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ABSTRACT

A rapid, highly efficient and general dynamic kinetic resolution (DKR) of racemic r-aryl UNCAs with the dual-function catalysis of modified
cinchona alkaloid was accomplished at room temperature. This DKR led to the development of a highly enantioselective catalytic method for
the practical synthesis of a wide range of r-aryl and r-heteroaryl amino acids in 89−92% ee and 86−95% yield from racemic UNCAs.

R-Aryl amino acids are particularly important nonprotein-
ogenic amino acids because they are precursors for many
biologically important compounds.1 However, they are not
accessible via some of the more established enantioselective
catalytic methods for amino acid synthesis such as asym-
metric hydrogenation2 and asymmetric alkylation by phase
transfer catalysis.3 Although the asymmetric Strecker reac-
tion,4 aminohydroxylation of styrene derivatives,5 and ary-
lation of imines6 have emerged recently as promising

approaches, efficient catalytic asymmetric synthesis ofR-aryl
amino acids remains a challenging task. We recently reported
that modified cinchona alkaloids promote highly enantiose-
lective kinetic resolutions of urethane-protectedR-amino acid
N-carboxyanhydrides (UNCA).7 We have also established
that the cinchona alkaloids are able to serve dual catalytic
roles, catalyzing both the racemization and the enantiose-
lective alcoholytic ring opening, to facilitate efficient dy-
namic kinetic resolutions of 5-aryl dioxolanediones.8 We are
interested in expanding the scope of the dual-function
catalysis of cinchona alkaloids in the context of developing
new dynamic kinetic resolutions of synthetic utility.9-11 In
this paper, we describe a highly efficient dynamic kinetic
resolution ofR-aryl UNCAs for the asymmetric synthesis
of a broad range ofR-aryl amino acids.
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An efficient dynamic kinetic resolution requires that
racemization be faster than highly enantioselective transfor-
mation of the racemic starting material.12 The (DHQD)2-
AQN-catalyzed racemization and alcoholysis of 5-phenyl
dioxolanedione meets this requirement, thus allowing an
efficient dynamic kinetic resolution of the racemic dioxo-
lanedione at-78 °C. In contrast, alcoholysis ofR-phenyl
UNCA 1a with (DHQD)2AQN was found to be a highly
enantioselective, but normal, kinetic resolution at-78 °C,
indicating that the rate of racemization is negligible compared
to the rate of alcoholysis of1a (krac, kfast, kslow).7 The
challenge for realizing a cinchona alkaloid-catalyzed dynamic
kinetic resolution of UNCA (Scheme 1) is to accelerate the

racemization relative to the alcoholysis while maintaining
the large difference betweenkfast andkslow.

Our kinetic studies indicate a general base catalysis
mechanism for the (DHQD)2AQN-catalyzed alcoholysis of
UNCA 1,7 which involves the catalyst, UNCA1, and the
alcohol in a termolecular transition state (Scheme 1). On the
other hand, the racemization involving1 and (DHQD)2AQN
is a bimolecular reaction (Scheme 1). The entropy of
activation for the termolecular alcoholysis is expected to be
more negative than that for the bimolecular racemization
(∆S‡alcoholysis < ∆S‡racemization). We reasoned that
reinforcing this difference in the respective entropy of
activation for the racemization and the alcoholysis by raising
the reaction temperature could lead to a significantly ac-
celerated racemization relative to the alcoholysis.

Our hypothesis was confirmed by results from ethanolysis
of 1a with (DHQD)2AQN at various temperatures. As the
temperature was raised from-78 to 34 °C, the rate of
racemization increased relative to that of alcoholysis, as
shown by the increasing enantiomeric ratio (er) of amino
ester2 at complete conversion of racemic1a (entries 2-7,
Table 1). At 34°C and with the addition of ethanol (1.2

equiv) over 1 h, the ee values of1a and2 were found to be
nearly constant throughout the course of the reaction at 0-5
and 86% ee, respectively, indicating that the racemization
became faster than the alcoholysis under this condition (entry
8, Table 1). Further optimization by substituting ethanol with
allyl alcohol resulted in a highly efficient dynamic kinetic
resolution at room temperature, converting racemic1a to allyl
amino ester3a in 91% ee and essentially quantitative yield
(entry 1, Table 2).

