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ABSTRACT: An effective method for the construction of
esters from acyl chloride and halohydrocarbon using Cs,CO;
as an oxygen source was achieved for the first time. The
methodology has a wide scope of substrates and can be scaled
up. The study of a preliminary reaction mechanism
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demonstrated that the O in the products comes from Cs,COj; and this esterification proceeds through a free radical reaction.
It was also found that CO, can also be used in this esterification reaction as an oxygen source.

he esterification reaction is one of the most useful and

important transformations in organic chemistry. Esters are
used in the synthesis of fine chemicals as well as natural and
pharmacological compounds.1 In this context, a tremendous
number of approaches for ester synthesis have been developed.
Traditionally, activated acid derivatives and alcohols were used
in the esterification reaction producing large amounts of
unwanted byproducts.” Additional methods for the synthesis of
esters involving the oxidation process have also been reported,
for example, the Baeyer—Villiger oxidation reaction,” the
oxidative esterification of aldehydes or alcohols with
alcohols,”'® and the oxidative cleavage of C-C bonds.°
Organic peroxides were also used in the esterification reaction
by reacting with aldehydes,”” cyclic ketones, ! and alkyl
halides.”® In previous reports, the O in the ester products
comes from an oxidant, alcohol, or other organic substrates
(Scheme 1a).

We subsequently attempted to develop a new esterification
method using a novel oxygen source. We devised a strategy for
the construction of esters using acyl chloride and halohy-
drocarbon as substrates with Cs,CO; as the oxygen source
(Scheme 1b). To our knowledge, this reaction process is
reported for the first time. We proved that the O in the ester
products comes from Cs,CO; We also proved that this
reaction may proceed through an unusual radical reaction
mechanism. The successful demonstration of this strategy will
be presented herein.

At first, we would like to use CO, as an oxidant in the
esterification because CO, can oxidize methane® and was
reduced to CO. We found that benzoyl chloride can react with
1,2-dichloroethane forming 2-chloroethyl benzoate in the
presence of CsF, DMAP, and CO,, and we obtained the
product in 31% yield. When we replaced CsF with CsCl or Csl,
no esterification occurred (Scheme 2). Since CO, and CsF
could be used in this esterification reaction and carbonate was a
form of immobilized carbon dioxide, we screened a series of
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Scheme 1. Strategies for the Construction of Esters
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Scheme 2. Esterification Reaction Using CO,
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carbonates. First, we made an attempt with benzoyl chloride
(0.5 mmol), Cs,CO; (0.5 mmol), and DMAP (10 mol %) in
1,2-dichloroethane (2 mL) at 100 °C for 24 h. We obtained the
product 2a in 99% yield (Table 1, entry 1). When we removed

Received: August 28, 2015
Published: October 19, 2015

DOI: 10.1021/acs.orglett.5b02479
Org. Lett. 2015, 17, 51725175



Organic Letters

Table 1. Optimization of the Reaction Conditions”

o] (o] (o]
cl open-air o] + o] @
2a 3a o

1a, 0.5 mmol
Cs,CO; DMAP CICH,CH,Cl temperature  yield®
entry (mmol) (mol %) (mL) F (%)
1 0.5 10 2 100 2a:99
2 0.5 - 2 100 2a:66
3 10 2 100 NR
4 K,CO;, 10 2 100 2a:38
0.5
S Na,CO; 10 2 100 2a:10
0.5
6 Li,CO; 10 2 100 NR
0.5
7* 0.5 10 2 100 2a:99
0.45 6 2 100 2a:98
0.45 6 1 100 2a:98
10 0.45 6 0.5 100 2a:96
11 0.45 6 0.2 100 2a:95
12 0.45 6 0.1 100 2a:61
3a:18
13 0.45 6 0.2 60 2a:94
14 0.45 6 0.2 S50 2a:95
15 0.45 6 0.2 40 2a:83
16 0.35 6 0.2 NY 2a:98
17 0.25 6 0.2 50 2a:65
18 0.35 2 0.2 50 2a:97
(88%)

“Reaction time: 24 h. In argon atmosphere. “GC-MS yield based on
the amount of 1a used. “Isolated yield.

