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Experimental Section

1.0 General Information

Unless otherwise noted, material were purchased from commercial suppliers and used without further purification.
Cyclohexanone and dichloromethane were freshly distilled from calcium hydride. n-Hexane, ethyl ether and
tetrahydrofuran (THF) were distilled from sodium / benzophenone. Reactions were monitored by thin layer

chromatography (TLC), and column chromatography purifications were performed using 200-300 mesh silica gel.

"HNMR spectra were recorded on 400 MHz or 600 MHz spectrophotometers. Solvent for NMR is CDCls, unless
the otherwise noted. Chemical shifts are reported in delta (3) units in parts per million (ppm) relative to the singlet
(0 ppm) for tetramethylsilane (TMS). Data are reported as follows: chemical shift, multiplicity (s = single, d =
doublet, t = triplet, q = quartet, br = broad, m = multiplet), coupling constants (Hz) and integration. *CNMR
spectra were recorded on 100 MHz or 150 MHz. Chemical shifts are reported in ppm relative to the central line of
the heptalet at 77.0 ppm for CDCl;. The ee values determination was carried out using chiral high-performance
liquid chromatography (HPLC) with Daicel Chiracel AD-H, OD-H and AS-H column and the dr values were
determined by 400 MHz or 600 MHz 'H NMR. Organocatalys 3-6 were prepared according to the previous

procedure'? from proline-derived amine and cinchona alkaloid-derived amines.>*

2.0 Characterization data of catalysts 3-6

General Procedure for Preparing Bifunctional Organocatalysts 3-6. Preparation of 3a is typical.
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The pure (s)-2-amino-1-N-Boc-pyrrolidine 7 was obtained as a colorless oil according to the reported procedures.*

Carbon bisulfide (6.23 mL, 103.09 mmol) and N,N'-dicyclohexylcarbodiimide (DCC) (3.22 g, 10 mmol) were
added to a solution of (s)-2-amino-1-N-Boc-pyrrolidine 7 (3.13 g, 15.62 mmol) in dry ether (50 mL) at 0 °C. The

reaction mixture was allowed to warm slowly to room temperature over a period of 3 h and then was stirred for a
further 12 h at room temperature. After separation of the precipitated thiourea by filtration, the solvent was
removed under reduced pressure. The residue was purified through flash column chromatography on silica gel
(eluent, petroleum ether / ethyl acetate = 20:1 to 5:1) to give the corresponding isothiocyanate 8 in 76% yield (2.89
). '"H NMR (400 MHz, CDCls, TMS): 6 1.46 (s, 9H), 1.84-1.99 (m, 3H), 2.03-2.14 (m, 1H), 3.37-3.47 (m, 2H),
3.61-3.89 (m, 2H), 3.96-3.97 (m, 1H). *C NMR (100 MHz, CDCl,): d 22.8, 23.6, 28.3, 28.6, 29.3, 46.6, 47.0, 47.1,
47.8,56.3,79.7, 80.0, 131.0, 153.9, 154.4.

To a solution of the above isothiocyanate 8 (2.23 g, 9.2 mmol) in dry dichloromethane (50 mL) was added

cinchonidine-derived amine 9 (2.70 g, 9.2 mmol).* The reaction mixture was stirred for 9 h at room temperature
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and was concentrated in vacuo. After column chromatography on silica gel (eluent: ethyl acetate / methanol = 10:1
to 5:1 (0.5% v/v Et;N)), the Boc-protected thiourea-amine 10 as a white solid was isolated in 88 % yield (4.32 g),
which was used directly in the next step. The above Boc-protected thiourea-amine 10 was dissolved in a mixture of
TFA/CH,Cl, (12 mL/60 mL) and stirred for 12 h at room temperature. The mixture was basified with concentrated
ammonia solution and extracted with CH,Cl, (2x40 mL). After the removal of the solvent in vacuo, the residue
was first purified through flash column chromatography on silica gel (eluent: methanol / TEA = 10:1), then second

purification through a short pad of Na,SO, (eluent: CH,Cl,) gave 3a as a white solid in 55% yield (1.93 g).

Other thiourea-amine catalysts (3b-6) were synthesized according to the above procedures.
Catalyst 3a
N 'H NMR (400 MHz, CDCls, TMS): 6 0.81 (s, 1H), 1.14-1.32 (m, 2H), 1.56-1.71
EN>—-\N—/<S /_\ (m, 5H), 2.05 (s, 2H), 2.31 (s, 1H), 2.69-2.91 (m, 4H), 3.15 (s, 1H), 3.25-3.59 (m,
5H), 4.97 (t, J = 14.4 Hz, 2H), 5.69-5.75 (m, 1H), 6.08 (br s, 3H), 7.65 (t, J= 7.8
H *g\\ Hz, 2H), 7.72 (t, J= 7.2 Hz, 1H), 8.10 (d, J = 8.4 Hz, 1H), 8.65 (s, 1H), 8.89 (d, J
= 4.2 Hz, 1H); "C NMR (100 MHz, CDCLy): ¢ 24.7, 25.4, 27.1, 27.3, 27.9, 39.0,
41.4,45.1,45.8,55.4,58.9, 114.4, 124.4, 126.6, 127.1, 129.0, 129.8, 140.8, 148.2,
150.0, 182.7; MS (EI) m/z 435 (rel intensity) (M"); Analysis calculated for C,sH33N5S: C, 68.93, H, 7.64, N, 16.08.
Found: C, 68.89; H, 7.61; N, 16.14.

