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A: General Information:

Unless otherwise stated, all reagents were purchased from commercial suppliers
and used without further purification. All reactions were carried out in air and using
undistilled solvent, without any precautions to exclude moisture unless otherwise
noted. Organic solutions were concentrated under reduced pressure on an EYELA
N-1001 rotary evaporator. Reactions were monitored by thin-layer chromatography
(TLC) on silica gel precoated glass plates (0.2+0.03 mm thickness, GF-254, particle
size 0.01-0.04 mm) from Yantai Chemical Industry Research Institute, P. R. China.
Chromatograms were visualized by fluorescence quenching with UV light at 254 nm.
Flash column chromatography was performed using silica gel (particle size 0.04—0.05
mm) from Yantai Chemical Industry Research Institute, P. R. China. 'H (400 MHz)
and >C (100 MHz) NMR spectra were recorded in CDCl; on Varian Inova-400 NMR
spectometer. Chemical shifts (6 ppm) are relative to the resonance of the deuterated
solvent as the internal standard (CDCls, & 7.26 ppm for proton NMR, & 77.00 ppm for
carbon NMR). 'H NMR data are reported as follows: chemical shift (8, ppm),
multiplicity (s = singlet, d = doublet, q = quartet, m = multiplet), coupling constants (J)
and assignment. Data for ?C NMR are reported in terms of chemical shift (5, ppm).
High-resolution mass spectra (HRMS) for all the compounds were determined on
Micromass GCT-TOF mass spertrometer with EI resource. High performance liquid
chromatography (HPLC) was performed on an Agilent 1200 Series chromatographs
using a Chiralcel OD-H column (0.46cm x 25 cm), Chiralpak AD-H (0.46cm x 25
cm). X-ray data were recorded on a Rigaku Mercury CCD/AFC diffractometer.
Optical rotations were measured on an Autopol IV polarimeter, and [a]p values are
reported in 10" dg cm® g'; concentration (c) is reported in g/100 ml. The divinyl

ketones were prepared according to reported methods.'™

B: General Procedure for the Double-Michael addition
To a stirred solution of 1a-0 (0.25 mmol) and IV (0.05 mmol) in toluene (1.0 mL)

was added nitromethane 2 (263.2 ulL, 5.0 mmol) at room temperature. After being

stirred for the right time, the mono-Michael addition product was purified by flash
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chromatography over silica gel (petroleum ether/ethyl acetate = 10:1 as eluent), and
subsequently treated with KOH (1.1 mg, 0.025 mmol) in EtOH (2 mL) at 0 °C for 2 h.
The reaction mixture was quenched with a saturated NH4ClI solution and extracted
with ethyl acetate (2x5 mL). The combined organic layers were washed with brine
and dried over Na,SO,. Filtration and evaporation of the solvents furnished the crude
product, which was purified by flash chromatography (SiO,, petroleum ether/ethyl

acetate = 10:1) to afford desired product.

C: Characterization Data of Michael Addition Products

4-nitro-3,5-diphenyl cyclohexanone (3a): 86% yield,

)
90% ee. The enantiomeric excess was determined by
NG, © HPLC on Daicel Chiralpak AD-H with hexane/i-PrOH

(95:5) as the eluent. Flow rate: 1.0 mL/min, A = 210nm:

trminor = 23.522 Min, tmgjor = 25.150 min. [o]p>> +44.6 (¢ 0.50 in CHCI3). "H NMR (400
MHz, CDCls) & 7.34 — 7.27 (m, 2H), 7.27 — 7.22 (m, 3H), 7.23 — 7.15 (m, 3H), 6.98
(dd, J=13.7, 8.6 Hz, 2H), 5.22 (dd, J = 6.9, 4.8 Hz, 1H), 3.87 (dd, J = 14.0, 7.1 Hz,
1H), 3.81 — 3.61 (m, 1H), 3.26 (dd, J = 15.8, 9.4 Hz, 1H), 3.00 (dd, J = 16.2, 6.4 Hz,
1H), 2.93 — 2.67 (m, 2H). >C NMR (100 MHz, CDCls) & 42.0, 42.4, 42.6, 43.5, 91.7,
127.4,127.8, 128.3, 128.6, 129.2, 129.5, 137.0, 139.6, 207.9 ppm. HRMS (EI) m/z: M

+ calcd. for C;sH7NO3, 295.1208, found 295.1207.

