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The stereospecific cycloaddition of ketenes to alkenes
has been the subject of several studies and provides an
attractive route to cyclobutanones. Snider, Ghosez, and
others recognized that the intramolecular version of this
reaction represents a general method for the synthesis
of polycyeclic cyclobutanones. All the studies concerning
the intramolecular [2 + 2] additions of ketenes to double
bonds leading to carbocycles were reviewed in 1988.1 The
most commonly used ketene precursors were o,5-unsat-
urated acid chlorides treated under high dilution condi-
tions with triethylamine in refluxing benzene or toluene.

We have recently reported the easy conversion of
3-hydroxy-6-alkenoic acids into bicyclo[3.2.0]Thept-3-en-
6-ones by treatment with potassium acetate in acetic
anhydride at room temperature (2 h) and then at reflux
conditions for 2—4 h.2 The efficient preparation of
bicyclof3.2.0]hept-3-en-6-ones should make them attrac-
tive starting materials or intermediates in synthesis of
complex molecules.?3

Although much work has been done to understand the
mechanism of the cyclization of unsaturated acid chlo-
rides, none has been reported for the cyclization of
3-hydroxyalkenoic acids.

The conversion of these hydroxy acids into bicyclo-
[3.2.0]hept-3-en-6-ones could occur through two alterna-
tive reaction paths depicted in Scheme 1. The presence
of a chiral center in the starting 3-hydroxy-6-alkenoic
acids induced us to verify if the intramolecular bicycliza-
tion step in acetic anhydride occurs either before or after
the elimination of acetic acid to generate the correspond-
ing a,B-unsaturated ketenes. If the first sequence is
operative, the formation of the two additional chiral
centers in bicyclo[3.2.0]Thept-3-en-6-one could be affected
by the chirality of the starting 3-hydroxy acid. If the
elimination reaction occurs before the cyclization step,
an achiral a,8-unsaturated ketene should form, with the
loss of any possible asymmetric induction on the chirality
of the forming chiral centers (Scheme 1).

Thus, (3R)-3-hydroxy-6-methyl-6-heptenoic acid (2, ee
= 95%) was prepared by bakers’ yeast reduction of the
potassium salt of 3-keto-6-heptenoic acid (8).*
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When treated with acetic anhydride and potassium
acetate under standard conditions to effect the bicycliza-
tion, racemic 1-methylbicyclo[3.2.0]hept-3-en-6-one (1, ee
= 0.00%) was obtained in 91% yield. This result strongly
supports the reaction path 2 (Scheme 1) in which the
elimination occurs as the first step.

To devise an hypothetical mechanism for this type of
conversion, two additional main aspects are to be con-
sidered:

Thermodynamic products are selectively formed.
The conversion of 3-hydroxy-3-methyl-6-heptenoic acids,
such as 4, gave the thermodynamically more stable
bicyclo[3.2.0]hept-3-en-6-ones 5, with low contamination
by the exocyclic isomer 6.2 We found that 6 does not
convert into 5, when heated at reflux conditions in acetic
anhydride, potassium acetate, and 2 equiv of acetic acid.
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Conversely, the dehydrohalogenation of the 3-methyl-
3,6-heptadienoic acid chloride 7 furnished exclusively the
kinetic product, 4-methylenebicyclo[3.2.0]heptan-6-one
(6), in lower yields.’
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5,5-Disubstituted alkenoic acids do cyclize in
potassium acetate/acetic anhydride conditions. 3-Hy-
droxy-5,5-dimethyl-6-heptenoic acid (8) undergoes bicy-
clization to give 2,2-dimethylbicyclo[3.2.0]hept-3-en-6-one
(9) in 45% yield.® No cyclobutanone was observed after
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treating 5,5-dimethyl-2,6-heptadienocic acid chloride (10)
with triethylamine in refluxing toluene.® The inability
to effect the intramolecular cyclization was ascribed to
the effect of the geminal methyls on the selective forma-
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Scheme 1. Alternative Reaction Paths for the Conversion of 3-Hydroxy-6-heptenoic Acids into
Bicyclo[3.2.0]hept-3-en-6-ones
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Scheme 2. Equilibrium System in the Conversion of 3-Hydroxy-6-heptenoic Acids into
Bicyclo[3.2.0]hept-3-en-6-ones
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tion of the (E)-o,8-unsaturated ketene 11 in the depro-
tonation of this 5,5-disubstituted alkadienoic acid chlo-

