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A highly efficient asymmetric amination of B-keto esters was achieved under phase transfer conditions
using chiral quaternary ammonium bromide as a catalyst. The amination products were obtained in
quantitative yields with up to 97% ee. One of the amination products represents a key intermediate for
the preparation of aldose reductase inhibitor AS-3201.
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Catalytic asymmetric amination, which directly generates a C-N
bond with an asymmetric carbon center, is among the simplest
methods for the preparation of optically active a-amino acid deriv-
atives.! Accordingly, in the past years the catalytic asymmetric ami-
nation has attracted extensive attention in academia. Asymmetric
o-amination of aldehydes,” ketones,®> o-keto esters, B-keto es-
ters,*> and o-cyano esters®>® has been developed successfully.
Among these, the a-amination of B-keto esters is particularly impor-
tant because it offers a method for the preparation of a-amino acids
possessing quaternary carbon centers.!*> It is also desirable to
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combine the phase transfer catalysis which has been recognized
as a convenient and highly useful synthetic tool in both academia
and industry because of numerous advantages (operational simplic-
ity, mild reaction conditions with aqueous media and environmen-
tal consciousness, amenability for large scale reactions, etc.) for
practical organic synthesis.”® Accordingly, we here wish to report
a highly efficient asymmetric amination of B-keto esters by using
chiral quaternary ammonium bromides as phase transfer catalysts.
We began our study on the asymmetric amination of tert-butyl
2-o0x0-1-cyclopentanecarboxylate 2a with diethyl azodicarboxylate
in the presence of a catalytic amount (1 mol %) of phase transfer cat-
alysts. A previously utilized spiro-type phase transfer catalyst (S)-
1b° gave higher enantioselectivity than non-spiro-type catalyst 1a
(Table 1, entries 1 and 2). The screening of bases by using catalyst
(S)-1b showed that K,COs, Cs,CO3, and K HPO,4 gave the similar
selectivity for the substrate 2a (entries 2-4). However, when di-
tert-butyl azodicarboxylate was employed as amination partner,
the enantioselectivity was dramatically decreased (entry 5). Among
several solvents, toluene, which was often used in our previous
study,® was also an optimal solvent in this amination system (entries
3, 6, and 7). After screening of aryl groups on catalysts of type (S5)-1,
(S)-1c was found to be the best (entry 8). Finally, the highest enanti-
oselectivity was achieved at low temperature (—40 °C) (entry 10).
With the optimal reaction conditions at hand, we further stud-
ied the generality of the asymmetric amination of several B-keto
esters under the influence of chiral quaternary ammonium bro-
mide (S)-1c as shown in Table 2. Five-membered cyclic p-keto es-
ters 2a-f gave the corresponding amination products in almost
quantitative yields with high to excellent enantioselectivity (up
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Table 1
Asymmetric amination of p-keto ester 2a with chiral phase transfer catalyst (S)-1*
Entry R Catalyst Base Solvent  Condition  Yield® eeC
(°C, min) (%) (%)
1 Et (S)-1a 33% aq K,CO3 Toluene 0,5 99 74
2 Et (S)-1b 33% aq K,CO3 Toluene 0,5 99 89
3 Et (S)-1b 66% aq Cs,CO3 Toluene 0,5 929 89
4 Et (S)-1b 50% aq K;HPO,  Toluene 0,5 99 86
5 Bu' (S)-1b 66% aq Cs,CO3 Toluene 0,5 99 52
6 Et (S)-1b 66% aq Cs,CO;  Ether 0,5 99 85
7 Et (S)-1b 66% aq Cs,CO;  THF 0,5 99 10
8 Et (S)-1c 33% aq K,CO3 Toluene 0,5 99 92
9 Et (S)-1c 33% aq K,CO3 Toluene —20, 5 99 95
10 Et (S)-1c 33% aq K,CO3 Toluene  —40, 5 929 97

¢ Unless otherwise specified, the reaction was carried out with 1.2 equiv of
azodicarboxylate in the presence of 1 mol % of (S)-1 and base in toluene under the
given reaction conditions.

b Isolated yield.

¢ Enantiopurity of the products was determined by HPLC analysis using a chiral
column [DAICEL Chiralcel OD-H or AD-H] with hexane-isopropanol or hexane-
ethanol as solvent.

to 97% ee). The electronic effect on the aromatic moiety in tert-
butyl indanecarboxylate 2b was found to be not so sensitive on
the enantioselectivity (entries 1-6). It is noteworthy that optically
active amination product 3g derived from B-keto ester 2g is a key
intermediate for aldose reductase inhibitor AS-3201 (Scheme 1).1°
In contrast, six-membered cyclic B-keto esters 2h-i required much

Table 2
Asymmetric amination of p-keto esters 2 with chiral phase transfer catalyst (S)-1¢*
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Table 2 (continued)

Entry Substrate Base Condition Yield® ee¢
(°C, min) (%) (%)
O
MeO.
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MeO K»CO3
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¢ Unless otherwise specified, the reaction was carried out with 1.2 equiv of die-
thyl azodicarboxylate in the presence of 1 mol % of (S)-1¢ and base in toluene under
the given reaction conditions.

b Isolated yield.

¢ Enantiopurity of the products was determined by HPLC analysis using a chiral
column [DAICEL Chiralcel OD-H or AD-H] with hexane-isopropanol or hexane-
ethanol as solvent.

d Use of 1.2 equiv of di-tert-butyl azodicarboxylate as electrophile.

€ The yield is slightly variable depending on the stirring efficiency.

longer reaction time due to the lower reactivity, and gave slightly
lower enantioselectivity (entries 8 and 9).

The absolute configuration of the amination product 3j, which
was prepared by asymmetric amination of ethyl 2-oxo-1-cyclopen-
tanecarboxylate with di-tert-butyl azodicarboxylate in the presence
of 1 mol % of (5)-1¢,!! was firmly determined to be S by comparison
of the optical rotation value of the reported compound.’”

o] I}IHCOZBU‘
* N_COZBU[

“CO,Et
3j

In conclusion, we have developed a highly efficient and enantio-
selective amination of B-keto esters using chiral quaternary ammo-
nium bromides as phase transfer catalysts. The reaction afforded
products with up to 97% ee and quantitative yield. One of the ami-
nation products is the key intermediate for the preparation of al-
dose reductase inhibitor AS-3201 (Ranirestat).!°

Typical experimental procedure for asymmetric amination of
p-keto esters: A mixture of substrate 2b (34.8 mg, 0.15 mmol),
(S)-1c (2.0 mg, 1 mol %), and 50% aq KoHPO,4 (0.5 mL) in toluene
(2 mL) was cooled to -40 °C, to which was added diethyl azodi-
carboxylate (40% in toluene, 0.082 mL, 0.18 mmol) dropwise. The
mixture was stirred vigorously at the same temperature for
5 min, quenched with saturated NH4Cl solution (10 mL), ex-
tracted with diethyl ether (10 mL x 3), dried over Na,SO, and
concentrated. Purification of the residue by column chromatogra-
phy on silica gel with hexane-ethyl acetate (5:1) as eluent affor-
ded 3b as colorless oil (61.0 mg, 99% yield, 95% ee). The product
was identified by NMR spectroscopy. The enantiomeric excess of
the product was determined by chiral HPLC using a chiral col-
umn [Daicel Chiralpak OD-H, hexane/isopropanol =10:1, flow
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Scheme 1. Synthesis of Ranirestat from B-keto ester 2g.

rate = 1.0 mL/min, % =254 nm, retention time: 8.2 min (minor)
and 11.1 min (major)].
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