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Efficient kinetic resolution processes continue to play a critical
role in asymmetric synthesis.1 Using two chiral reagents to effect
two parallel running enantioselective resolution reactions, Vedejs
and co-workers demonstrated that, through minimizing a build-
up of the less reactive enantiomer by simultaneously consuming
both enantiomers of the racemic starting material, the two resolu-
tion reactions work synergistically to render the efficiency of the
parallel kinetic resolution dramatically higher than that of each
of the individual enantioselective resolution reactions.2 Parallel
kinetic resolution thus represents an especially attractive strategy
to maximize the enantiomeric excess attainable for a product gen-
erated via kinetic resolution reactions. However, the development
of catalytic parallel kinetic resolutions that affords synthetically
useful efficiency with an extensive range of substrates remains
highly challenging.3-6 We report here a broadly effective parallel
kinetic resolution mediated by a single organic catalyst that trans-
forms readily accessible racemic monosubstituted succinic an-
hydrides into synthetically valuable chiral succinate mono esters
in high enantiomeric excesses.

We recently discovered that modified cinchona alkaloids are
highly effective chiral Lewis base catalysts for desymmetrization
of cyclic anhydrides.7,8 In view of the synthetic utility of optically
active monosubstituted succinate mono esters (2, 3),9,10 we began
to explore their asymmetric synthesis via a modified cinchona
alkaloid-catalyzed kinetic resolution of racemic monosubstituted
succinic anhydrides (eq 1). Reaction of racemic 2-methylsuccinic

anhydride (1a, R ) Me) with methanol (10 equiv) in ether at
room temperature in the presence of (DHQD)2AQN (10 mol %)
was completed in 4 h toafford mono esters4 and5 in a ratio of
39:61 (entry 1, Table 1). Furthermore,4 and5 were shown by
GC analyses to be formed at similar rates throughout the course
of the reaction. Surprisingly, we found that4 and5 were produced
in 74 and 67% ee, respectively. This data indicated that the two
enantiomers of anhydride1a were converted to optically active
hemiesters4 and5, respectively, at similar rates via two parallel
enantioselective methanolyses of divergent regioselectivities
catalyzed by a common catalyst, (DHQD)2AQN.

Further evaluations of a variety of reaction parameters revealed
that the enantioselectivity of the parallel kinetic resolution is
influenced considerably by the structure of the alcohol (Table
1). Increasing the size of the alcohol from methanol ton-propanol
significantly enhances the enantioselectivity of the reaction (entries
1-3, Table 1). On the other hand, the use of 2-propanol almost
completely halted the reaction. Importantly, the (DHQD)2AQN-
catalyzed parallel kinetic resolution of1a with triflouroethanol
at -24 °C afforded succinates4 and 5 in synthetically useful
enantiomeric excesses (entry 6, Table 1).

The divergent regioselectivity of the (DHQD)2AQN-catalyzed
alcoholysis for (R)- and (S)-2-methyl succinic anhydrides (R- and
S-1a), respectively, is demonstrated experimentally (Scheme 1).
Commercially available optically pureR- andS-2-methyl succinic
acids were converted respectively to the corresponding optically
pure 2-methyl succinic anhydrides (R- andS-1a), which were next
individually subjected to (DHQD)2AQN-catalyzed trifluoroetha-
nolysis. WhileR-1a was converted to succinatesR-7a and -6a in
a ratio of 97:3, the alcoholysis ofS-1a under the identical
condition affordsS-6a and -7a in a ratio of 92:8. We also
demonstrated that, with a given enantiomer of1a (R- or S-1a),
the regioselectivity of ring-opening alcoholysis can be controlled
by choosing either (DHQD)2AQN or (DHQ)2AQN as the catalyst
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Table 1. (DHQD)2AQN-Catalyzed Parallel Kinetic Resolution of
Methylsuccinic Anhydride

entry R′OH temp/°C % conva 4/5b % ee,4b % ee,5b

1 MeOH 25 100 39/61 74 67
2 EtOH 25 100 49/51 82 67
3 n-PrOH 25 100 45/55 81 72
4 i-PrOH 25 <2 - - -
5 CF3CH2OH 25 100 49/51 85c 72c

6 CF3CH2OH -25 100 44/56 91c 80c

a Determined by GC or NMR analysis.b Determined by HPLC
analysis as described in Supporting Information.c The absolute con-
figuration is determined by comparison with an authentic sample (see
Supporting Information).

