0 (2 equiv.)
+
O)‘\/LORZ ToHch
isolated
yield
entry? R R? n product (%)
1 4-H Et 4 3a 64
2 4-H Et 2 3b 66
3 4-Me Et 4 3c 61
4 4-Cl Et 4 3d 70
5 4-Cl Me 4 3e 80
6 4-Br Et 4 3f 71
7 4-OMe Et 4 39 37
8 4-CR Et 4 3h 75
9 3-Ck Et 4 3i 42
10 4-Cl Me 3 3j 78 (10:1¥

aThe relative stereochemistry was determined by NOE1 equiv ofl
under refluxing dichloromethan&The ratio of diastereocisomers was
determined by'H NMR.

pB-ketoesterla, only the enolate formb of the f-ketoester is
observed. This suggests a coordination of Ga(@ff)the dicar-
bonyl. Addition of2aled to the formation o# which was eventually
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Scheme 1

R'

transformed int®a (eq 2). A tentative mechanism is thus proposed
in Scheme 1p-ketoesterl is activated by Ga(OT$) Speciess
adds to the acid-activated dier2 to afford intermediate4.
Subsequent lactonization affords the fused lact@n€&he acid is
regenerated for further reactiéh.

In conclusion, we have developed a direct route to fused lactones.
The scope, mechanism and synthetic applications of this reaction
are currently under investigation in our laboratories.
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