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ABSTRACT

R P (DHQD),AQN (0.2 eq.) 0 Q
‘o -Allyl alcohol R,,. o/\/ Pd (PhsP)4 (0.1eq.) R, OH
P Et,0, 4A M.S. PHN Morpholine, THF PHN
1 0 23°C,052h R-3 23 °C, 10 min R4
89-92% ee

86-95% yield from 1

A rapid, highly efficient and general dynamic kinetic resolution (DKR) of racemic a-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 o-aryl and o-heteroaryl amino acids in 89-92% ee and 86—95% yield from racemic UNCAs.

o-Aryl amino acids are particularly important nonprotein-

approaches, efficient catalytic asymmetric synthesis-afyl

ogenic amino acids because they are precursors for manyamino acids remains a challenging task. We recently reported

biologically important compoundsHowever, they are not

that modified cinchona alkaloids promote highly enantiose-

accessible via some of the more established enantioselectivédective kinetic resolutions of urethane-protectedmino acid
catalytic methods for amino acid synthesis such as asym-N-carboxyanhydrides (UNCA) We have also established

metric hydrogenatichand asymmetric alkylation by phase
transfer catalysi$.Although the asymmetric Strecker reac-
tion,* aminohydroxylation of styrene derivativesnd ary-

lation of imine$ have emerged recently as promising
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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 dioxolanediorfasle 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 utilftyi! In

this paper, we describe a highly efficient dynamic kinetic
resolution ofa-aryl UNCAs for the asymmetric synthesis
of a broad range ofi-aryl amino acids.
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An efficient dynamic kinetic resolution requires that Our hypothesis was confirmed by results from ethanolysis
racemization be faster than highly enantioselective transfor-of 1a with (DHQD),AQN at various temperatures. As the
mation of the racemic starting materidlThe (DHQD)- temperature was raised from78 to 34 °C, the rate of
AQN-catalyzed racemization and alcoholysis of 5-phenyl racemization increased relative to that of alcoholysis, as
dioxolanedione meets this requirement, thus allowing an shown by the increasing enantiomeric ratio (er) of amino
efficient dynamic kinetic resolution of the racemic dioxo- ester2 at complete conversion of racentia (entries 2-7,
lanedione at-78 °C. In contrast, alcoholysis af-phenyl Table 1). At 34°C and with the addition of ethanol (1.2
UNCA 1a with (DHQD),AQN was found to be a highly

enantioselective, but normal, kinetic resolution-st8 °C, | KGN

indicating that the rate of racemization is negligible compared Tapje 1. Acceleration of Racemization Relative to Alcoholysis
to the rate of alcoholysis ofla (kac< Kasy Ksiow).” The of UNCA 1a by Increasing Reaction Temperatire
challenge for realizing a cinchona alkaloid-catalyzed dynamic

Lo ) . o)
kinetic resolution of UNCA (Scheme 1) is to accelerate the Ph (DHQD),AQN o
EtOH (100 eq) Ph,, o
0 @ —— ‘ Et
ia o R-2
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NRs: Modified Cinchona Alkaloids (DHQD),AQN
3 entry temp (°C) time (h) conv (%) er of 2P
RgN'H-07 RN )
\o} Rl 1 -78 2.0 48 97:3
PN [e) 2 —78 336 100 56:44
PN\,{ ~ 3 ~40 22 100 61:39
10 1 0 4 -20 3.0 100 66:34
Termolecular Mechanism Bimolecular Mechanism 5 0 1.0 100 72:28
for Alcoholysis of UNCA 1 for Racemization of UNCA 1 6 23 0.3 100 78:22
7 34 0.2 100 79:21
8¢ 34 2.0 100 93:7
racemization relative to the alcoholysis while maintaining  aynless otherwise noted, the reaction was performed by treatment of
the |arge difference betwedgs and Kgjow. 1a(0.05 mmol) with (DHQD)AQN (20 mol %) and ethanol (10.0 equiv)

. . . T . in ether (3.5 mL) at the indicated temperature; see Supporting Information
Our kinetic studies indicate a general base catalysis fo yetails > Determined by HPLC analysis; see Supporting Information.

mechanism for the (DHQDBRAQN-catalyzed alcoholysis of  ¢Ethanol (1.2 equiv) was added as a solution in ether (1.0%, v/v) over 1.0
UNCA 1,7 which involves the catalyst, UNCA, and the h; see Supporting Information for details.

alcohol in a termolecular transition state (Scheme 1). On the
other hand, the racemization involvidgand (DHQD>AQN

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
(ASfalcoholysis < ASfracemization). We reasoned that
reinforcing this difference in the respective entropy of
activation for the racemization and the alcoholysis by raising resolution at room temperature, converting racehaito allyl

the reaction temperature CQUId lead to a significantly aC" amino esteBain 91% ee and essentially quantitative yield
celerated racemization relative to the alcoholysis. (entry 1, Table 2)

equiv) over 1 h, the ee values b& and2 were found to be
nearly constant throughout the course of the reaction-&t 0
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
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Table 2. Dynamic Kinetic Resolution of UNCAL with Alcoholysis by (DHQD)AQN and (DHQ)>AQNab

