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REDUCTION OF AZ-ISOXAZOLINES—Z. A FACILE SYNTHESIS OF 3(2H)-FURANONES.
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Abstract. A simple synthesis of the 3(2H)-furanone ring system is described.

The 3(2H)-furanone moeity is a central structural unit in a growing number of natural
products including simple compounds such as bullatenone and geiparvarin and more complex
compounds such as jatrophone, the eremantholides, and lychnophorolide.2 Many of these 3(2H)-
furanone natural products possess significant tumor-inhibiting properties. Previous approaches
to the 3(2H)-furanone unit have generally relied upon carbonyl condensation or acetylene
hydration.3 In the context of synthesis of furanone anti-tumor agents, we have developed a
new and general approach to the 3(2H)-furanone ring system from simple and readily available
building blocks.

Central to our strategy is the well known fact that acid catalyzed cyclodehydration of
an o'-hydroxy-1,3-diketone produces an appropriately substituted furanone.3 Thus, the problem
reduces to synthesis of an appropriately substituted diketone or its equivalent. Recently, we
have developed a novel approach to the formation of aldol adducts involving cycloadditionm,
rather than carbonyl addition, in the key carbon-carbon bond forming reaction.4 The sequence
involves nitrile oxide-olefin cycloaddition followed by hydrogenolysis-hydrolysis of the
resultant Az-isoxazoline.5 It is readily apparent that employment of a heteroatom substituted
olefin in the cycloaddition reaction would give the functional equivalent of a 1,3-dicarbonyl
compound. As illustrated in equation %, cycloaddition of in situ generated phenyl nitrile
oxide with 2-methoxypropene produced 3—phenyl—5—methoxy—S—methyl—AZ—isoxazoline (%).6 Raney-
nickel catalyzed reduction7(15/l MeOH/HZO, RT, H2 1 atm.) gave the expected vinylogous amide
2, which upon exposure to aqueous acid yielded l-phenyl-1,3-butanedione (%). The overall
transformation accomplishes indirect acylation of a carbonyl compound without employment of a

carbonyl condensation reaction,
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The above strategy has been applied to develop a simple three-component route to
substituted 3(2H)-furanones (Eq. 3). This is illustrated by the total synthesis of bullatenone,
a simple natural product isolated from a New Zealand shrubl(Eq. 2.). Cycloaddition of
alcohol Q (readily available from addition of a-lithioethyl vinyl ether to acetones) and
phenyl nitrile oxide gave isoxazoline é in 76% yield after recrystallization from Et20/hexane
(mp 73-75°C). Standard Raney-nickel mediated reduction produced Q, which was not isolated,
but directly acidified after removal of the catalyst. In such a manner, bullatenone (Z) was

produced in 77% yield, mp 66.5-67.5°C(lit. 67.5-68.5), identical in all respects with published

dat:a.3 It is pointed out that é is effectively an equivalent to an a'-hydroxy-f-diketone
precursor. Eq. 2
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The Table lists other furanones prepared in this manner. 3-Ethyl-5,5-dimethyl-3(2H)-
furanone (Entry 2) has been previously converted to geiparvarin in a single step.3b Crude
yields of the reduction product were generally near quantitative. No effort was made to
optimize the conditions employed for cyclodehydration(THF, HZO’ HCL, RT).3 Aliphatic nitrile
oxides were generated in situ from the corresponding nitro compound by treatment with phenyl

isocyanate (Et,N; PhH) according to Mukaiyama.gb Under these conditions, tertiary alcohols

3
are not affected. In each case, the furanone is produced in short order with reasonable
overall yield from three simple precursors, ethyl vinyl ether, an aldehyde or ketone, and an
in situ generated nitrile oxide, as represented below.10 We hope this method will find

general applicability for the synthesis of both simple and complex 3(2H)-furanones.
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Footnotes to the Table

a) generated in situ from the corresponding primary nitro compound9

b) prepared by addition of a-lithiocethyl vinyl ether to the appropriate aldehyde or
ketone8.

c) mixture of diastereomers

d) the blocking group is cleaved during cyclodehydration

e) generated from the oxime chloride, see ref. 6.
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