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1. General methods

'H-NMR and “C-NMR spectra were recorded at 300 MHz and 75 MHz or at 400 MHz and 100 MHz
respectively. Chemical shifts are reported in ppm relative to the resonance of CHCl; (8 = 7.26) for 'H-NMR
and to the central peak of CDCl; (8 = 77.5) for *C-NMR. Flash chromatography (FC) was carried out using
Merck silica gel 60 (230-400 mesh) using mixtures of petroleum ether 30-50 °C (PE) and diethyl ether.
Diastereoisomer ratios (dr) and enantiomeric excesses (ee) of the products were determined either by CSP-
GC equipped with a MEGA column (chiral stationary phase diacetyl #-butyl f CAX 30%) and a flame
ionization detector (FID 5890 series II Hawlett-Packard) or by HPLC, using a CHIRALPAK IB ocolumn
and a refractive index detector VARIAN RI 4.

1.1 Materials

Analytical grade solvents were used as received. All commercially available reagents were used as received,
including nitroalkanes 2a, 2b, 2¢, 2d, 2g and 2h and Cinchona alkaloid catalysts I, 1L, III, IV, V, and VIIL.
Catalyst VI was prepared accordingly to ref. 11e.

Nitroalkanes 2e [M. Cherest and X. Lusinchi, Tetrahedron, 1986, 42, 3825] and 2f [A. K. Ghosh and H. Lei,

J. Org. Chem., 2002, 67, 8783] were prepared accordingly to standard literature procedures.

Unsaturated substrates 1a-c were prepared following the procedure reported in ref. 8 and stored at -20 °C
prior to use. It should be noted that no chromatographic purification should be performed on the unsaturated
adducts because of their instability over silica gel.
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Figure 1
Ethyl-2-oxo-cyclopent-1-enecarboxylate (1a):
O "H NMR (300 MHz) & (CDCly): 8.28 (t, 1H, ] = 2.7 Hz), 4.14 (q, 2H, ] = 7.2 Hz), 2.7-2.6
% CO,Et (m, 2H), 2.42-2.39 (m, 2H) 1.19 (t, 3H, J = 7.2 Hz).
BC NMR (75 MHz) & (CDCl;): 203.2, 172.2, 162.1, 137.6, 61.2, 36.0, 27.0, 14.5.

1a

Ethyl-2-oxo-cyclohexen-1-enecarboxylate (1b):

O 'H NMR (300 MHz) 5 (CDCls): 7.66 (m, 1H), 4.26 (q, 2H, J = 7.2 Hz), 2.6-1.9 (m, 6H)
CO.Et 131 (¢, 3H,J=7.2 Hz).
3C NMR (75 MHz) § (CDCLy): 194.7, 164.9, 156.0, 133.6, 61.3, 39.0, 26.4, 22.5, 14.4.
1b
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2. Synthesis and characterization of compounds 3

2.1 General procedure for the preparation of products 3a-3j

Unsaturated substrate 1a-c (0.35 mmol) is dissolved in 3.5 mL of the solvent with catalyst I-VII (10% mol,
an equimolar mixture of quinine and quinidine is used for the preparation of racemic samples) at the
temperature indicated in table 2. When the mixture is homogeneous, the nitroalkane 2a-h (3 eq) is added.
The reaction is left without stirring for a period of time that varies between a few hours (reactions at room
temperature, racemic samples) and some days (reactions at -20°C). When the unsaturated B-ketoester is
totally consumed (TLC), the crude reaction mixture is directly loaded on a chromatographic column filled
with silica gel and packed with PE, and quickly purified by FC (PE first, then PE:Et,O from 10:1 to 1:4) to
avoid degradation. The solvent is removed in vacuo to provide the products 3a-j as dense, pale yellow oils.

3a. The ee was determined by CSP-GC (column head pressure of carrier gas nitrogen of
H 14 psi, column temperature 180°C); Tmgjor = 24.8 min, Toinor = 23.8 min. For ees: see table
a i -
- COzEt 1, entries 1-14.

O

Hc" "H-NMR (300 MHz) & (CDCls), mixture of keto and enol forms with ratio 1:1: 10.6 (bs,
HE NO, 1H, enol form), 4.71 (dd, 1H, J = 12.0 Hz, ] = 4.2 Hz, enol form), 4.59 (dd, 1H, J = 12.7
Hz, J= 6.7 Hz, keto form), 4.52 (dd, 1H, J = 12.7 Hz, J = 6.7 Hz, keto form), 4.3-4.1 (m,
3a HCc' 2H , keto form, 3H enol form), 3.7-3.6 (m, 1H, keto form), 3.4-3.2 (m, 1H, enol form),
3.10 (d, 1H, J = 11.4 Hz, keto form), 2.8-2.0 (m, 6H), 1.8-1.6 (m, 2H), 1.32 (t,3H,J=7.2

Hz, keto form), 1.31 (t, 3H, J = 7.2 Hz, enol form).

BC-NMR (75 MHz) § (CDCly): 208.3, 179.0, 169.3, 167.9, 99.7, 79.2, 78.4, 62.5, 60.9, 58.7, 40.0, 39.1,
38.1,31.4,25.1,24.3, 14.6, 14.7.

[a]p: +35.4 (sample with79% ee, MeOH, ¢ = 30 mg/mL)
HRMS calculated for CoH;3NNaOs: 238.0691; found: 238.0658.
(@) 3b. The ee was determined by CSP-GC (column head pressure of carrier gas nitrogen

Ha of 14 psi, column temperature 180°C); for major diastereoisomer: Tmgjor = 9.6 min,
= _CO,Et Tminor = 9.2 min. For ees: see table 1, entries 15-18.

Hc "H-NMR (300 MHz) & (CDCls), mixture of keto and enol forms with ratio 6:1: 4.46
Hb NO, (ddd, 1H, J = 11.7 Hz, J = 10.5 Hz, J = 3.6 Hz), 4.25 (q, 2H), 2.96 (d, IH, J = 11.7
3b Hz), 2.6-2.5 (m, 2H), 2.2-2.0 (m, 3H), 1.8-1.6 (m, 2H), 1.31 (t, 3H), 0.98 (t, 3H).

BC-NMR (75 MHz) & (CDCl5): 208.6, 168.6, 93.1, 62.5, 58.5, 43.8, 38.2, 25.6, 24.0, 14.6, 10.8.
HRMS calculated for C;;H;7NNaOs; 266.1004; found: 266.1041.

@] 3c¢. The ee was determined by CSP-GC (column head pressure of carrier gas nitrogen of
Ha 14 psi, column temperature 180°C); for major diastereoisomer: Tmajor = 13.1 min, Tminor =
= _COEt 121 min, ee = 94%, dr = 20:1, table 2, entry 1.
Hc
Hb NO2 'H.NMR (300 MHz) & (CDCl;), mixture of keto and enol forms with ratio 5:1: 10.8 (bs,
3c 1H, enol form), 5.0-4.8 (m, 1H, enol form), 4.8-4.6 (m, 1H, keto form), 4.26 (q, 4H, J =

7.2 Hz), 3.5-3.4 (m, 1H, keto form), 3.2-3.1 (m, 1H), 3.03 (d, 1H, J = 11.7 Hz), 2.6-2.1
(m, 6H), 1.8-1.4 (m, 2H), 1.58 (d, 6H, T = 6.6 Hz), 1.32 (t, 6H, J = 7.2 Hz).
BC.NMR (75 MHz) & (CDCls): 208.6, 171.6, 168.6, 100.0, 86.0, 84.4, 66.3, 62.5, 60.8, 58.3, 45.9, 44.8,
38.3,31.4,24.1,17.8, 16.7, 15.7, 14.7, 14.6.