ride.
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All these observations are taken into account in
Scheme 2, which depicts the reaction path for the
conversion of 3-hydroxy-6-alkenoic acids into bicyclo-
[3.2.0]hept-3-en-6-ones when treated with acetic anhy-
dride and potassium acetate.

The main feature of this proposed mechanism is the
reversible ketene generation made possible by the pres-

ence of the acetate anion in the reaction media. In this
way the otherwise unused (E)-a,S-unsaturated ketene
can be recycled for cyclization through a dynamic equi-
librium with the (Z)-isomer.
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This equilibrium can also explain the selective forma-
tion of the thermodynamically more stable ketene, which
in turn gives the more stable product.
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Notes

The results we have collected until now indicate this
method to be of general application for a practical and
convenient preparation of bicyclo[3.2.0]hept-3-en-6-ones,
and the mechanism depicted here provides a rationaliza-
tion for the differences, complementary in some cases,
observed with respect to the procedure developed by
Snider and co-workers.!

Experimental Section

General. Melting points were obtained with a Biichi ap-
paratus and are uncorrected. Yields refer to isolated products.
Proton and 13C NMR spectra were recorded at 200 and 50 MHz,
respectively, in CDCl; solvent. If not already stated, chemical
shifts are expressed in ppm downfield from TMS as internal
standard, and coupling constants are reported in hertz. Signal
multiplicities were established by DEPT experiments. Flash
chromatographic separations were performed using Merck silica
gel 60 (70—230 mesh ASTM). For thin layer chromatography
(TLC) analysis throughout this work, Merck precoated TLC
plates (silica gel 60 GF254, 0.25 mm) were used. Diethyl ether
(ether) and tetrahydrofuran (THF) were freshly distilled from
sodium metal using benzophenone ketyl as indicator. Chloro-
form and dichloromethane were distilled from P;05 and stored
over 4 A molecular sieves. All air-sensitive reactions were run
under nitrogen.

