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Nonproteinogenic tertiary (R-substituted) R-amino acids have
generated broad interest for their use as enzyme-inhibitors,1 helix-
inducing peptide monomers, and robust analogues of natural amino
acids.2 R,�-Diamino acids have attracted interest for similar
reasons.3 These attributes have stimulated the development of
methods for their synthesis, but few possess the brevity of C-C
bond-forming reactions to create the R-substituted amino acid or
Vic-diamine substructures.4–6 As an approach to R-substituted R,�-
diamino acids, the use of R-substituted nitro acetates7–9 is not
complicated by postaddition epimerization10 but demands a catalyst
effective in activating this hindered pronucleophile. Additionally,
only high levels of kinetically controlled diastereo- and enantiose-
lection can render this approach as practical as it is straightforward.
Shibasaki has just reported an anti-selective addition of R-substi-
tuted nitroacetates catalyzed by a bis(homometallic) chiral catalyst
that provides an elegant solution to this problem.11 We report
equally stereoselective and direct access to the complementary syn-
diastereomers, catalyzed by a (nonmetal) bifunctional chiral proton
complex (2b).12

Our earliest attempts to promote addition of R-nitroacetates used
tert-butyl ester 4a with catalysts 1a and 2a. In contrast to the
identical reaction employing the unsubstituted R-nitroacetate, these
variations suffered from a low level of reactivity (Table 1, entries
1, 3), requiring days instead of hours to reach a high level of
conversion (53% and 84%, respectively). When using methoxy-
substituted catalyst 1b, we noted a significant improvement in rate,
reaching 87% conversion under otherwise identical conditions
(entry 2). Enantioselection was enhanced slightly (63f73% ee),
but diastereoselection was unchanged (2:1 dr). The accelerating
effect of methoxy substitution transferred to the unsymmetrical
ligand complex 2b, but interestingly, addition of a single methoxy
substituent in this system resulted in sufficient overall reaction rate,
providing complete conversion in <48 h (91% isolated yield, entry
4). Some improvement (relative to 2a) in enantioselection was
observed as well (82f97% ee).

Reactivity and enantioselection clearly benefited by use of
methoxy-substituted unsymmetrical catalyst 2b, but throughout
these studies, diastereoselection wase2:1. This contrasted the high
diastereoselection observed in catalyzed additions of unsubstituted
R-nitroacetates but was not unexpected when anticipating the effect
of replacing an H for an alkyl group in the transition state. We
hypothesized that this diminished the effective size difference

between the alkyl and tert-butyl ester groups, leading to syn- and
anti-transition states with similar energies. We therefore evaluated
a series of ethyl-substituted R-nitroacetates 6 (Table 2), looking
specifically at the potential effect of ester size on diastereo- and
enantioselection. Small esters (Et/Ph, entries 1, 3) provided low
diastereoselection similar to the tert-butyl ester (entry 2), but the
latter two provided some enhancement of enantioselection: 73f88
and 97% ee. We investigated the hindered aryl ester 6d and
uncovered an improvement in diastereoselection (10:1, entry 5)
while maintaining high enantioselection (94% ee) and reactivity
(84% isolated yield). In these studies, we employed 1,2-dichloro-
ethane, as it generally provides the most favorable and general
solubility profile. However, dichloromethane provided additional
effective temperature range (entries 6, 7) for improved stereose-
lection, whereas toluene provided slightly higher levels of diaste-
reoselection and enantioselection (entry 8).

These experiments determined conditions for an initial evaluation
of scope summarized in Table 3. Using R-nitro butanoate 6d as a

Table 1. Catalyzed Additions of Substituted R-Nitro Esters to
Azomethine: Effect of Catalyst Structure on Reactivitya

a Conversion approximated by 1H NMR. b Diastereomer ratios
approximated by 1H NMR and confirmed by HPLC. Enantiomeric excess
determined using HPLC and a chiral stationary phase. c Isolated yield.

