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STEREOELECTRONIC EFFECTS IN RING CLOSURE REACTIONS
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The mechanistic criterion of reversed substituent effects in
reactions, formally classified as 5-endo-trig and 6-endo-trig,
is examined.

Pronounced accelerative effects of electron donation by substituents

X (p+ = -2.2) have previously been demonstrated in the ring closure induced

by trifluorocacetic acid, shown in Scheme 1, in contrast to the deceleration
observed for an intermolecular Michael addition.l This supports the sug-

gestion,2 that reaction proceeds via a 5-exo-trig route involving structure 3
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Scheme 1

According to Baldwin's rules, 6-endo-trig closures are allowed,3
although "not so allowed" as 6—exo-trig.4 Models reveal that in the former
case, an influence comes into play not specifically dealt with in the rules,
namely the character of the connecting chain between the two reacting centres
If it is of mobile sp3 hybridised carbon atoms, the necessary trajectory is
obtainable. For an sp2 hybridised connecting system, however, with the
larger bond angle of 1200, the nucleophile appears well off line for correct
alignment to the electrophilic double bond, and this will be augmented by
the tendency of a conjugated system to stay in plane,

A suitable system to examine this effect experimentally appeared to be
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the hydroxychalcone-flavanone system (Scheme 2), a key step in the bio-

synthesis of flavanoids in higher plants, kf was measurcd in TFA, by

0 0

Scheme 2
following the rate of growth of the ABX system of 5, in the proton NMR pat-
tern, relative to the total methyl peak (the methyl peaks overlap for 4 and

6 and 3.6 x 1070 571

§ for both compounds). This leads to values of 201 x 10~ at
35°C for X=OMe and Me respectively, a reversed substituent effect even larger
than that found for Scheme l.l’5 This indicates that the 6-endo-trig mode is
indeed a high energy pathway in this case, and the reaction adopts the
alternative 6-exo-trig route via structure gn Considering the reverse re-
action of Scheme 2, a model of (z) shows the p-orbitals of the enol system to
be almost orthogonal to the cleaving C-0 bond,6
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The mechanism for base catalysed hydroxychalcone-flavanone inter-
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conversion thus becomes of some interest. The reaction proceeds readily
(though strongly pH dependent),8 in contrast to that of Scheme 1, which does
not occur in base. It may be of significance that g, in contrast to g, may
be susceptible to reaction as shown in §.

A 5-exo-trig route via an intermediate analogous to that of § and g,
namely ;;, has been pr-oposed9 for the intramolecular Friedel~Crafts type

aromatic electrophilic substitution, Scheme 3, in boron trifluoride etherate,
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OBF

Scheme 3

o

The reaction proceeds smoothly to completion in TFA at 35°C when R = OMe,
When R = H, no reaction occurs at this temperature; presumably in this case
the potential intermediate lacks the stabilisation of the methoxy group shown

in %é- However, unlike the reactions of Schemes 1 and 2, the influence on
+ OH OH 3+
MeO MeO

H X
X
12 13

of increasing electron donation-of X is much smaller (X = Me, H, C1,

k = 6.5, 4.9, 3.7 x 10_6 st respectively) of which a large part can be

ratelo

explained by the increased concentration of reactive protonated form sponsor-
ed by electron donor groups X. This leads us to propose that the alternative

9

suggestion, that the rate limiting step of the reaction is an electrocyclic
rearrangement of Nazarov type, may be the correct one, involving transition
state %g. In such a case, the rate would be little affected by the nature
of X, and there are a number of pr‘ecedentsll which show that such reactions
may indeed involve the double bond of an aromatic ring. This would also
explain the facile acid-catalysed ring closure of 1-(3-methoxyphenyl) -4, 4-
dimethylpent—Z-en-l—one.9

The examples, which we have described above, and which we are investi-
gating further, may thus provide some indication of how the occurence or
non-occurence of the reversed substituent effect can afford mechanistic

information in ring closure reactions,
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