(3R)-3-Hydroxy-6-methyl-6-heptenoic Acid [(—)-2]. Toa
three-necked 500-mL flask charged with a solution of methyl
6-methyl-3-0x0-6-heptenoate (6.00 g; 38.0 mmol) in ethanol (100
mL) was added with stirring an aqueous solution of KOH (1 M,
75 mL, 75 mmol). The reaction mixture was kept at 25 °C for
8 h. The disappearance of the starting ester was monitored by
TLC (petroleum ether:diethyl ether = 7:3). Ethanol was evapo-
rated in vacuo and the residue taken up with water to a volume
of 400 mL. A three-necked 2-L reaction vessel equipped with a
mechanical stirrer and a thermometer was charged with water
(5650 mL), D-glucose (220 g), bakers’ yeast (200 g; Eridania), K-
HPO, (470 mg), and MgSO, (240 mg). This suspension was
stirred at 25 °C for 30 min. The aqueous solution obtained from
the hydrolysis of the S-keto ester was added to the vigorously
fermenting mixture. Stirring was continued for another 48 h
at 25 °C, and the reaction was monitored by TLC (petroleum
ether:diethyl ether:acetic acid = 60:40:1). Celite (290 g) was
added, and the mixture was stirred for another 30 min and then
filtered through a Celite pad. The filtrate was extracted once
with CHCl; (100 mL) and the organic phase discarded. The
solution was acidified to pH 2 with coned HCI, and the aqueous
phase was extracted with CHCl; (4 x 100 mL). The organic
phase was dried over MgSO,; and concentrated at reduced
pressure, furnishing 3.01 g of a yellowish solid. The solid was
purified by silica gel flash chromatography (petroleum ether:
diethyl ether:acetic acid = 60:40:1), obtaining 2.90 g of a white
solid (63% yield, mp 74—76 °C).
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The enantiomeric excess of (3R)-3-hydroxy-6-methyl-6-hep-
tenoic acid [(—)-2] was estimated to be >95% by GLC analysis
performed after esterification with diazomethane and acetyla-
tion. The enantiomer separation was achieved on a Megadex 5
column (silica fused, 25 m x 0.25 mm) containing dimethyl-n-
pentyl-8-cyclodextrin in OV 1701 from Mega S.n.C.: carrier
gas: helium, 80 kPa; temperature: iso 110 °C; retention time:
27.33 min; [a*4p —-19.8° (¢ 1.09; CHCly); 'H NMR 6 7.32 (bs,
2H), 4.72 (m, 2H), 4.07 (m, 1H), 2.59 (dd, 1H, Jsg = 16.0, J =
4.0), 2.51 (dd, 1H, Jag = 16.0, 8.2), 2.14 (m, 2H), 1.74 (s, 3H),
1.68 (m, 2H) ppm; 3C NMR 6 177.0, 145.5, 110.7, 68.2, 41.3,
34.8, 33.8, 22.2 ppm. Anal. Caled for CsH1405: C, 60.74; H,
8.92. Found: C, 60.81; H, 9.01.

(+)-1-Methyl-cis-bicyclo[3.2.0]hept-3-en-6-one (1). A 50
mL flask equipped with a reflux condenser fitted with a CaCl,
tube was charged with (3R)-3-hydroxy-6-methyl-6-heptenoic acid
[(—)-2, 2.00 g, 12.7 mmol), potassium acetate (4.98 g, 50.8 mmol,
4 equiv), and acetic anhydride (25 mL). The reaction mixture
was magnetically stirred at ambient temperature for 2 h. The
temperature was then raised to reflux and the reaction course
monitored by GLC. After 45 min the reaction was complete, and
the mixture was cooled to room temperature and added to light
petroleum ether (100 mL) in a 250 mL flask equipped with a
condenser. Water (50 mL) was added, and the mixture was
magnetically stirred for 12 h at ambient temperature. The
organic layer was separated, washed with an aqueous solution
of NaHCO3, and dried (NazSO,). The solvent was removed by
distillation at ambient pressure to avoid loss of product. A crude
product was collected, which was purified by silica gel flash
chromatography (petroleum ether:diethyl ether = 95:5) affording
1.41 g (yield 91%) of a pale yellow oil.

The GLC analysis of compound 1 revealed a 1:1 mixture of
two enantiomers: The enantiomer separation was obtained on
a Megadex 5 column (silica fused, 25 m x 0.25 mm) containing
dimethyl-n-pentyl-3-cyclodextrin in OV 1701 from Mega S.n.C.:
carrier gas: helium, 80 kPa; temperature: 80-120 °C (1.5 °C/
min); retention time: 6.71 and 7.07 min; [a]?*p 0.00° (¢ 1.22;
CHCly); IR (liquid film) v 3059, 1780, 1602, 1443 cm™!; 'H NMR
¢ multiplets centered at 5.85 (1H), 5.58 (1H), 3.80 (1H); 2.52
and 2.44 (AB system, J = 18.0, further coupled with C3H, J =
2.7,4.5,2H), 2.62 (m, 2H), 1.42 (s, 3H); 13C NMR 6 209.4, 134.3,
126.3, 78.2, 59.3, 47.9, 35.2, 24.4 ppm. Anal. Caled for
CgH;100: C, 78.65; H, 8.25. Found: C, 78.59; H, 8.25.
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