Scheme 1.Reagent-Controlled Highly Regioselective
Alcoholysis of (R)- and (S)-Methylsuccinic Anhydrides with
Modified Cinchona Alkaloids
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(Scheme 1). The sequence outlined in Scheme 1 thus constitutes
the first example of a reagent-controlled, highly regioselective
catalytic functionalization of optically active monosubstituted
succinic acids and succinic anhydrides.11

The scope of the parallel kinetic resolution was first investigated
with a series of racemic 2-alkyl succinic anhydrides (Table 2).
Racemic succinic anhydrides bearing alkyl groups with a range
of steric properties are effectively resolved to afford the corre-
sponding 3-alkyl succinnates (6) in 91-98% enantiomeric
excesses and 36-40% isolated yields. The 2-alkyl succinnates
(7) are obtained in 66-82% ee and 41-50% isolated yields. It is
important to note that mixtures of hemiesters6 and 7 can be
separated via normal chromatographic purifications.

We were particularly pleased to find that the efficiency of the
parallel kinetic resolution remains high with 2-aryl succinic
anhydrides with either an electron-rich or -poor aromatic ring
(Table 3). Optically active 3- and 2-aryl succinate mono esters
(9 and10), previously inaccessible from catalytic enantioselective
approaches,10,12are generated in 95-96 and 76-87% ee, respec-
tively. When treated sequentially with LiBEt3H and aqueous HCl,

the mixture of succinates9 and10was converted toâ- andR-aryl-
γ-butyrolactones (11 and 12), which are chromatographically
readily separable. The highly enantioselective generation ofâ-aryl-
γ-butyrolactones (11) in excellent overall yields from racemic
anhydrides8 represents a general and new route toward this
versatile and pharmaceutically important class of chiral intermedi-
ates. Compared to other catalytic enantioselective approaches,13

the route described here is particularly attractive for employing
simple and mild experimental protocols involving easily accessible
starting material, cheap reagents, and a readily available and fully
recyclable catalyst. Given that lactone11c has previously been
converted in excellent yield to baclofen,14 its highly enantiose-
lective generation via the parallel kinetic resolution of racemic
anhydride8c could serve as a key step for the efficient synthesis
of this effective GABA receptor agonist which is a therapeutic
reagent for muscle spasticity.15 The crucial role played by the
parallel kinetic resolution process in this route can be appreciated,
considering that a conventional kinetic resolution of a selectivity
factor of at least 112 would be required to obtain lactone11c
from racemic anhydrides8 with the same ee and yield afforded
by the parallel kinetic resolution process.16 Such an extraordinary
enantioselectivity is beyond the reach of most known chemical
kinetic resolution processes.

In summary, we have developed a new catalytic method for
the synthesis of optically active succinnate mono esters via a
highly efficient parallel kinetic resolution process, which involves
two simultaneous enantioselective and divergently regioselective
alcoholyses of two enantiomers of the monosubstituted succinic
anhydrides promoted by a common bis-cinchona alkaloid deriva-
tive.17 To our knowledge, this is the first case of an efficient cat-
alytic parallel kinetic resolution of racemic bifunctional substrates
mediated by a single organic catalyst. In our studies of modified
cinchona alkaloid-catalyzed asymmetric alcoholysis of cyclic
anhydrides, we have demonstrated that a catalyst that promotes
desymmetrizations of meso or prochiral bifunctional substrates
may also catalyze the parallel kinetic resolution of related racemic
bifunctional substrates. This trend could, in principle, occur with
other catalytic transformations of bifunctional substrates.
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Table 2. (DHQD)2AQN-Catalyzed Parallel Kinetic Resolution of
2-Alkyl Succinic Anhydridesa,b

% eed % yielde

entry substrate 6/7 6 7 6 7

1c 1a: R ) -Me 44/55 93 80 36 41
2 1b: R ) -Et 40/60 91 70 38 50
3 1c: R ) -n-C8H17 42/56 98 66 38 41
4 1d: R ) -CH2CHdCH2 46/53 96 82 40 49

a Unless noted otherwise, the reaction was performed by treatment
of 1 (1.0 mmol) at 0.02 M with CF3CH2OH (10 equiv) and
(DHQD)2AQN (15 mol %).b Catalyst was recovered in quantitative
yield as described in Supporting Information.c 20 mol % catalyst was
used.d See Supporting Information for details of ee analysis.e Isolated
yield.

Table 3. Asymmetric Synthesis ofâ-Aryl-γ-Lactones (11) via
Parallel Kinetic Resolution of 2-Aryl-Succinic Anhydrides (8)a

% eeb,c % eeb,c (yieldd)

entry substrate 9 10 11 12

1e 8a: Ar ) Ph 95 87 95 (44) 82 (32)
2 8b: Ar ) 3-MeO-C6H4 96 83 95 (45) 83 (30)
3 8c: Ar ) 4-Cl-C6H4 96 76 96 (44) 63 (29)

a See footnotea of Table 2 for reaction conditions.b See Supporting
Information for ee determination.c See Supporting Information for
absolute configuration determination.d Isolated yield from8. e With
(DHQ)2AQN, ent-11a was obtained in 44% yield and 88% ee.
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