Table 2. Chiral Proton-Catalyzed Additions of R-Nitrobutanoate
Esters to Azomethines: Influence of Ester on Diastereo- and
Enantioselectiona

a All reactions are 0.3 M in imine and use 1.1 equiv of the nitro ester.
b Diastereomer ratios measured using 1H NMR. Assignment of each major
diastereomer as syn was made by chemical correlation to the common
parent carboxylic acid. Enantiomer ratios measured using HPLC and a
chiral stationary phase. c Reaction temperature -78 °C.
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representative pronucleophile, a range of aromatic aldimines were
used to target �-amino phenyl alanine derivatives 7d/8. At the
higher concentration and lower temperature used in this series,
higher diastereoselection (20:1) and excellent enantioselection (98%
ee) were observed for 7d (83% yield, entry 1). This crystalline
product was used to assign relative and absolute stereochemistry
via single crystal X-ray diffraction. Interestingly, the syn-diaste-
reomer is favored in these additions, opposite to that normally
observed when using these catalysts with simple nitroalkanes13 or
R-nitro tert-butyl esters.10 A survey of additional electronically
neutral (entries 2, 6, 7) and rich aromatic aldimines (entries 3-9)
revealed generally high diastereoselection (8f20:1) and enanti-
oselection (94-98% ee). In one case, a sluggish reaction at -78
°C (entry 4) could be rectified by raising the reaction temperature
to -20 °C, resulting in a slight drop in diastereoselection (10:1f8:1
dr, entry 5). In another case (entry 6), extension of the reaction
time provided complete conversion and higher isolated yield (entry
7). The lowest diastereoselection (5:1 dr) was observed for the furyl
aldimine, but enantioselection remained high (94% ee, entry 9).
The catalyst tolerance to the nature of the R-alkyl group of the
nitroester is also good. The behavior of chlorophenyl imine 3d in
the series 6e, 6d, 6f, 6g (entries 10, 1, 11, 12) led to the derived
R,�-diamino esters with generally high diastereoselection (12-20:1
dr), enantioselection (97-99% ee), and isolated yield (>82%). The
reaction for hexanoate 6g was noticeably slower but could be
carried out at -20 °C (entry 12) to deliver the desired product
(16:1 dr, 97% ee) in good isolated yield (88%). We investigated
two N-Boc imines derived from aliphatic aldehydes, but these
imines decomposed under our standard reaction conditions.

The nitroester products could be easily reduced to the protected
syn-R,�-diamines by zinc reduction in aq HCl-EtOH at room
temperature (eq 1).7 The diastereo- and enantiomeric excess were
unchanged in the diamine products. The aryl ester could also be
saponified to provide the free R-amino acid in 77% yield (eq 2).14

In summary, a direct synthesis of R-substituted syn-R,�-diamino
acid derivatives of phenyl alanine has been developed. This required
the development of catalyzed additions of substituted R-nitroesters,
providing R-nitro-�-amino esters with high diastereo- and enan-
tioselection. Key to this development is the finding that methoxy
substitution in the catalyst leads to a more active bifunctional

system, and hindered aryl esters 6d-g work synergistically with
the catalyst to provide high diastereoselection; achiral catalysis
(Hünig’s base) of the same addition proceeds with low diastereo-
selection (<2:1 dr). The diamine functionality is readily unmasked
as in eq 1. Further investigations of reaction scope and the reason
for the syn-diastereoselection here that is complementary to the
Shibasaki bis(nickel) catalyzed anti-additions are underway.15
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Table 3. Chiral Proton-Catalyzed Additions of R-Alkyl R-Nitroesters
to Azomethines: Reaction Scopea

a All reactions are 1 M in imine and use 1.1 equiv of the nitro ester
unless otherwise noted. Conversions of 82% and 71% for entries 1-2,
respectively, at 24 h (approximated by 1H NMR). b Diastereomer ratios
measured using 1H NMR. Enantiomer ratios measured using HPLC and a
chiral stationary phase. Yields are for isolated, analytically pure product.
c Reaction was 0.3 M in imine and was performed at -20 °C for entries 5,
12; -78 °C, 3.5 days reaction time for entry 7.

J. AM. CHEM. SOC. 9 VOL. 130, NO. 18, 2008 5867

C O M M U N I C A T I O N S