4-nitro-3,5-di(3,5-dimethoxyphenyl) cyclohexanone

( 0
MeO. OMe (3b): 77% yield, 92% ee. The enantiomeric excess
NO2 ©/ was determined by HPLC on Daicel Chiralcel OD-H
OMe OMe

with hexane/i-PrOH (80:20) as the eluent. Flow rate:

0.75 mL/min, A = 210nM: trinor = 50.982 min, togjor = 56.363 min. [a]p> +26.3 (c 1.00
in CHCl;). "H NMR (300 MHz, CDCls) & 6.37 (s, 3H), 6.20 (d, J = 1.8 Hz, 3H), 5.27
(dd, J = 6.8, 5.1 Hz, 1H), 4.12 (d, J = 7.1 Hz, 1H), 3.98 — 3.80 (m, 1H), 3.75 (d, J =
7.2 Hz, 12H), 3.25 (dd, J = 16.1, 9.3 Hz, 1H), 3.01 (dd, J = 16.3, 5.9 Hz, 1H), 2.80
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(dd, J=15.4, 5.9 Hz, 2H). °C NMR (75 MHz, CDCl5) & 42.0, 42.5, 42.9, 43.4, 55.5,
91.4,99.6,99.7, 105.7, 106.2, 139.3, 142.0, 161.2, 161.6, 207.8 ppm. HRMS (EI) m/z:

M- calcd. for C,oHy5NO7, 415.1631, found 415.1633.

0 4-nitro-3,5-di(4-methylphenyl) cyclohexanone (3c¢):
54% vyield, 90% ee. The enantiomeric excess was

NO, ©\ determined by HPLC on Daicel Chiralpak AD-H with

hexane/i-PrOH (80:20) as the eluent. Flow rate: 0.75

mL/min, A = 210nm: tminor = 10.843 min, tyajor = 15.619 min. [OL]D25 +90.6 (c 0.50 in
CHCl;). "H NMR (400 MHz, CDCl3) § 7.05 (d, J = 13.4 Hz, 6H), 6.86 (d, J = 7.6 Hz,
2H), 5.26 — 5.04 (m, 1H), 3.80 (d, /= 6.9 Hz, 1H), 3.75 — 3.51 (m, 1H), 3.20 (dd, J =
15.9, 9.2 Hz, 1H), 3.05 — 2.86 (m, 1H), 2.83 — 2.63 (m, 2H), 2.24 (d, J = 5.9 Hz, 6H).
*C NMR (100 MHz, CDCl3) 6 21.0, 41.8, 41.9, 42.0, 43.3, 91.6, 127.1, 127.4, 129.6,

129.9, 133.8, 136.3, 137.8, 138.1, 207.9 ppm. HRMS (EI) m/z: M+ caled. for

Cy0H21NO3, 323.1521, found 323.1525.

0 4-nitro-3,5-di(4-isopropylphenyl) cyclohexanone (3d):
67% yield, 90% ee. The enantiomeric excess was

CY determined by HPLC on Daicel Chiralcel OD-H with

hexane/i-PrOH (80:20) as the eluent. Flow rate: 0.75
mL/min, A = 210nm: tminer = 19.759 min, tmsjor = 14.667 min. [o]p>> +66.0 (c 1.00 in
CHCl;). "H NMR (400 MHz, CDCl;) & 7.18 (dd, J = 17.6, 8.1 Hz, 6H), 6.98 (d, J =
7.9 Hz, 2H), 5.27 (s, 1H), 3.90 (d, J = 6.8 Hz, 1H), 3.79 — 3.69 (m, 1H), 3.43 — 3.21
(m, 1H), 3.01 (d, J = 5.8 Hz, 1H), 2.93 — 2.71 (m, 4H), 1.22 (t, J = 6.8 Hz, 12H). °C
NMR (100 MHz, CDCl3): & 23.7, 23.9, 33.6, 33.7, 41.7, 41.9, 42.2, 43.2, 91.5, 126.9,

127.1, 127.3, 127.4, 134.1, 136.7, 148.6, 148.8, 207.9 ppm. HRMS (EI) m/z: M*

calcd. for Co4H>9NO3, 379.2147, found 379.2154.
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4-nitro-3,5-di(4-fluorophenyl) cyclohexanone (3e):
73% vyield, 92% ee. The enantiomeric excess was