3a

Catalyst 3b
N 'H NMR (400 MHz, CDCls, TMS): & 0.75 (s, 1H), 1.09-1.51 (m, 5H), 1.65-1.69
E&—\N s { _\ (m, 2H), 1.68-1.89 (m, 1H), 2.22 (q, J = 6.8, 14.8 Hz, 1H), 2.76-2.97 (m, 5H),
H Nee 3.21-3.79 (m, 4H), 5.15 (t, J = 6.8 Hz, 1H), 5.46 (br s, 2H), 5.80-5.89 (m, 1H),
H N g\\ 7.63-7.82 (m, 3H), 8.08 (d, J= 9.6 Hz, 1H), 8.60 (d, J = 8.4 Hz, 1H), 8.90 (d, J =
" 4.4 Hz, 1H); °C NMR (100 MHz, CDCLy): & 24.4, 24.7, 25.6, 26.9, 28.3, 39.0,

45.3, 459, 46.5, 47.3, 48.8, 59.5, 60.5, 114.9, 119.6, 124.3, 126.5, 127.2, 129.1,
129.7, 147.7, 148.1, 150.0, 183.0; MS (EI) m/z 436 (rel intensity) (M'+1); Analysis calculated for C,5H33NsS: C,
68.93, H, 7.64, N, 16.08. Found: C, 68.97; H, 7.69; N, 16.04.

Catalyst 4a
N 'H NMR (400 MHz, CDCl;, TMS): 6 0.74-0.79 (m, 1H), 1.27-1.41 (m, 1H),
E&—\N _/<S 4 _\ 1.65-1.78 (m, 7H), 2.33 (s, 1H), 2.80-3.06 (m, 4H), 3.23-3.32 (m, 2H),
H N 3.55-3.87 (m, 4H), 4.03 (s, 3H), 4.90 (d, J = 10.4 Hz, 1H), 4.97 (d, J = 17.2
H N \ OMe 4, 1H), 5.61-5.70 (m, 1H), 6.57 (br s, 3H), 7.37 (dd, J = 2.4, 9.2 Hz, 1H),

7.60 (s, 1H), 7.95 (d, J = 9.2 Hz, 1H), 8.10 (s, 1H), 8.67 (d, J = 3.2 Hz, 1H);

3C NMR (100 MHz, CDCLy): 6 24.0, 25.2, 26.9, 27.7, 38.6, 41.8, 45.0, 45.8,
53.7,55.2,55.7, 59.1,60.1, 102.5, 114.8, 119.7, 122.0, 128.1, 131.0, 140.0, 144.4, 145.2, 147.5, 157.7, 182.5; MS
(EI) m/z 465 (rel intensity) (M"); Analysis calculated for C,cH3sNsOS: C, 67.06, H, 7.58, N, 15.04. Found: C,
67.09; H, 7.54; N, 15.09.

4a

Catalyst 4b
V; N 'H NMR (400 MHz, CDCls, TMS): ¢ 0.81-0.87 (m, 1H), 1.12-1.50 (m, 4H),
D\
E’}_\N_/(S _ 1.62-1.79 (m, 2H), 1.86-1.96 (m, 1H), 2.21-2.26 (m, 1H), 2.72-2.95 (m, 5H),
Hoy 3.33-3.82 (m, 4H), 4.03 (s, 3H), 5.11 (d, J = 10.4 Hz, 1H), 5.19 (d, J=17.2
H OMe
N

N
4b S4



Hz, 1H), 5.80-5.89 (m, 1H), 6.57 (br s, 1H), 7.34 (dd, J= 2.4, 9.2 Hz, 1H), 7.80 (s, 1H), 7.93 (d, /= 9.2 Hz, 1H),
8.03 (s, 1H); '*C NMR (100 MHz, CDCls): & 23.8, 24.7, 25.2, 26.5, 27.8, 38.4, 44.8, 45.5, 47.0, 48.6, 52.9, 55.4,
59.9, 102.1, 114.6, 119.6, 122.1, 128.0, 130.6, 139.5, 144.2, 145.5, 147.3, 157.5, 182.7; MS (EI) m/z 465 (rel
intensity) (M"); Analysis calculated for C,gH35sN50S: C, 67.06, H, 7.58, N, 15.04. Found: C, 67.10; H, 7.53; N,
15.08.

Catalyst 5

'H NMR (400 MHz, CDCl;, TMS): § 0.85-.89 (m, 1H), 1.31-1.47 (m, 2H),
O""\ > /_\ 1.63-1.76 (m, 5H), 1.90-1.92 (m, 1H), 2.34 (s, 1H), 2.84-2.93 (m, 4H), 3.23-3.27
(m, 1H), 3.54-3.75 (m, 5H), 4.93 (d, J = 6.8 Hz, 1H), 4.98 (d, /= 11.2 Hz, 1H),
Ho < A\ 5.60-5.65 (m, 1H), 6.35 (br s, 3H), 7.65 (t, J = 5.2 Hz, 1H), 7.72 (t, J = 4.8 Hz,
g\ 2H), 8.10 (d, J = 5.6 Hz, 1H), 8.64 (d, J = 5.2 Hz, 1H), 8.90 (d, J = 3.2 Hz, 1H);
3C NMR (100 MHz, CDCly): 6 23.9, 24.5, 24.9, 26.8, 27.8, 38.6, 41.3, 44.8, 45.4,
45.9, 55.0, 59.2, 60.3, 114.5, 119.6, 124.2, 126.4, 127.0, 128.9, 129.6, 140.0, 147.2, 147.9, 149.9, 182.6; MS (EI)
m/z 435 (rel intensity) (M"); Analysis calculated for C,5H;3NsS: C, 68.93, H, 7.64, N, 16.08. Found: C, 68.96; H,

7.62; N, 16.03.