DMAP, we only obtained the product 2a only in 66% yield
(Table 1, entry 2). The reaction could not occur without
Cs,CO; (Table 1, entry 3). So Cs,CO; and DMAP were all
necessary to achieve this reaction. Next, the K,CO;, Na,CO;,
and Li,COj; were also tested. The experiment results showed
that Cs,CO; was the best choice (Table 1, entries 4—6). We
also undertook the experiment in an argon atmosphere, and the
product 2a was obtained in 99% yield (Table 1, entry 7). This
experiment proved that the O in the product 2a came from
Cs,CO;5;, not air. Then we studied the amount of 1,2-
dichloroethane and found that 0.2 mL (5 equiv) was the best
choice (Table 1, entries 8—12). After a series of experiments
under different reaction temperature, we chose 50 °C as the
optimum reaction temperature (Table 1, entries 13—15). The
influences of the amounts of Cs,CO; and DMAP were
investigated, and an 88% isolated yield was obtained when
the amount of Cs,CO; was 0.35 mmol and the amount of
DMAP was 2 mol % (Table 1, entries 16—18). Finally, entry 18
was chosen as the standard conditions (0.5 mmol of acyl
chloride, 0.35 mmol of Cs,CO;, 2 mol % DMAP, 5 equiv of
1,2-dichloroethane, 50 °C, 24 h).

Having identified the standard reaction conditions, we
studied the scope of the substrates. A variety of substituted
benzoyl chlorides which have electron-donating and electron-
withdrawing groups in the arene were subjected to our
esterification protocol. The corresponding esters were obtained
in moderate to good yields; thus, our esterification protocol has
a wide scope of substrates (Scheme 3, 2a—2l). Para, meta, and
ortho substitution of the arene groups were tolerated (Scheme
3, 2b—2d, 2e, 2f 2i, 2j). The acyl chloride compounds
containing other heterocycles were also tested and produced
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Scheme 3. Esterification Reaction Using Acyl Chloride and
Halohydrocarbon™”
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good yields (Scheme 3, 2n, 20). We also investigated the
compound 2-phenylacetyl chloride and obtained a good yield
(Scheme 3, 2m). Different halohydrocarbons were also
subjected to our esterification protocol, and good yields were
obtained (Scheme 3, 2p—2v). The methacryloyl chloride and
benzyl chloride were also investigated, and an 89% yield was
obtained (Scheme 3, 2w). The n-butyl bromide and n-
iodobutane were used as substrates, and good yields were
obtained (Scheme 3, 2x).

Finally, the practical applicability of the esterification
protocol was demonstrated. We used methacryloyl chloride
and benzyl chloride as the test substrates, working on a gram
scale. A 12.5 mmol (1.3 g) reaction of methacryloyl chloride
was performed with 8.75 mmol of Cs,CO;, 2 mol % DMAP,
and 62.5 mmol of benzyl chloride at 50 °C. The desired
product 2w was obtained in 83% isolated yield within 72 h.
This result suggested that our esterification protocol is a
practical process for the preparation of benzyl methacrylate 2w.
Although a stoichiometric amount of expensive Cs,CO; was
used, we found a new method for the esterification reaction.
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The CsCl byproduct can be easily separated from the reaction
system and can be used for other purposes resulting in reduced
costs for our esterification methodology.

We tried to study the mechanism of the esterification of acyl
chloride and halohydrocarbon. Having established that O
comes from Cs,CO;, not air (Table 1, entry 7), we studied the
type of gases produced by this esterification reaction, and CO is
the main ingredient (Figure 1). When TEMPO was added to
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Figure 1. Gas mass spectra of the esterification reaction using acyl
chloride and alohydrocarbon.

the reaction system, no product 2a was obtained. So the
esterification of an acyl chloride and a halohydrocarbon may
proceed through a free radical. To further confirm this result,
we utilized electron paramagnetic resonance (EPR) spectros-
copy and obtained an EPR spectrum which displayed a
resonance characteristic of an oxygen radical (Figure 2).
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Figure 2. Electron paramagnetic resonance (EPR) spectra (X band,
9.3 GHz, 99.1 k).

On the basis of the above-mentioned results and pertinent
literature, we proposed a possible reaction pathway (Scheme
4). First, benzoyl chloride reacted with Cs,CO; forming
intermediate A which was unstable and decomposed forming
free radical B and CO gas. Finally, the free radical B reacted
with 1,2-dichloroethane forming product 2a.

In summary, we report the first effective method for the
construction of esters from acyl chloride and halohydrocarbon

Scheme 4. Possible Reaction Pathway
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using Cs,COj; as the oxygen source. Twenty-four substrates
were tested, and good yields were obtained. The controlled
experiments demonstrated that the O in the ester products
comes from Cs,CO; and this esterification may proceed
through a free radical pathway. Further studies will be aimed at
further investigations into the reaction mechanism.
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