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ABSTRACT: Optically active α-aryloxycarboxylic acids and their
derivatives are important functional molecules. Disclosed here is a
carbene-catalyzed dynamic kinetic resolution and transesterifica-
tion reaction for access to this class of molecules with up to 99%
yields and 99:1 er values. Addition of a chiral carbene catalyst to
the ester substrate leads to two diastereomeric azolium ester
intermediates that can quickly epimerize to each other and thus
allows for effective dynamic kinetic resolution to be realized. The optically enriched ester products from our reaction can be quickly
transformed to chiral herbicides and other bioactive molecules.

Carboxylic acids and their derivatives bearing two
substituents at the α-carbon, with one of the substituents

as an aryloxyl unit, have found proven applications especially as
bioactive reagents.1 For example, the α-aryloxycarboxylic acid
containing fenoxaprop-p1a,b and dichlorprop1c are herbicides for
the protection of dicotyledon crops such as potatoes and
nanohanas. Derivatives of α-aryloxycarboxylic acid such as
amides and esters have also been used for the development of
new medicines2 or catalysts.3 Therefore, the development of
efficient methods for access to enantiomerically enriched α-
aryloxycarboxylic acids and their derivatives has received
considerable attention. One approach is based on asymmetric
transition-metal catalysis for the formation of new chiral bonds.
Examples of elegant studies in this direction include metal-
catalyzed asymmetric hydrogenations of unsaturated bonds or
insertion of carbenoids into phenol O−H bonds, as reported by
Zhou, Humphrey, and others.4 Another approach is based on
resolution of racemic α-aryloxycarboxylic acids and their
derivatives, mostly by using enzymes.5 In 2011, Birman reported
amidine-based organic catalyst mediated kinetic resolution of
racemic α-aryloxycarboxylic acids to separate the two
enantiomers (Figure 1b).6 We have previously reported a
dynamic kinetic resolution of α-aryl-α-alkylcarboxylic esters via
an N-heterocyclic carbene (NHC) catalyzed enantioselective
transesterification reactions (Figure 1c).7

Here, we disclose an NHC-catalyzed dynamic kinetic
resolution of α-aryloxycarboxylic esters via a transesterification
reaction to afford enantiomerically pure products (Figure 1d).
Mild conditions are involved, and the desired enantiomer can be
obtained with over 90% yields (for most substrates) and up to
99:1 er values. Key mechanistic steps of our reaction include
addition of a chiral NHC catalyst8 to the racemic ester substrate
(1) to form two azolium ester intermediates [(S)-I and (R)-I]
that can readily isomerize to each other. Selective reaction of the

azolium ester intermediates with the alcohol substrate (2)
constitutes a dynamic kinetic resolution process9 that leads to a
stable ester product (3) with an excellent yield and optical
purity. A broad range of α-aryloxycarboxylic esters work
effectively with our approach. We have also demonstrated that
straightforward transformations of our products can afford
bioactive molecules with potential pharmaceutical applica-
tions.2,10

Key results of the condition optimization by using racemic
ester 1a11 and diarylmethanols (2a−2e) as the model substrates
are summarized in Table 1. The reactions were first carried out
using diphenylmethanol (2a) as the alcohol substrate, THF as
the solvent, and Cs2CO3 as the base in the presence of 4 Å
molecular sieves. The use of amino indanol-derived triazolium
NHC precatalyst A12a led to very encouraging results, with the
transesterification ester product 3a formed in 89% yield and
83:17 er (entry 1). Switching the NHC precatalyst to B12b with
an N-mesityl substituent led to significant improvements on
both yield and er value (94% yield, 94:6 er; entry 2). Precatalyst
C (with a N-2,6-diethylphenyl substituent)12c also worked well
to give 3a with 96% yield and 90:10 er (entry 3). Further
screening of the alcohol substrates (2b−2e) showed that many
diarylmethyl alcohols worked effectively (entries 4−7). The use
of K2CO3 and Et3N as bases could give satisfactory results as well
(entries 8 and 9). The use of CHCl3 and dichloroethane as
solvents led to drops in product er values (entries 10 and 11).
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The NHC catalyst loadings could be decreased to 10 or 5 mol %
with slight drops in the product yields and optical purities
(entries 12 and 13).
We then chose the condition as illustrated in Table 1, entry 4,

