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Indium triflate mediated acetalization of aldehydes and ketones
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Abstract—Aldehydes and ketones are rapidly transformed into either acyclic or cyclic acetals at room temperature in high yields and
in very short reaction times using catalytic quantities of indium triflate, in contrast to previous reports.
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Acetalization is a well-known synthetic procedure for
the protection of carbonyl groups in multistage synthe-
sis,! and is achieved by treatment of aldehydes or
ketones with an alcohol or diol and a dehydrating agent
in the presence of Brensted or Lewis acids
(Scheme 1).? The toxic nature of the acid employed or
the requirement to utilize 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 conditions.> While investi-
gating the suitability of a number of Lewis acid catalysts
to participate in tandem oxidation/acetalization
sequences, we were surprised to observe that indium
trichloride is a very much more active catalyst than
was previously reported.

Indium salts have previously found widespread use as
highly effective, water-tolerant Lewis acid catalysts in a
variety of synthetic transformations,* including the con-
version of aldehydes into acylals® and aldehydes and
ketones into thioacetals.® Recently, Ranu reported that
catalytic quantities of indium trichloride in cyclohex-
ane/methanol mixtures catalyzed the formation of ace-
tals in good yields, although the process required
reaction times in the order of 6-14 h at elevated temper-
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atures with the azeotropic removal of water.” The
authors commented that the acetalization reaction was
not effective in polar solvents such as THF, acetonitrile
or dichloromethane. We noted, however, during our
studies that treatment of benzaldehyde with catalytic
quantities of either indium tribromide, indium trichlo-
ride® or indium triflate with a twofold excess of trimethyl
orthoformate in dichloromethane at room temperature
rapidly produced excellent yields of the desired dimethyl
acetal. Indium triflate proved to be the most highly ac-
tive catalyst, producing the acetal within 5 min of addi-
tion (Table 1), and was highly effective even at 0.1 mol %
quantities in preparative scale reactions. Furthermore,
these reactions did not require an aqueous work-up or
chromatographic purification, with pure material being
isolated by passing the reaction mixture through a short
plug of neutral alumina to remove the catalyst.® We
noted that reactions catalyzed by indium chloride or in-
dium triflate in cyclohexane at room temperature led to
very slow formation of the acetal, and the reactions in
cyclohexane/methanol mixtures did not led to any acetal
formation.

We next investigated the acetalization reactions of a
range of carbonyl compounds using indium triflate
(1 mol %) in dichloromethane at room temperature in
the presence of trimethyl orthoformate, triethyl ortho-
formate or diols (Table 2). It was found that a range
of carbonyl compounds were rapidly and efficiently
transformed into their acetal counterparts in very high
yields. In some cases, such as 2-furancarboxaldehyde
and cyclopentanone, the transformation was found to
be more efficient if the catalyst was added in two equal
portions over the course of the reaction. The transfor-
mation of 2-furancarboxaldehyde is also noteworthy
given the acid-sensitive nature of this compound.
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Table 1. Indium catalyzed acetalization of benzaldehyde

Entry Conditions® Time (min) Conversion® (%)
1 InCl; (1 mol %), CH,Cl,, (MeO);CH (2 equiv), rt 5 67
2 InBr; (1 mol %), CH,Cl,, (MeO);CH (2 equiv), rt 5 93
3 In(OTf); (1 mol %), CH,Cl,, (MeO);CH (2 equiv), rt 5 100
4 In(OTf); (0.1 mol %), CH,Cl,, (MeO);CH (2 equiv), rt 5 100°¢

#Reactions with 1 equiv of (MeO);CH gave similar conversions.
® Estimated by '"H NMR spectroscopy.
€0.1 mol % quantities of catalyst are also effective on preparative scale reactions.

Table 2. Acetalization of carbonyl compounds catalyzed by indium triflate

Entry Carbonyl* Time (min) Product® Yield® (%)
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# All carbonyl compounds were used as supplied.

® All reactions were carried out at room temperature in CH,Cl, using 1 mol % of catalyst.
¢ All compounds gave satisfactory spectroscopic data.

998% yield obtained with 0.1 mol % catalyst in 5 min.

€98% yield obtained with 0.1 mol % catalyst in 5 min.

[ Catalyst added in two equal portions.

The reaction of acetophenone produced only low yields In conclusion, indium salts are more highly efficient cat-
(~30%) of the corresponding acetal under these alysts for the synthesis of dimethyl acetals than previ-
conditions. ously thought and produce acetals under very mild
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conditions from a range of carbonyl compounds in high
yields and in very short reaction times. The reactions are
extremely simple and do not generally require chro-
matographic purification and proceed without the
requirement for inert or anhydrous reaction conditions
or clevated temperatures.

Typical experimental procedure: To a mixture of 2-furan-
carboxaldehyde (113 mg, 1.17 mmol) and trimethyl
orthoformate (250 mg, 2.35 mmol) in dichloromethane
(15 mL) at room temperature was added indium triflate
(3.3 mg, 0.5mol %) and the reaction mixture stirred at
room temperature for 3 min. A further portion of the
catalyst (3.3 mg, 0.5mol %) was added at this time
and the reaction mixture stirred for a further 2 min.
Next, the mixture was passed through a short plug of
neutral alumina which was then washed with additional
dichloromethane (2x 5mL) and the solvent was re-
moved under reduced pressure to give the product 2-
furancarboxaldehyde dimethyl acetal (165 mg, 99%); 'H
NMR (CDCls; 400 MHz) 6 =3.28 (s, 6H), 5.37 (s,
1H), 6.29 (m, 1H), 6.35 (m, 1H), 7.34 (m, 1H); '°C
NMR (CDCl;; 100 MHz) 6 =151.3, 142.9, 110.5,
108.9, 98.4, 53.2; vmax (film)/em™" (neat) 2942, 2896,
2833, 1346, 1190, 1053, 976 and 738; MS (EI) m/z 142;
HRMS (EI) caled for CoH,005 (M) 142.0624, found
(M) 142.0624.
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