F NO: ©\F determined by HPLC on Daicel Chiralcel OD-H with

hexane/i-PrOH (80:20) as the eluent. Flow rate: 1.0
mL/min, A = 210nm: tminor = 25.175 min, tygjor = 15.165 min. [OL]D25 +33.5 (¢ 1.00 in
CHCl;). '"H NMR (400 MHz, CDCl3) & 7.22 (d, J = 2.9 Hz, 2H), 7.13 — 6.88 (m, 6H),
5.23 (dd, J = 6.7, 4.8 Hz, 1H), 3.96 — 3.60 (m, 2H), 3.25 (dd, J = 15.6, 8.5 Hz, 1H),
3.00 (d, J = 5.1 Hz, 1H), 2.93 — 2.63 (m, 2H). °C NMR (100 MHz, CDCl3) & 41.4,
41.6, 42.0, 43.5, 91.3, 115.8, 116.0, 116.1, 116.3, 128.6, 128.8, 129.2, 129.3, 132.4,

134.8, 206.9 ppm. HRMS (EI) m/z: M+ calcd. for C;sH;5F,NOs, 331.1020, found

331.1014.

o 4-nitro-3,5-di(2-chlorophenyl) cyclohexanone (3f):
¢l ¢l 65% yield, 90% ee. The enantiomeric excess was

determined by HPLC on Daicel Chiralcel OD-H with

hexane/i-PrOH (80:20) as the eluent. Flow rate: 0.75

mL/min, A = 210nM: tyinor = 20.473 min, tmsjor = 29.946 min. [a]p> -88.0 (¢ 1.00 in
CHCl;). 'H NMR (400 MHz, CDCl3) & 7.58 — 7.35 (m, 1H), 7.21 (dd, J = 18.7, 8.1
Hz, 6H), 7.06 (d, J = 7.0 Hz, 1H), 5.32 (s, 1H), 4.44 (d, J = 2.8 Hz, 1H), 3.94 (d, J =
14.2 Hz, 1H), 3.40 (t, J= 15.0 Hz, 1H), 3.22 (dd, J = 16.5, 7.0 Hz, 1H), 2.88 (d, J =
14.3 Hz, 1H), 2.55 (dd, J = 15.5, 3.0 Hz, 1H). >C NMR (100 MHz, CDCls) & 36.8,
39.7, 40.8, 41.0, 86.2, 127.5, 127.7, 127.8, 128.7, 129.4, 129.5, 129.9, 130.4, 130.5,

133.4, 134.1, 136.6, 208.0 ppm. HRMS (EI) m/z: M+ caled. for C;sH;sCl,NO;3,

363.0429, found 363.0426.

2 4-nitro-3,5-di(3-chlorophenyl) cyclohexanone (3g):

cl cl
NO, ©/

68% yield, 84% ee. The enantiomeric excess was
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determined by HPLC on Daicel Chiralcel OD-H with hexane/i-PrOH (80:20) as the
eluent. Flow rate: 1.0 mL/min, A = 210nm: tyiner = 34.468 min, tmajor = 23.045 min.
[a]p”® +40.4 (¢ 0.50 in CHCls). '"H NMR (400 MHz, CDCl3) & 7.28 (d, J = 13.3 Hz,
5H), 7.14 (s, 1H), 7.05 (s, 1H), 6.96 (d, J = 6.8 Hz, 1H), 5.27 (s, 1H), 3.90 (d, /= 6.8
Hz, 1H), 3.78 (s, 1H), 3.27 (dd, J=15.8, 8.9 Hz, 1H), 3.03 (dd, /= 16.2, 5.0 Hz, 1H),
2.92 —2.70 (m, 2H). *C NMR (100 MHz, CDCl;) & 41.6, 41.8, 42.0, 43.1, 90.7, 114.5,
125.4,127.4, 128.5, 130.3, 134.9, 135.2, 135.2, 138.5, 138.5, 141.0, 141.0, 206.3 ppm.
HRMS (EI) m/z:

M- calcd. for CigH;5C1,NO3, 363.0429, found 363.0431.