HRMS calculated for C,oH;sNNaOs: 252.0848; found: 252.0859.
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3d. The ee was determined by CSP-GC (column head pressure of carrier gas nitrogen of 9
psi, column temperature 165°C); for major diastereoisomer using quinine as catalyst: Tmajor
= 32.6 min, Tyiner = 28.6 min, ee = 94%, dr = 30:1, table 2, entry 8. Using quinidine as
catalyst: ee = —93%, dr =15:1, table 2, entries 2-3.

"H-NMR (300 MHz) & (CDCl;), mixture of keto and enol forms 3:1: 10.6 (bs, 1H, enol
form), 5.0-4.8 (m, 1H), 4.6-4.1 (m, 5H), 3.4-3.1 (m, 2H), 2.96 (d, 1H, J = 11.7 Hz), 2.6-1.9
(m, 8H), 1.8-1.1 (m, 8H), 1.28 (t, 6H, ] = 6.9 Hz), 1.0-0.8 (m, 6H).

BC-NMR (75 MHz) § (CDCls), keto form: 208.3, 168.6, 91.3, 62.5, 58.5, 43.9, 38.2, 34.0, 24.0, 19.6, 14.6,

13.8.

HRMS calculated for C;,H;9NNaOs: 280.1161; found: 280.1170.

~“CO,Et

w
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N

3e. The ee was determined by CSP-GC (column head pressure of carrier gas nitrogen of
15 psi, column temperature 190°C); for major diastereoisomer using quinine as catalyst:
Tmajor = 01.4 MiN, Trino: = 53.4 min, ee = 91%, dr = 20:1, table 2, entry 4.

"H-NMR (300 MHz) & (CDCls): 7.4-7.0 (m, 5H), 5.0-4.8 (m, 1H), 4.26 (g, 2H, J = 6.9
Hz), 3.5-2.9 (m, 3H), 3.08 (d, 1H, J = 11.7 Hz), 2.6-2.1 (m, 4H), 1.31 (t, 3H, J = 6.9 Hz).

BC.NMR (75 MHz) & (CDCls), keto form: 207.9, 168.2, 135.0, 129.2, 129.1, 128.9,
128.8, 127.9, 92.1, 62.4, 58.2, 43.5, 38.0, 37.9, 23.4, 14.4.

HRMS calculated C;sHoNNaOs: 328.1161; found: 328.1133.

= “CO,Et

Hc
NO,

I
Q

OTIPS

18.3, 14.6, 12.4.

3f. The ee was determined by CSP-GC (column head pressure of carrier gas nitrogen of
15 psi, column temperature 190°C); for major diastereoisomer using quinine as catalyst:
Tmajor = 46.7 MIN, Trine: = 45.3 min, ee = 98%, dr = 20:1, table 2, entry 5.

"H-NMR (300 MHz) & (CDCl;), mixture of keto and enol forms 3:1: 4.8-4.6 (m, 1H),
4.4-4.1 (m, 2H), 3.89 (dd, 1H, J=11.1 Hz, J = 3.7 Hz), 3.03 (d, 1H, ] = 11.4 Hz), 2.8-2.0
(m, 5H), 2.0-1.8 (m, 1H), 1.2-1.1 (m, 3H), 1.1-0.8 (m, 21H).

BC-NMR (75 MHz) & (CDCLy): 208.3, 168.5, 93.0, 63.8, 62.6, 58.5, 40.7, 38.0, 24.2,

HRMS calculated for C19H;3;5NNaOgSi: 424.2131; found: 424.2135.

H
29co,Et

H

& Z o
(@]

3g. The ee was determined by CSP-GC (column head pressure of carrier gas nitrogen
of 16 psi, column temperature 180°C); for major diastereoisomer using quinine as
catalyst: Tmajor = 64.6 min, Tyinor = 60.3 min, ee = 91%, dr = 15:1, table 2, entry 6.

"H-NMR (300 MHz) & (CDCl;), mixture of keto and enol 4:1: 10.7 (bs, 1H, enol
form), 4.9-4.8 (m, 1H, enol form), 4.7-4.6 (m, 1H, keto form), 4.27 (q, 2H, J = 7.2
Hz, keto form), 3.69 (s, 3H, keto form), 3.3-3.1 (m, 1H, keto form), 3.06 (d, 1H, J =

CO,Me 11.4 Hz, keto form), 2.8-2.0 (m, 6H, keto form), 1.8-1.6 (m, 2H, keto form), 1.33 (%,

3H, J = 7.2 Hz, keto form), 1.32 (t, 3H, J = 7.2 Hz, enol form).

BC-NMR (75 MHz) & (CDCl;), keto form: 208.3, 172.5, 168.5, 90.3, 62.6, 58.2, 52.4, 43.8, 38.2, 30.2, 27.1,

24.0, 14.6.
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HRMS calculated for C3H;9NNaO;: 324.1059; found: 324.1066.

O 3h. The ee was determined by CSP-HPLC (eluant n-hexane:i-propanol, 97:3, flow 0.9
CO,Et  mL/min); for major diastereoisomer using quinine as catalyst: Tpgjor = 42.0 min, Tyinor =
36.5 min, ee =92, dr =35:1, table 2, entry 7.

‘\\NO2
Hc "H-NMR (400 MHz) 6 (CDCl;), mixture of 3h” and 3h”’: 5.18 (d, 1H, J = 9.4 Hz, 3h™’),
Hb 4.45 (d, 1H, J = 2.8 Hz, 3h’), 4.18 (q, 4H, J = 7.2 Hz), 3.2-3.1 (m, 1H, 3h’), 3.0-2.9 (m,
3h 1H, 3h”’), 2.6-2.0 (m, 8H), 1.4-1.2 (m, 6H).

"H-NMR (400 MHz) & (CDCl;), single diastereoisomer 3h’: 4.44 (d, 1H, J = 2.8 Hz), 4.18 (q, 2H, J = 7.2
Hz), 3.2-3.1 (m, 1H), 2.4-2.2 (m, 4H), 1.27 (t, 3H, J = 7.2 Hz).

BC-NMR (100 MHz) § (CDCl), mixture of 3h’ and 3h*’: 202.8, 201.9, 172.0, 162.3, 71.2, 63.7, 62.7, 48.9,
40.5,39.9,33.8,32.7,32.6,30.4, 21.2, 17.9, 14.0, 13.8.

BC-NMR (100 MHz) & (CDCl;), single diastereoisomer 5i’: 202.7, 162.2, 63.9, 62.8, 48.8, 33.8, 32.7, 21.2,
13.9.

HRMS calculated for CoH;;NNaOs: 236.0535; found: 236.0541.

3i. The ee was determined by CSP-GC (column head pressure of carrier gas nitrogen of
I;IaCO Et 16 psi, column temperature 180°C); using quinine as catalyst: Tpjor = 19.2 min, Tminor =
: ¥ 2 19.4 min, ee = 87%, table 2, entry 8.
Cll

NO; 'H-NMR (300 MHz) 6 (CDCls), only enol form: 4.54 (dd, 1H, J =11.7 Hz, ] = 3.9 Hz),
Hb Hc' 4.4-4.2 (m, 1H), 4.26 (q, 2H, J = 7.2 Hz), 3.5-3.4 (m, 1H), 2.4-2.2 (m, 2H), 1.9-1.6 (m,
3i 5H), 1.33 (t, 3H, ] = 7.2 Hz).

BC-NMR (75 MHz) & (CDCl;): 176.0, 172.0, 97.1, 78.3, 61.4, 32.3, 29.4, 24.9, 17.2, 14.6.

[o]p: +5.3 (sample with 87% ee, CHCL;, ¢ = 45 mg/mL).

HRMS calculated CoH;sNNaQOs: 252.0848; found: 252.0842.

3j. The ee was determined by CSP-HPLC (eluant hexane:i-propanol, 92.5:1.5, flow 0.9
mL/min); using quinine as catalyst: Tmajor= 43.5 mMin, Tmine= 38.5 min.ee= 52%, Table 2,
entry 9.

