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The nitroaldol (Henry) reaction is an important carbonyl addition
process that affords products that may be transformed into valuable
building blocks.1 Therefore, it is not surprising that recent efforts
have focused on the development of catalytic enantioselective
reaction variants. The current contributions to this area have been
highlighted by the recent studies of Shibasaki and Trost.2-5 The
purpose of this Communication is to report a new catalyst system
for the nitroaldol reaction (eqs 1,2; M ) Cu, X ) OAc). The basis
for the current study was to identify a weakly Lewis acidic metal
complex bearing moderately basic charged ligands (X) that would
facilitate the deprotonation of nitroalkanes (eq 1) as a prelude to
the aldol addition process (eq 2). It was felt that divalent metal
acetate-ligand complexes of the general structure A might meet
these requirements because acetate has been employed as a Brønsted
base in the racemic nitroaldol reaction.1

Table 1. Ligand Survey of the Henry Reaction (eq 3)a

a All reactions were performed at room temperature on a 0.33 mmol
scale with 15 mol % of ligand and 13.5 mol % of Cu(OAc)2‚H2O at a 0.1
M concentration using 55 equiv of nitromethane. Reactions were run in a
screw-capped vial and were complete within 24 h. b Enantiomeric excess
was determined by HPLC using a Chiracel OD-H column. c Reaction did
not go to completion within 24 h.

A series of divalent metal acetates in combination with chiral
bidentate ligands were screened as enantioselective catalysts for
the nitroaldol process.6,7 From this survey, bis(oxazoline)8 (box)
complexes derived from Cu(OAc)2 emerged as promising catalyst
candidates. The results from the ligand survey with this metal
acetate are summarized in Table 1. The five box ligands (1a-d,
2) with the illustrated absolute configurations that were evaluated
with Cu(OAc)2‚H2O afforded promising levels of enantioselection
(entries 1-5).8,9 In each instance, the reactions carried out at
ambient temperature were complete within 24 h. From this
comparison, the indabox ligand 2 proved to be the ligand of choice,9
providing the nitro alcohol product in 74% ee (Table 1, entry 5).
With ethanol as the solvent (Table 1, entry 6), the nitro alcohol
product was isolated in 81% ee. Further optimization of this process
showed that the reaction may be performed with lower catalyst
loadings (1-5 mol %), while the use of 10 equiv of nitromethane
was found to be sufficient for the reaction to proceed to completion.
Reaction concentrations could also be increased to as high as 1.0
M with no change in enantioselectivity. Cu(II) carboxylate structure
was also evaluated with ligand 2, and it was concluded that this
catalyst variable is subordinate to ligand architecture.10 In all
instances, the only side reaction observed in these reactions was
the accompanying dehydration product.
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With optimized conditions in hand, the scope of the reaction
was explored (Table 2). In general, high enantiomeric excesses (8794% ee) are observed at room temperature for aromatic aldehydes
bearing either electron-withdrawing or electron-donating groups
(entries 1-9).11 Aliphatic branched and unbranched aldehydes are
also acceptable substrates, affording nitro alcohol adducts in good
yields and enantioselectivities (entries 10-15, 90-94% ee).
Reaction enantioselectivity can be further improved by lowering
the temperature at the accompanying expense of increasing the
reaction time. In one instance, the reaction in entry 1 was performed
by mixing the reactants and storing the resulting solution at 0 °C
for 10 days. Subsequent isolation afforded the corresponding aldol
adduct in 81% yield and 96% ee. When the same reaction was
carried out at 40 °C, significant rate acceleration was noted with
an accompanying decrease in the enantioselection to 79% and an
increase in elimination byproduct.11
Large-scale reactions at minimal catalyst loading (1 mol %) were
also evaluated. In one instance, the reaction between 2-methoxybenzaldehyde and nitromethane (as shown in entry 3, Table 2) was
performed on a 50 mmol scale with 1 mol % of catalyst loading at
a 1.0 M concentration. Following a reaction time of 56 h, the
resulting product 3c was isolated in 92% yield (94% ee). Using
the same reaction parameters, the nitro alcohol product 3m resulting
from a reaction of isobutyraldehyde (as in entry 13) was isolated
in 93% yield and 91% ee (108 h reaction time). These results
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Table 2. Henry Reaction of Nitromethane with Various
Aldehydesa

entry

R

product

time (h)

yield (%)b

ee (%)c

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Ph
2-MeC6H4
2-MeOC6H4
2-NOC6H4
2-ClC6H4
1-naphthyl
4-FC6H4
4-ClC6H4
4-PhC6H4
PhCH2CH2
i-Bu
t-Bu
i-Pr
n-Bu
cyclohexyl

3a
3b
3c
3d
3e
3f
3g
3h
3i
3j
3k
3l
3m
3n
3o

22
42
27
4
15
15
45
21
20
24
48
96
48
48
48

76
72
91
86
88
66
70
73
70
81
86
83
86
87
95

94
93
93
89
91
87
92
90
91
90
92
94
94
93
93

a All reactions were performed on a 1 mmol scale with 5 mol % of
Cu(OAc)2‚H2O and 5.5 mol % of ligand 2 at a 0.5 M concentration using
10 equiv of nitromethane in ethanol. Reactions were run at room temperature
in a screw-capped vial for the indicated time. b Values are isolated yields
after chromatographic purification. c Enantiomeric excess was determined
by HPLC using Chiracel OD-H, OJ-H, or AD columns.

Figure 2. Plausible transition structures for the Henry reaction.

lowest reactivity (greatest stability). While transition states B-1
(boat), B-2 (chair), and C-1 (chair) all predict the observed sense
of asymmetric induction, our predisposition is to favor B-1 on the
basis of both steric and electronic considerations.
Further investigations into the mechanism and variants of this
process are currently underway and will be reported in due course.
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Figure 1. Crystal structure of complex 4.

suggest that catalyst loading in the 1% range might well be below
the practical limit due to the long reaction times.
The X-ray structure of the chiral copper-ligand complex 4
shown in Figure 1 reveals the expected square planar geometry
with the acetate carbonyl moieties oriented toward the vacant apical
positions.
An attempt to rationalize how asymmetric induction is imparted
from complex 4 begins with a statement of the impact of the JahnTeller (JT) effect on Cu(II) coordination.12 As illustrated in Figure
2, JT distortion of an octahedral Cu(II) complex creates four
strongly coordinating and two weakly coordinating sites labeled
red and blue, respectively. Addition of a bidentate ligand L2 affords
a complex positioning the two cis-oriented strongly coordinating
sites in the ligand plane and two trans-oriented weakly coordinating
sites perpendicular to the ligand plane (Figure 2, eq 4). For those
complexes that simultaneously bind both electrophile and nucleophile, the most reactive transition states should position the
nucleophile perpendicular to the ligand plane, while the electrophile,
for maximal activation, should be positioned in one of the more
Lewis acidic equatorial sites in the ligand plane as illustrated for
complex B. By the same argument, complex D should exhibit the
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