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The Mechanism of Friedel-Crafts Alkylations by Lactones

By DoucrLas W. WaPLEs and JouN I. BRAUMAN®
(Department of Chemistry, Stanford University, Stanford, California 94305)

Summary The alkylation of benzene by y-valerolactone
catalysed by aluminium bromide in 1,2,4-trichlorobenzene
solvent has a rate law: v = k[benzene][lactone][Al,Bry —
(lactone),/2] where 2 = 0-61 M—2s~1 at 35°.

FrieEDEL-CRrAFTS alkylations are widely used synthetically
and have been studied extensively,! but detailed kinetic and
mechanistic studies have been rather limited and difficult
to interpret.? With the recent discovery of some stereo-
specific Friedel-Crafts reactions,®# which allowed more
detailed mechanistic speculation, it has become important
to explore the kinetics of alkylations by lactones. We

report a study of the kinetics of the alkylation of benzene
by y-valerolactone in 1,2,4-trichlorobenzene solvent cata-
lysed by aluminium bromide, a homogeneous system. The
reaction was followed by n.m.r. spectrometry, and the data
were found to be fit best by the rate law:

—d(lactone) /dt = k[benzene][lactone][ALBr,
— (lactone)y/2]

where & = 0-61 Mm~2s-1 at 35° and (lactone), is the initial
lactone concentration. In order to interpret the kinetics
properly it was necessary to ascertain the state of aggrega-
tion of the aluminium bromide under the reaction con-
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ditions; freezing point depression measurements showed it
to be dimeric (Al,Brg).
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* Indicates optically active materials.
(&) Indicates racemic materials.
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This rather unusual rate law indicates the presence of
three atoms of aluminium in the activated complex. Itis
probably best interpreted in terms of (i) essentially irrever-
sible complex formation to give lactone, AlBr,, the complex
itself being incapable of reaction, followed by (ii) reaction
with Al,Brg to form ultimately an ion pair which is capable
of return to the previous complex, bond rotation, and (iii)
alkylation by an aromatic compound to produce an acid
complexed with monomeric aluminium bromide. Inaccord
with this description, no reaction occurs unless AlBrg is
present in an excess of over one-half of the initial lactone
concentration.

The kinetics of racemization of optically active lactone
were also examined and were shown to fit a rate law with
the same dependence upon aluminium bromide as that for
alkylation. The apparent rate constant is different since
rate-determining step is different, but rate laws and rate
constants for both reactions are consistent with our previous
stereochemical studies®® in which relative rates of return,
rotation, and alkylation by an intermediate ion pair were
deduced. A simple mechanism consistent with our observed
kinetics and stereochemistry is given in the Scheme.
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