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Letters
Cobalt(II)-catalyzed chemoselective synthesis of acetals from
aldehydes
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Abstract—The acetalization of aldehydes has been studied with methanol, ethanol, and 2-propanol using CoCl2 in high yields under
reflux conditions. The reaction is simple, efficient, chemoselective and does not involve any other additive.
� 2004 Elsevier Ltd. All rights reserved.
Acetalization is one of the most widely used synthetic
methods for protecting aldehydes and ketones in the
course of the preparation of a variety of multifunctional
complex organic molecules.1 Generally, these reactions
are carried out by treatment of carbonyl compounds
with the alcohol and/or the corresponding orthoformate
in the presence of an acid catalyst. Some methods for the
formation of dimethyl acetals include dry HCl in
MeOH,2 LaCl3/MeOH/(MeO)3CH,3 MeOH–(COOH)2/
DCC–SnCl4,

4 (MeO)3CH/p-TsOH,5 Me3SiOMe/Me3Si-
OTf,6 MeOH/(MeO)4Si/dry HCl,7 and MeOH/
PhSO2NHOH.8 Fewer methods are known for the
synthesis of diethyl acetals. These include (EtO)3CH/
HCl,9 (EtO)3CH/FeCl3

10 in refluxing ethanol,
(EtO)3CH/Amberlyst,11 DDQ12 and ZrCl4.

13 Some
other methods that do not involve protic acid catalysis
and operate under almost neutral conditions have also
been reported.14 Most of these existing methods, how-
ever, catalyze the acetalization of both aldehydes and
ketones1–12;14a–g and little is known about a sufficiently
selective as well as convenient acetalization method
for aldehydes in the presence of the ketones.13;14h

Recently, we and others reported that CoCl2 catalyzes
efficiently the tosylation15 and acylation16 of alcohols in
high yields. Since CoCl2 is a mild Lewis acid, inexpen-
sive, water tolerant and operates under nearly neutral
conditions, its further exploration for other functional
Keywords: Acetalization; Chemoselective; Aldehyde; Catalyst; Cobalt

(II) chloride.

* Corresponding author. Tel.: +91-361-2690321; fax: +91-361-26907-

62; e-mail: tpunni@iitg.ernet.in

0040-4039/$ - see front matter � 2004 Elsevier Ltd. All rights reserved.

doi:10.1016/j.tetlet.2004.04.126
transformations will be quite useful. Herein we report
the chemoselective acetalization in high yields of alde-
hydes without affecting ketones using 5mol% of CoCl2
(Scheme 1). This method is simple, efficient and does not
involve either a halogenated solvent or an additive,
which is important from the economical and environ-
mental viewpoint. To the best of our knowledge no
report is available in the literature using a metal salt as a
catalyst for the selective acetalization of aldehydes with
alcohols in presence of ketones without any other
additive.

The acetalization of 2-nitrobenzaldehyde was first car-
ried out with CoCl2 in dry methanol. As expected the
reaction took place and afforded the corresponding
acetal in 91% yield when reaction was allowed to reflux
for 4 h in the presence of 5mol% CoCl2 (Table 1).

17 This
method was also effective with ethanol and 2-propanol
affording the corresponding acetals in 84% and 52%
yields, respectively. Similarly, the acetalization of 3- and
4-nitrobenzaldehydes was studied with methanol and
ethanol and the corresponding acetals were obtained in
84–96% yields. It is noteworthy that the catalyst can be
filtered and recycled without loss of activity after drying
in an air-oven at 110 �C for 3 h.18
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Table 1. Acetalization of nitrobenzaldehydes with MeOH, EtOH, and
iPrOH in the presence of CoCl2

CHO CH(OR)2

O2NO2N

CoCl2

ROH
reflux

+  H2O

NO2 R Time (h) Yielda (%)

Ortho Me 4.0 91

Et 7.0 84
iPr 15.0 52

Meta Me 3.5 95

Et 4.0 84

Para Me 2.0 96

aA mixture of aldehyde (1mmol), CoCl2 (5mol%) and alcohol (4mL)

was refluxed for the appropriate time using a CaCl2 guard tube.

4918 S. Velusamy, T. Punniyamurthy / Tetrahedron Letters 45 (2004) 4917–4920
To study the scope of this protocol, the acetalization of
other aldehydes was performed with MeOH and EtOH
Table 2. Chemoselective acetalization of aldehdyes with CoCl2

Entry Aldehyde Alcohol Time

1
CHO

MeOH 2.0

2 EtOH 2.5

3

Br

CHO
MeOH 1.0

4 EtOH 1.1

5

MeO

CHO

OMe

MeO
MeOH 4.0

6 EtOH 4.0

7

CHO

MeOH 0.4

8 EtOH 1.0

9 CHO MeOH 0.3
(Table 2, entries 1–14).17 Benzaldehyde was converted to
the corresponding methyl and ethyl acetals in 78% and
73% yields, respectively. Likewise, 4-bromobenzalde-
hyde, 3,4,5-trimethoxybenzaldehyde, 1-naphthaldehyde,
geranial, cinnamaldehyde and heptanal were trans-
formed to the respective acetals in 67–95% yields. The
reactivities of the aromatic and allylic aldehydes were
greater compared to heptanal.

The reactions were chemoselective. For example, when a
mixture of benzaldehyde and acetophenone was sub-
jected to acetalization with methanol using 5mol% of
CoCl2, the aldehyde was chemoselectively converted to
the corresponding acetal and no reaction was observed
with acetophenone. A similar observation was noted
with a cyclohexanone and heptanal mixture (Scheme 2).
A separate experiment with cyclohexanone and metha-
nol was also carried out and no reaction was observed
even after 10 h refluxing. These studies clearly reveal
that this method can be applied to the chemoselective
acetalization of aldehydes in the presence of ketones.
(h) Product Yielda ;b (%)

CH(OMe)2
78

CH(OEt)2
73

Br

CH(OMe)2
95

Br

CH(OEt)2
91

MeO
OMe

MeO CH(OMe)2
78

MeO
OMe

MeO CH(OEt)2
67

CH(OMe)2

73

CH(OEt)2

67

CH(OMe)2 79



Table 2 (continued)

Entry Aldehyde Alcohol Time (h) Product Yielda ;b (%)

10 EtOH 0.4
CH(OEt)2

74

11 CHO MeOH 0.3 CH(OMe)2 75

12 EtOH 0.4 CH(OEt)2 70

13 H11C5 CHO MeOH 3.5 H11C5 CH(OMe)2
90

14 EtOH 4.0 H11C5 CH(OEt)2
82

aA solution of CoCl2 (5mol%), aldehyde (1mmol), and alcohol (4mL) was refluxed for the appropriate time using a CaCl2 guard tube.
b Isolated yield.
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In conclusion, a simple, efficient, and eco-friendly pro-
tocol is described for the chemoselective acetalization of
aldehydes with alcohols using the cheap and water tol-
erant CoCl2 as a catalyst. It does not involve additives
and the catalyst can be recycled without loss of activity.
Removal of water is not warranted in these reactions.
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