to explore the scope of our reaction (Table 2). Installation of
various electron-donating or electron-withdrawing groups at the
para-carbon of benzene ring of the ester 1was tolerated. Most of
the products could be isolated in quantitative yields and
excellent er values (3b−3i). Placing the substituents at different
positions of the benzene ring of the α-aryloxycarboxylic ester
substrates has little effect on the reaction outcomes (3j−3s).
The phenyl substituent on the ester substrate could be changed
to naphthyl units, giving the corresponding products with
quantitative yields and excellent er values (3t, 3u). When the α-
methyl substituent of ester 1a was replaced with an ethyl group
(3t), a longer reaction time (48 h) was necessary to achieve an
optimal yield (94% yield, 94:6 er). When the methyl unit of 1a
was replaced with an n-propyl or isopropyl substituent (3w, 3x),
changing the NHC precatalyst from B to D12d was necessary to
achieve effective reaction with high er values. The methyl group
in 1a could also be replaced by a phenyl substituent (3y). Our
approach also worked considerably well under the current
conditions (without further optimization) when the α-aryloxy
unit of the ester substrate was replaced with an alkoxy
substituent (3z). It is worth noting that the α-aryloxy group
on the substrate 1a could be switched to an α-ArS group, but the
corresponding product (3aa) could only be afforded in racemic
form in a poor yield. Replacing the α-aryloxy group with an α-

imido group resulted in only trace formation of the desired
product (3ab).
The chiral α-aryloxycarboxylic esters from our catalytic

reactions could be readily transformed to other building blocks
or bioactivemolecules (Scheme 1). For example, reduction of 3a

gave chiral primary alcohol 4 that is a key building block to
prepare a mGlu3 inhibitor

10 and activator for MT1 and MT2
melatonin receptors.2a The alcohol moiety of ester 3s could be
removed under Pd/H2 to give the chiral dichlorprop 5, a
herbicide with broad use in crop protection. An amide derivative
(6) of compound 5 can modulate the type III secretion system
(T3SS) in Gram-negative bacteria.2b Preparation of 6 from 3s

Figure 1. Enantiomerically enrichedα-aryloxycarboxylic acids and their
synthetic strategy/our method.

Table 1. Optimization of Reaction Conditionsa

entry NHC base, solvent 2 yieldb (%) erc

1 A Cs2CO3, THF 2a 89 83:17
2 B Cs2CO3, THF 2a 94 94:6
3 C Cs2CO3, THF 2a 96 90:10
4 B Cs2CO3, THF 2b 99 97:3
5 B Cs2CO3, THF 2c 98 97:3
6 B Cs2CO3, THF 2d 97 94:6
7 B Cs2CO3, THF 2e trace
8 B K2CO3, THF 2b 91 97:3
9 B Et3N, THF 2b 76 97:3
10 B Cs2CO3, CHCl3 2b 92 86:14
11 B Cs2CO3, DCE 2b 96 83:17
12d B Cs2CO3, THF 2b 93 95:5
13e B Cs2CO3, THF 2b 91 93:7

aGeneral conditions (unless otherwise specified): 1a (0.10 mmol), 2
(0.20 mmol), NHC (0.02 mmol), base (0.15 mmol), solvent (1.0
mL), 4 Å MS (100 mg), rt, 24 h. bIsolated yield. cEr values were
determined via HPLC on chiral stationary phase. d10 mol % NHC-B.
e5 mol % NHC-B.

Scheme 1. Synthetic Transformation of Chiral Products
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took two steps that were both efficient with no erosions on
enantiomeric purities.
In summary, we have developed a carbene-catalyzed trans-

esterification approach for access to enantiomerically enriched
α-aryloxycarboxylic esters via a dynamic kinetic resolution
process. The reaction conditions are mild, and many functional
groups can be tolerated. Both α-aryloxy- and alkyloxycarboxylic
esters are effective substrates to give the corresponding products
with nearly quantitative yields and high optical purifies. The α-
aryloxycarboxylic ester products from our reactions are versatile
building blocks for the preparation of chiral bioactive molecules
such as herbicides. Further studies, including scale-up develop-
ment and evaluation of functional chiral carboxylic acid
derivatives for agricultural and medicinal use, are in progress
in our laboratories.
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Table 2. Scope of Reactionsa

aGeneral conditions (unless otherwise specified): 1a (0.10 mmol), 2b
(0.20 mmol), NHC-B (0.02 mmol), Cs2CO3 (0.15 mmol), THF (1.0
mL), 4 Å MS (100 mg), rt, 24 h. bThe reaction was carried out on a
1.0 mmol scale based on 1a. c48 h. dNHC-D (0.02 mmol), 48 h (see
the Supporting Information). eNHC-D (0.02 mmol), K2CO3 (0.15
mmol), 24 h (see the Supporting Information).
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