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Catalytic Osmylation and Oxypalladation of Khellin. Two Useful Methods for
Furan Ring Degradation. Replacement of the Furan Ring
by an Isoxazole Ring.
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Abstract: Two oxidation reactions are described which result in the selective degradation of the
furan ring in khellin. Conversion of these products to previously inaccessible analogues is described.

Khellin 1 is one of the oldest medicinal agents known to man.l Plant extracts containing khellin
were used by the Egyptians 3000 years ago for the treatment of renal and biliary eolic. The recent
discovery of khellin's lipid-altering activity in man and antiatherosclerotic activity in animal models
has renewed interest in preparing furochromone analogues.Z It {s interesting to note that over the
past forty years a number of pyrone ring and C-4/C-9 methoxyl modifications of khellin have
appeared in the literature.3 This is mainly due to the availability of numerous degradation products
of khellin which can be utilized in the reconstruction of many furochromone analogues. However,
modification of the furan ring found in khellin, whether it be simple substitution or replacement of
that ring with another heterocycle, has not appeared. It seems quite clear that a major reason for
the absence of such analogues is the lack of methodology for the selective degradation of the furan
ring in khellin to suitable synthetic intermediates capable of being used to reconstruct the desired

furan ring modifications.4

The chromie acid oxidation of visnagin, a closely related analogue to khellin, has been known for
years to afford the hydroxyaldehyde 3 in good yield.5 Unfortunately, our attempts to extend this
oxidation to khellin, historically the more pharamaecologically interesting compound of the two,8 has
not been successful. This is perhaps not too surprising since chromie acid is capable of oxidatively

demethylating para-methoxy aromatics to yield quinones.?
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We would like to report in this letter two distinctively different and efficient methods for the
selective oxidation of the furan ring in khellin. These oxidations lead to two versatile synthons for A

ring (furan) modifications.

In general little attention has been directed toward the cleavage of the furan ring in benzofurans.
Both iron (III) catalyzed oxidation using hydrogen peroxide 8 and ozonolysis? of benzofuran leads to
low yield mixtures of salicylaldehyde, o-hydroxyphenylacetic acid, in the latter case some catachol is
produced. While the oxidation of benzofuran with m-chloroperbenzoic acid has not been deseribed,
the success realized with furan derivativesl0 lead us to attempt such an oxidation using khellin as
our substrate. Unfortunately, those attempts were unsuccessful., Attempts to combine an
oxymetallation-oxidation procedure using either mercury or thallium were only partially successfulll

and ultimately lead us to investigate the catalytic osmylation described below.

Catalytic osmylation of khellin in THF at 50°C in the presence of NalOg (2.2 equiv) afforded the
hydroxyaldehyde 412,13 in 73% yield. This methodology complements the chromic acid oxidation of
visnagin which yields 3. To place the versatility of 4 in perspective, we describe the preparation of a
C-2 furan ring analogue and an analogue in which the furan ring has been replaced by an isoxazole
ring. Treatment of hydroxyaldehyde 4 with chloroacetone in refluxing THF in the presence of
potassium carbonate and 18-crown-6 resulted in the formation of the 2-acetyl furochromone 514 in
53% yield. This two step, one pot conversion of 4 to 5 illustrates both the efficiency of analogue
preparation using 4 and the added benefit of generating additional functionality (ketone) for

subsequent manipulations.
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The isoxazole analogue 6 was prepared from 4 by slow addition of O-sulfonie acid hydroxylamine to
the aldehyde in a two phase system (water/methylene chloride) containing NaHCO3 (2 equiv.).15
This reaction provided the isoxazole analogue 616 in 79% yield.



A second method for oxidizing the furan ring in khellin which gives rise to another versatile analogue
synthon was also developed. Catalytic oxidation of khellin with palladium chloride (CuC1/09/30psi)
in methanol at 70°C for 20 hours afforded the hydroxy ester 717 in 73% yield. This reaction nicely

complements the osmylation described above.
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The methodology described above provides access to important furan ring modifications necessary
for properly evaluating furochromones in the lipid area. In addition, it provides precedents for

similar oxidations on other systems containing the benzofuran system.
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