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The nucleophilic addition of nitroalkanes to electron-deficient
alkenes such asR,â-unsaturated carbonyl compounds offers a
powerful synthetic tool for the preparation of useful precursors to
various complex organic molecules having functionalities that can
be derived from the nitro group.1 Accordingly, the development of
catalytic asymmetric variants constitutes an attractive yet challeng-
ing area in current organic chemistry,1-3 and several important
contributions have been reported to date.3-5 However, all the pre-
vious successful examples have dealt withR,â-unsaturated ketones
or aldehydes as an acceptor with unfortunate insufficiency in terms
of catalytic activity, stereoselectivity, and general applicability.
Herein we disclose the first highly enantioselective conjugate addi-
tion of nitroalkanes to alkylidenemalonates based on the utilization
of efficient phase-transfer catalysis of appropriately designed chiral
quaternary ammonium bromides of type16 (Scheme 1). This
approach greatly expands the scope of the conjugate addition
involving nitroalkanes as a donor substrate and provides a new and
practical entry to optically activeγ-amino acid derivatives.

First, we focused on the addition of nitropropane (2a) to diethyl
benzylidenemalonate (3a) under phase-transfer conditions and
examined the effect of base, catalyst structure, and ester substituent
on the reactivity and selectivity. The reaction was initially conducted
by simple mixing of2a (5 equiv) with3a in toluene at 0°C in the
presence of K2CO3 (1 equiv) as a base and chiral quaternary
ammonium bromide1a6b (1 mol %) as catalyst, which proceeded
slowly to give the desired conjugate addition product4a in only
49% yield (anti/syn) 64:36) with 45% ee (anti isomer) after 20 h
(entry 1 in Table 1). The replacement of K2CO3 by Cs2CO3 provided
a substantial rate enhancement to furnish4a in 91% yield after 10
h, albeit with a similar degree of stereoselectivity (entry 2). Thus,
we moved on the evaluation of the catalyst structure by varying
the 3,3′-aromatic substituents (Ar) and found that the introduction
of an electron-withdrawing 3,5-bis(trifluoromethyl)phenyl group
afforded a beneficial impact on the diastereo- and enantioselectivity,

as evident from the results with catalyst1b6c (entry 3). Further,
dramatic improvement of the catalytic activity and stereoselectivity
was realized by employing catalyst1c,6a where the reaction was
completed within 2 h toproduce4a quantitatively with an anti/syn
ratio of 81:19 and the enantiomeric excess of major anti isomer
was revealed to be 94% ee (entry 4). Here, the use of diisopropyl
benzylidenemalonate (3b) as an acceptor was found to be advanta-
geous for even more rigorous enantiofacial differentiation and anti-
4b was obtained with 97% ee, while an additional attempt with3c
having a sterically more hinderedtert-butyl ester moiety resulted
in a diminished chemical yield and lower stereoselectivity (entries
5 and 6). It is particularly noteworthy that similar catalytic as well
as chiral efficiency can be retained with only 0.1 mol % of1c,
emphasizing the practical aspect of our approach (entry 7).

With this optimized condition in hand, we studied the scope of
this new asymmetric conjugate addition protocol, and the repre-
sentative results are summarized in Table 2. Generally, 1 mol %
of 1cwith 1 equiv of Cs2CO3 was sufficient for the smooth reaction,
giving 4 in nearly quantitative yield. With aryl alkylidenemalonates,
the present system tolerated the incorporation of both electron-
withdrawing and electron-donating substituents (entries 1-3). Alkyl
alkylidenemalonates also appeared to be a good acceptor, and use
of mesitylene as a solvent at a lower reaction temperature seemed
to be essential for attaining an excellent enantioselectivity in the
reaction with alkylidenemalonates having primary alkyl substituents
(entries 4 and 5). In addition to nitropropane (2a), other nitroalkanes
can be utilized as a donor substrate, and, notably, virtually complete
stereochemical control was achieved with 2-methyl-1-nitropropane
(entries 6-8). When nitromethane was used, performing the
addition in mesitylene at-40 °C again led to a high level of
enantioselectivity (entry 9).