"H-NMR (300 MHz) & (CDCls): 14.0 (bs, 1H, enol), 4.5-4.6 (m, 2H, ketone), 4.3-.4.4 (m,

2H, enol), 3.6-3.8 (m, 1H, ketone), 3.3-3.5 (m, 2H, ketone), 2.0-2.7 (m, 6H), 2.41 (s, 3H,
3j Hc ketone), 2.09 (s, 3H, enol), 1.9-2.0 (m, 1H), 1.5-1.8 (m, 1H).

BC-NMR (75 MHz) & (CDCl;): 208.9, 204.4, 201.2, 179.3, 126.0, 109.6, 65.8, 64.0, 38.7, 38.6, 34.6, 31.0,
37.0,24.9,24.4,21.0.

HRMS calculated CgH;;NNaO,: 208.0586; found: 208.0570.
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3. One pot procedure for the synthesis of bicyclic adduct 5a and adducts 6a-f
3.1 General procedure for the preparation of products 5a and 6b-f

Unsaturated substrate 1a (0.35 mmol) is dissolved in 1 mL of toluene with quinine I (10% mol) at -20°C. To
the homogeneous mixture nitroalkane 2a-g (3 eq) is added and the reaction is left without stirring for 24 h;
then methyl vinyl ketone 4 is added (3 eq) and the solution is left at room temperature for additional 12 h.
The crude reaction mixture is loaded on a chromatographic column packed with silica gel and purified by FC
(PE first, then PE:Et,O from 10:1 to 1:4). The solvent is removed in vacuo to provide directly bicyclic adduct
Sa or adducts 6b-f as colorless oils.

O 5a. The ee was determined by CSP-HPLC (eluant n-hexane:i-propanol, 97.5:2.5, flow 0.9
902Et mL/min); mixture of epimers 1.5:1; for more polar epimer Tmyjor = 31.7 min, Tminor = 28.0
; min, ee = 97%, table 3, entry 1.

! "H-NMR (300 MHz) & (CDCls) , mixture of epimers 3:1: 5.32 (d, 1H, J = 12.0 Hz), 4.18
’/H OH (a,4H,J=7.2Hz),4.00 (d, IH, J=12.0 Hz), 3.26 (dd, 1H, J=12.0 Hz, ] = 5.7 Hz), 2.85
(ddd, 2H, J = 12.6 Hz, ] = 12.6 Hz, ] = 5.7 Hz), 2.6-1.5 (m, 19H), 1.35 (s, 3H), 1.24 (4,

O,N
53 6H, J = 7.2 Hz), 1.23 (s, 3H).

BC-NMR (75 MHz) & (CDCl;): 211.1, 208.9, 185.8, 169.9, 165.6, 93.8, 91.7, 71.1, 69.5, 62.8, 62.4, 62.1,
43.7,41.6, 36.9, 36.5, 34.4,33.7,27.4,27.3, 25.0, 22.6, 21.8, 21.7, 14.4.

HRMS calculated C3H;yNNaQOg: 308.1110; found: 308.1105.
6b. The ee was determined by CSP-HPLC (eluant n-hexane:i-propanol, 97.5:2.5, flow

0.9 mL/min); using quinine as catalyst: Tmajor = 22.7 Min, Tminoer = 18.2 min, ee = 96%,
table 3, entry 2.

CO,Et

"H-NMR (300 MHz) § (CDCLy): 4.4-4.1 (m, 3H), 2.8-2.2 (m, 6H), 2.15 (s, 3H), 2.1-
1.9 (m, SH), 1.28 (t, 3H, J = 7.2 Hz), 0.92 (t, 3H, ] = 7.2 Hz).

6b BC-NMR (75 MHz) & (CDCLy): 213.4, 207.5, 169.7, 93.9, 62.5, 60.9, 48.5, 38.7, 38.1,
30.4,28.4, 26.4, 24.8, 14.6, 10.9.

HRMS calculated CsH,3NNaQOg: 336.1423; found: 336.1440.
6¢. The ee was determined by CSP-HPLC (eluant n-hexane:i-propanol, 97.5:2.5, flow
0.9 mL/min); using quinine as catalyst: Tmjor = 28.0 Min, Tminor = 25.6 min.ee = 95%,

table 3, entry 3.

"H-NMR (300 MHz) § (CDCLy): 4.6-4.5 (m, 1H), 4.4-4.1 (m, 2H), 2.8-2.4 (m, 6H),
2.15 (s, 3H), 2.1-1.9 (m, 3H), 1.64 (d, 3H, ] = 6.6 Hz), 1.28 (t, 3H, ] = 7.2 Hz).

BC-NMR (75 MHz) § (CDCls): 213.3, 207.6, 169.6, 86.9, 65.2, 62.6, 49.2, 38.7, 38.1,
32.6,28.2,24.9,22.8,19.4, 14.6.

HRMS calculated C4H,;NNaOg: 322.1267; found: 322.1271.
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6d. The ee was determined by CSP-HPLC (eluant n-hexane:i-propanol, 97.5:2.5, flow
0.9 mL/min); using quinine as catalyst: Tmjor = 29.5 min, Tyinor = 27.5 min, ee = 95%,
table 3, entry 4.

'H-NMR (300 MHz) § (CDCL): 7.3-7.2 (m, 3H), 7.1-7.0 (m, 2H), 4.7-4.5 (m, 1H),
4.4-4.1 (m, 2H), 3.35 (dd, 1H, J= 14.1, = 3.0 Hz), 3.15 (dd, 1H, J=14.1 Hz, J= 11.4
Hz), 2.8-2.2 (m, 6H), 2.15 (s, 3H), 2.1-1.9 (m, 3H), 1.30 (t, 3H, J = 7.2 Hz).

BC-NMR (75 MHz) § (CDCls): 213.2, 207.5, 169.8, 135.5, 129.4, 129.1, 128.1, 93.9,
62.7,60.9, 48.2,39.1, 38.7, 38.1, 30.4, 28.5, 24.7, 14.6.

6e. The ee was determined by CSP-HPLC (eluant n-hexane:i-propanol, 97.5:2.5, flow
0.9 mL/min); using quinine as catalyst: Tmjor = 13.9 min, Toino: = 11.5 min, ee = 93%,
table 3, entry 5.

"H-NMR (300 MHz) § (CDCLy): 4.6-4.5 (m, 1H), 4.3-4.0 (m, 2H), 4.14 (d, 2H, J = 6.3
Hz), 3.35 (dd, 1H, J = 14.1 Hz, J = 3.0 Hz), 3.15 (dd, 1H, J = 14.1 Hz, J = 11.4 Hz),
2.8-2.5 (m, 2H), 2.4-2.1 (m, 3H), 2.14 (s, 3H), 2.1-1.8 (m, 3H), 1.28 (t, 3H, ] = 7.2
Hz), 1.2-0.9 (m, 20H).

BC-NMR (75 MHz) 5 (CDCL;): 213.2, 207.3, 169.6, 93.0, 63.7, 62.7, 60.6, 45.2, 38.7,

38.1,30.4, 28.0, 24.7, 18.3, 14.6, 12.3.

HRMS calculated C,3H4 NNaO,Si: 494.2550; found: 494.2548.

6f. The ee was determined by CSP-HPLC (eluant n-hexane:i-propanol, 97.5:2.5, flow
0.9 mL/min); using quinine as catalyst: Tpyyjo= 43.5 min, Tpine= 38.5 min ee= 96%,
Table 3, entry 6.

'H-NMR (300 MHz) & (CDCLy): 4.8-4.6 (m, 1H), 4.3-4.1 (m, 2H), 3.7 (s, 3H), 2.8-1.9
(m, 13H), 2.13 (s, 3H), 1.27 (¢, 3H, ] = 7.2 Hz).

