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REDUCTIVE CLEAVAGE OF HIGHLY SUBSTITUTED A2-ISOXAZOLINES.
SYNTHESIS OF CRISPATIC ACID
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Abstract:  The preparation of highly substituted f-hydroxy carbonyl compounds from isoxazolines is
featured in a synthesis of crispatic acid. A f-hydroxy imine, the proposed intermediate in this
transformation, is isolated for the first time and a stereoselective hydroboration of a 5-vinyl
substituted isoxazoline is also reported.

The cycloadditive strategy (Eq. 1) for formation of B-hydroxy carbonyls has begun to emerge as a useful
complement to the well established aldol route.] One of the strengths of the cycloadditive approach is that it is
diastereospecific: in principle, olefin geometry is directly translated into acyclic stereochemistry.2 The
stereocontrolled formation of more highly substituted 8-hydroxy carbonyls by the aldol method can be problematic.
Simple diastereoselection in the addition of enolates to ketones is usually low.3 Furthermore, ketones are not
sufficiently reactive partners in many of the mildest cross-aldol variants. In the cycloadditive strategy, access to
more highly substituted isoxazolines (2) has also been difficult. We have recently developed a practical method to
prepare such isoxazolines using TOP-furoxan (1) as a nitrile oxide source.4 We now report a synthesis of crispatic
acid and its diastereomer which illustrates both the utility of TOP-furoxan to form highly substituted isoxazolines
and the ability to selectively reduce these heterocycles to products which are formally stereoselective cross aldol
adducts between two ketones. In addition, we report for the first time the isolation of a B-hydroxy imine, the
proposed intermediate in the isoxazoline(2)—B-hydroxy ketone(3) interconversion. We also report a selective
hydroboration of a 5-vinyl isoxazoline.
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To test the applicability of our standard conditions for the cleavage of more highly substituted systems (Eq.
2), TOP-furoxan-trimethylethylene adduct 4a was reduced with Ra-Ni [B(OH)3, MeOH/H;0, Hy gas].la After
2h at 25°C, the starting material was consumed and the product was isolated by standard extraction, While the 1H-
NMR multiplicities were consistent with the expected B-hydroxy ketone 6a, the IR spectrum showed no evidence of
a carbonyl stretch. In fact, the product was the 3-hydroxy imine 5a. Redissolution of 5a in MeOH/H70 containing
boric acid and stirring of the mixture for 24h led to the isolation of the dihydroxy ketone 6a in which both the imine
and trimethylsilyl groups had been lost by hydrolysis. While the evidence for the intermediacy of 8-hydroxy imines
in the isoxazoline—RB-hydroxy ketone interconversion is very strong12, this is the first case in which the proposed
intermediate has actually been isolated.10 Primary imines are very sensitive to hydrolysis and the high degree of
substitution no doubt contributes to the unusual stability of 5a.3 For cleavage of related systems, a simple protocol
was developed. After standard reductive cleavage (1-4h), the Ra-Ni catalyst was removed by fiitration and the
reaction mixture was allowed to stir for an additional 20-40h to insure complete imine hydrolysis.
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While we were pleased to isolate a B-hydroxy imine intermediate in the isoxazoline reduction, this was not
necessarily a good omen for synthetic applications. We had previously demonstrated that stereochemical loss in
isoxazoline reductions was due to tautomerization of the transient B-hydroxy imine.12 Furthermore, small amounts
of retroaldol products which were formed in several reductions were also suspected of arising from the imine.
Clearly, long lifetimes for the intermediate imines are generally not desirable.

To determine whether the stereochemistry obtained in the cycloaddition reactions of TOP-furoxan with more
highly substituted olefins could be retained during reductive cleavage, isoxazoline 4b was desilylated (HF, MeCN)
and reduced as described above. No attempt was made to isolate the intermediate imine. Dihydroxy ketone 6b was
isolated in 58% overall yield from 4b as a single stereoisomer. Thus, the utility of the cycloadditive strategy has not
been compromised by the resistance of the intermediate imine towards hydrolysis in this case.

To demonstrate the synthetic utility of the method (Scheme 1), we undertook the synthesis of crispatic acid,6
a component of the macrocyclic pyrrolizidine alkaloid crispatine. This target was selected because both other
diastereomers, fulvinic acid (a component of the alkaloid fulvine), and 17, were also known.6

Heating of 1 with E-3-methyl-3-penten-2-one (7) gave the expected isoxazoline 8 in 60% yield. The
geometry of the Starting olefin controls the relative stereochemistry at C-2/C-3 and precludes the formation of the
diastereomeric isoxazoline leading to fulvinic acid. Standard Wittig olefination provided 9 in 83% yield.
Hydroboration of 9 with BH3/Me,S gave a nearly 1/1 mixture of diastereomers 10a/10b in >90% yield. These
diastereomers were not readily separable, nor was it possible to assign stereochemistry at this stage. Attempted
reduction of bis-O-silylated derivatives of 10 with Ra-Ni proved problematic.7 Oxidation, diazomethane
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esterification, and HF desilylation produced 11 in 40% overall yield from 9. Hydrogenolytic cleavage as above
gave diastereomers 12a/12b which were separable by chromatography (70% combined yield). No evidence for the
presence of other diastereomers was obtained nor were any retroaldol products evident. NMR evidence for the
intermediacy of a relatively stable 8-hydroxy imine was again obtained.
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Oxidative cleavage of 12b, followed by diazomethane esterification, gave crispatic acid dimethyl ester 13.
Independent cleavage of 12a gave the racemic dimethyl ester 14. These compounds were readily differentiated by
the symmetry properties in the NMR spectm.8 Additionally, barium hydroxide mediated hydrolysis produced the
diacids 15 and 17, respectively.6

In this initial approach, no control over the stereochemistry of the third stereogenic center was observed. In
an attempt to improve this situation, we surveyed the reaction of 9 with a variety of hydroborating agents.
Interestingly, reduction with 2 equivalents of 9-BBN, followed by standard hydrogen peroxide oxidation, produced
only 10a. Isomer 10b could not be isolated. Unfortunately, the isolated yield of 10a could not be raised above
35-40%.9 While this apparent stereoselectivity is most interesting, we hesitate to attach any significance to this
observation at present due to the low yield of 10a.

In summary, the cycloadditive strategy employing TOP-furoxan has proven useful in the preparation of a
highly substituted B-hydroxyester. Concerns over loss of stereochemical integrity or possible retro aldol reaction in
the key reduction step proved unfounded in this instance. While the ability to control the C-2/C-3 relative
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stereochemistry was demonstrated, control of the stereochemistry at the third stereogenic center was less than
satisfactory. This points to the general need for new methods to control stereochemistry adjacent to the isoxazoline
ring in the cycloadditive strategy.
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