. (DHQD),AQN (02 &q.) 0 o
Allyl alcohol Pd(PPhy)s (0.1 eq.
T y Ri, Hj\o ~ Pd(PPhg)s(0-1eq) R, (‘LOH
~  Ewo.4AMs. PHM Morpholine (10.0€q)  ppy|
10 R3 THF, 23 °C, 10 min R4
temp ) 3 4
R P Time (h
entry (0) ime () %eeC  yield?  %eeC %yield®
1 @ a Cbz 2334 1() 91(83) 97(%) 90 91
F
2 \@1«. b Cbz 23 1 90 9% 90 93

¢ Cbz 23 1 92 97 92 92

d Cbz 23 1 90 95 90 88

5 (/}.,,, e Cbz -3 2 92 93 92 93
S
O
L.

6 f Cbz 23 (23) 1@ 91 (84) 95 (95) 91 94

7 g Cbz 23 (-30) 0.5(1) 91(92) 98 (91) 89 86

8 Me h  Cbz 23 (0) 0.5(0.5) 93(92) 97 (93) 91 92

9 /N\ i Cbz 0(34) 1.5(0.5) 90 (82) 95 (93) 89 95
Ts

10 @ j Fmoc 23 1 90 98 90 9219

aDKR procedure: A 1.0% (v/v) solution of allyl alcohol (0.24 mmol, 1.2 equiv) in ether was added over DA 5 to a mixture of substrate (0.20
mmol), (DHQDYAQN (0.04 mmol, 0.2 equiv), ah4 A 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 (M@, which afforded §)-3. ¢ For determinations of e&@nd4) and absolute configurations
(4a,c,ef)j), see Supporting Informatiof.Isolated yield. Unless otherwise noted, the yield is overall isolated yield frbosing an extractive procedure;
see Supporting InformatiofPurified by flash chromatography as described in Supporting Informatistorpholine (1.5 equiv) was used in transformation
of 3j to 4j.

racemization and alcoholysis of UNCAs on temperature indole, furan, and thiophene rings, were obtained from
provided us with a handle for fine-tuning the dynamic kinetic corresponding racemic UNCASL) in 86—95% overall
resolution. As expected, the efficiency of the dynamic kinetic yields, in most cases, involving no chromatographic separa-
resolution ofli was improved at 34C, affording §-3i in tion (Table 2). On a preparative scale (4.0 mmol), amino
82% ee and 93% yield (entry 9, Table 2). As shown in Table acid4h of 91% ee was obtained frorj-1h in 94% yield.
2 (entries 1 and-69), dynamic kinetic resolutions with either To our knowledge, no efficient nonenzymatic catalytic
(DHQD),AQN or (DHQ)XAQN at or near room temperature asymmetric synthesis of amino acids beaxingeterocycles,
provide high yield and highly enantioselective access to either such asde—i, was previously reportett.
enantiomer of amino estets In summary, highly efficient dynamic kinetic resolutions
Ring opening of UNCASsL with allyl alcohol offers an of a-aryl UNCAs at room temperature were realized via the
important benefit, generating optically active allyl amino

esters §) that can be transformed into the corresponding  (13) Kunz, H.; Waldmann, HAngew. Chemint. Ed. 1984 23, 71.

amino acids 4) under mild conditions. The clean dynamic (14) For a catalytic asymmetric synthesis of 3-pyridylglycine, see ref 5.
L . . . (15) Review of recent approaches of using transition-metazyme
kinetic resolution permits us to use an extractive procedure compinations to effect fast racemization required for efficient kinetic
to fully recover the catalyst and to isolate criRlef already rlfszoS;ugOE: El Gihani, M. T.; Williams, J. M. Lurr. Opin. Chem. Biol.
high purity (no detectable impurity by NMR and HPLC (16) (a) Um, P.-J.; Drueckhammer, D. &.Am. Chem. Sod.998 120,
analysis) in quantitative fashion. Amino esteBs thus 5605. (b) Tan, D. S.; Gunter, M. M.; Drueckhammer, D.JGAm. Chem.

; . Soc.1995 117, 9093.
obtained were converted at room temperature in excellent (17) Buchwald and co-workers observed that the efficiency of the

yields to amino acidd without deterioration in ee following  dynamic kinetic resolution of 3,5-dialkyl cyclopentenones can be improved

) 3 ; eda by increasing the reaction temperature, presumably via acceleration of the
Kunz's proceduré. Consequemly’ SUItably protect ryl racemization relative to the enantioselective transformation of 3,5-dialkyl

amino acids4) of high optical purity, including those bearing  cyclopentenones; see ref 10(a).
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