BC.NMR (75 MHz) § (CDCL): 213.1, 207.6, 171.8, 169.1, 90.5, 62.4, 60.4, 52.1,
48.5,38.5,37.8,30.1,29.9, 28.2, 27.8, 24.6, 14.2.

HRMS calculated C7H,sNNaOs: 394.1478; found: 394.1465.
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4. Determination of the configuration for the newly formed stereocenters

4.1 Determination of the stereochemistry of compounds 3

4.1.1 Determination of the absolute configuration of the stereocenter on the B*-position

Upon ester cleavage and decarboxylation of adduct 3a, only compound 7 is obtained (reaction conditions: 50
mg of 5a, 200 mg of NaCl in 1 mL of DMSO at 140 °C; after 2h water was added and the mixture extracted
with ethyl acetate; concentration of the organic phase and column chromatography purification afforded 7 in
75% yield). Comparison of the sign and value of optical rotation with the one reported in the literature [ref
12¢-d] assigned unambiguously the configuration of the stereocenter in the B’-position, also ruling out the
possibility of epimerization of this stereocenter.

NO,

[alp found= +102
[o]p lit= +107
Scheme 3

4.1.2 Determination of the absolute configuration of the stereocenter on the o-position

The large coupling constant observed (J = 12.7 Hz) between protons Ha and Hb in compound 3a, and the
similar value (12-13Hz) measured through all the series of compounds 3 is compatible only with the
presence of the more stable trans isomer.

@)

Hac0,Et

J (Ha-Hb)= 12Hz (S)
Ho ~—NO2
3a

4.1.3 Determination of the absolute configuration of the stereocenter on the y’-position

When nitrobromomethane 2h is employed as the nucleophile, the outcome of the reaction is similar within
the series of compounds illustrated in Table 2. Two diastereoisomers are formed, in low diastereoselectivity
when the reaction is run at rt, (dr = 4:1), employing as the catalyst a mixture of quinine and quinidine to
produce a quasi-racemate, while high diastereoselectivity (>20:1) is observed at lower temperature (-20 °C),
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utilizing as the catalyst only quinine (see table 2 in the article and table 4 in SI). The major diastereoisomer
shows enantiomeric excess of 92%. These dr values are in good agreement within the series studied. The
resulting products are, however, not the expected nitro Michael adducts 3k’-k’’, but the cyclopropyl
derivatives 3h’-h”’. The formation of 3h’-h’’ can be rationalized through an internal Sy2 reaction and
subsequent ring closure, which would occur with inversion of configuration of the stereocenter at the y’-
position.

Epimerization of the stereocenter at the y’-position in compound 3h’ or 3h’’ (at -20 °C) under the reaction
conditions has not been observed; moreover, only one diastereoisomer is formed at low temperature while a
mixture is formed at high temperatures, indicating that this ratio is related to the diastereoselectivity of the
nitro Michael reaction and not to an epimerization process.

The larger coupling constant observed (J = 9.4 Hz) between protons Hc and Hb in compound 3h’’ in
comparison with the smaller value observed for compound 3h> (J=2.8 Hz) indicates trans relationship
between these protons in compound 3h’’ and cis relationship in compound 3h’. Consequently, the
configuration of the stereocenter present in the y’-position of compounds 3 has been assigned as (R).

@] N
Br N02 COQEt
CO,Et 2h +
Toluene,
1a AorB
B 3k’ 3k" ]

Intramolecular Sy2 reaction

O o)
CO,Et CO,Et
“NO, NO,
Hc "He
Hb Hb
N, _/
3h' 3h"
J (Hb-Hc)= 2.8 Hz J (Hb-Hc)= 9.4 Hz
Major

Condition A: quinine + quinidine,(racemate), rt, 3h'/3h"=4:1
Condition B: quinine, -20 °C, 3h'/3h">20:1

Scheme 4
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O O
Quinine 1 10%,
OEt + R/\N()2 .
2b-h Toluene, rt
1a

Table 4. Quinine | mediated addition of nitrocompounds 2b-h to 1a at rt

Entry®® R Solvent Y, %®! drld ee, %
1 Et, 2b DCM 3b, 77 3:1 85/60
2ld] Et, 2b DCM 3b, 67 2:1 -
3 Me,2¢c DCM 3c, 67 1:1 69/n.d.
4 Me,2¢c DCM 3c, 75 1:1 -
5 nPr, 2d toluene 3d, 70 1:2 84/68
6™ nPr, 2d DCM 3d, 60 4:1 -
7ldel Br, 2h DCM 3h, 45 4:1 -

[a] Reaction condition: 0.35 mmol 1, 3 eq nitrocompund 2, 3.5 mL solvent, 10% mol catalyst I, rt, 24 h. [b] Yield referred to pure isolated
compounds after FC. [c] dr and ee determined by CSP-GC. [d] mixture of quinine | and quinidine VIl employed as the catalyst. [e] The
isolated product is the cyclopropyl derivative 3h, see ref 15 and Sl.

4.2 Determination of the stereochemistry of compounds 5a and 6

O,NH OH
5a

The stereochemistry of the newly formed stereocenters in the o and 7y’ position has been determined via
analysis of the NOESY spectra of the cyclic compound Sa. The stereochemistry of the stereocenter in the o
position of adducts 6 has been assigned as identical.

dile)
S
m
o]
)&
X%%‘
08
I

O,N HbOH
07 07 ¢h,
J=12 Hz NOESY Contacts
Figure 2

In particular, the trans relationship between Ha and Hb has been determined by the large coupling constant
observed (J=12 Hz). The stereochemistry of the quaternary stereocenter has been determined by the analysis
of the NOESY spectra, which indicate no spatial proximity between Ha and Hd and a spatial correlation
between Hb and Hd.
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4.3 Characterization of compound 7

O "H-NMR (300 MHz) & (CDCl;): 4.41 (d, 2H, J= 7.2 Hz), 3.0-2.8 (m, 1H), 2.6-1.6 (m,
6H).
[alp: +102 (sample with 79% ee, CHCl;, c= 10 mg/mL).
A cHaNO,
7
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4.4 High field spectra for compound 3h

'H-NMR spectra of the mixture of diastereoisomers 3h’-h”’
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'H-NMR spectra of 3h’
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BC-NMR spectra of 3h’

Mixture of diastereoisomers

i 4 1 C:\Bruker\TOPSPIN Balla
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Single diastereoisomer
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'H-'"H COSY spectra of the mixture of diastereoisomers 3h’-h”’
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'H-"*C HMSQC spectra of the mixture of diastereoisomers 3h’-h”’
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4.5 High field spectra for compound 5a

"H-NMR spectra of compound 5a
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NOESY spectra of compound 5a
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5. Copies of 'H and *C-NMR spectra, and chromatograms

Fulse Sequence: sipul
Solvent: CBOLY

Amblant tesgaratuze CO Et
Fils: a b insatarc 01310_1K 2
Harcusy-30003 “Hercwuryldoo©

Relax. delay 1.000 sec

Pulss 37.1 dsgress

Rog. time 1.998 see 1a
Width 4506.5 m=

32 rapstiticns

CEEERVE M1, 259.540037) MEs

TATA PROCESSING

T oadzs 33TER

Total time 1 mim, 47 sec

4.150
4.137

98
2.609
—3.430

—2.640

;2,638

f—a.e28
f -3.618

8.1
3.649

169

B.IBE
4,174
4,103

13 CRSERVE

Pulas Sequence: #dpul

Bolvent: €OCL3 O
Anbisnt temperaturs
Tils: reagsntsinsaturc cicloaS 13C

l.uzcu.rp-lllﬂll “Hercury3oo® COzEt

Rslax. delay 1.000 sec

Fulse 47.1 degrees

Aog. cime 1.815 sec

Width 18761.7 H=

272 repetiticns 1a
GBEERVE ©C13, 75.4200305 MHz
PRCOUFLE N1, 299.94187121 MH:
Power 43 dB

continucusly oo

WALTZ-16 modulated

DATA FROCESSING

. Lina broadsning 1.0 Hz

FT slzs 131072

Total time 13 hr, 49 min, 53 sec

61.187

172,333
T7.925
—T7.075

162.108
137.607
— ﬂ:‘!ﬂn

~=203.359

Yooa.daz

2.404
3,389

388

35.966

1.210

~ii88

26,938

14.474
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O
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BTAMDARD 1H CEEERVE