The scope of the dynamic kinetic resolution was found to
be general. Transformations of various racemicR-aryl
UNCAs 1 into the corresponding optically active amino
esters (R)-3 with (DHQD)2AQN were conveniently and
rapidly achieved at room temperature in excellent enantio-
selectivity and 93-98% yields (Table 2). Complete conver-
sion of racemic1i to (S)-3i was achieved with (DHQ)2AQN
but in only 74% ee at room temperature. The ee of (S)-3i
was, however, found to be 85% at 20% conversion of1i,
indicating that the unsatisfactory dynamic kinetic resolution
was caused by the relatively slow racemization of1i with
(DHQ)2AQN. The dependence of the relative rates of

(9) Reviews on dynamic kinetic resolutions: (a) Huerta, F. F.; Minidis,
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Scheme 1

Table 1. Acceleration of Racemization Relative to Alcoholysis
of UNCA 1a by Increasing Reaction Temperaturea

entry temp (°C) time (h) conv (%) er of 2b

1 -78 2.0 48 97:3
2 -78 336 100 56:44
3 -40 22 100 61:39
4 -20 3.0 100 66:34
5 0 1.0 100 72:28
6 23 0.3 100 78:22
7 34 0.2 100 79:21
8c 34 2.0 100 93:7

a Unless otherwise noted, the reaction was performed by treatment of
1a (0.05 mmol) with (DHQD)2AQN (20 mol %) and ethanol (10.0 equiv)
in ether (3.5 mL) at the indicated temperature; see Supporting Information
for details.b Determined by HPLC analysis; see Supporting Information.
c Ethanol (1.2 equiv) was added as a solution in ether (1.0%, v/v) over 1.0
h; see Supporting Information for details.
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racemization and alcoholysis of UNCAs on temperature
provided us with a handle for fine-tuning the dynamic kinetic
resolution. As expected, the efficiency of the dynamic kinetic
resolution of1i was improved at 34°C, affording (S)-3i in
82% ee and 93% yield (entry 9, Table 2). As shown in Table
2 (entries 1 and 6-9), dynamic kinetic resolutions with either
(DHQD)2AQN or (DHQ)2AQN at or near room temperature
provide high yield and highly enantioselective access to either
enantiomer of amino esters3.

Ring opening of UNCAs1 with allyl alcohol offers an
important benefit, generating optically active allyl amino
esters (3) that can be transformed into the corresponding
amino acids (4) under mild conditions. The clean dynamic
kinetic resolution permits us to use an extractive procedure
to fully recover the catalyst and to isolate crude3 of already
high purity (no detectable impurity by NMR and HPLC
analysis) in quantitative fashion. Amino esters3 thus
obtained were converted at room temperature in excellent
yields to amino acids4 without deterioration in ee following
Kunz’s procedure.13 Consequently, suitably protectedR-aryl
amino acids (4) of high optical purity, including those bearing

indole, furan, and thiophene rings, were obtained from
corresponding racemic UNCAs (1) in 86-95% overall
yields, in most cases, involving no chromatographic separa-
tion (Table 2). On a preparative scale (4.0 mmol), amino
acid4h of 91% ee was obtained from (()-1h in 94% yield.
To our knowledge, no efficient nonenzymatic catalytic
asymmetric synthesis of amino acids bearingR-heterocycles,
such as4e-i, was previously reported.14

In summary, highly efficient dynamic kinetic resolutions
of R-aryl UNCAs at room temperature were realized via the
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by increasing the reaction temperature, presumably via acceleration of the
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cyclopentenones; see ref 10(a).

Table 2. Dynamic Kinetic Resolution of UNCA1 with Alcoholysis by (DHQD)2AQN and (DHQ)2AQNa,b

aDKR procedure: A 1.0% (v/v) solution of allyl alcohol (0.24 mmol, 1.2 equiv) in ether was added over 0.15-1.0 h to a mixture of substrate1 (0.20
mmol), (DHQD)2AQN (0.04 mmol, 0.2 equiv), and 4 Å MS (20 mg) inether (14.0 mL) at the indicated temperature; see Supporting Information for details.
b Results in parentheses were obtained from reactions with (DHQ)2AQN, which afforded (S)-3. c For determinations of ee (3 and4) and absolute configurations
(4a,c,e,f,j ), see Supporting Information.d Isolated yield.e Unless otherwise noted, the yield is overall isolated yield from1 using an extractive procedure;
see Supporting Information.fPurified by flash chromatography as described in Supporting Information.g Morpholine (1.5 equiv) was used in transformation
of 3j to 4j.
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dual-function catalysis of modified cinchona alkaloids. This
allowed us to develop a mild and high-yielding catalytic
asymmetric synthesis ofR-aryl and heteroaryl amino acids.
It is noteworthy that mechanistic insight into the dual-
function catalysis of cinchona alkaloids enabled us to
accelerate the racemization relative to the alcoholysis of the
UNCA via temperature adjustment. This experimentally
simple approach may become useful in the development and
optimization of new dynamic kinetic resolutions.15-17
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