Catalyst 6
'H NMR (400 MHz, CDCl;, TMS): & 0.78-0.82 (m, 1H), 1.09-1.20 (m, 2H),
NH‘"'\N_/<S /_\ 1.42-1.58 (m, 7H), 2.24-2.30 (m, 1H), 2.57-3.15 (m, 10H), 3.91 (br s, 1H), 5.16
Ho N (dd, J= 6.0, 7.2 Hz, 2H), 5.84-5.93 (m, 1H), 7.48 (s, 1H), 7.63 (t, J= 7.6 Hz, 1H),

H Ng\\ 7.72 (t, J = 8.0 Hz, 1H), 8.09 (d, J = 8.0 Hz, 1H), 8.53 (s, 1H), 8.82 (s, 1H); *C

NMR (100 MHz, CDCl;): ¢ 24.6, 25.8, 26.8, 28.1, 38.7, 45.4, 46.8, 48.5, 57.7,

60.2, 114.4, 123.9, 126.1, 126.8, 128.7, 129.4, 139.6, 147.7, 149.6, 182.2; MS (EI)

m/z 435 (rel intensity) (M"); Analysis calculated for C,5H33NsS: C, 68.93, H, 7.64, N, 16.08. Found: C, 68.99; H,
7.67; N, 16.04.
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3.0 Characterization data of Michael products 13a-0

Representative procedure for the Asymmetric Michael Reaction of Nitroolefin 12a with Cyclohexanone 11
(Table 3, entry 1).

(0] O Ph
. Ph/\/NOZ catalyst 3a(10 mol%) . ! ~__NO,
PhCO,H (10 mol%) :
n-Hexane, r.t.
1 12a 13a

The organocatalyst 3a (22.0 mg, 0.05 mmol), PhCO,H (6.1 mg, 0.05 mmol) and cyclohexanone 11 (0.53 mL, 5.0
mmol) were stirred in 1 mL of n-hexane for 10 min at room temperature. trans-f-Styrene 12a (75.0 mg, 0.5 mmol)
was then added and the reaction mixture was stirred for 5 h. After the complete consumption of 12a (as monitored
by TLC). The reaction mixture was concentrated under reduced pressure, and the residue was purified by flash
column chromatography on silica gel (petroleum ether / ethyl acetate (4:1 to 2:1)) to give the corresponding pure
Michael product 13a (110.0 mg, 89%) as a white solid. Relative and absolute configurations of the products were
determined by comparison of '"H NMR, '*C NMR spectra and HPLC data with the known literature. Compounds

13a-0 and 15 are known.'?*

2-(2-nitro-1-phenylethyl)cyclohexanone (13a), (Table 3, entry 1).
The ee was determined by HPLC (Chiralpak AS column, hexane/i-PrOH 75:25, flow rate 1.0
o © mL/min, A =210 nm, 20 °C). tz (minor) = 9.3 min; tz (major) = 13.3 min. syn/anti = 97/3, syn:
NO, ee = 96%. 'H NMR (400 MHz, CDCls, TMS): ¢ 1.18-1.28 (m, 1H), 1.51-1.61 (m, 1H),
1.66-1.81 (m, 3H), 2.05-2.11 (m, 1H), 2.35-2.43 (m, 1H), 2.45-2.50 (m, 1H), 2.65-2.72 (m,
1H), 3.73-3.79 (m, 1H), 4.62 (dd, J = 10.0, 12.4 Hz, 1H), 4.95 (dd, J = 4.4, 12.4 Hz, 1H),
7.16-7.18 (m, 2H), 7.24-7.34 (m, 3H); *C NMR (100 MHz, CDCl;): ¢ 24.8, 28.3, 33.0, 42.5, 43.7, 52.2, 78.7,

127.5,127.9,128.7, 137.5, 211.9.

13a

2-(2-nitro-1-(4-nitrophenyl)ethyl)cyclohexanone (13b), (Table 3, entry 2).

NO, The ee was determined by HPLC (Chiralpak AD column, hexane/i-PrOH 75:25, flow rate 1.0
mL/min, A = 254 nm, 20 °C). tg (minor) = 13.1 min; t; (major) = 28.9 min, syn/anti = 93/7, syn:
o ee = 94%. 'H NMR (600 MHz, CDCls, TMS): § 1.24-1.30 (m, 1H), 1.57-1.71 (m, 4H),
NO, 1.81-1.84 (m, 1H), 2.11-2.13 (m, 1H), 2.36-2.42 (m, 1H), 2.48-2.50 (m, 1H), 2.70-2.75 (m,

1H), 3.91-3.95 (m, 1H), 4.70 (dd, J=10.8, 12.6 Hz, 1H), 5.00 (dd, J = 4.2, 13.2 Hz, 1H), 7.40

(d, J= 8.4 Hz, 2H), 8.20 (d, J = 8.4 Hz, 2H); *C NMR (100 MHz, CDCl,): ¢ 24.9, 28.1, 33.0,
42.5,43.6,52.0,77.9, 123.9, 129.2, 145.5, 147.2, 210.8.

Yo

13b

2-(2-nitro-1-(2-nitrophenyl)ethyl)cyclohexanone (13c) , (Table 3, entry 3).
©\ The ee was determined by HPLC (Chiralpak AS column, hexane/i-PrOH 80:20, flow rate 1.0

mL/min, A = 254 nm, 20 °C). tg (minor) = 23.2 min; t; (major) = 29.8 min, syn/anti = 98/2, syn:

(6] NO2

NO, € = 95%. 'H NMR (600 MHz, CDCl;, TMS): 6 1.45-1.51 (m, 1H), 1.60-1.73 (m, 2H),
1.80-1.85 (m, 2H), 2.10-2.13 (m, 1H), 2.34-2.41 (m, 1H), 2.46-2.49 (m, 1H), 2.92-2.96 (m,
1H), 4.31-3.35 (m, 1H), 4.92 (d, J = 6.6 Hz, 2H), 7.42-7.47 (m, 2H), 7.59 (t, J = 7.8 Hz, 1H),

7.84 (d, J = 8.4 Hz, 1H); *C NMR (100 MHz, CDCl3): § 25.2, 28.2, 33.0, 41.8, 42.7, 52.1, 77.6, 124.7, 128.4,

129.0, 132.7, 133.0, 150.7, 211.0.

