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There has been an increasing interest in simple and function-
alized â-amino acids and their derivatives.1,2 A potentially
straightforward methodology for their synthesis is the conjugate
addition of nitrogen nucleophiles toR,â-unsaturated derivatives.
Diastereoselective additions in which the nitrogen nucleophile or
the R,â-unsaturated substrate is chiral have been reported in the
literature.3 However, only one report4 of chiral Lewis acid-
catalyzed additions of amines has appeared (maximum ee of
42%).5 We disclose here high levels of enantioselectivity in the
conjugate addition ofO-benzylhydroxylamine toR,â-unsaturated
pyrazole amides using catalytic amounts of a chiral Lewis acid
prepared from MgBr2‚OEt2 and a bisoxazoline. We also show
that the opposite enantiomer of the product can be selected by a
simple change of the Lewis acid. Furthermore, in at least one
example the kinetic enantioselectivity can be enhanced by
preferential destruction of the minor enantiomer.

We have recently described enantioselective free radical-
mediated conjugate additions toR,â-unsaturated derivatives with
chiral Lewis acids.6 We were intrigued by the potential of these
chiral Lewis acid/unsaturated amide combinations toward the
addition of amines. Our experiments began with the addition of
O-benzylhydroxylamine (1.1 equiv) to the pyrazole-derived
crotonamide1 in the presence of stoichiometric amounts of the
chiral Lewis acid prepared from MgBr2‚OEt2 and bisoxazoline2
(eq 1 and Table 1).7 The conjugate addition was relatively slow

at low temperatures (entry 1, Table 1)8 as evidenced by low
conversions after a short time. The enantioselectivity of the
addition product (3) was good (79%). Increasing the reaction

time improved the chemical yield whereas the ee of3 remained
the same (entry 2). Continuation of the reaction for another 24
h led to a small increase in yield but with a steep rise of ee (entry
3).9 The highest ee (97%) was obtained after 72 h. Next the
effect of temperature and the stoichiometry of the chiral Lewis
acid on the reaction were investigated. Increasing the reaction
temperature to-60 °C led to faster reaction times with similar
chemical yields and ee’s (compare entry 5 with 4). Further
warming to 0 °C led to enhancement of reaction rate with
concomitant lowering of the yield of3 and its ee (entry 6). The
conjugate addition was equally effective with catalytic amounts
of the Lewis acid (entries 7 and 8).These constitute the first
examples of highly enantioselectiVe conjugate amine additions
using catalytic amounts of chiral Lewis acids.

We have examined a few other Lewis acids in the conjugate
addition.10 Of these, the lanthanide triflates provide good chem-
ical yields and moderate enantioselectivity (entries 9 and 10). The
most significant outcome of the lanthanide triflate experiments
are that they provide the addition product with opposite config-
uration to the one obtained by the use of MgBr2 as the Lewis
acid (compare entries 9 and 10 with 5).Thus we can obtain either
of the two enantiomers by a simple change of the Lewis acid.

The experiments in entries 1-4 in Table 1 indicate that in-
creases in ee correlate with decreases in yields. A careful product
analysis showed that besides3, a product (4) from the amidolysis
of 3 and a product (5) arising from conjugate addition of 3,5-
dimethylpyrazole to1 were also formed in varying amounts{for
entry 5,3 (62%, 96% ee);4 (22%, 60% ee), and5 (3-5%)}.11
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Table 1. Conjugate Addition ofO-Benzylhydroxylamine to
Crotonamide1a

entry
Lewis

acid (eqs)
Eqs.
LA

temp,
°C

time,
h

yield,
%b

ee, %c

(config)

1 MgBr2 1.0 -80 1.5 39 79 (R)
2 MgBr2 1.0 -80 17 53 80 (R)
3 MgBr2 1.0 -80 48 57 91 (R)
4 MgBr2 1.0 -80 72 60 97 (R)
5 MgBr2 1.0 -60 21 62 96 (R)
6 MgBr2 1.0 0 2 59 61 (R)
7 MgBr2 0.3 -60 22 80 92 (R)
8 MgBr2 0.1 -60 22 87 88 (R)
9 Y(OTf)3 1.0 -60 22 67 59 (S)

10 Yb(OTf)3 1.0 -60 22 78 41 (S)

a For reaction conditions see Supporting Information.b Isolated yields
after chromatography.c ee’s were determined by chiral HPLC analysis.
The configuration of3 was established by converting it to known 3-N-
benzoylamino methyl butyrate.
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While the major enantiomer of4 was alsoR as was3, the
enantiomeric ratio was much lower, indicating a kinetic resolution.
Apparently the minor enantiomer undergoes faster amidolysis
leading to enhanced enantioselectiVity of the surViVing 3 and also
accounting for its reduced chemical yield.12

