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The conjugate addition of organometallic reagents to electron
deficient olefins is an important method for the construction of
new carbon-carbon bonds1 and its enantioselective version using
asymmetric catalysis has recently been an active field of research.2

Although some successful results have been achieved on the
asymmetric addition toR,â-unsaturated carbonyl compounds,
there have been very few reports on the asymmetric addition to
1-nitroalkenes,3-5 despite the wide applicability of nitro com-
pounds to organic transformations.6 In our previous studies on
rhodium-catalyzed asymmetric 1,4-addition of organoboron re-
agents to electron-deficient olefins includingR,â-unsaturated
ketones, esters, and phosphonates,7 the substrates we have
employed are limited to those lacking theR-substituents due to
their low reactivity toward the asymmetric addition, and as a
result, no information on the relative stereochemistry atR andâ
positions has been obtained. Here we wish to report that
1-nitroalkenes containingR-substituents are good substrates for
the rhodium-catalyzed asymmetric 1,4-addition and the reaction
of 1-nitrocyclohexene proceeds with high diastereoselectivity
giving thermodynamically less stablecis isomer preferentially
(Scheme 1).

We chose 1-nitrocyclohexene (1a), which is a commercially
available 1-nitroalkene, as a substrate for the asymmetric addition
of phenylboronic acid (2m) and examined several reaction
conditions for high chemical yield and high stereoselectivity. It
was found that the asymmetric phenylation takes place with high
enantioselectivity under the reaction conditions used for the
reaction ofR,â-unsaturated ketones.7a Thus, a mixture of1a, 2m
(5 equiv to1a), and 3 mol % of the rhodium catalyst Rh(acac)-
(C2H4)2/(S)-binap (1/1.1) in dioxane/H2O (10/1) was heated at
100 °C for 3 h. Aqueous workup followed by silica gel
chromatography gave 79% yield of 2-phenyl-1-nitrocyclohexane
(3am). It turned out that the main phenylation product3am is a

cis isomer (cis/trans ) 87/13) and both of thecis and trans
isomers are 98.3% enantiomerically pure (HPLC analysis with a
chiral stationary phase column) (entry 2 in Table 1). Treatment
of the cis-rich mixture with sodium bicarbonate in refluxing
ethanol causedcis-transequilibration giving thermodynamically
more stabletrans isomer (trans/cis ) 97/3).8 The enantiomeric
purity was kept 98.3% ee after the equilibration, indicating that
the cis and trans isomers have the same absolute configuration
at 2 position and the opposite configuration at 1 position. Their
absolute configurations were assigned to be (1S,2S) for cis isomer
and (1R,2S) for trans isomer by correlation with known com-
pounds (vide infra). It should be noted that the rhodium-catalyzed
asymmetric phenylation produced thermodynamically less stable
cis isomer of high enantiomeric purity and it can be isomerized,
if one wishes, intotrans isomer without loss of its enantiomeric
purity. The isomers were readily separated pure by preparative
TLC on silica gel or by a preparative GPC. The preferential
formation ofcis-3am in the catalytic phenylation may indicate
the protonation of a rhodium nitronate intermediate9 in the
catalytic cycle (Scheme 2).

The chemical yield,cis-selectivity, and enantioselectivity in
forming (1S,2S)-3am were dependent to some extent on the
amount of the boronic acid2m, the reaction temperature, and
the solvent used. The yield was higher (89%) with 10 equiv of
2m (entry 1). The highestcis-selectivity (89/11) and the highest
enantioselectivity (99.3% ee) was observed in the reactions carried
out at 80°C (entry 3) and in DMA/H2O (entry 6), respectively.

Under similar reaction conditions, 1-nitrocyclohexene (1a)
underwent asymmetric addition of some other arylboronic acids
(2n-2q) in good yields with high enantioselectivity (entries
9-12). The correspondingcis-2-aryl-1-nitrocyclohexanes (3an-
3aq) were produced with over 85%cis-selectivity and with the
enantioselectivity ranging between 97.6 and 99.0% ee. The
enantioselectivity in the addition of alkenylboronic acid (2r) was
low compared with that of arylboronic acids, but it was improved
by use of DMA/H2O as a solvent (entries 13 and 14). The
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asymmetric addition of phenylboronic acid was also successful
for other cyclic nitroalkenes, 1-nitrocycloheptene (1b) and 1-ni-
trocyclopentene (1c), and for a linear nitroalkene1d, which gave
the corresponding phenylation products with high enantioselec-
tivity, though the diastereoselectivity is not so high (entries 16,
18, and 19).10