13c
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2-(1-(4-fluorophenyl)-2-nitroethyl)cyclohexanone (13d) , (Table 3, entry 4).
The ee was determined by HPLC (Chiralpak OD column, hexane/i-PrOH 95:5, flow rate 1.0
mL/min, A =210 nm, 20 °C). tg (minor) = 18.8 min; t; (major) = 20.8 min, syn/anti = 97/3, syn:
ee = 94%. 'H NMR (600 MHz, CDCls, TMS): § 1.20-1.26 (m, 1H), 1.55-1.73 (m, 2H),
NO, 1.79-1.87 (m, 1H), 2.07-2.10 (m, 1H), 2.33-2.41 (m, 1H), 2.46-2.48 (m, 1H), 2.63-2.67 (m,
1H), 3.75-3.79 (m, 1H), 4.60 (t, J = 10.8 Hz, 1H), 4.93 (dd, J= 4.2, 12.0 Hz, 1H), 7.01 (t, J =
8.4 Hz, 2H), 7.14-7.16 (m, 2H); '*C NMR (100 MHz, CDCl;): J 24.9, 28.3, 33.0, 42.6, 43.1,
52.4,78.7,115.6, 115.8, 129.6, 129.7, 133.4, 133.5, 160.7, 163.2, 211.6.

-

13d

2-(1-(4-bromophenyl)-2-nitroethyl)cyclohexanone (13e) , (Table 3, entry 5).
Br The ee was determined by HPLC (Chiralpak AD column, hexane/i-PrOH 90:10, flow rate 1.0
mL/min, A = 210 nm, 20 °C). tz (minor) = 14.0 min; tz (major) = 22.9 min, syn/anti = 94/6, syn:
ee = 94%. 'H NMR (600 MHz, CDCl;, TMS): ¢ 1.19-1.26 (m, 1H), 1.56-1.73 (m, 3H),
NO, 1.78-1.81 (m, 1H), 2.07-2.10 (m, 1H), 2.34-2.40 (m, 1H), 2.46-2.48 (m, 1H), 2.62-2.67 (m,
1H), 3.72-3.76 (m, 1H), 4.60 (dd, J = 10.2, 12.6 Hz, 1H), 4.93 (dd, J=4.2, 12.6 Hz, 1H), 7.06
(d, J = 8.4 Hz, 2H), 7.45 (d, J = 8.4 Hz, 2H); *C NMR (100 MHz, CDCl;): 6 24.9, 28.3, 33.0,
42.6,43.3,52.2,78.4, 121.6, 129.8, 131.9, 136.7, 211.4.

<o

13e

2-(1-(2-bromophenyl)-2-nitroethyl)cyclohexanone (13f) , (Table 3, entry 6).
The ee was determined by HPLC (Chiralpak AD column, hexane/i-PrOH 85:15, flow rate 1.0
mL/min, A =210 nm, 20 °C). tz (minor) = 8.9 min; tz (major) = 14.3 min, syn/anti = 98/2, syn:
No, ¢ = 90%. 'H NMR (600 MHz, CDCl;, TMS): § 1.37-1.39 (m, 1H), 1.61-1.76 (m, 3H),
1.81-1.87 (m, 1H), 2.09-2.12 (m, 1H), 2.35-2.41 (m, 1H), 2.46-2.48 (m, 1H), 2.90 (s, 1H),
13f 4.30 (s, 1H), 4.86-4.94 (m, 2H), 7.13 (t, J= 7.2 Hz, 1H), 7.21 (d, J= 7.2 Hz, 1H), 7.29 (t, J =
7.2 Hz, 1H), 7.57 (d, J = 7.8 Hz, 1H); *C NMR (100 MHz, CDCl;): 6 25.0, 28.3, 32.7, 41.7, 42.5, 52.0, 77.2,
127.8,128.8, 133.3, 137.1, 211.3.

o

2-(1-(4-chlorophenyl)-2-nitroethyl)cyclohexanone (13g) , (Table 3, entry 7).
cl The ee was determined by HPLC (Chiralpak AD column, hexane/i-PrOH 90:10, flow rate 1.0
mL/min, A = 210 nm, 20 °C). tz (minor) = 13.2 min; tz (major) = 20.0 min, syn/anti = 93/7, syn:
ee = 94%. 'H NMR (600 MHz, CDCl;, TMS): ¢ 1.19-1.26 (m, 1H), 1.53-1.59 (m, 1H),
NO, 1.63-1.73 (m, 2H), 1.78-1.81 (m, 1H), 2.07-2.11 (m, 1H), 2.32-2.40 (m, 1H), 2.45-2.48 (m,
1H), 2.62-2.67 (m, 1H), 3.74-3.78 (m, 1H), 4.60 (dd, J = 9.6, 12.0 Hz, 1H), 4.93 (dd, J=4.2,
12.6 Hz, 1H), 7.11 (d, J = 7.8 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H); *C NMR (100 MHz, CDCl;):
024.9,28.3,33.0,42.6,43.2,52.2,78.5,129.0, 129.4, 133.4, 136.2, 211.4.

o

13g

2-(1-(2-chlorophenyl)-2-nitroethyl)cyclohexanone (13h) , (Table 3, entry 8).
The ee was determined by HPLC (Chiralpak AD column, hexane/i-PrOH 95:5, flow rate 1.0

O

cl mL/min, A = 210 nm, 20 °C). tz (minor) = 13.8 min; tz (major) = 24.3 min, syn/anti = 97/3, syn:
NO, ee = 94%. 'H NMR (600 MHz, CDCl;, TMS): § 1.30-1.36 (m, 1H), 1.57-1.73 (m, 3H),
1.80-1.87 (m, 1H), 2.08-2.11 (m, 1H), 2.32-2.41 (m, 1H), 2.46-2.48 (m, 1H), 2.91 (s, 1H),
4.29 (d, J=17.8 Hz, 1H), 4.89 (d, J= 6.6 Hz, 2H), 7.19-7.25 (m, 3H), 7.37 (d, /= 7.8 Hz, 1H);
3C NMR (100 MHz, CDCLy): 6 25.0, 28.3, 32.7, 40.7, 42.5, 51.5, 77.1, 127.2, 128.6, 129.2, 130.0, 134.3, 135.3,

211.5.

