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A STEREQOSPECIFIC PALLADIUM MEDIATED [3+2] CYCLOADDITION
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SUMMARY: The [3+2] palladium mediated cycloaddition to methyl (E)- and (2Z) -
(R)-4,5-di-0 -isopropylidene-pent-2-enoates parallels the Diels-Alder reactions
of these same acceptors.

The cycloadditions of 2-trimethylsilylmethylallyl acetate in the presence of
palladium (o) catalysts1 have been interpreted as a two step process largely on
the basis that methyl Z-crotonate led to a 1.7:1 Z:E mixture of the cycloadducts
and that during this reaction, there was no obvious isomerization of the
starting material?. However. the fact that the Z:E rate ratio is not known and
is anticipated to be greater than 1 for a concerted cycloaddition3 leads to the
possibility that a lack of the build-up of the E isomer during cycloaddition

occurs because it is consumed rapidly. We wish to report that in contrast to
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our earller observations, the c¢ycloaddition can be stereospecific and, in
addition, have very high diastereofacial selectivity. The parallel between the
palladium catalyzed [3+2] cycloaddition and the corresponding Diels-Alder
reaction of the same enocate pair4 suggest that the current bias in favor of the

stepwise mechanism should be rethought.

We explored the 55'5 and 55°’6’7 enoates 1 and 2 because of the use of the E
enoate in our synthesis of brefeldin A.809 Using a standard set of conditions of
2 mol%*(PhyP), Pd in toluene at 80°, 1 gave the two cycloadducts 4 and 5 in a
76:24 ratio in 78% yield - in good agreement with our earlier observations. We

interpreted the major isomer as deriving from la as the reactive conformer based

upon consideration of dipole - dipole and non-bonded steric interactions. The
Felkin - Anh conformer 1lb would predict the same facial selectivity as la.
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However, if the 1latter is the reactive conformer, then the 2Z olefin should
exhibit lower diastereoselectivity., since 2b should be disfavored. On the other
hand, if 2a is the reactive conformer, then the Z olefin should enhance the

facial selectivity.

Cycloaddition of the 2z-enoate with 3 under identical conditions as above
gave a single cycloadduct (>50:1) in 69% yields in contrast to the earlier case
of a Z-enoate! Furthermore. this adduct does not correspond to either 4 nor 5
indicating that it must be a Z-methylenecyclopentane, either 6 or 7. That it
corresponds to 6 was easily demonstrated since base catalyzed equilibration

quantitatively converts 6 into 4.

The exclusive formation of the 2z cyclopentane § from the Z-enocate 3 requires
either a concerted cycloaddition or a two step process in which the ratio of the
rate constants for ring closure versus bond rotation is more favorable here than
in the crotonate case. There does not appear to be any obvious reason why the
latter should be true. On the other hand, if the cycloaddition is concerted,
the discrepancy between the current result and our earlier one is easily

accounted for by the difficulty in evaluating the control experiment in the
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absence of actual rate constants for cycloaddition for the E and Z crotonates.

The extremely high facial selectivity for cycloaddition of 2 is best in
accord with 2a as the reactive conformation and, correspondingly. la in the case
of the E encate 1. The similarity of this pair of cycloadditions to the
Diels-Alder reactions of this same pair of enoates is striking. The facial
selectivity of the Diels-Alder reactions has also been interpreted in terms of
the same reactive conformations la and 324. The increased steric demands in
forming a six membered ring versus a five membered ring may account for the
higher degree of facial selectivity seen for the Diels-Alder reaction of 1

versus this [3+2] cycloaddition.

Another example of a diastereoselective cycloaddition was briefly examined
in which an additional complication arising from a possible B-elimination in a

stepwise mechanism exists. The E-methoxymethylenetetralone gll (8:1, E:2Z) gave
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the E-cyclopentane ¢ (7:1, E:Z). The absence of -substitution of methoxide

combined with retention of geometry in the product may be interpreted as

reflecting a concerted rather than a stepwise process.

While it is premature to conclude that these reactions are concerted, the
present results clearly require reconsideration of such a possibility. The
correspondence of these results with the Diels-Alder reaction suggests
mechanistic similarities may exist. Orbital symmetry considerations do not
refute a concerted pathway.lz While mechanistic conclusions must await more
information, the present results have an immediate synthetic consequence. Since
€ and, by simple base equilibration, 4 are now available as single diastereomers
and enantiomers, our synthesis of (+)-brefeldin A now becomes completely
enantioselective.l3 The ability to enhance diastereoselectivity by using

the Z2-olefin may also be a more generally useful tool in these cycloadditions.
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