4-nitro-3,5-di(4-chlorophenyl) cyclohexanone (3h):

( o}
82% vyield, 91% ee. The enantiomeric excess was
NO, ©\ determined by HPLC on Daicel Chiralpak AD-H with
Cl Cl

hexane/i-PrOH (98:2) as the eluent. Flow rate: 1.0

mL/min, A = 210nm: tminor = 18.953 min, tyajor = 17.370 min. [OL]D25 +75.2 (¢ 1.00 in
CHCl3). '"H NMR (400 MHz, CDCl3) & 7.32 (dd, J = 15.2, 7.6 Hz, 4H), 7.19 (d, J =
7.1 Hz, 2H), 6.99 (d, J = 7.1 Hz, 2H), 5.22 (d, J = 5.0 Hz, 1H), 3.84 (dd, J = 22.2,
15.6 Hz, 2H), 3.25 (dd, J = 15.5, 7.9 Hz, 1H), 3.02 (dd, J = 15.9, 5.7 Hz, 1H), 2.82
(ddd, J = 24.7, 15.6, 7.0 Hz, 2H). *C NMR (100 MHz, CDCls) § 41.5, 41.7, 41.8,
43.3,90.9, 128.5, 128.9, 129.1, 129.5, 134.0, 134.4, 135.0, 137.4, 206.6 ppm. HRMS

(EI) m/z: M+ caled. for CisH;sC1,NO3, 363.0429, found 363.0427.

4-nitro-3,5-di(2-bromophenyl) cyclohexanone (3i):

9)
Br Br 80% yield, 90% ee. The enantiomeric excess was
© determined by HPLC on Daicel Chiralcel OD-H with
NO,

hexane/i-PrOH (80:20) as the eluent. Flow rate: 0.75

mL/min, A = 210nM: tminor = 21.209 Min, tmsjor = 43.508 min. [a]p> -112.6 (¢ 0.50 in
CHCLs). "H NMR (400 MHz, CDCls) & 7.57 (d, J= 7.9 Hz, 1H), 7.43 (d, J = 7.8 Hz,
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1H), 7.29 (d, J = 7.4 Hz, 1H), 7.22 (t, J = 7.7 Hz, 2H), 7.15 (d, J = 7.6 Hz, 1H), 7.06
(dd, J=21.4,7.5 Hz, 2H), 5.28 (s, 1H), 4.42 (d, J = 3.4 Hz, 1H), 3.88 (d, J= 14.2 Hz,
1H), 3.52 — 3.18 (m, 2H), 3.04 — 2.69 (m, 1H), 2.55 (d, J = 15.3 Hz, 1H). °C NMR
(100 MHz, CDCls) & 39.1, 39.9, 40.8, 43.2, 86.3, 124.1, 127.3, 127.8, 128.0, 128.4,

129.7, 130.2, 132.3, 133.3, 133.8, 135.7, 144.0, 208.0 ppm. HRMS (EI) m/z: M-

calcd. for CigH5sBrpNOs, 452.9419, found 452.9434.

o 4-nitro-3,5-di(4-bromophenyl) cyclohexanone (3j):
66% yield, 92% ee. The enantiomeric excess was

Br NOz ©\Br determined by HPLC on Daicel Chiralcel OD-H with

hexane/i-PrOH (80:20) as the eluent. Flow rate: 1.0

mL/min, A = 210nM: tminer = 38.787 min, tmjor = 24.206 min. [o]p>> +85.6 (c 0.50 in
CHCl;). '"H NMR (400 MHz, CDCls) & 7.54 — 7.32 (m, 4H), 7.05 (d, J = 7.7 Hz, 2H),
6.86 (d, J = 7.9 Hz, 2H), 5.16 (s, 1H), 3.87 — 3.64 (m, 2H), 3.27 — 3.03 (m, 1H), 2.93
(dd, J = 16.0, 4.6 Hz, 1H), 2.73 (ddd, J = 25.0, 15.8, 6.4 Hz, 2H). >C NMR (100
MHz, CDCls) § 29.7, 41.7, 41.8, 43.3, 90.8, 122.2, 122.7, 128.9, 129.2, 132.2, 132.5,

135.5, 138.0, 206.5 ppm. HRMS (EI) m/z: M+ calcd. for CisH;sBr,NOs, 450.9419,

found 450.9417.