13h
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2-(1-(2,4-dichlorophenyl)-2-nitroethyl)cyclohexanone (13i) , (Table 3, entry 9).

cl The ee was determined by HPLC (Chiralpak AD column, hexane/i-PrOH 90:10, flow rate 1.0
@\ mL/min, A = 210 nm, 20 °C). tz (minor) = 10.1 min; tz (major) = 14.6 min, syn/anti = 95/5, syn:
o ¢ ee = 95%. 'H NMR (600 MHz, CDCl;, TMS): ¢ 1.30-1.36 (m, 1H), 1.59-1.75 (m, 3H),

SN0,  1.82-1.87 (m, 1H), 2.09-2.12 (m, 1H), 2.37-2.40 (m, 1H), 2.46-2.48 (m, 1H), 2.87 (s, 1H),

é/\/ 424 (dd, J=17.2, 15.6 Hz, 1H), 4.88 (d, J = 6.6 Hz, 2H), 7.18 (d, J = 8.4 Hz, 1H), 7.23 (d, J =

8.4 Hz, 1H), 7.40 (s, 1H); *C NMR (100 MHz, CDCly): 6 25.2, 27.0, 28.4, 32.9, 40.5, 42.7,
51.6,77.4,127.7,130.0, 133.9, 134.2, 135.2, 211.3.

2-(2-nitro-1-p-tolylethyl)cyclohexanone (13j) , (Table 3, entry 10).
The ee was determined by HPLC (Chiralpak AS column, hexane/i-PrOH 90:10, flow rate 0.8
mL/min; A =210 nm, 20 °C). tz (minor) = 15.9 min; tz (major) = 28.1 min, syn/anti = 94/6, syn:
ee = 92%. 'H NMR (600 MHz, CDCl;, TMS): ¢ 1.19-1.26 (m, 1H), 1.53-1.59 (m, 1H),
NO2  1.64-1.79 (m, 3H), 2.05-2.09 (m, 1H), 2.31 (s, 3H), 2.35-2.40 (m, 1H), 2.45-2.48 (m, 1H),
2.64-2.68 (m, 1H), 3.69-3.73 (m, 1H), 4.60 (dd, /= 10.2, 12.0 Hz, 1H), 4.92 (dd, J=4.8, 12.6
Hz, 1H), 7.04 (d, J = 8.4 Hz, 2H), 7.12 (d, J = 7.8 Hz, 2H); '*C NMR (100 MHz, CDCl;): ¢
20.9,24.9, 28.4,33.0,42.6,43.4,52.4,78.9, 127.9, 129.4, 134.5, 137.2, 211.9.

"

13]

2-(1-(2-methoxyphenyl)-2-nitroethyl)cyclohexanone (13K) , (Table 3, entry 11).
The ee was determined by HPLC (Chiralpak AS column, hexane/i-PrOH 90:10, flow rate 1.0
mL/min, 1 =210 nm, 20 °C). tz (minor) = 15.3 min; tz (major) = 17.7 min, syn/anti = 95/5, syn:
NO, e¢ = 92%. 'H NMR (400 MHz, CDCls, TMS): § 1.15-1.25 (m, 1H), 1.51-1.52 (m, 1H),
1.66-1.87 (m, 3H), 2.03-2.09 (m, 1H), 2.31-2.42 (m, 1H), 2.44-2.48 (m, 1H), 2.94-3.01 (m,
1H), 3.84 (s, 3H), 3.93-3.99 (m, 1H), 4.82 (dd, J = 2.4, 5.2 Hz, 2H), 6.88 (t, J= 7.6 Hz, 2H),
7.08 (dd, J = 1.6, 7.6 Hz, 1H), 7.22-7.26 (m, 1H); *C NMR (100 MHz, CDCl;): 6 24.9, 28.3, 33.1, 41.1, 42.5, 50.3,
55.1,110.8, 120.6, 125.1, 128.7, 130.7, 157.4, 212.3.

5o

13k

2-(1-(naphthalen-1-yl)-2-nitroethyl)cyclohexanone (13l) , (Table 3, entry 12).

The ee was determined by HPLC (Chiralpak AS column, hexane/i-PrOH 50:50, flow rate 0.7
mL/min, A = 254 nm, 20 °C). tz (minor) = 12.0 min; tz (major) = 17.2 min, syn/anti = 93/7, syn:
NO, ee = 92%. 'H NMR (400 MHz, CDCl;, TMS): & 1.20-1.30 (m, 1H), 1.47-1.56 (m, 1H),

1.62-1.71 (m, 3H), 2.06-2.11 (m, 1H), 2.38-2.53 (m, 1H), 2.85 (s, 1H), 4.77 (s, 1H), 491 (t, J
=10.0 Hz, 1H), 5.08 (dd, J = 4.4, 12.8 Hz, 1H), 7.37-7.58 (m, 4H), 7.78 (d, J = 8.4 Hz, 1H),

7.86 (d, J = 8.0 Hz, 1H), 8.18 (d, J = 7.2 Hz, 1H); *C NMR (100 MHz, CDCLy): J 25.0, 28.5, 33.1, 36.6, 42.7,
53.6,78.6, 122.6, 123.4, 125.2, 125.7, 126.4, 127.9, 128.8, 132.3, 133.8, 134.5, 212.1.

O

13l

2-(1-(furan-2-yl)-2-nitroethyl)cyclohexanone (13m) , (Table 3, entry 13).