The optically active nitroalkanes obtained by the present
rhodium-catalyzed asymmetric addition are useful chiral building
blocks which can be readily converted into a wide variety of
optically active compounds by taking advantage of the versatile
reactivity of nitro compounds (Scheme 3). Thus, for example,
exposure of3am (98% ee) to the Nef reaction conditions gave
(S)-2-phenylcyclohexanone (4)11 of 90% ee.12 The reaction was
accompanied by a slight loss of enantiomeric purity probably due
to the presence of an acidic hydrogen at the stereogenic carbon
center which is bonded to carbonyl and phenyl groups. Reduction
of the nitro group incis-3am (>99%cis) andtrans-3am (>99%
trans) by hydrogenation catalyzed by palladium on charcoal gave
the corresponding optically active 2-phenyl-1-aminocyclohex-
anes,13 cis-5 andtrans-5, respectively, withoutcis/transisomer-
ization or loss of their enantiomeric purity. Their % ee’s (98%
ee) were confirmed by an HPLC analysis of the acetamides6.
Nitro compounds containing acidic hydrogen(s) are known to be

good nucleophiles applicable to further carbon-carbon bond
forming reactions. As an example, Michael addition of (2S)-3am,
which is a mixture ofcis andtrans isomers in an 85/15 ratio, to
methyl acrylate14 followed by reduction of the nitro group in7
gave spiro amide815 as a single isomer in a high yield.
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Table 1. Asymmetric Conjugate Addition of Boronic Acids2 to Nitroalkenes1 Catalyzed by (S)-BINAP-Rhodium(I)a

entry nitroalkene1 RB(OH)2 2 (equiv to1) solvent (10/1) yieldb (%) of 3 cis/transc % eed after equivcis/transc

1 1a 2m(10) dioxane/H2O 89 (3am) 87/13 98.5 3/97
2 1a 2m(5) dioxane/H2O 79 (3am) 87/13 98.3
3 1a 2m(5) dioxane/H2Oe 54 (3am) 89/11 98.7
4 1a 2m(5) dioxane/H2Of <5 (3am) - -
5 1a 2m(5) DMF/H2O 73 (3am) 81/19 99.0
6 1a 2m(5) DMA/H2O 42 (3am) 83/17 99.3
7 1a 2m(5) 1-propanol/H2O 83 (3am) 84/16 93.7
8 1a 2m(5) toluene/H2O 18 (3am) 81/19 91.8
9 1a 2n(10) dioxane/H2O 89 (3an) 88/12 97.6 3/97

10 1a 2o(5) dioxane/H2O 88 (3ao) 85/15 99.0 3/97
11 1a 2p(5) dioxane/H2O 89 (3ap) 85/15 99.0 4/96
12 1a 2q(10) dioxane/H2O 84 (3aq) 85/15 98.0 2/98
13 1a 2r (5) dioxane/H2O 71 (3ar) 77/23 60.7
14 1a 2r (10) DMA/H2O 90 (3ar) 75/25 82.9 10/90
15 1b 2m (10) dioxane/H2O 45 (3bm) 26/74 78.7
16 1b 2m (5) DMF/H2O 73 (3bm) 17/83 90.6 8/92
17 1c 2m(5) dioxane/H2O 81 (3cm) 44/56 37.6
18 1c 2m(10) DMA/H2O 93 (3cm) 40/60 73.0 13/87
19 1d 2m (10) dioxane/H2O 33 (3dm) 39/61g 96.8 36/64g

a The reaction was carried out with nitroalkene1 (0.40 or 0.20 mmol), boronic acid2 (2.0 mmol) in a given solvent (1.1 mL) at 100°C for 3
h in the presence of 3 mol % of the catalyst generated from Rh(acac)(C2H4)2 and (S)-BINAP (1/1.1) unless otherwise noted.b Isolated yield by
silica gel chromatography.c Determined by1H NMR. d Determined by HPLC analysis with chiral stationary phase columns (Daicel Chiralcel OJ,
OD-H, or Chiralpak AD) except for3ar whose % ee was determined by GLC analysis with CP-Cyclodexâ236M. e At 80 °C. f At 60 °C. g Ratio
of diastereomeric isomers.
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