To substantiate this explanation, the amidolysis of racemic3
with chiral Lewis acid was investigated (Table 2, eq 2). Treatment
of racemic3 with stoichiometric amounts of the chiral Lewis acid
and the amine for 3 h indeed gave the expected (R)-enriched3
and the (S)-enriched product4 (entry 1).13 Reducing the amount
of the amine to half an equivalent led to an increase in the ee of
the product (entry 2). Use of a substoichiometric amount of the
Lewis acid led to lower conversion (entry 3).

A variety of substrates were found to undergo chiral Lewis
acid-mediatedO-benzylhydroxylamine addition. The reactions
proceeded with high yields and enantioselectivity with a stoi-
chiometric amount of the Lewis acid (Table 3, entries 1-5; eq
3).14 The use of 30 mol % catalyst was found to be optimal for
obtaining high chemical yields as well as selectivity. At this
loading, the chemical yields were higher because product destruc-
tion by amidolysis was minimal. At lower catalytic loading (10
mol %) unhindered substrates (entries 1, 2, and 4) gave similar
results as those with 30 mol % catalyst. Substrates with increased
steric size at theâ-carbon required higher temperatures for
efficient conversions at 10 mol % loading leading to slightly lower
chemical yields and selectivity (entries 3 and 5). The cinnamide
6egave low chemical yields but good enantioselectivity with 100
and 30 mol % catalyst but was unreactive using 10 mol % catalyst.

A working hypothesis for the selectivity observed with MgBr2

is presented. Are face amine addition to ans-cis-substrate/Lewis
acid/ligand complex with a tetrahedral or a cis octahedral
arrangement accounts for the observed product configuration
(Figure 1). In general, this addition proceeds with an approximate
15:1 enantioselectivity as shown by experiments in which
amidolysis is minimal (entries 1-5, Table 3, 30 mol % catalyst).

The catalytic nature of the reaction shows that the substrate
competes favorably with the product as a Lewis base enabling
turnover. Under stoichiometric conditions, both substrate and the
product are bound to the Lewis acid and some amidolysis occurs
resulting in reduced chemical yield. Under catalytic conditions,
product is not activated by Lewis acid until the substrate is almost
exhausted such that amidolysis is minimal until addition is nearly
complete. The origin of the reversed sense of stereoinduction
with lanthanide Lewis acids remains unclear. Experiments are
underway with other amine nucleophiles15 and achiral templates.
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Table 2. Enantioselective Amidolysis of Racemic3a

racemic398
MgBr2, H2NOBn

CH2Cl2, ligand2
(R)-3 + (S)-4 (2)

entry
chiral

LA, Eqs
amine
Eqs

time,
h

3, % yield
(ee)b,c

4, % yield
(ee)b,c

1 1.0 1.0 3 36 (52) (R) 46 (30) (S)
2 1.0 0.5 3 47 (47) (R) 34 (60) (S)
3 0.3 0.5 24 71 (6) (R) 24 (36) (S)

a For reaction conditions see Supporting Information.b Isolated yields
after chromatography.c ee’s were determined by chiral HPLC analysis.

Table 3. Conjugate Addition ofO-Benzylhydroxylamine to
Amidesa

chiral Lewis acid, % yield (ee)a

entry R 100 mol %b 30 mol %b 10 mol %

1 Me (3) 62 (96) 80 (92) 87 (88)d

2 Et (7a) 56 (92) 74 (92) 84 (88)d

3 CH2C6H11 (7b) 39 (90) 53 (90) 57 (70)e

4 CH2Ph (7c) 62 (96) 80 (95) 85 (90)d

5 i-Pr (7d) 41 (83) 76 (87) 56 (67)e

6 Ph (7e) 21 (78)c 24 (83) <3%d

a For reaction conditions see Supporting Information. Yields are for
isolated and column purified material. The amounts of amidolysis and/
or pyrazole addition products have not been determined. ee’s were
determined by chiral HPLC analysis.b Reactions were carried out at
-60 °C for 20-22 h for entries 1-5 and 72 h for entry 6.c 60% of
the starting material was recovered.d Reactions were carried out at-25
°C for 16-17 h for entries 1, 2, and 4 and 72 h for entry 6.e Reactions
were carried out at ambient temperatures for 6 h.

Figure 1.
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