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ABSTRACT

Phase-transfer-catalyzed direct Mannich reaction of glycinate Schiff base 3 with r-imino ester 4 has been accomplished with high enantioselectivity
by the utilization of N-spiro C2-symmetric chiral quaternary ammonium bromide 2 as a catalyst. This methodology enables the catalytic asymmetric
synthesis of differentially protected 3-aminoaspartate, a nitrogen analogue of dialkyl tartrate. The product (syn-5) was converted into a precursor
(6) of streptolidine lactam.

Natural and unnatural tartaric acids and their derivatives are
undoubtedly one of the most familiar and readily available
chiral molecular units, and during the past few decades, we
have witnessed a dramatic increase in their fruitful applica-
tions, resulting in valuable contributions particularly in
modern asymmetric synthesis.1 Surprisingly, however, the
corresponding nitrogen analogues1, 3-aminoaspartates, have
received little attention despite their potential utility as
C2-symmetric chiral ligands for the design of new chemo-
therapeutic agents2 as well as asymmetric catalysts.3 Asym-

metric syntheses of1, using stoichiometric amounts of chiral
sources, have been reported.4 The recently disclosed Mannich
protocol using chiral Lewis acids from the Jørgensen
group5 and Yudin’s stereoselective alkylation strategy with
the Pd(OAc)2/BINAP system6 are the only examples of
catalytic methods for the preparation of1. In this letter, we
report catalytic asymmetric synthesis of nitrogen analogues
of dialkyl tartrate by the highly enantioselective direct
Mannich reaction of glycine derivative3 with R-imino ester
4 under phase-transfer conditions (Scheme 1). The usefulness
of this new method has been demonstrated in its application
to the concise stereoselective construction of a precursor of
Streptolidine lactam, taking full advantage of a differentially
protected tartrate nitrogen analogue.
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Upon examining the direct Mannich reaction of the
benzophenone Schiff base oftert-butyl glycinate3 with
R-imino ester4 under phase-transfer conditions using chiral
quaternary ammonium bromide of type2 as a catalyst,7 our
initial concern was about the relative configuration of the
Mannich adduct5, since only the syn isomer is optically
active. Attempted reaction of3 with 4 in the presence of
2a7c (2 mol %) in toluene-1% aqueous NaOH at 0°C
showed almost no indication of product formation after
stirring for 6 h (entry 1 in Table 1). Therefore, we screened
various concentrations of aqueous NaOH and found that the
use of 17% (5 N) aqueous NaOH under otherwise similar

conditions resulted in the production of5 in 41% yield.8

Fortunately, preferential formation of the syn isomer (syn/
anti ) 74:26) was observed with 79% ee for productsyn-5
(entry 2). Here, we assumed that the low chemical yield was
partly due to the instability ofR-imino ester4 under the
reaction conditions. This was overcome by conducting the
reaction at-20 °C to give Mannich adduct5 in 73% yield
(syn/anti) 79:21, 85% ee forsyn-5) (entry 3). Switching to
catalyst2b,7d which contains a 3,4,5-trifluorophenyl group,
further enhanced the enantioselectivity, giving5 in 79% yield
(syn/anti) 76:24) with 87% ee (syn isomer) (entry 4). In
contrast, catalyst2c, with radially extended 3,3′-aromatic
substituents, significantly diminished both the chemical yield
and the enantiomeric excess (entry 5). The use of mesitylene
in place of toluene improved only the diastereoselectivity in
the reaction with2a (entry 6). However, the solvent effect
was found to be beneficial not only for the syn selectivity
but also for the enantioselectivity under the influence of2b,
leading to 91% ee ofsyn-5(88% yield, syn/anti) 82:18)
(entry 7).

The synthetic utility of the differentially protected tartaric
acid nitrogen analogue,syn-5, was highlighted by its ap-
plication to the facile asymmetric synthesis of an attractive
precursor6 of streptolidine lactam.9 Streptolidine lactam
constitutes the core structure of streptothricine antibiotics,10

a family of potent antibiotics isolated from microbial
sources.11 As illustrated in Scheme 2,5 (syn/anti mixture)
was initially transformed to the cyclic urea7 with triphos-

(7) (a) Maruoka, K.; Ooi, T.Chem. ReV.2003,103, 3013. See also: (b)
Ooi, T.; Doda, K.; Maruoka, K.Org. Lett. 2001, 3, 1273. (c) Ooi, T.;
Taniguchi, M.; Kameda, M.; Maruoka, K.Angew. Chem., Int. Ed.2002,
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11% yield (syn/anti) 70:30), 77% ee (syn isomer); 25% NaOH, 43% yield
(71:29), 78% ee; 50% NaOH, 81% yield (79:21), 6% ee.

