Tetrahedron Letters,Vol.25,No.48,pp 5573-5576,1984 0040-4039/84 $3.00 + .00
Printed in Great Britain ©1984 Pergamon Press Ltd.

A CASE OF NON-ELECTROSELECTIVE AND TC-FACIAL NON-STEREOSELECTIVE ADDITION TO
NORBORNADIENE
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2-(4~Chlorophenylimino)-1-phenylethanone 5 or its adduct 6 with methanol add
to norbornadiene 1 under BF_ or S0O_ catalysis with low degree of electrose-
lectivity and T.-facial steréoselectivity giving 7, 8, 9, and 10. A reaction
mechanism is proposed.

Three modes of concerted cycloaddition to norbornadiene 1 are documented:
non-homo endo, non-homo exo, and homo, with respective formation of the ad-

ducts 2, 3, and 4, although with reagents of widely different electronic re-

quest, i.e. a reagent behaves toward 1 electroselectively either as a diene,

by dy b G
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giving non-homo addition, or as a dienophile, with formation of the adduct 4.
Reagents capable of concerted addition to either side of the norbornadiene
molecule are very uncommon, the only unambigous example being offered by halo-
carbenes.l’2 As for as the non-homo addition is concerned, the vast majority
of enophiles add with exclusive exo T-facial stereoselectivity (the "exo ru-
le" of Alder and Stein). Endo addition may be forced by substitution at the 7-
position,5 but the non-substituted norbornadiene can give an appreciable ratio
of exo and endo adducts with halocarbenesl and with some l,3—dipoles6 only.

A promising substrate which can add to 1 with low selectivity is the
phenylglyoxal anil 5. We have in fact recently shown7 that 5 can behave as
"amphoteric!" Diels-Alder reagent, in the sense that it can react as a diene
(making use of ‘the C=N double bond and of the conjugated Kekulé double bond of

the aniline ring), and as a dienophile, depending on the nature of the
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reaction partner. The reactions proceed quickly at room temperature only under

Lewis acid catalysis (etherated BF3 in CH2012 or liquid 502, acting as
catalyst and as solvent); the adduct 6 of 5 with methanol, in equilibrium with
5,8 can be alternatively and more conveniently used.

"Amphoteric'" Diels-Alder reagents are not uncommon, but their electro-
selectivity is generally more marked. As an example, N-sulphinylamine behaves
preferentially as a dienophile and can adapt to react as a diene only when in
the presence of a non-conjugated double bond.9 From this point of wview, the
behaviour of 5 depends on more subtle properties of the reaction partner. With
butadienes the preference seems to be dictated by the substitution pattern,lo

whereas with norbornadiene 1 the reaction, catalyzed by BF_ or SO 1 affords

3 2’
quantitatively the primary adducts given in the Scheme, together with the

percent yields (from BF3 and 302 catalysis in the order) as determined from

integration of selected resonances in the n.m.r. spectrum of the reaction
mixture; the product ratios do not change in the time under the reaction
conditions.
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The adducts have been fractionated by flash chromatography. Their ste-
reochemistry was firmly ascertained through measurement of the nuclear Over-
hauser effects (n.0O.e.) with the aid of differential n.m.r. spectroscopy.

It should be noticed that the exo addition of 5 is obviously electrospe-

cific but not stereospecific, (yielding both %—benzoilic 7 and «-benzoylic 8
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isomers), while both dienic and homodienophilic endo additions occur, however
with stereospecific formation of the @—benzoylic 9 and S—benzoylic 10
isomers. The steric course of these additions cannot be invoked as a proof for
a concerted mechanism. Nevertheless the various degrees of stereoselectivity
in the exo and endo additions are fairly accounted for by the consideration of
a concerted addition with secondary orbital interaction. Preliminary to this
discussion is the determination of the conformation of 5 in the solution
state. N.O.e. measurements , carried out in CDCl3 or in S02,12 have establi-
shed the trans conformation for the free anil 5 as well as for the anil which
separates from the adduct 6 in solution.

It can be reasonably presumed that the Lewis acid operates on the anil §
with the consequence of a FMO energy lowering, so that the dienophilic
addition of 5 to 1 is a case of normal Diels-Alder reaction, while the dienic
addition is a Diels-Alder reaction with reverse electronic demand. In any case
the relevant interaction is between the HOMO of norbornadiene 1 and the LUMO
of the anil 5. The nodal properties of the FMO have been estimated with ab-
initio computations at the STO-3G level,13 carried out on norbornadienes and
on the model molecule N-protonated N-phenylimine.

Even at this 1low sofistication 1level +the ab-initio method shows a
significant antisymmetric mixing, in the norbornadiene HOMO, of the CH2
orbital ofT symmetry and of the T orbital.14

The interaction between
the relevant FMO in the case
of an endo transition state
shows a total phase concor-
dance for the endo approach.
It should be noticed that
essentially the same intera-

ction diagram explains the

stereospecificities which
accompany the formation of
both the non-homo endo ad-

duct 9 and the homo endo

adduct 10.

Endo approach Exo approach
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As for the exo approach, the stabilizing secondary orbital interaction is
between the TC system of the anyl and the TECH contribution to the
norbornadiene HOMO. Since this contribution is not sozgreat, the @—benzoylic
stereoselectivity is expected to be, as it is, smaller.

Either as a concerted or non concerted reaction, the addition of 5 to
norbornadiene 1 presents two major points of novelty: (a) the anil 5 repre-
sents the first example of a diene with no 7T -facial stereoselectivity toward
norbornadiene. The only other dienes which add non exclusively exo to the
unsubstituted norbornadiene are hexachlorocyc1opentadiene,15 tetrachloro-o-
benzoquinone,16 and o-benzoquinone diimine,17 which are however much more
selective; (b) it is the only Diels-Alder reagents so far which adds to the

endo face of 1 with essentially no electroselective preference.
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