The ee was determined by HPLC (Chiralpak AD column, hexane/i-PrOH 90:10, flow rate 1.0
O

mL/min, A =210 nm, 20 °C). t (major) = 11.1 min; tz (minor) = 13.5 min, syn/anti = 92/8, syn:
ee = 85%. 'H NMR (600 MHz, CDCl;, TMS): ¢ 1.25-1.32 (m, 1H), 1.62-1.66 (m, 2H),

13m 1.74-1.77 (m, 1H), 1.83-1.85 (m, 1H), 2.09-2.11 (m, 1H), 2.34-2.39 (m, 1H), 2.45-2.47 (m,
1H), 2.73-2.77 (m, 1H), 3.95-3.99 (m, 1H), 4.67 (dd, J = 9.6, 12.6 Hz, 1H), 4.79 (dd, J= 4.8, 12.6 Hz, 1H), 6.18 (d,
J=3.0Hz, 1H), 6.28 (dd, J = 1.8, 3.0 Hz, 1H), 7.34 (s, IH); "*C NMR (100 MHz, CDCl;): 6 24.9, 28.0, 32.3, 37.4,
42.3,50.9, 76.5, 108.7, 110.1, 142.1, 150.8, 210.8.

NO,
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2-(1-(4-methoxyphenyl)-2-nitroethyl)cyclohexanone (13n) , (Table 3, entry 25).

OMe The ee was determined by HPLC (Chiralpak AD column, hexane/i-PrOH 75:25, flow rate 0.7
mL/min, 4 = 210 nm, 20 °C). tz (major) = 11.8 min; tz (minor) = 14.3 min, syn/anti = 89/11,
syn: ee = -85%. '"H NMR (400 MHz, CDCl;, TMS): ¢ 1.17-1.18 (m, 1H), 1.51-1.58 (m, 1H),

NO, 1.65-1.81 (m, 3H), 2.04-2.11 (m, 1H), 2.33-2.41 (m, 1H), 2.44-2.49 (m, 1H), 2.61-2.67 (m,

1H), 3.68-3.74 (m, 1H), 3.77 (s, 3H), 4.58 (dd, J = 10.0, 12.4 Hz, 1H), 4.90 (dd, J= 4.4, 12.0

Hz, 1H), 6.84 (d, J = 8.8 Hz, 2H), 7.08 (d, J = 8.4 Hz, 2H); "*C NMR (100 MHz, CDCl;): §
24.8,28.4,33.0,42.5,43.0, 52.5, 55.0, 78.9, 114.1, 129.0, 129.4, 158.8, 211.9.

13n

2-(2-nitro-1-(thiophen-2-yl)ethyl)cyclohexanone (130) , (Table 3, entry 26).
— The ee was determined by HPLC (Chiralpak AS column, hexane/i-PrOH 90:10, flow rate 1.0
o S\# mL/min, 4 = 210 nm, 20 °C). tz (major) = 21.0 min; tz (minor) = 29.2 min, syn/anti = 85/15,
NO, syn: ee = -82%. 'H NMR (400 MHz, CDCls, TMS): ¢ 1.27-1.43 (m, 1H), 1.60-1.73 (m, 2H),
1.83-1.93 (m, 2H), 2.04-2.12 (m, 1H), 2.32-2.39 (m, 1H), 2.42-2.48 (m, 1H), 2.64-2.71 (m,
1H), 4.10-4.16 (m, 1H), 4.65 (dd, J=9.2, 12.4 Hz, 1H), 4.89 (dd, J = 4.8, 12.8 Hz, 1H), 6.87
(d, J = 2.8 Hz, 1H), 6.93 (dd, J = 3.6, 5.2 Hz, 1H); *C NMR (100 MHz, CDCLy): ¢ 24.9, 28.1, 32.6, 39.2, 42.4,

53.1,79.1, 124.8, 126.4, 126.7, 140.3, 211.1.

130

(S)-2,2-dimethyl-4-nitro-3-phenylbutanal (15) , (Eq 1).

o Ph The ee was determined by HPLC (Chiralpak OD column, hexane/i-PrOH 80:20, flow rate 0.8
H NO, mL/min, 4 = 210 nm, 20 °C). tz (major) = 17.6 min; t (minor) = 25.8 min, ee = 85%. 'H
15 NMR (600 MHz, CDCl;, TMS): 6 1.01 (s, 3H), 1.14 (s, 3H), 3.78 (dd, J = 3.0, 10.8 Hz, 1H),

4.69 (dd, J = 3.6, 13.2 Hz, 1H), 4.85 (t, J = 12.6 Hz, 1H), 7.20 (d, J = 7.2 Hz, 2H), 7.29-7.34
(m, 3H), 9.53 (s, 1H); *C NMR (100 MHz, CDCly):  18.5, 21.4, 48.1, 76.1, 127.9, 128.5, 128.9, 135.1, 204.2.
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5.0 NMR Spectra
Catalyst NMR Spectra

'H NMR (400 MHz, CDClI,) spectrum of isothiocyanate 8

JRO9-181HH 400 MHz

@ 3O QWO M0 o o0 = T OO~ ©O
@ MO0 @EWUON- -0 OO +— 0 © DWNC T OO
© HHH OODOOO T T TO - = O HeoO® 0O TOo
~ P 00 M Moo Mo 0o [ I I SV S N o

ey, WL

| UL | T T 11T | T T 11T | L | 1 17T | 1 1 7T | T 17T | T 17T | L | L | L | L | L
10.0 9.0 8.0 7.0 6.0 50 40 30 20 1.0 0.0 -1.0
ppm (f1)

3C NMR spectrum (100 MHz, CDCl5) of isothiocyanate 8

JRO9-181PPC 400 MHz

163.915
131.098

154.401
80.077
79.742
77.624
77.305
76.086
56.320
47.832
47.172
47.044
46653

209399
28612
28.348
23638
22842

)

2

KW v

S 1 L

T[T T [T [T T I [T T T T [T [ OO T [T T[T T T T[T [ OO T[T T [T [T [T T[T [ T[T [ TI T TTT]
230 220 210 200 180 180 170 180 150 140 130 120 10 100 90 8O0 70 60 S0 40 30 20 10 0
ppm (f1)

S10



'H NMR (600 MHz, CDClI,) spectrum of catalyst 3a

JRO9-60PH 600 MHz
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3¢ NMR spectrum (100 MHz, CDCls) of catalyst 3a
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'H NMR (400 MHz, CDClI5) spectrum of catalyst 3b

