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ABSTRACT: Aromatic and aliphatic aldehydes are simply converted into esters by an efficient oxidative esterification carried
out under mild conditions. The aldehydes are converted in situ into their corresponding acyl chlorides, which are then reacted
with primary and secondary aliphatic, benzylic, allylic, and propargylic alcohols and phenols. A variety of esters are obtained in
high yields.

Esters are one of the most significant functional groups
encountered in organic synthesis. They are abundant in

various natural products, polymers, pharmaceuticals, and
synthetic intermediates.1 Classical methods for ester synthesis
are based on nucleophilic substitution of carboxylic acid
derivatives (carboxylic halides, anhydrides, and activated esters)
with alcohols.2 An elegant alternative approach is the oxidative
esterification of aldehydes with alcohols. Common methods for
oxidative esterification of the aldehydes3 consist of the
formation of a hemiacetal intermediate, which is subsequently
oxidized to the ester. Over the past few decades, many
transition-metal-free direct esterifications of aldehydes through
the oxidation of hemiacetals have been reported (Scheme 1,
method 1) with several organic and inorganic oxidants such as
iodine,4 oxone,5 iodine and diacetoxyiodobenzene (PhI-
(OAc)2),

6 N-iodosuccinimide,7 sodium hypochlorite,8 pyridi-
nium hydrobromide perbromide,9 and hydrogen peroxide.10

However, most of the reagents outlined above suffer from
drawbacks due to steric attributes of the aldehydes and/or the
alcohols and instability of the hemiacetal intermediate. Most of
the methods provide only methyl esters or work only with
more reactive aromatic aldehydes. Oxidative esterifications of
aldehydes catalyzed by TM catalysts have also been investigated
(Scheme 1, method 1). Effective conversion of aldehydes to
esters was achieved by using rhodium-,11 vanadium-,12

palladium-,13 gold-,14 iron-,15 and copper-based16 catalysts.
The main restrictions of these procedures are related to the
limited substrate scope, the unfavorable stoichiometric ratios of
the reagents, and the harsh and sensitive reaction conditions

used. In addition, catalyst cost presents an impractical aspect for
large-scale use. An interesting alternative approach to the
esterification of aldehydes, not involving the formation of
hemiacetals, is the N-heterocyclic carbene (NHC) catalyzed
oxidative esterification of aldehydes (Scheme 1, method 2).
Examples of both metal-free NHC-catalyzed17 and NHC
transition-metal-catalyzed18 esterifications were reported. How-
ever, these methods work only with either aromatic or aliphatic
aldehydes, coupled with primary alcohols when used in large
excess.
For these reasons, we have investigated the possibility of

developing a more general method that is suitable for the
conversion of both aliphatic and aromatic aldehydes. We have
envisioned use of an alternative method bypassing the
hemiacetal formation in order to circumvent the steric
drawbacks mentioned previously. We have searched for an
alternative to organocatalyzed oxidative esterification of
aldehydes such as NHC-, cyanide-,19 or 3,4,5-trimethylthiazo-
lium-catalyzed20 esterifications to avoid the use of large excess
of oxidants and alcohols. Our goal was to carry out a general
method that would be able form acyl chlorides from both
aliphatic and aromatic aldehydes, which would then react with
all classes of alcohols to subsequently provide the correspond-
ing esters (Scheme 1, method 3). Due to our interest in using
TCCA as an oxidant21 and chlorinating reagent,22 we checked
the viability of this reagent in the conversion of aldehydes to
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acyl chloride23 for ester formation.24 TCCA is an inexpensive,
commercially available sanitizing agent used as a disinfectant
and preservative.25

We started our investigation by treating benzaldehyde (Table
1, 1, 3.0 mmol) with TCCA (Table 1, 2, 4.5 mmol) in

dichloromethane (3.25 mL) at room temperature. The reaction
was monitored by TLC until the disappearance of aldehyde,
and after 5 days, the corresponding benzoyl chloride (Table 1,
3) was quantitatively formed. This reaction mixture, containing
the acyl chloride generated in situ, was treated with benzyl
alcohol (Table 1, 4, 1.0 mmol) and pyridine (3.0 mmol) at 0
°C, and after 1 h at room temperature the desired ester (Table
1, 5a) was formed in 70% yield (Table 1, entry1).