FPulse Sequence: sipul
llelv-nz: cDCla

Ambient tempsraturs

rile) nitromstanc 1K
Harcury-100BE  “Marcuzryl0o®

Relax. delay 1.000 sec
Pulse 37.1 dsgress

Aog. tims 1.088 sec

Width $000.0 Hx

16 cepatiticns
OREERVE  H1, 299.5403373 Mis
DATA PROCESSING

r* pize 32768

Total tims 0 min, 54 ses

13C OBSERVE

Fulse Sequence: sipul

Solvent: CDC1Y
Rsblent tempsraturse
File: nitromstanc 138

Mercury-100BE “Mercury3IQd®

Relax. dalay 1.000 sac
Pulss 47.1 degress
Bog. time 1.915 sac
widsh 18761.7 Hs
80880 repetiticns
GBSERVE C13,

Powar 43 dB
centinucusly on
WALTZ- 16 modulated
DATA PROCESSING

Line broadening 1.0 Hr
FT sizs 131072

Total tims 4322 hr, 23 min,
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0
H
28CO,Et
Hc"

Ho [~NO2

3a Hc'

ha24
—d4.320

-
-
"
-

75.43200202 MHEz
DECOUFLE Hi, 55.3418732 bz

H
28C0,Et

Hc"
NO,

37935

~77.500
77.07%

Hb
3a Hc'

78163
78,403

~—62.514

200 180

160 140 120 100 80
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Fllename: _

60,946
—58.737

1.319
1.307
1.294

—1.3283
1.371

1.330

—40.020
—39.143
36.115
3i.411
~—25.152
24.328
14.728
14.580
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2.857
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H
28CO,Et

Hc"
Hc'

3a
Racemic Sample

16.851
17.3zZe

C

20 .886

4.185

=2CO,Et

Hc"
Hb Y~ NO2
3a Hc'

S23

23 .791

24 .763

21.925

2Z.656

24 .819




FTANDARD 1H CBSERVE

Fulse Bequence: slpul

Solvent: CDC13

Azbient temperature

Pilay pitropropils 1H
Mercury-300BB “Mercury300®

‘Relax, delsy 1.000 mec
Fulse 37,1 degzees
Aog. time 1.998 sec
Width 4506.5 Hz
4000 repetiticns
DBSERVE = HL, 299.9403373 MEz
DATA PROCESSING
FT size 33768
fotal time 585 min, 5§ sec

—7.357
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0]
H
29CO,Et
Hc

Hb ) NO2

3b

4.243

—4.367

—4.291
4.a18
—2.584

13¢ OBSERVE

Pulss Ssquence: s2pul

Solvent: CDC13

Ambisnt temperatuze

File: nitropropile_idcC
Marcury-300EE "Mercury3og"

Ralax. Salay 1.000 saz
Pulse 47.1 degresa

Acg. tims 1.E815 sac

Widen 18761.7 Hz

19000 repstiticns

DESERVE C13, T5.4300179 Mux
PECODPLE H1, 2959.341B8731 MEs
Power 43 4B

continucusly onm

WALTE-1f modulated

DATA FROCESSING

Line brosdeaing 1.0 Hs

FT size 131072

fotal tims 1§ br, 35 min, 321 seg

o
T7.935
77.078

#3.154
———58.535

—63.556

S24

43.801

—1.707

—1.570

¥9.217

—1.335

.312
— 1,388
—1.347

3,97

35.577
24.0%1

1.002

378

—0.953

14 .834

10.81%
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ARER%
RT
8 .526
8.983
9.595

AREA T

14749
13818
26470
26879

1.4

T 606

3.320

ToSP 757

2.512
4.865

ARER
1433
3853
183576

@)
H

g & =CCO,Et
E; m{g * Hc
[ i Ho [ NO2

% s 3b

oy Racemic Sample

o

YPE WIDTH ARERX

BU .77 :é;égé
uB .@81 .@743%5
PB .@8g 14743
PB .g%4 140323
O
Ha
= _CO,Et
Hc
Ho | NO:
3b
T¥YPE WIDTH AREARX
uu .123 .BBBes"7
PU .897 .81825
PB 124 .b1912
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STANDARD 1H OBSERVE

rulss Seyuence: sIpul O

Bolvent: CDC13

i T rature Ha
nl:tn‘:i:::::h_ iR ? CO2Et

HMarcury-300B8 “Marcury300

Wt o o om oo

Emlax. delay 1.000 sec HC EEmE = ®n

Fulse 17.1 degrees Moo oA oA =

Acg. vima 1.998 sec NO | How

Width 4506.5 Mz Hb 2 5 E
-

1§ Tepetitions

OBSERVE H1, 299.9403347 HHE 3c
DATA PROCEESING

FF sisme 33768

Tokal time 0 misn, 53 aec

4,376
—4.272

&,3583

4.248

I I .|I 1
s ——— Ao o Narmommiisl Vit Y Mo

11 10 9 8 7 6 5 a 3 2 ppm

0.7% 4.51 1,50 23.03 3.3
0.86 11.07 4.40 28.19

130 CREERVE

Fulss Sequepca: alpul

Bolvemty £OCL3 O

"Ankiant essparaturs

Filer mitrostile_sporcosclventi_13c H a
Mafeqry=300BE  "Marcuryido® = COZEt
Ralax. aln:mr 1.000 sec

Pulss 47,1 degress

Agg, tims 1.81%5 sac HC

wideh 18761.7 He NO
490000 repatiticns Hb 2
CRSERVE 13, 75.4200150 MHz
DECCUPLE E1, 193.54187331 MEz
Poar 41 48 3c
pontimuously on
| WALTE=16 modulated
DATA PROCESSING
/. ldne broadening 1.0 Mz
¥ size 131073
Total time 164 hr, 15 mia, 3 wec

70928
77,078

17.845
~—15.734

——38.274
S14.611

—58.,320
—44.765

—_—24.138

86.010
63544

. e L B NN TR e aaEne B e R - —

200 180 160 140 110 100 80 60 40 20 pEm
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- O
~ Ha
= _CO,Et
E5i- @.319 e
18.
'S 1z .168 Hb NO2
13.309
3c
Racemic Sample
STOP *
RUN# 1@ JAN 1, 1901 B6:45:11
AREFA%
RT AREA TYPE WIDTH AREA¥X
18 .319 33121 PB .l16 ~18383
1z.188 15337 FB .114 .BB517 *
13 .3089 13753 BB .1z6 .B7638
l{F
L ——
%"
O
@ Ha
= _CO,Et
Hc
16.547 Ho —NO>
- 11.758 3c
1z .388
= ¢ o 2 2 %
STOF
ARERZ
RT AREA TYPE WIDTH AREA%
11.758 1974 PP .148 .81413
12 .388 3483 PU .116 .82494
13 .330 112434 PU .17 .BB4993
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ETANDARD 1H OBEERVE O

Ha
Bolvent: £5C13 S CO2 Et .

