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INTRAMOLECULAR DIELS-ALDER REACTION.

Philip Magnus* and Clive Walker
Department of Chemistry, Indiana University, Bloomington, Indiana 47405, U.S.A.

Paul R. Jenkins* and Keith A. Menear

Department of Chemistry, Leicester University, Leicester LE1 7RH, U.K.

SUMMARY: The loss of dienophile stereochemistry in the conversion of
1/4 into 3/6 is shown to result from epimerization a- to the

lactone carbonyl via 9.

It was recently reported® that the maleate ester 1, on heating at 150°C in
benzene (sealed tube), gave the two tricyclic lactones 2 (14%), and 3 (42%).
The assigned stereochemistry was based upon nuclear Overhauser enhancements (n.
0.e.'s). C(Clearly, this observation apparently violates one of the basic tenets
of the Diels-Alder reaction - that the stereochemistry of the dienophile is
preserved in the cyclohexenyl product.? Recent extensive studies of the intra-

® have suggested that in many cases the reaction

molecular Diels-Alder reaction
proceeds preferentially via a geometry (in the transition state) in which the
connecting linkage between diene and dienophile is exo-, and the stereochemistry
of the newly formed ring fusion is determined by the non-bonded interactions,
rather than electronic factors. There are no examples where the stereochemistry
of the dienophile is not retained in the product. In this paper we confirm the
original stereochemical assignments by single crystal X-ray crystallography; and
through deuterium labelling have located the origin of this unexpected stereo-

chemical result.
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The minor isomer 2, m.p. 106.5- 107°C, gave suitable crystals for X-ray
analysis, FIGURE 1,"% whereas, the major isomer 8 is an oil. In the methyl
ester series 4, the corresponding isomer 6, m.p. 58 - 59°C, gave suitable crys-
tals for X-ray analysis, FIGURE 2.% If the formation of 3/6 from 1/4° is sim-
ply the result of dienophile isomerism prior to cyclization, the corresponding
fumarate derivative 7° should give the same trieyelic lactone. In the event,
heating 7 at 150°C/36h. gave the lactone 8 (48%),° m.p. 97.5- 98°C, whose
structure was based on n. 0. e. measurements and confirmed by X-ray analysis,
FIGURE 3.% C(learly, the formation of the trans-lactone 8 excludes a dienophile
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isomerization pathway. The lactones 3/6 do not epimerize a- to the ester or
lactone carbonyl group under conditions used for their formation. The only
reasonable explanation for the loss of dienophile stereochemistry is that epi-
merization o- to the lactone carbonyl group has taken place subsequent to the
Diels-Alder cyeclization. In other words, the kinetic product from thermolysis

of 1/4 is 8, which is transformed into 3/6 in situ.

—» 3/8

Thermolysis of 1 at 150°C/PhH, in the presence of CD 0D (25 equiv.), gave 3
with ?1% exchange of Ha for deuterium. More convineingly, thermolysis of 10°
under the usual conditions gave 11 and 12. The 19 NMR spectrum of 12 shows Ha
as a singlet 8§ 3.10, and the absence of Hb; whereas, 6 has Ha as a doublet §
3.19. The mass spectra of 11 and 12 showed molecular ions at m/e 280 and 279

respectively, consistent with the incorporation of two deuterium atoms
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and a single deuterium. Epimerization of 9 has taken place on the surface of
the glassware, resulting in the loss of one deuterium atom. SCHEME 1 depicts
the various transition states involved in these cyclizations, which are best
rationalized by product-like transition states. The preference for 1b over Ila,
even though it leads to 9 which is more strained, is explained by the presence
of more equatorial substituents in the transition state. Silylation of the

glassware did not give 3/6/12, only extensive decomposition was observed.

—_— 5 (140)

/////’ EXO-1b

(equatorial)

In summary, the observations described here should be a caution in inter-
preting the stereochemical outcome of intramolecular Diels-Alder reactions in
terms of strietly kinetic products. The protocol of deuterium labelling to
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detect epimerization processes on the hydrophilic surface of the reaction ves-
sel should find applications to other types of stereochemical problems, where
assumptions concerning kinetic products have been made without due experimental

evidence.
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