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RELATIVE STEREOCONTROL IN AN INTRAMOLECULAR
4+3 CYCLOADDITION REACTION
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Summary: The first complete study of relative stereocontrol in an intramolecular 4+3 cycloaddition has been
performed. Thus, CHCl) solutions of alkoxyallylic sulfones §, 7, and 9 were treated with TiClq at -780C to
give diastereomeric cycloadducts in fair yield. For § and 7 diastereoselectivity was low, but suggested that allylic
cation geometry plays a small but definitive role in determining the diastereomer distribution in the cycloadducts.
For the cycloaddition reaction of 9, cation geometry is irrelevant and the cycloadduct is obtained in very high
diastereomeric purity.

The intramolecular 443 cycloaddition reaction is potentially an important tool in the synthesis of complex
carbocyclic molecules.] To date, however, relatively little work has been conducted either on synthetic
development or fundamental aspects of this reaction.2 In addressing the paucity of data available, several years ago
we began a program to.study the intramolecular 4+3 cycloaddition reaction in detail from both points of view.

As in the isoelectronic Diels-Alder reaction, up to four stereocenters may be formed upon reaction of an allylic
cation with a diene in a 4+3 cycloaddition.3 An additional complication involves the effect of preexisting
stereocenters, particularly in the tether joining the allylic cation and the diene for the intramolecular variant of the
reaction. How such stereocenters affect the overall diastereoselectivity of the cycloaddition process in not well
understood. Further, most examples to date exhibit poor relative stereocontrol.2jk An important exception is
found in a report by Giguere and co-workers who showed that 1 undergoes intramolecular 4+3 cycloaddition to
give 2 in 80% yield with greater than 90% stercochemical purity (Equation 1).2¢
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Equation 1

We recently reported that the intramolecular 4+3 cycloaddition of either (E)-3 or (Z)-3 proceeds in
reasonable yield to give 4 as the sole product (Equation 2).2b We wondered if the allylic cations generated
from the stereoisomers of 3 interconverted before undergoing cycloaddition or if each intermediate remained
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stereochemically unique and both simply reacted to give the same product. In an effort to probe this, we decided to
conduct a complete study of relative asymmetric induction in this system.

To that end, sulfones §, 7, and 9 were prepared and their cycloaddition chemistry studied.4 The
cycloadditions were conducted according our standard procedure.28 Treatment of a 0.1 M CH)Cl, solution of the
allylic sulfone with a slight excess of TiClgq at -780C resulted in rapid cycloaddition. The stereochemistry of the
products 6a and 6b was assigned using NOESY. A cross peak between the methyl signal and olefinic hydrogen
of 6b was observed while the corresponding cross peak in the spectrum of 6a was absent. The assignments for
8a, 8b and 10b were firmly established by X-ray analysis of 11 and 12, obtained by treating 8a and 10b with
excess bromine. The mechanism of the formation of these rearrangement products has been presented
clsewhere.2b
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Scheme 1

Upon intramolecular cycloaddition of 5a and 5b it became immediately obvious that, at least to some degree,
the allylic cations derived from the stereoisomeric starting material retained their identity and did not interconvert
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faster than cycloaddition. To what extent "stereochemical leakage™ may have occurred is not known.

Though these experiments were sufficient to give an answer to the question prompting this study, we
also investigated 7 and 9. The isomers of 7 again showed, in slightly more definitive terms, that the allylic cation
intermediates in this reaction are stereochemically unique. Surprisingly, both isomers of 9 gave rise to the same
single product 10a. No other product could be detected. This is only the second example of an intramolecular 4+3
cycloaddition in which high relative stereocontrol has been observed and is the only example in which such
stereocontrol seems complete.2¢

An inspection of CPK models suggests a basis for this high degree of stereoselectivity. Within the constraints
of the relative angular stereochemistry demanded by this system,3 two reasonable transitions structures are possible
for each cation geometry. These are shown in Figure 1.
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Figure 1

The cation from (E)-9 can adopt two conformations leading to 10a, 13 and 14. Both possess a puckered,
incipient 5-membered ring and a pseudoequatorially disposed methyl group. There apparently exists little
conformation preference for the furan ring about bond "a" relative to the strong conformational preference about
bond "b" arising from severe steric interaction between the methy! on the tether and the proximal methyl on the
allylic cation, as shown. Transition structure 14 is thus favored. Similar steric arguments can be made for the
interaction of the ethoxy and methyl groups in 16, making 15 the preferred transition structure from (Z)-9. While
13 and 15 clearly possess several untoward steric interactions, these are less severe than those in 14 and 16.
Thus, a strong preference for a trans relative angular stereochemistry, coupled with steric effects which fortuitously
operated in the same direction independent of cation stereochemistry, resulted in the formation of a single



cycloaddition product. Overlap considerations suggest that 14 should lead to product via a stepwise process while
15 could lead to cycloadduct in a concerted fashion. A more formal discussion of mechanistic possibilities will be
presented in a full paper.

In summary, we have reported the first complete study of relative stereocontrol in an intramolecular 4+3
cycloaddition. In the system studied, allylic cation geometry played a small but definitive role in determining the
diastereomer distribution in the cycloadducts. In one case, cation geometry was irrelevant and the cycloadduct was
obtained in very high diastereomeric purity. Further work on many aspects of the intramolecular 4+3 cycloaddition
reaction is in progress and will be reported in due course.6
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