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a b s t r a c t

Acyclic acetals and ketals undergo exchange reactions in the presence of catalytic quantities of indium(III)
triflate and diols to generate the corresponding cyclic acetals and ketals in excellent yield. The protocol is
rapid, employs mild conditions and can be adapted to employ solvent-free reaction conditions. We have
further developed this methodology to encompass a tandem acetalisation-acetal exchange protocol which
provides facile access to cyclic ketals from unreactive ketones also under very mild, solvent-free reaction
conditions.

� 2011 Elsevier Ltd. All rights reserved.
1 mol% In(OTf)3
The protection of carbonyl compounds as both cyclic or acyclic
acetals in multistage synthetic sequences is a very well established
strategy,1 and is usually achieved by treatment of aldehydes or
ketones with an alcohol or diol and a dehydrating agent in the pres-
ence of Brønsted or Lewis acids.2 The toxic nature of the acid em-
ployed or the requirement to utilise it in stoichiometric quantities
has led to a number of reports detailing the use of Lewis acids active
in catalytic quantities, and which achieve this transformation under
mild reaction conditions.3 Despite this considerable body of work,
substrate scope continues to be a major limiting factor, in particular,
for the protection of unreactive ketones especially in the presence of
thermally labile or acid sensitive functionality. As part of an ongoing
programme to develop highly efficient and environmentally benign
reaction processes,4 we disclose that indium(III) triflate [In(OTf)3] is
a highly efficient catalyst in acetal exchange reactions, giving excel-
lent yields of cyclic acetals and ketals directly from acyclic acetals
and ketals in the presence of near stoichiometric quantities of diols
under solvent-free conditions.

We recently disclosed that In(OTf)3 was a highly efficient Lewis
acid catalyst for the formation of both cyclic and acyclic acetals and
ketals from a range of aldehydes and ketones, without the require-
ment for prolonged reaction times, high temperatures, azeotropic
removal of water or a large excess of reagents.5 Disappointingly,
deactivated aromatic ketones provided only moderate conversions,
and it occurred to us that this problem might be addressed by
ll rights reserved.
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considering the reactions of more accessible acyclic substrates in
acetal exchange reactions. Such exchange processes are well estab-
lished in carbohydrate chemistry,6 but have attracted significantly
less attention in carbonyl protection strategies.7 With this goal in
mind, we initially considered the reaction of benzaldehyde di-
methyl acetal (1) in the presence of catalytic quantities of In(OTf)3

and ethane-1,2-diol, and were gratified to observe that the ex-
change reaction proceeded rapidly to give quantitative conversions
to the desired cyclic product (Scheme 1).8

The generality of the reaction was next investigated using a
range of acylic acetals and ketals in the presence of a small excess
of diols (Table 1). Reaction of dimethyl or diethyl acetals proceeded
rapidly at room temperature in the presence of 1 mol % of the cat-
alyst to provide the corresponding cyclic acetals in excellent iso-
lated yields (Table 1 entries 1–6). Most gratifying was the
observation that dimethyl and diethyl ketals also underwent rapid
exchange reactions under these conditions to provide cyclic ketals,
again in excellent isolated yields (entries 7 and 8).

With our initial target achieved, we sought to further improve
the efficiency of this transformation by considering reaction proto-
cols under solvent-free conditions. There has been considerable
recent interest in the development of such reaction processes,
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Scheme 1. Indium triflate mediated acetal exchange reaction.
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Table 1
Acetal exchange reactions catalysed by In(OTf)3

R1 R2
O O

1 mol% In(OTf)3

diol, CH2Cl2, rt, 30 min
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a All reactions were carried out at room temperature in CH2Cl2 using 1 mol %
In(OTf)3 and 1.1 equiv of diol.

b All compounds gave satisfactory spectroscopic data.

Table 2
Acetal exchange reactions under solvent-free reaction conditions

Entry Acetal Producta Yieldb (%)
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9
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a All reactions were carried out at room temperature using 1 mol % of In(OTf)3

and 1.1 equiv of diol.
b All compounds gave satisfactory spectroscopic data.
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not only due to their improved environmental profile, but also be-
cause of the potential for improved chemoselectivity and improved
reaction rates and yields.9 With this goal in mind we investigated
the reactions of 1 with a series of diols, and were delighted to
observe complete conversion into the corresponding cyclic acetals
under reaction conditions similar to those in dichloromethane
(Table 2, entries 1–3).10 Significantly, both dimethyl and diethyl
ketals readily underwent rapid and complete exchange to provide
the corresponding cyclic ketals in excellent isolated yields (entries
4–9). All products required minimal purification, typically only
involving removal of the catalyst and unreacted diol.

Finally, we considered the development of a tandem acetalisa-
tion-acetal exchange reaction sequence. It was envisaged in this
protocol that the carbonyl compound would initially react with tri-
methyl orthoformate (TMOF) under In(OTf)3 catalysis to generate
the dimethyl acetal in the presence of a diol. Once formed, this
dimethyl acetal would undergo rapid exchange, again under In(-
OTf)3 catalysis, to generate the corresponding cyclic acetal or ketal.
Such tandem reaction protocols have attracted considerable recent
interest due to the improvements in efficiency, and the benefits of
producing reactive or unstable species in situ.11 We previously re-
ported that unreactive ketones, such as acetophenone, provided
poor isolated yields of the corresponding dimethyl acetals in In
(OTf)3-catalysed reactions due to the establishment of an equilib-
rium which favours the carbonyl compound. In order to achieve
acceptable yields, it was necessary to employ extended reaction
times in solvents such as benzene and toluene with azeotropic
removal of water.3g We reasoned that a tandem protocol, if suc-
cessful, would provide a potentially very attractive, highly flexible
and efficient alternative to current methodologies. Furthermore,
the ability to generate the dimethyl acetal in situ provides addi-
tional savings in efficiency, given that no isolation and purification
is required. Gratifyingly, reaction of acetophenone with one equiv-
alent of TMOF under solvent-free conditions proceeded readily to
give high conversions to the corresponding ketal products. These
conversions could be improved to near quantitative on increasing
the quantity of TMOF to 1.5 equiv providing a facile and high yield-
ing route to these materials (Scheme 2).12

In conclusion, we have demonstrated that In(OTf)3 efficiently
catalyses acetal and ketal exchange reactions under extremely
mild reaction conditions employing low catalyst loadings to give
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Scheme 2. Indium triflate mediated tandem acetalisation-acetal exchange reactions.

B. M. Smith, A. E. Graham / Tetrahedron Letters 52 (2011) 6281–6283 6283
excellent isolated yields of cyclic acetal and ketal products. The
process is highly efficient, employing near-stoichiometric quanti-
ties of the diol and proceeds rapidly at room temperature. Further-
more, the reaction can be adapted to employ solvent-free
conditions, further improving the efficiency. We have extended
our studies in this area to develop a tandem acetalisation-acetal
exchange protocol, again employing solvent-free conditions, which
is applicable to the synthesis of cyclic ketals from unreactive ke-
tones. The reaction of acetophenone in the presence of TMOF and
a diol proceeds under In(OTf)3 catalysis to produce the dimethyl
acetal in situ which then undergoes rapid exchange to give the cor-
responding cyclic ketal. The ketals are produced in high yields un-
der very mild reaction conditions without the requirement for high
temperatures or extended reaction times. We are currently inves-
tigating the scope and application of this novel tandem process.
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