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FUSICOCCIN RING SYSTEM BY [4 + 4] CYCLOADDITION. 2.
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Abstract: A synthetic approach to fusicoccin A utilizing intramolecular photocycloaddition of tethered
2-pyridones has been completed. This study has led to the first solvent-dependent 2-pyridone photo-
cycloaddition yielding either cis or trans products. Epoxidation of the cis photoproduct is selective for
the disubstituted alkene, stabilizes the product, and is properly located for installation of the trans-1,2-
diol. Activation of the secondary amide by reaction with an isocyanate led to the reduction of the
neopentyl amide carbonyl to a methyl group. © 1999 Elsevier Science Ltd. All rights reserved.
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Among the cyclooctane-containing compounds, the tricyclic 5-8-5 ring fusion can be found in a number of
natural products and natural product classes.! The fusicoccins are a representative example, with well over a dozen
members. These have received substantial attention because of their biological activity? and their complex
architecture, however none have been prepared by total synthesis.34 We report here the results of a model study
for synthesis of fusicoccin A, using an intramolecular 2-pyridone [4 + 4] photocycloaddition. S

Retrosynthetically, fusicoccin A (1) can be derived from pyridone/pyrindinone 3a.6 As an initial
exploration of this disconnection, and to study the transformations that would be necessary to manipulate photo-
product 2, we have prepared and studied 3b, containing one stereogenic center and carrying a cyclopentane ring.

Among the challenges confronting this synthetic approach, was the desirability of a cis-selective
cycloaddition that would set the relative stereochemistry of the methyl groups at C7 and C11 in 1 (the carbonyl
groups in 2). The solution to cis selectivity proved to be the simple combination of two hydrogen bonding
pyridones, intramolecularity, and the use of a non-polar solvent.5 All other examples of 2-pyridone [4 + 4]
photocycloaddition have produced the trans isomer as the major, or exclusive product.” For photoreactions of 3b,
use of polar and/or hydrogen bonding solvents led to a high selectivity for trans product 6, whereas nonpolar
solvents result in highly cis-selective reactions (4, Figure 2).5
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Figure 1. Retrosynthetic disconnection of fusicoccin A.
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Figure 2. The photocycloaddition of 3b is solvent dependent. Epoxidation of 4 is selective
for the less-substituted olefin and prevents Cope rearrangement.

The utility of these cis selective reaction conditions was initially frustrated by the finding that 4 was
unstable and underwent a Cope rearrangement at ambient temperature, the most facile Cope rearrangement found
for these systems.” This rearrangement was very clean, but irreversible, and we therefore required a second
reaction to intercept 4 and arrest the rearrangement. After some experimentation, it was determined that treatment
of the crude photoproduct with dimethyldioxirane resulted in a single epoxide 7, precisely where a trans 1,2-diol is
located in the natural product. The facial and site selectivity of this epoxidation are most likely a result of steric
effects.8 When the photocycloaddition of 3b? and the epoxidation were both carried out between 0 and 5 °C,
epoxide 7 was isolated in 90% overall yield (Figure 2).

With epoxide 7 in hand, cleavage of the amide bonds was investigated. Secondary amides formed by [4 +
4] 2-pyridone photocycloaddition have been activated using di-tert-butyl dicarbonate!® following Grieco's
procedure.!! However the neopentyl nature of the amide nitrogens in 7 did not allow for the use of this, or sulfonyl
chloride reagents, and treatment with either returned starting 7 unchanged. As an alternative, isocyanates were
tested because of the potential for these linear electrophiles to react in a sterically encumbered environment.!2 This
reaction proved to be both efficient and selective, although incorporating a single isocyanate unit (Figure 3). Based
on the relative hindrance of the two amide nitrogens in 7, the structure 8 was proposed.!3 A variety of isocyanates
(R = ethyl, iso-propyl, cyclohexyl, and phenyl) gave similar products and yields (74 - 87%). Further
experimentation utilized the isopropyl isocyanate derivative.

The structure of 8, with its seven stereogenic centers and the proposed site of isocyanate incorporation was
definitively determined by X-ray crystallography (Figure 3).14 This structure also revealed an intramolecular
hydrogen bond of the urea hydrogen in 8. This hydrogen bond was anticipated, based on the observation of a well
defined signal at 8.1 ppm in the '"H NMR spectrum.

Following reaction with the isocyanate, reductive opening of the amide of 8 was addressed. Reductive
opening of 8 is similar to reductive cleavage of products from oxazolidinone and imidazolidinone chiral
auxiliaries, albeit with an alternate ring connectivity. This reaction proved to be capricious however, yielding both
the desired carbinol 9a and also 7, the latter from reductive removal of the isocyanate unit. Experimentation led to
the finding that the reaction pathway is critically dependent on the concentration of the lithium borohydride, with
higher yields of 9 produced with higher borohydride concentration (e.g. 64% at 0.4 M).15

Alcohol 9a was converted to mesylate 9b (76%) and reduced using zinc and sodium iodide in DMF.!6
Product 10 was isolated from this reaction in excellent yield (90%).
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Figure 3. Secondary amide activation by condensation with an isocyanate allows for a
mild reductive opening. Alcohol 9a is readily reduced to a methyl group.

Transformation of bis-2-pyridone 3b to 10 in five steps has laid the foundation for a synthesis of fusicoccin

A 1 via [4 + 4] cycloaddition. During this investigation, we have discovered the first cis-selective 2-pyridone

photocycloaddition, demonstrated an efficient method for activation of an amide using readily available and

sterically insensitive isocyanates, found an unusual hydride concentration effect for reduction of 8, and

demonstrated for the first time that the amide carbonyl groups of pyridone photoproducts can be readily reduced to

methy] groups. Further investigations will be reported in due course.
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