File: mitrobutilePulito_configurazionersrelativa
Marcury-300BE “Marcury30o® HC

Fulss Esgquance: sipul

1.320
1.298
1.272

—1.248
0,954

: ' .
Relax. delay 1.000 sec Hb N02
Fulss 37.1 degress

Aog. time 1,353 sec

wWidth 4506.5 Hz 3d

EQ0D repetitions I
CEEERVE H1, 299.9401373 MHz !
DATA PROCESSING i
FT aige 32760 !
Total vime 5 hr, 35 mim, 53 sec { I

4,230
&.205
—0.928

0,900
"—0.876

/

10 9 8 7 6

o.1m

13c oBSERVE O

|
Fulss Sequence: sapul Ha I
.@olvent: CDCLY COZEt |
Jabisnt tamperaturs
File; nitrobutile_ 13C
Matoury-300BR “Mercury300® HC

Relax. delay 1.000 sec Hb N02
Pales 47.1 dsgress

Aog. time 1.815 sec

Width 18761.7 Hs 3d

- 190000 repeatiticns |
OBSERVE C13, 75.4200199 MHz
PECOUPLE H1, 299.59418722 MHz
powsr 43 48

continucualy on

WALTE-16 modulated
PATA PROCESSING

Lins brosdsning 1.0 Hz

¥T adse 131072

Total time 184 hr, 15 min, 2 sec

77.921
77.078
43,943
34.034

58.475
——1%.610

18,180

23.967

T —13.764

—91.290
14.603

——62,488

) | 1 | LIk ¥ ik i 1 1
{1l Lt e g it kil b o i A i B b

T 1 i Ll f TR U

200 180 150 140 120 100 80 60 40 20 ppm
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@)

H
28C0,Et

Hc
Hb [ NO2

3d
Racemic Sample

32.6249

oo
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28.549
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STANDARD 1H OBSERVE

__P!l.l.. Besguance: sipul

: Bolvent: CDC13
Asblent tesperatirs

rile: LMS341 18
Marcury-300EE “Harcury30o”

29co,Et
Hc 3

“Ralax. delay 1.000 smec
Fulse 37.1 degress
Aog: time 1.998 sec
Width 4S06.5 Hz

a;:;ﬁm.al:tm il -
; VE ﬂ m;x:n.sual?a Hilz NO | =,
::l:lu 2TER Hb 2 [ "
Total t 0 min, 53 sec I
‘T 3e
Ph [
| |
| I'd I~

7 6 5 4 3 2 1

13C OBSERVE

Fulss Ssguence: sdpul

Solvent: cDC13

. dsblent temparature
File: LMS241_13C
Haroury-300BB “Merguryli0or

. Welax. delay 1.000 sec
Fulse 47.1 degress
Aog. time 1.815 sec
" Wideh 18761.7 Bs
1312 repetitions
OBEERVE CL3, 75.4200398 MH=z
BECOUFLE M1, 299.5418722 Mz
| Powsr 43 4B
gont inuously on
WALTEI-16 modulated
DATA FROCESSING
Lime broadaning 1.0 Hz
FT slze 131072

wotal time 138 hr, 18 min, 58 wec

——207.930

158,176

140

SANS.024

—139,213
/ —139.087

128.935

128.844

137.914

T
(o

3e

T
120

S30

8CO,Et

I
ZO
@

N

o
0

——32.078

TT.665

"—76.818

62.375

43.510

37.953

—37.869

33,382

—————14.377
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.989

0
Hac0,et
Hc
Ho | NO2
Ph
3e

Racemic Sample

O
FI
28C0,Et
Hc
3e
Ph
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STANDARD 1H CBEERVE
o) |,
Fulss Bsguence: sipal /!

e 5 Ha r
; m:‘z:‘:::uwn ? COz Et |
File; LMSLISTIFS_1H |
Mercury-300BB "Marcury10o"

Hc

w o
Eelax. dalay 1.000 sec H 51' & -
Pulse 37,1 degress Ao e
“A0g. time 1.998 sec Hb N02 | 3
Width 4506.5 Hz J
B00D repatitions 3f

CBEERVE  EL, 290.9403373 MEz

PATA PROCESSING OTlPS ||

TT size 32768
Total Eime 7 ke, 37 min, 50 sec

~—1.506

4.235%

11 10 9 8

13C OBSERVE

Pulss Ssquencs: sapul O

Solvent: chcld
Ambient tamperacurs H

o - a
BRI e - COEt

“Relax. delay 1.000 mec
Pulss 47.1 Ssgress HC

Acg. tide 1.815 sec

 wWidth 18761.7 Hs Hb NO2
500000 repetiticns

GBEERVE €13, 75.4300179 Mz
PECOUPLE H1, 299.9418732 MHz

Fowar 43 AB

eontingously on OTI PS
HALTE-16 scdulated
DATA PROCESSING

‘Line broadening 1.0 Hz
FT size 131072
Total time 778 hr, 1 min, 48 sec

77.93%
77.079
1%.201
=14 . 618

—1Z.413
—id.352

e 182243

18,331

-40. 684
870

§3.767
T —g2.839
58,479
37
24.237

§3.014

200 180 160 140 120 - 100 80 60 40 20 ppm



1.83%

4.984
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1.885%

.81y

B-EFET

0
3ac0,Et
Hc
Ho | NO2
OTIPS
3f

Racemic Sample

3 475

4.068

o {r
Hac0,£t
Hc
il -NO,
OTIPS

4% .393 *
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STANTCARD 1H OBSERVE

FPules Sequence: sdpul Ha
ritvias el = _CO,Et

File: Nitrobutirrato_cicloaS_1E !

Marcury-300BE  *Mercuzy30o® H
Y =R @2 srRds
Relax. delay 1.000 @ec "o sle ARmRAR R
Fulse 37.1 degress Hb N02 2 - v Alm oo oA H A
Aeg. time 1.908 sec i - ]
Width 4506.5 Hz | =
36 repatitions 39 |
OBSEMVE  H1, 399.9403341 MEz
DATA PROCESSING COzMe | | .
FT size 32768 | |
Toral tima 44 min, 47 sec |
" : | §
2 %
d -
- - T
) . A on
3 g 43d
- s o
-

7.270

10 9 8 7 6 5 4 3 2 ppm
0.17 0,12 318 0.74 6.82 1.40
0,79 2.08 0.88 0,39 1.584 3.0

13T OBSERVE

Pules Seguence: sipul

Bolvent: CDC13 Ha
aAmbisnt tamparaturs = COZEt

Marcury-300BE "Mercury3oo"

Rslaw. fslsy 1.000 sac HC

Pulss 47.1 dagress

Acg. tims 1.81% sac

wWideh 18761.7 HE Hb N02
433 reperiticna

OBRSEEVE C13, 75.4200196 Wiz 3
DECOUPLE H1, 295.9418733 MHz g

e CO,Me

continucumly on

T7.921
77,075

WALTZ-16 modulsted . E
DATN FROCESSING - - L ]
Line broadening 1.0 Hz [ = g g A
T size 131072 - | = n 2 |
Total time 778 br, 1 mim, 48 sec 3 T % |
[ - "
T -
| H]
-
o 5
= 2 w
M 3
a
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59788
HEE G

23997 6
PREDERT = * 559° kg

BEE" Lb
bss b L
ST £h
IA
LZ67 T b
GRELS
E
0 O Qo
= o 1 = SEA EZ
— Q] m 3 -+ N
[ ~ O & w & O
©) pd o Q 4
O o ™ .Q o L
®© T = © T
T % aLe zz T
@) Q @ ') 2 o
L e 9zs ez 4 LT o
aRE" BT .__.
!
o
3 4+ BEZ TT
SAE" 8
62834 » ]
_ £¢°5
S55F° 5 e T——
BAGEE b e .
. ASS & FRLTE TSE 1 F | ma%
LBLTE — SER° 7 HET e P ——
LR 7 BEE' T —

1
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"bromonitro singolo® 1 1 C:\Bruker\TGPEPIN BE=lla

