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ACID-CATALYZED REARRANGEMENT OF AN EPOXY COUMARIN PHEBALOSIN
THE REVISED STRUCTURE OF MURRALONGIN

Fujio Imai, Takeshi Kinoshita, Akiko Itai and Ushio Sankawa*
Faculty of pharmaceutical Sciences, University of Tokyo, Tokyo 113, Japan

On treatment with acid, the well-known epoxy coumarin phebalosin (I)
undergoes rearrangement to afford murralongin, a naturally occurring
coumarin bearing an unusual isoprenoid unit. The structure of murralongin
is reviewed, based on the hypothetical mechanism of rearrangement, and
finally revised to (V) by X-ray crystalography.
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Coumarin is one of the most widely distributed heterocyclic compounds in
nature. A feature common to most naturally occurring coumarins is the presence of
isoprenoid chains, either intact or partially degraded, of one or more units
attached to a carbon atom of the aromatic nucleus, or to an oxygen atom, or to
both. The isoprenyl coumarin occurs also in a variety of oxidized and skeletally
rearranged forms, most of them biogenetically derived from the corresponding

1) is perhaps the

epoxide. Phebalosin (I), which occurs in some rutaceous plants,
only coumarin bearing an epoxide group conjugated with a double bond in a single

isoprenyl unit. In the course of chemical studies on Murraya paniculata

(Rutaceae), we have encountered phebalosin and a number of related isoprenyl
coumarins.?) The biogenetic interest in these coumarins has led us to investigate
the reaction of phebalosin with acid. In this communication we report that
treatment of phebalosin with acid furnishes murralongin, a well-known coumarin
with an unprecedented isoprenoid unit, and we redefine the structure (VI)
previously proposed for murralongin as (V).

A solution of phebalosin in a mixture of MeOH and 10% sulfuric acid (1:1) was
heated to 60°C for 5 h, then poured into water and extracted with chloroform. The
chloroform extracts, which formed three spots on TLC, were purified by
chromatography on 5102.3) Product 1 was found by spectroscopic analysis to be a
methanol adduct (II) of phebalosin.4) The NMR spectrum of product 2 was very
similar to that of product 1 except for the absence of an aliphatic methoxy
group.s) It was finally identified as murrangatin (III) by direct comparison with
an authentic sample.s) Product 3 was obtained as a minor product (10% yield). Its
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Fig. 1. Computer Generated Perspective Drawing of Murralongin (V)

lg- and 13c-wMr spectra showed an aldehyde, two methyls and a fully substituted
double bond in addition to signals assignable to the 7-methoxy coumarin moiety.7)
This compound was identical to the authentic murralongin.s)

The reaction of phebalosin with Lewis acid was also investigated since
hydrolysis of an epoxide does not occur under this condition. When a large amount

of BF3-etherate was used,e)

the sole product obtained in this reaction was
murralongin. On the other hand, treatment of phebalosin with a stoichiometrical
amount of BF;-etherate yielded a single product, distinct from murralongin on TLC.
Since this compound was so labile as to be easily transformed into murralongin by

treatment with mild acid, it is presumed to be an intermediate of this
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rearrangement reaction. Its structure was elucidated as (IV) by NMR
spectroscopy.g) The formation of the intermediate (IV) in this reaction indicates
that the migration of either a vinyl or coumarin skeleton to an adjacent carbon is
essential for generating an aldehyde function from the epoxide, Perhaps this
migration occurs in concert with the acid-catalyzed ring opening of the epoxide,
Murralongin was first isolated from Murraya elongatalo) and also occurs in Murraya

Eaniculata.s'll) The structure of murralongin (VI) was deduced only from somewhat
ambiguous analyses of spectral data.lo) It is apparent that this structure cannot
be adapted to the transformation of phebalosin into murralongin by way of an
1ntemed1ate (IV). In order to confirm the structure of murralongin, a single
crystal X-ray diffraction analysislz) was carried out and it was finally
identified as (V), which disproves the previously assigned structure (Fig. 1).
With respect to the mechanism of this rearrangement, two hypothetical pathways can
be sketched (Fig. 2). Generally speaking, a ring opening of the epoxide occurs at
the carbon atom that is better able to tolerate positive charge in the transition
state. From this point of view, it appears that pathway A is preferable to B. This
may be supported by the fact that a methoxy group, derived from methanol, is
incorporated exclusively at the 1l/-position as evidenced by the predominant
formation of (II) in the hydrolysis of the epoxide (I) with a methanolic acid.

It has been reported that murralongin co-occurs with murrangatin, a hydrate

10,13)

form of phebalosin, in Murraya paniculata®s11l) ang M. elongata. 50 it seems

reasonable to assume that this rearrangement is a chemical analogy of ‘a reaction
involved in the biosynthesis of murralongin,
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Fig. 2. Possible Mechanism of Rearrangement from Phebalosin
to Murralongin

authentic samples.
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