Scheme 1

Table 1. Direct Catalytic Asymmetric Mannich Reaction of
Glycine Derivative3 with R-Imino Ester4 under Phase-Transfer
Conditionsa

entry catalyst solvent
condition

(°C, h)
% yieldb

(syn/anti)c
% eed

(configuration)e

1f 2a toluene 0, 6 trace
2 2a 0, 6 41 (74:26) 79
3 2a -20, 6 73 (79:21) 85
4 2b -20, 6 79 (76:24) 87
5 2c -20, 6 49 (80:20) 50
6 2a mesitylene -20, 6 88 (82:18) 84
7 2b -20, 6 88 (82:18) 91

a Unless otherwise specified, the reaction (0.2 mmol scale) was carried
out with 2 equiv of4 and 17% NaOH aqueous solution (0.6 mL) in the
presence of 2 mol % of2 under the given reaction conditions (2 mL of
solvent).b Isolated yield.c Diastereomeric ratio was determined by1H NMR
analysis.d Enantiopurity ofsyn-5, which was determined by HPLC analysis
using a chiral column (DAICEL Chiralpak AD-H) with hexane-2-propanol
as a solvent.e For the assignment of the absolute configuration of the syn
isomer, see Supporting Information.f Performed with 1% NaOH as an
aqueous base.
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gene, in which two diastereomers could be easily separated
by simple chromatography and a single recrystallization
provided essentially enantiopuretrans-7 in 69% yield (based
on 5). The subsequent selective reduction-cyanation of the
ethyl ester moiety was achieved by the sequential treatment
of trans-7 with DIBAH and Me3SiCN in ether-CH2Cl2,
furnishing the desired cyanohydrin8 in 80% yield as a
mixture of two diastereomers. Hydrogenation of8 gave the
primary amine, which was protected withp-methoxybenzyl
group by reductive amination. The requisite stereoisomer of
the resulting amino alcohol10 was then converted to11 via
acidic hydrolysis of thetert-butyl ester with formic acid and
the consecutive intramolecular formation of amide linkage

using diphenylphosphoryl azide (DPPA) in 65% yield. It is
noted that the stereochemistry of the hydroxy-bearing carbon
of the other isomerepi-10 can be inverted, after the
introduction of atert-butoxycarbonyl group on the amino
alcohol nitrogen, by Swern oxidation and reduction with
ZnBH4 to give 11, an appropriate candidate for similar
intramolecular condensation.

In summary, phase-transfer-catalyzed direct Mannich
reaction of a glycine donor withR-imino ester has been
accomplished with high enantioselectivity by the use of
C2-symmetric chiral quaternary ammonium bromide as a
catalyst. This methodology enables the catalytic asymmetric
synthesis of 3-aminoaspartate, a nitrogen analogue of dialkyl
tartrate. Product5, with differentiated ester groups, was
converted into8, a precursor of streptolidine lactam. The
present finding should stimulate further research into utiliza-
tion of this class of chiral compounds.
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Scheme 2a

a Reaction conditions: (a) triphosgene, Et3N, CH2Cl2, rt, 69%, 99% ee (trans-7 after a single recrystallization); (b) DIBAH, ether-
CH2Cl2, -78 °C, then Me3SiCN, -78∼0 °C, 80% (dr) 1:1.5); (c) H2, PtO2, AcOH, rt, 90%; (d) anisaldehyde, Na2SO4, CH2Cl2, rt, then
NaBH4, EtOH, 0 °C, 71%; (e) HCO2H, 60 °C, then DPPA, Et3N, DMF, 65%; (f) (Boc)2O, Et3N, CH2Cl2, 0 °C∼rt, 98%; (g) (COCl)2,
DMSO, Et3N, CH2Cl2, -78 °C, 97%; (h) ZnBH4, ether, 0°C, 53%.
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