Z m
2 O 8% 2321
= o
i COzEt B, pi i e b
| ‘\\NO2
]
Hc
Hb
1 3h'
o
]
]
D__J "y ny S e " _J l,\. J Y
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
7 ] 5 4 3 2 1 [ppm]
"bromonitro singole” 4 1 O:\Bruker\TOPEPIN B=lla
% [c13dizacosppiace
= O
- CO,Et
: ‘\\NOZ
= Hc
1 Hb
j 3h'
e
=]
«_|
=
™§_
a
=4
<
- I T T T T I T T T T I T T T T I T T T T
200 150 100 50 [ppm]
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0 10 20 a0 40 S0 G0 o al
a0 O
CO,Et
400 ‘\\NOZ *
Hc
Hb i *
’ 3h'
Racemic Sample
=400
-a00
-1200
24 26 28 a0 32 a4 36 38 40 42 44 L1
Picco  Tempo Sec IniPt IniT Iniv InivBase TopPt TopT Topv EndPt EndT Endv EndvBase Area
1 25.275 14831 24.722 -812 -812 15162 25.275 -355 15722 26.207 -816 -816 260. 58
2 30.137 17767 29.616 -939 -939 18079 30.137 -501 18806 31.347 -939 -939 321.29
3 34.732 20500 34.171 -1129 -1129 20836 34.732 203 22099 36.836 -1225 -1225 1229.91
4 38.769 22886 38.147 -1309 -1309 23258 38.760 -79 24516 40.564 -1371 -1371 1297.15
- CO,Et
‘\\NOZ
4000 Hc
Hb
]
2000 3h
. *
-2000
24 26 28 30 32 4 36 35 40 42 44 46 45
Iniv InivBase TopPt TopT Topv EndPt EndT Endy EndvEBase Area Base Fwhim
-1118 -1118 18074 30.153 -3582 18910 31.58§ -o71 -571 745,04 G4, 500 1.116
-olé -ol6 21216 35.430 -366 21846 36.470 -748 -748 655,50 73,790 1.479
-522 -822 22670 37.853 TZTE 25183 42.041 -438 -438 15672.72 77,2409 1.847
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STANDARD LH CEBSERVE

Pulss Sequance: sdpul O
Solvent: CBCLI Ha

?::-::s'::::;:::::_mum_u ? COQ Et

Marcury-300BE “Marcuryi0o®

Relax. delay 1.000 sac
' Fulse 37.1 degress N02
ADg, tims 1.998 mec

Wideh 10000.0 Hx Hb

120, repagitions . HC'

OBSERVE ¢ 1, 259.5403373 Mus 3|

PATA FROCESSING

FT mize §5536

Total tide 7 mim, 21 sec

o
B

O—

4.248
4243
4.319
—1.656
1. 636
1.347
1344

.33
S 2008
—2.3086
1.781
i.95%
747

/
Z? .

4.366
2.291
1.725

—4.517

4.543
g L1113
J—4.330

T
.74 6.35 30.14

lic OESERVE

Fulse Sequence: sipul

Solyent: CDCLY

Ambient Eamparaturs

Filsi LMS133_cicloas_Nitromstans 130

Hergury-30083 “Mercuryi0D® O

Relax. delay 1.000 sec

Pules 47.1 dsgrecs

- Aeg. time 1.515 ses

Width 18761.7 Hz .

16000 repstitions
GROERVE €13, T75.4200208 HEx
DECOUPLE H1, I99.9418722 Mz
Poway 431 4B

' continucusly on

WALTE-16 modulated

DATA FROCESSING

Line broadaning 1.0 Hz

F¥ size 131072

Potal time 13 hr, 4% min, 53 &ee ;

32.3%92
—— 25—

TH.A58
~—77.915

77.500
77.075
EL.364

i7s.982

—§7.079

171.986

180 " 160 140 120 100 BO 60 a0

S38
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1.321

—1.300

24.939

20

17.348

—14.559



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

S0
H
=2CO,Et
Hc"
NO,
Ho |
3i
*
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* RUN # 18 JAN 1, 1981 ©83:44:24

.879

3.374
%4 .387

561885

= 19.248

' 19 .760
=

STOP

P/F ERRO

I
i RUN# 18 JAN 1, 1981 B83:44:24
} RRERAZ
} RT RREA TYPE WIDTH HREAX
| .535 7725 BP .281 .B4482
i 1.669 1508 PU .192 .Be875
} 1.975 17822488 >SBB .B33 98 .75619
\ z2.877 43471 TBP .816 .252z24
| 2.127 294 TPV .818 .8e171
| 2.189 685 TPB .e17 .yuB397
3 Z.319 1696 TBB .843 .8@s984
2 .468 988 BP .eL7 .8B563
Z.587 844 FP .8z24 .8p490
3.374 2998 BB .825 .81739
3.885 2426 UB .831 .81487
4.325 697 BY .838 .8B484
4.387 7885 UB .B61 .B4574
4.636 1631 BP .84z .8B946
6 .089 338z PV .896 .81962
6.458 5958 PV .851 .B83457
6.595 7373 Up .859 .84z277
7.885 1335 PU .486 .BB7T?S
16.823 2176 Uy .164 .81262
135.248 62020 Uy .197 .35981
19.760 59338 uy .228 .34425

TOTRL RREA=1.7237E+87
MUL FACTOR=1 .804BE+08
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% 5 NN
e 0 P AT
-mnF @ (@)
- H
Y%co,Et ¥
@ e
‘ NO, Z
i 90 e
: 3i
N

s e T L
=] [=A4=)

19.987
.78s

=,
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ETANDARD 1H OBSERVE

Fulse Segquence: sipul

Solwvent: CDC13
Amblant tezpsraturs
Y- 30088 2
'

Relax. delay 1.000 sas
Fulss 37.1 degrees

Aeg. time 1.5998 sac

wWidth §000.0 Hs

16 repetiticns

OESERVE  H1, 295.5403343 MHs
DATA PROCESSING

FT size 3ETED

Total tims 0 min, 56 sec

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

—T7.370

14 13 12

138 OHEERVE

Pulse Sequence: sipul

Bolvenk: CDCLI
Ambisnt temparaturs

File: dichetone_nitrometans 136
Marsary-10000  "Marcurydion

Relex: delay 1.000 wec
Fulss 47.1 degress
Aoy, eime 1815 sac
width L0761.7 Hs

19168 repatitions
GNSEAVE 13,

. Power 43 am

gomtinuously on
WALTZ-L16 modulared

T oakze 131072

Total time 778 hr, 1 min, 48 sec

208,543
204.375
201.164

200 180

75, 4300093 MAs
DECOUPLE  H1, 295.94187311 MHz

179.285

160

140

135,995

1z0

109,632

S42

i00

78,707
70,954

e
77,509
77,075

—4.509

166

£5.778

38,680

8. 555
~36.938
-3 FLL
-31.028

-30.858

—3raTy

13

26,148

~ 34, 928

24.377

1.438

——1.3258

21,056



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

O o
a

25ed
24

1ed
1.5e4

3k H C'O
e 2

5000
5000

2500
(\[\i N

0 v ] 10 20 30 40 50 60 0 E
10 20 30 40 El &0 7 a0

2500
000
6000

1500
4000

1000
500 2000

o
_kg_‘,__/’) 0

= E a0 = ) " = El B P E = 34 3@ 38 40 42 48 48 48 S0 52 54 6 5@
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UTANDARD 1H OBSERVE

False Sequence: sdpal
Solwent: CDCLY

Amblent temperature
Mercury-J008R “Marcurydoo®

CO,Et

Relax. delay 1.000 sec
Palss 37.1 Asgress

hog. Eime 1.900 mec

Wideh 4506.5 Hs

16 repatitions

OBEERVE H1, 295.5403358 msx 02N
DATA PROCESSING

PT size 32TER 5a

Total cims 0 min, 53 sac |

—2.131
2.108
—1.889
1.892
1860
-1.351
1.368
1T

—4&.18%
4,168

5.308
~3.345
a.313

2,163

2.137

4.213
142

1¥3C OBIENVE

Fulss Ssgoemcer sipul
Bolventi SRELN

Ambisct Eempereburs
Margary-J100EE “Hercwrydaoe

Malax. delay 1.000 s
Fules 47.1 dagresm

Mg, wime 1,915 weo

Width 1ATEL1.7 HE

W) repetiticas

CREERVE £1), 734300310 Mz
CECOUFLE Wi, 299, 5434733 Mol
Fowsr 41 4B

aontizicoaly oo

WALTE: 34 miodilaned

CATA FROCESEING

Lins brosdsning 1.0 Ex

T,

.

