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MIXED CARBONYL COUPLING INDUCED BY AQUEQUS TITANIUM TRICHLORIDE.

SOME COMMENTS ON THE MECHANISM.

Angelo Clerici, Ombretta Porta and Manuela Riva
Istituto di Chimica del Politecnico, Via Golgi 39, 20133 Milano, Italy.

Summary : Aqueous titanium trichloride promotes reductive dimerization
of benzoylcyanide in acetic acid and mixed pinacol reaction
in acetone medium., A mechanism is proposed to account for this.

We have recently reportedl’2 that aqueous titanium trichloride promotes re-
ductive decyanation and dehalogenation of cyano- and halopyridines to pyridine by
two electron transfer. Besides, we have found2 that this reducing agent easily
couples pyridinealdehydes and -ketones to the corresponding symmetric pinacols in
very good yields by one electron transfer.

The study of the reduction of benzoylcyanide by aqueous titanium trichloride was
undertaken with the aim to determine whether simple dimerization (as for pyridine
aldehydes and ketones) or decyanation (as for cyanopyridines) would occur.
Dropwise addition of a 157 aqueous titanium trichloride solution (20 mmol) to a
benzoylcyanide solution (10 mmol) in acetic acid (10 ml) at room temperature un-
der nitrogen atmosphere resulted in partial discharge of the dark blue color of
titanium(III) and formation of a white suspension after 1 hr. Extractive work up
yielded benzyldicyanohydrin 2, mandelonitrile 4, along with unreacted substrate
and benzoic acid (formed by hydrolysis of the substrate in acidic medium) accor-

ding to Scheme 1.
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In this process there is produced both the radical 1l by one electron uptake and

the anion 3 by two electron uptake from titanium(III).
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Radical 1 (757% yield) dimerizes to compound 23 while the anion 3 is converted to
mandelonitrile 4 (6% yield) by hydrogen ion abstraction from the solvent.

By carrying out the reaction in acetone, instead of acetic acid, 2-methyl-3-phe-
nyl-3-cyano-2,3-propanediol 7 was surprisingly formed along with compounds 2 and
4. Screening the data of Table it should be remarked that yields of adduct 7 in-
crease with the increase of both the quantity of acetone used and the molar ratio
TiC13/PhC0CN while the relative amount of adduct 7 and dimer 2 depends on the
quantity of acetone only.

The stoichiometry of the reaction, determined by back-titration of Ti(III) excess,
is in accord with a two electron transfer per mole of adduct 7 formed. »

We exclude that the mixed pinacol reaction of acetone with benzoylcyanide is a
radical coupling process because the reduction potential of benzoylcyanide is

ca, 0.9 Volt less negative than that of acetonea, and a mild reducing agent such
as Titanium(III) is able to reduce only carbonyl groups bearing strong electron-
withdrawing substituentsz.

An alternate mechanistic hypothesis consistent with our data is depicted in

Scheme 2.
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The radical addition of 1 to the carbon atom of the carbonyl group of acetone is
a reversible process. In fact, Eq. 1) is at least formally the reverse of the

. 5
well demonstrated decomposition of the t-alkoxyl radical :

R
R'—(:I—O- — % R+ + R-C=0
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Therefore, the mechanism of Scheme 2 seems reasonable only if the formation of

a Ti(III)-complex 6§ is invoked. Formation of 6 would both shift the equilibrium
of Eq. 1) to the right and favour the reduction of alkoxyl radical 5 to the cor-
responding anion. Besides, knowing the ability of Ti(III) to complex electron-
donor groups6 such as ketones and alcohols, an initial complexation of Ti(III)

with acetone cannot be discarded. This further complexing effect, enhancing the
electrophilicity of the carbonyl group, makes easier tha addition of radical 1
to acetone.

To the best of our knowledge this is the first time that the addition of a free
carbon radical to acetone is reported.

We wish to reserve a more detailed discussion of our studies for a full paper to

be published later.
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