JRO9-187PH 400 MHz
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'H NMR (400 MHz, CDClI,) spectrum of catalyst 4a

JRO9-185PH 400 MHz
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3C NMR spectrum (100 MHz, CDCls) of catalyst 4a
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'H NMR (400 MHz, CDClI5) spectrum of catalyst 4b

JRO9-186PH 400 MHz
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'H NMR (400 MHz, CDClI5) spectrum of catalyst 5
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'H NMR (400 MHz, CDClI,) spectrum of catalyst 6

JRO9-47PH 400 MHz
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Michael product NMR Spectra

'H NMR (400 MHz, CDClIs) spectrum of Michael product 13a

JROY-56HH 400 MHz
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'H NMR (600 MHz, CDClIs) spectrum of Michael product 13b

JRO9-123H 600 MHz
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'H NMR (600 MHz, CDClI;) spectrum of Michael product 13c
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3C NMR spectrum (100 MHz, CDCls) of Michael product 13c

JRO9-124C 400 MHz
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'H NMR (600 MHz, CDCI,) spectrum of Michael product 13d
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3¢ NMR spectrum (100 MHz, CDClIs;) of Michael product 13d
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'H NMR (600 MHz, CDClI;) spectrum of Michael product 13e
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'H NMR (600 MHz, CDClI;) spectrum of Michael product 13f
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3C NMR spectrum (100 MHz, CDClIs) of Michael product 13f
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'H NMR (600 MHz, CDCI5) spectrum of Michael product 13g
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'H NMR (600 MHz, CDClI,) spectrum of Michael product 13h
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'H NMR (600 MHz, CDClIs,) spectrum of Michael product 13i
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'H NMR (600 MHz, CDClI;) spectrum of Michael product 13j
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'H NMR (400 MHz, CDClIs) spectrum of Michael product 13k
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'H NMR (400 MHz, CDClIs,) spectrum of Michael product 13l
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'H NMR (600 MHz, CDClI,) spectrum of Michael product 13m
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'H NMR (400 MHz, CDClI,) spectrum of Michael product 13n

JRO9-147H 400 MHz

5953 2~8%5 383 PomeNPRo TR e w
QRO N 0o O SR T R
CCcn®w OOO® 0w SIS ©© IR
MO @ ST T e me oo oo oo

——— 4,578
——— 4.553

)P

|| i Il I |
1 N S S 1 A Y S
by poy K W
=0 o = o S A N 2
£ g 8 &= B B 2 5
‘I\II‘\I\I‘I\\I|\I\I|\I\I|\\I\|\I\\|I\I\|I\I\ll\\l‘l\l\‘llll‘ll\l
9.0 8.0 70 6.0 50 4.0 3.0 20 1.0 0.0 1.0 20

ppm (f1)

3¢ NMR spectrum (100 MHz, CDCl,) of Michael product 13n
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'H NMR (400 MHz, CDClIs,) spectrum of Michael product 130

JRO9-143H 400 MHz
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'H NMR (400 MHz, CDClIs) spectrum of Michael product 15
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HPLC Chromatograms
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VWD A Wavelength=254 nm (ZY1998.0)
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VWD A, Wavelength=210 nm (WxF1166.D)
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VWO &, Wavelength=210 nm (ZV202.0)
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VWD A, Wavelength=210 nm (J9-128.0)
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0 5 10 15 20 25 min|
Br
Peak BetTime Type Width Lrea Height Arsa
E [min] [min] mAT ¥ [mAT 1 %
________________________________ |__________|________
1 14,034 FF 0.3552 371.1%7g8 16.07887 3.1187
NO, 2 22.914 BB 0.5850 1.15313=4 301.17044 9¢.83813
Totals 1.1%025=4 317.245811
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VWD &, Wavelength=210 nm (Z72554.0)

mau o
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0 5 75 125 15
Peak RetTime Type Lrea Height
$ [min] mAT L] [mLlT ]
(0] Br | e e e e e [
N02 1 8.915 Vv L2081 1.7€98B8e4 133%.4423585
2 14.28%0 BV .31e3 1.81788=4 892.2215¢
Totals 3.58773=24 2231.55455
rac-syn-13f
VWD A, Wavelength=210 nm {J9-155.D)
mal | g
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o4 S L\ o .
T T T T
5 75 12.5 15
Peak RetTime Type Area Height
4 [min] mAT s [mAT 1
Br | -l [-=—mm————=
NO 8.908 BV 1275.00582 72.065c0
2 Z 14.346 FEB 2.23187=4 107€.4130%
Totals 2.35937=4 1148.478¢8
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VWD £, Wavelength=210 nm {27204 0)
mal ] &
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Cl
Peak RetTime Type Width Area Height Aresa
H [min] [min] mAaT *s5 [mAT 1 %
|- | == | ==
o) S9601.69727 421.28802 50.817%
NO2 9292.83574 271.55841 4%.1321
Totals : 1.8894324 6592.84644
rac-syn-13g
VWD A, Wavelength=210 nm (J9-120.0)
may ]
B00 ||
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400 |
300 |
200 |
i | |
] |
100 & |
i el
] ] | \
¥ =
] i =N \
o4 Ad M —— Y '\.IJ" . M |a'| \\ .
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0 5 10 15 20 25m
Cl
Peak RetTime Type Width Lrea Height Area
F [min] [min] mAU 35 [mAT 1 %
—————————————————————— |-
13.220 BV 0.3488 B05.84784 35.17484 3.2808
N02 2 20.053 BB 0.5355 2.3758%=4 §80.41827 9¢ g2
Totals : 2.4562724 715.59311
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O &, Wavelengih=210 nm [Z7254.0)