4-nitro-3,5-di(4-trifluoromethylphenyl) cyclohexanone
©\ (Bk): 78% yield, 94% ee. The enantiomeric excess was
NO2 CF;

F3C

determined by HPLC on Daicel Chiralcel OD-H with

hexane/i-PrOH (80:20) as the eluent. Flow rate: 0.75
mL/min, A = 210nm: tminor = 35.729 min, tyajor = 16.428 min. [OL]D25 +42.7 (¢ 1.00 in
CHCI;). "H NMR (400 MHz, CDCl3) § 7.62 (dd, J = 14.8, 7.8 Hz, 4H), 7.40 (d, J =
7.6 Hz, 2H), 7.20 (d, J= 7.6 Hz, 2H), 5.40 — 5.31 (m, 1H), 3.95 (dd, /= 18.3, 6.4 Hz,
2H), 3.29 (dd, J = 15.9, 7.9 Hz, 1H), 3.12 — 2.98 (m, 1H), 2.93 (dd, J = 16.0, 5.1 Hz,
1H), 2.84 (dd, J = 16.1, 9.5 Hz, 1H). >C NMR (100 MHz, CDCls) & 42.1, 42.2, 42.6,
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42.7,43.7, 43.7, 90.8, 126.3, 126.7, 126.7, 128.0, 128.5, 138.3, 140.7, 140.8, 143.1,

145.5, 206.3 ppm. HRMS (EI) m/z: M+ calcd. for Cy0H;5F¢NO3, 431.0956, found

432.1037.
R 4-nitro-3,5-di(2-furyl) cyclohexanone (31):
58% vyield, 85% ee. The enantiomeric excess was
\\O NO, IIQ determined by HPLC on Daicel Chiralcel OD-H with
hexane/i-PrOH (80:20) as the eluent. Flow rate: 0.75

mL/min, A = 210nm: tyiner = 18.873 min, tmajor =
15.009 min. [o]p> +19.2 (¢ 0.25 in CHCl;). '"H NMR (400 MHz, CDCl;) & 7.43 —
7.12 (m, 3H), 6.25 (s, 2H), 6.10 (d, J = 25.4 Hz, 1H), 5.39 (d, J = 4.6 Hz, 1H), 4.11 —
3.88 (m, 1H), 3.74 (d, J = 4.0 Hz, 1H), 3.12 — 2.83 (m, 2H), 2.83 — 2.59 (m, 2H). "°C
NMR (100 MHz, CDCl3) & 37.1, 37.2, 40.8, 40.9, 86.0, 108.1, 108.3, 110.5, 110.6,
142.7, 142.9, 150.3, 151.2, 204.7 ppm. HRMS (EI) m/z: M- calcd. for C;4H3NOs,

275.0794, found 275.0794.

Q 4-nitro-3,5-di(2-thienyl) cyclohexanone (3m):
C{@" 74% vyield, 92% ee. The enantiomeric excess was
s no, Q determined by HPLC on Daicel Chiralpak AD-H with

hexane/i-PrOH (80:20) as the eluent. Flow rate: 0.75

mL/min, A = 210nm: tyinor = 29.212 Min, tmgjor = 17.315 min. [a]p™ +11.6 (c 0.50 in
CHClIs, dark sample). 'H NMR (400 MHz, CDCls) & 7.28 — 7.09 (m, 2H), 6.89 (s, 3H),
6.78 (s, 1H), 5.24 (d, J = 4.2 Hz, 1H), 4.22 (d, J = 6.0 Hz, 1H), 3.97 (d, J = 4.6 Hz,
1H), 3.24 (dd, J = 15.5, 9.5 Hz, 1H), 3.08 (dd, J = 15.7, 5.8 Hz, 1H), 2.95 — 2.68 (m,
2H). *C NMR (100 MHz, CDCls) & 38.0, 38.8, 43.2, 43.3, 91.3, 125.4, 125.5, 126.0,

126.2, 127.2, 127.4, 139.3, 141.9, 205.3 ppm. HRMS (EI) m/z: M+ calcd. for

Ci14H13NOsS,, 307.0337, found 307.0335.
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0 4-nitro-3,5-di(2,4-dichlorophenyl) cyclohexanone
¢ ¢l (Bn): 71% yield, 91% ee. The enantiomeric excess
o NO, o was determined by HPLC on Daicel Chiralcel

OD-H with hexane/i-PrOH (80:20) as the eluent.