The optically active conjugate addition product4 thus obtained
can be readily derivatized into the correspondingγ-amino acid as
exemplified in Scheme 2. The reduction of the nitro moiety of4b
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with Raney Ni/H2 in ethanol at room temperature followed by the
treatment with 6 N HCl at 100°C furnished theγ-amino acid
hydrochloride5 in 75% isolated yield without loss of diastereo-
and enantiomeric excesses.

In conclusion, we have successfully demonstrated that the phase-
transfer catalysis ofN-spiro C2-symmetric chiral quaternary am-
monium bromide1c enabled the efficient, highly stereoselective
conjugate addition of nitroalkanes to alkylidenemalonates under

mild conditions. This practical method certainly provides a facile
access to a variety of optically activeγ-amino acid derivatives.
Further applications of this new asymmetric conjugate addition pro-
cedure to the catalytic asymmetric synthesis of biologically active
compounds are currently under investigation in our laboratory.
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Table 1. Optimization of the Conjugate Addition of Nitropropane (2a) to Dialkyl Benzylidenemalonate (3)a

% eed,e

entry 1 R3 base reaction time (h) yieldb (%) anti/sync,d anti syn product

1 1a Et (3a) K2CO3 20 49 64:36 45 16 4a
2 1a Et Cs2CO3 10 91 62:38 44 14
3 1b Et Cs2CO3 10 98 76:24 74 24
4 1c Et Cs2CO3 2 99 81:19 94 76
5 1c i-Pr (3b) Cs2CO3 2.5 99 86:14 97 68 4b
6 1c t-Bu (3c) Cs2CO3 24 21 59:41 82 26 4c
7f 1c i-Pr Cs2CO3 12 99 86:14 97 63 4b

a Unless otherwise specified, the reaction was carried out with 5 equiv of nitropropane (2a) and 1 equiv of base in the presence of 1 mol % of (S,S)-1 in
toluene at 0°C. b Isolated yield.c Determined by1H NMR analysis.d Assignment of the relative and absolute configurations of the major anti-4 was deduced
from that of4j.6 e Enantiopurity was determined by HPLC analysis using a chiral column (DAICEL Chiralpak AD-H) with hexane-2-propanol as a solvent.
f With 0.1 mol % of1c and 2 equiv of Cs2CO3.

Table 2. Catalytic Asymmetric Conjugate Addition of Nitroalkanes
2 to Diisopropyl Alkylidenemalonates 3 under Phase-Transfer
Conditionsa

entry 2 (R1) 3 (R2)
react. time

(h)
% yieldb

(anti/syn)c,d % eed,e product

1 Et (2a) p-F-C6H4 1 99 (89:11) 98 4d
2 Et p-MeO-C6H4 3 97 (89:11) 96 4e
3 Et 2-Naph 3 99 (86:14) 96 4f
4 Et c-Hex 10 99 (85:15) 95 4g
5f,g Et Me2CHCH2 24 97 (71:29) 98 4h
6 Me Ph 2.5 99 (80:20) 97 4i
7 Me2CH Ph 5 99 (95:5) 99 4j
8h BnO(CH2)2 Ph 2 99 (85:15) 96 4k
9f H Ph 20 99 88 4l

a Unless otherwise specified, the reaction was carried out with 5 equiv
of 2 and 1 equiv of Cs2CO3 in the presence of 1 mol % of1c in toluene at
0 °C for the given reaction time.b Isolated yield.c Determined by1H NMR
analysis.d Stereochemical assignment was deduced from that of4j, which
was established by X-ray crystallographic analysis after the reduction
of the nitro group and subsequent condensation withN-Z-L-proline.7
e Enantiomeric excess of the major anti-4 was determined by HPLC analysis
using a chiral column (DAICEL Chiralpak AD-H) with hexane-2-propanol
as a solvent.f Performed at-40°C in mesitylene.g With 2 equiv of Cs2CO3.
h With 2 equiv of 3-benzyloxy-1-nitropropane.

Scheme 2
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