mAl ] ]
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0 5 10 15 20 25 ki m
Peak RetTime Type Width Area Height Aresa
4 [min] [min] mAT *g [mAT 1 %
(@) [ Bt e |-=——————— R | ===
NO 1 14.150 VB 0.291¢ B301.1181e 43%.£1320 £%.3708
2 2 25.097 BB 0.511e B512.89625 257.87824 30.g2%2
Totals : l.681368=4 §97.59164
rac-syn-13h oEass " = N =
VWD A, Wavelength=210 nm {(J2-160.0)
Meorm. ] g
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Peak RetTime Type Width Lrea Height Lrea
4 min] [min] mAU L] [mATT 1 %
—————————————————————— Rl el
1 13.879 VB 0.2945 B8%1.g8451 46.01762 2.9340
2 24.3%9g BB 0.5343 2.94997=1 §33.3700& 97.0€€0
Totals : 3.03914=4 65%.387&7
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VWO &, Wavelength=210 nm (Z7205.0)
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cl Peak BetTime Type Width Aresa Height Arz=a
F [min] [min] mAT 3 [mAT 1 %
______________________ |__________ __________I________
1 10.051 Vv 0.2858 2.0311lc=4 105%0.003 43.4357
0 Cl 2 10.769 VV 0.2382 551.8B666  34.123 1.3160
N02 3 11.091 VB 0.3073 g42.03308 30.5383 1.5310
4 14.749 VB 0.3941 z2.0425%g=24 T792.0457 483.7172
rac-syn-13i Totals 4.19352e4 1847.15530
VWD A, Wavelength=210 nm (J9-127.0)
Mormn. ] =H
] ﬁ
1750 |
1500 ||
1250 |
1000 |
750 |
1 I
500 |
] |
] i |
250 o | \
1 "I (=1 | |
4 | - \
] M I \
i} . R T y{\\-_ — L M . —
—r ] 7 T T
0 25 5 7.5 10 12.5 15 17.5 m
Cl
Peak RetTime Type Width Lrea Height Area
H min] [min] m&T *s5 [mAT 1 %
Cl 10. 0 lela.82764 91.348382 2.539%9
N02 2 14.8B5 BB 0.4955 6.20395=24 1989%.5755% 4§7.4g01
Totals 6.3656324 20g1.32421
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WO &, Wavelength=210 nm [ZY 2008 D)

F [min]

NO,

rac-syn-13j

Wl

YWD A, Wavelength=210 nm (J2-1253C.0)

Type
F [min]

NO, 2 z8.
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VWD &, Wavelength=210 nm (Zv214C.0)

3

= 17.81
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0 5 10 15 20 25
Peak RetTime Type Width Lrea Height Aresa
3 [min] [min] mAT ¥ [mAT 1 %
o} OMe | —===l=-=====|-===|-===——- R | ===—mmmm | === -
NO 1 15.235 PB 0.4731 BO54.07275 2&0.28B0%8 53.64%
2 2 17.813 PB 0.5152 &958.35693 208.186l1% 4£€.350
Totals : 1.501z24=4 4&8.4871¢
rac-syn-13k
VWD A, Wavelength=210 nm {J9-143.D)
mal r.-_‘ﬁ
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Peak RetTime Type WWidth Area Height Arsa
4 min] [min] mAO L] [mATT 1 %
—————————————————————— | =mmmmmm e | == mmm e | m oo
1 15. 0.4640 2228.57446 73.58053 3.815¢
z 17 0.8007 5.61778=24 1473.24707 S€.1844
Toctals : 5.64064=24 154€.827&0
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VWD &, Wavelength=252 nm (Z7212.0)

=568

= 16.581

Peak RetTime Type
F [min]
(0]

T 1 - % - -
rac-syn-13I fotals : 5188.82012

313.

VWD A Wavelength=252 nm (J9-121.0)

12,068
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|
-~

Peak RetTime Type Width Lrea
3 [min] [min] mAU ¥3

Le0400

LB2332
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VWD &, Wavelength=210 nm (2721540}
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o Z 2 [min] [min]
NO, .614 BB 0.2463 1.
2 13.211 VB 0.2754 1.59810=4
rac-syn-13m Totals : 3.34803=4 19£3,.43%21
VWD &, Wavelength=210 nm [J9-1328.0)
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Peak RetTime Type Width Lres Height Lrea
F [min] [min] mAT s [mAT 1 %
—————————————————————— Rttt I Rttt
1 11.119% BB 0.2341 £730.83398 435,72808 92,2417
2 13.567 VB 0.2B07 S566.11761  30.28307  7.735a3
Totals 7296.95160 4££.01113
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VWD &, Wavelength=210 nm (27286 0)
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o ~ | Tttt |——=—= |
1 11.521 BB 0.247¢ 1.07024=4 5a. 78
N02 2 13.E891 BV 0.285% 1.0gE8z20=24 54£7.88300 49,9522
Totals : 2.1384424 1157.25317
rac-syn-13n

VWD A, Wavelength=210 nm (J9-145.D)
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Peak RetTime Type Width Area
$ [min] [min] mAU LE}
________________________________ I
O 1 11. 0.2651 1.3081424
NO, 2 14. 0.3102 1085.79321
Totals : 1.41€7224 780.21821
13n
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VWD A, Wavelength=210 nm (272228 D)
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o) S 4 [min] [min] miO *3 [mAT 1 %
__________________________________________ |________
NO2 1 0.7513 1.48770=4 303.33551 51.4211
2 0.8602 1.40547e4 52.€18%& 48.35378%
rac-syn-130 Totals Z.EB5317=4 555.85447
VIO &, Wavelength=210 nm (J9-1265.0)
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NO2 973 1.93005=24 38€.813381 1.
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130 Totals 2.11721=4 403.21877
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VWD A, Wavelength=210 nm (J9-1583.0)
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VWD A Wavelength=210 nm (J9-124.D)
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H 1 17.837 BB 0 T21 2.1442Be4 5€3.481¢%9 92
2 25.821 PB 0.B327 1747.54810 31.548¢8¢ 7
15
Totals 2.31803=4 5%5.02835
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