Flow rate: 0.75 mL/min, A = 210nm: tpiner = 24.991
min, togor = 20.433 min. [a]p> -44.4 (c 0.50 in CHCl3). "H NMR (400 MHz, CDCl3)
8 7.50 (s, 1H), 7.44 —7.16 (m, 4H), 7.07 (d, J = 8.2 Hz, 1H), 5.33 (s, 1H), 4.46 (s, 1H),
3.92 (d, J = 13.9 Hz, 1H), 3.43 (t, J = 14.8 Hz, 1H), 3.27 (dd, J = 16.1, 6.0 Hz, 1H),
291 (d, J = 16.2 Hz, 1H), 2.61 (d, J = 15.3 Hz, 1H). °C NMR (75 MHz, CDCl5) &
37.1, 40.2, 41.1, 41.2, 86.2, 128.4, 128.6, 129.3, 130.1, 130.2, 130.3, 130.9, 133.1,

134.5, 135.0, 135.4, 135.5, 207.6 ppm. HRMS (EI) m/z: M+ calcd. for C;3H;3CI4NO;3,

432.9620, found 432.9606.

i 3-(4-chlorophenyl)-4-nitro-5-phenyl cyclohexanonethe (30):
Q/fg @\ product was isolated as sum of diastereoisomers in 84% yield

and 64% ee on the major disteroisomer and 91% ee on the

minor (d.r. = 4:1 was determined by integration of "H NMR signal: dmajor 5.20 ppm.
t, dminor 5.12 ppm. t). The enantiomeric excess was determined by HPLC on Daicel
Chiralcel OD-H with hexane/i-PrOH (80:20) as the eluent. Flow rate: 1.0 mL/min, A =
210nm: major diastereoisomer tmgjor = 23.534 min., tminor = 32.953 min.; minor
diastereoisomer tmgjor = 18.287 min., tminor = 28.448 min. [OL]D25 +54.0 (¢ 0.50 in
CHCl;). '"H NMR (400 MHz, CDCl3) & 7.34 — 7.07 (m, 7H), 7.02 — 6.87 (m, 2H), 5.17
(dd, J=20.0, 14.6 Hz, 1H), 3.90 — 3.53 (m, 2H), 3.19 (dd, /= 15.9, 8.7 Hz, 1H), 3.04
—2.88 (m, 1H), 2.86 — 2.61 (m, 2H).">’C NMR (100 MHz, CDCl3) & 41.4, 41.5, 41.6,
42.0,42.3,42.4,43.1,43.5,91.0,91.1, 126.6, 127.5, 128.5, 128.9, 129.3, 129.5, 129.8,
133.9, 133.9, 134.2, 135.2, 136.5, 137.7, 139.0, 207.0, 207.1 ppm. HRMS (EI) m/z:

M- calcd. for CisH;¢CINOs3, 329.0819, found 329.0817



Supplementary Material (ESI) for Chemical Communications
This journal is (¢) The Royal Society of Chemistry 2011

D: X-ray Crystal Structure of 3n

Crystal structure determination of compound 3n: C;sH;3;CI4NO;, M = 433.11; a
block crystal (0.75x0.20x0.10 mm), T = 293(2), A (Mo-Ka) = 0.71070 A, Monoclinic,
space group: P21, a=11.575(3) A, b =7.6295(19) A, ¢ = 21.699(6) A, V = 1899.1(8)
A3, 18600 total reflections, 6899 unique, Rint = 0.1011, R1 = 0.0991 (I > 25), wR2 =
0.1687, Absolute structure parameter: -0.06 (12). An ORTEP drawing of 3n is shown

in Figure S1.

Figure S1. ORTEP drawing of 3n (40% thermal ellipsoids)

The crystal was prepared from the solution of 3n in acetone and n-hexane.

CCDC 799931 contains the supplementary crystallographic data for this paper. These
data can be obtained free of charge from The Cambridge Crystallographic Data

Centre via www.ccdc.cam.ac.uk/data request/cif.
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F: NMR Analysis of Michael Addition Products
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G: HRMS Analysis of Michael Addition Products
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H: HPLC Analysis of Michael Addition Products
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