The method did not appear to be valuable due to the large
excess of reagents used. In order to find the optimum reaction
conditions, the same reaction was carried out with decreasing
amounts of aldehyde. When 2.0 mmol of benzaldehyde was
used the product 5a was obtained in 64% yield (Table 1, entry
2). Further decreasing the amount of aldehyde to 1.1 mmol
provided 5a in 30% yield (Table 1, entry 3). The reduction of
the TCCA amount to 1.1 mmol delivered the product 5a in
only trace amounts (Table 1, entry 4). Different bases were also
screened, including DBU (Table 1, entry 5, 3.0 mmol),
DABCO (Table 1, entry 6, 3.0 mmol), and Cs2CO3 (Table 1,
entry 7, 3.0 mmol), but they did not furnish the desired
product, NEt3 (Table 1, entry 8, 3.0 mmol) gave the product in
35% yield, whereas NEt3 with catalytic DMAP (2.0 mmol/10%
mol) (Table 1, entry 9) proved to be effective in providing 5a
in 90% yield. A screening of solvents was carried out;
acetonitrile, Et2O, CPME, THF, and acetone were tested, but
no benzoyl chloride 3 formation was detected.
After the reaction conditions were optimized, the scope of

the reaction was tested (Figure 1). In general, all reactions

proceeded without any significant side products, and the
corresponding esters 5a−k were obtained in high yields.
Benzylic alcohols are known to readily oxidize to the
corresponding aldehydes; however, we did not detect these
byproducts (Figure 1, 5a−c). We were delighted to observe
that phenols, which are weak nucleophiles, reacted successfully
(Figure 1, 5d,e). Allylic and propargylic alcohols were also
effectively employed in this oxidative esterification (Figure 1,
5f−g). Primary aliphatic alcohols such as heptanol and
cyclopropylmethanol furnished the corresponding esters also
in satisfactory yields (Figure 1, 5h,i). Notably, more sterically
hindered secondary alcohols, such as s-BuOH and cyclohexyl
alcohol, were also suitable for delivering the corresponding
esters (Figure 1, 5j,k).
We tested the method further with an array of aromatic and

aliphatic aldehydes. Neither the electronic nor the steric effects
of substituents on the aromatic aldehydes were found to have
any influence on the reaction. Both electron-donating (methyl
Figure 2, 6a,b; phenyl Figure 2, 6c) and electron-withdrawing
groups (halides Figure 2, 6d−e; carbonyl Figure 2, 6f; NO2

Scheme 1. Strategies To Form Esters from Aldehydes

Table 1. Screening of Reaction Conditions

entry mmol (1) mmol (TCCA) base solvent yielda (%)

1b 3.0 4.5 pyridine DCM 70
2b 2.0 4.5 pyridine DCM 64
3b 1.1 4.5 pyridine DCM 30
4b 1.1 1.1 pyridine DCM 5
5b 1.1 1.1 DBU DCM
6b 1.1 1.1 DABCO DCM
7b 1.1 1.1 Cs2CO3 DCM
8b 1.1 1.1 NEt3 DCM 35
9b 1.1 1.1 NEt3/DMAP DCM 90

aYield refers to isolated product. bReaction conditions: benzaldehyde
1, TCCA 2 in solvent (3.25 mL) at room temperature for 5 days. To
this reaction mixture were added benzyl alcohol 4 (1.0 mmol) and a
base at 0 °C, and after 1 h at room temperature the desired ester 5a
was obtained.

Figure 1. Evaluation of alcohol substrate scope.
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Figure 2, 6g) were well tolerated. Aliphatic aldehydes, which
typically cannot survive under strong oxidative conditions, were
converted to the corresponding esters in very good yields.
Unactivated aldehydes such as linear and branched aliphatic
aldehydes were found to be suitable substrates (Figure 2, 6h−
n). Even very sterically hindered aliphatic aldehydes, such as
pivalaldehyde, reacted well (Figure 2, 6o,p). It is well-known
that aliphatic aldehydes in the presence of chlorinating reagents
undergo polychlorination at the alkyl chain. This side reaction
was not observed under our optimized conditions.24

The method was performed with chirally pure alcohols
(Figure 3), and the optically pure (S)-sec-butyl benzoate
(Figure 3, 7a) and (S)-2-phenylpropyl nonanoate (Figure 3,
7b) were recovered without significant racemization of the
chiral center.

A plausible reaction sequence is reported in Scheme 2.
Aldehyde A reacts with TCCA B (Scheme 2, eq 1), probably
via a radical pathway on the basis of previous published

papers,24,26 generating acyl chloride C. Then acyl chloride C
reacts with alcohol D in the presence of NEt3/DMAP to give
the corresponding ester E (Scheme 2, eq 2).
In conclusion, a one-pot protocol to oxidize aldehydes to the

esters has been demonstrated. The method was employed to
prepare esters directly from aliphatic and aromatic aldehydes
with an array of alcohols. Primary and secondary aliphatic,
benzylic, allylic, and propargylic alcohols and phenols are
tolerated. The method appears to be very general and selective,
has an optimal stoichiometric molar ratio of reactants, and
makes use of green reagents and mild reaction conditions.
Additional studies on the mechanistic details and expansion of
the scope of the reaction are currently underway in our
laboratory.
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