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STUDIES DIRECTED TOWARD THE TOTAL SYNTHESIS OF THE RUBRADIRIN ANTIBIOTICS. 4.
A NEW DIELS-ALDER~—CLAISEN EFFECTIVE DIENE

*
MAan P. Kozikowski, Kiyoshi Suglyama and Edward Huile
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Summary: A new diene has been synthesized which effectively couples the Diels-Alden reaction
with the CLalisen hrearrangement.

For some time we have been particularly intrigued with the notion of coupling the Diels-
Alder process with other reaction processes through the use of appropriately substituted dienes.
Such a strategy does have the ability to generate complex structures in a minimum of synthetic
operations. One such example, and there are others, is Evans' use of a dienyl sulfoxide as an
electron deficient Diels-Alder diene which after the (4+2) cyeloaddition reaction produces an
intermediate which is suitably poised for a [2,3] sigmatropic rearrangement.! Strategies such
as this make available materials which may be otherwise extremely difficult to prepare by direct
cycloaddition schemes.

We now describe the preparation of yet another modified diene which makes possible a
Diels-Alder-aromatization-Claisen sequence. The necessity for preparing this particular

multi-operational diene emerged during our efforts to synthesize a special class of antibiotic
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substances, the rubradirins.? In studying the further elaboration of the aromatic/heterocyclic
component ), whose preparation has been reported earlier,3 to the target substances, we required
an efficient method for functionalizing the C-10 position (rubradirin numbering). Attempts to
effect the introduction of an acyl appendage by the Friedel-Crafts reaction or its variants on
the hydroxyl protected hydroquinone form of A Tresulted in very poor ylelds of the desired
material. It thus became necessary to investigate C-10 functionalization by means of a [3,3]
sigmatropic rearrangement process instead. Accordingly, the methyl ether of i was cleaved by the
action of boron tribromide. Since concomitant demethylation of the ester also occurred under
these conditions, the crude product was reesterified with diazomethane. The free hydroxyl group
was then converted to the O-allyl derivative by the action of allyl bromide and potassium
carbonate. The quinone was reduced to hydroquinone and the thermal rearrangement of this
intermediate investigated. At the temperatures generally required to effect the aromatic
Claisen rearrangement, extensive decomposition of the allyl aryl ether took place. Only a small
amount of the deallylated quinone could be recovered. Fortunately, the rearrangement reaction
was subject to Lewis acid catalysis.® When the hydroquinone of % was exposed to six equivalents
of boron trichloride, over a temperature range of from -23°C to room temperature, the desired

C-10 allylated product could be isolated in 95% yield (reoxidation to quinone occurred on workup )

1. BBF3, CHZC|2 R l. N025204
M(RMO) 5 TN - 2. BClz, CI-0, CHoClp
3. WBr, K2C03 -23°C —/™ r.t.
acetone

Since a number of steps are required to generate the pre~Claisen compound %, we felt that
it would be advantageous to prepare an "operationally" defined diene which could lead directly

to % from the dienophile z. In analogy to an existing method,> the anion of bis(phenylthio)-
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methane was treated with methacrolein at -78°C in tetrahydrofuran. The crude alcohol é isolated
in 98% yield was reacted sequentially with sodium hydride and allyl bromide to afford the
corresponding ether 3 (isolated in 95% yield after purification on silica gel with 2% ethyl
acetate-hexane as eluent). Copper (I) promoted elimination of thiophenol from 5 gave & as the
sole isomer in 46% isolated yield [purification can be effected either by bulb-to-bulb distilla-
tion (90°C oven temperature, 0.015 mm) or by chromatography on neutral silica gel with 20%
benzene-hexane as eluent].6 The new diene is stable for months if stored with some B‘ESEETbUtyl'
4~hydroxy-5-methylphenyl sulfide in a refrigerator.’ Zinc chloride catalyzed cycloaddition of
the new diene with quinone Za tock place at room temperature in methylene chloride %QN%QQNEESEQR%%
8@m@%@@€@¥%m@é§¥%£é@@8 to give a crude cycloadduct which when treated with potassium bicarbonate
followed by alr oxidation generated the requisite pre-Claisen material % in 75% isolated yield.
Claisen rearrangement of the hydroquinone as detailed above completed this operationally simpler

strategy for generation of the crucial rubradirin precursor %.
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The new diene § behaves as a functional equivalent of the diene zwitterion Q in its (4+2)
cycloaddition reactions with quinones. The successful employment of this diene in the context
of a total synthesis suggests that the design of other multi-operational dienes does constitute

a worthwhile objective.
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