L]
.68
71,157
3.1

T oeles 231673 -
Total tiss § ke, 54 ais, 95 s Ersge
i5* r
SaE3%%
| - I
| [
H
"~ I -
E i3 '
i% =
- ¥
2
" | g
H i [ :
l s

200 180 10 140 1o 100 L1 &0 40

S44
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SoaAT RS

T3.043
a3.834
EET
— .78
S LTLE L]

1.230
1.230
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icco Tempo sSec Inipt IniT Iniv InivBase TopPt TopT Topv EndpPt EndT Endy EndvBase Area
1 21.051 12050 20,147 5362 5362 12592 21.051 115908 14001 23,399 4177 4177 8318.27
2 28,021 16471 27,515 1267 1267 16774 28,021 3212 18245 30,472 453 453 2537.909
3 31.741 15364% 31.145 227 227 19005 31.741 2128 20347 33,975 -20 -20 2362.02
182 902
1.2e4
8000 -
* H OH
4000 * 2
5a
o .
Racemic
-4000 Sample
158 20 22 24 26 28 30 32 34
*icco Tempo Sec InipPt IniT Iniv InivBase TopPt TopT Topv EndPt EndT Endv EndvBase Area
1 19.5334 11394 19.026 10950 10950 11698 19,534 32791 13803 23.041 12610 12610 37973.08
2 29,573 17442 29,106 5448 5448 17722 29,573 13308 20024 33,409 4898 4898 18407.91
£
Ged O
CO,Et
Zed4 *
O,N H OH
1ed 2
5a
g 16 18 20 22 24 26 28 30 32 34 36

snvenuti in CromatoPlus 2006!

Canale 1 mcy: 57
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26870
L1670
9670
8sz°T
z8z'T . -
90€° T T
Lze T
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966° T
svi'e .
//,/f
S
8T Y
80Z°p—

09Z°L - et

\

11

Uy

M NN

“-:\,‘J/‘ W

|

|
I
I\
MU

i

e

o Nt A

ppm

868°0T
665°VT

8Y8° vz
6€7°9Z
zSE'8T
€I7°0€
0€T"8E
SYL8E
z9¥° 8y
8Y5°29
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ST6°LL
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20 ppm
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200

S46



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

I

icco Tempo Sec IniPt IniT Iniv InivBase TopPt TopT Topy EndPt EndT Endv EndvEase Area
1 18.262 10617 17.745 626 626 10927 18.262 5633 11750 19.633 956 956 3578.19
2 22.706 13166 21.993 507 507 13593 22.706 5034 14815 24,748 646 646 4604, 03
¥ | |
o 10 20 30 40 a0 B0 70 a0

3000 *

4000

2000

6b
Racemic Sample

15 16 17 18 149 20 el 2 23 24 25 26 27

Picco  Tempo Sec Inipt niT Iniv InivBase TopPt TopT Topv EndPt EndT Endv EndvBase Area
1 18.687 10969 18,313 57459 5749 11193 18. 4687 6542 11409 19,167 5975 5975 314.12
2 21.773 12770 21.315 5889 5889 13044 21.773 16065 14932 24,918 6076 6078 12885.01

<

1.75e4 * COZEt

1524
1.2584

1ed

*

5000

16 17 18 149 20 21 22 23 24 25 26
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icco Tempo sec InipPt niT Iniv InivBase ToOpPT TopT Topv EndPt EndT Endy EndvBase Area
1 25.646 15043 25,120 1411 1411 15358 25.646 5721 16565 27.656 1912 1912 4310. 68
2 2B.058 165681 27.683 1509 1909 16806 28.058 4527 188658 31.495 1649 1649 3802, 52
[ T}
i 10 0 30 40 50 &0 70

G000 * QOZ Et

5000

4000

3000 6¢c
Racemic Sample

2000

1000

22 23 24 25 26 27 28 29 30 3 32 33 34

Picco  Tempo Sec IniPt niT Iniv InivBase TopPt TopT Topv EndpPt EndT Endy EndvBase Area

1 26.235 15523  25.867 467 467 15725 26.235 536 15505 26,534 501 501 17.65
2 28.011 16537 27,587 650 650 16791 28.011 3268 18175 30.317 786 786 2887.14

[T

3500 *

3000

23500
2000
1500

*

S00

24 25 26 27 23 28 30 3 3

RV S SO (e P PR R Y R ]
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cco Tempo  Sec IniPt IniT Iniv InivBase TopPt TopT Topv EndPt EndT Endv EndvBase Area
1 27.187 15849 26,599 20 20 16301 27.187 7135 18131 30.236 203 203 8O97.12
2 32.250 15004 31.691 213 213 19339 32,250 4732 21905 36.528 131 131 F4B9. 80
[elmininy I
6000 I o
4000
2000 Ph
o Racemic Sample
24 25 26 28 29 30 31 32 33 34 35 36 37 3
2jcco Tempo  Sec IniPt niT Iniv InivBase TopPt TopT Topv EndpPt EndT Endy EndvBase Area
1 27.484 16299 27,192 13733 13733 1a474 27,484 15776 17027 28.405 13833 13833 1313.87
2 29,481 17299 28,858 13302 13302 17672 29,481 32857 21280 35.4093 11874 11874 48064, 68
£
ded
3 5e4 ~ QOZEt o
Sed
2.5ed
2ed I Ph
1.5ed 6d

24

23

26
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picca Tempo sec Inipt niT Iniv InivBase ToOpPT TopT Topv EndpPt EndT Endy EndvBase Area
1 11.138 616% 10,341 5411 5411 6647 11.138 24639 7376 12,352 5872 5872 12504, 85
2 14,223 8021 13.427 5467 5467 5498 14.3223 18697 9483 15.564 6118 6118 10939.12
£

2.4ed : :
2Zed i k

1 Ged

1.2e4

G000

<L 9 10 ih 12 13 14 15 16 17
cco Tempo Sec IniPE IniT Iniv InivBase TopPt TopT Topw Endrt EndT Endy EndvBase frez Base Fuhm FwOSm

Zed *

1584
1ed

000
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Picca sec IniPt niT
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Tempo Iniv InivBase ToOpPT TopT Topv EndPT ENdT Endy EndvBase Area
1 43,412 25504 42,508 -724 -724 26046 43,412 1714 28459 47,433 -479 -479 2063, 08
2 49,837 28223 4B.708 -625 -620 205781 45.637 1125 32365 53,043 -527 =527 3026.34
£
puluininy
2000 N
1000
1} kﬁq_’
oo MeO,C
40 4125 425 4373 45 4625 475 4875 50 5125 525 5375 55 6.5 R H
acemic Sample
Picco  Tempo  Sec IniPt T Triv InivBase TopPt TopT Topv EndPt EndT Endv EndvBase Area Ease Fuhm
1 46,131 27334 4R.EEL  -548E -5455 27FlE 46,191 -FEOD 25380 47,137 3063 5063 233 H9.T 0. 755
2 45544 TP 47.964  -GlE0 -G1E0 14 45644 -413F FIEI 56.97% -850L  -§50L 1437176 -77-am Zac?
4
a
-2500 *
-5000
-7500 N
46 45 a0 52 a4 a6 55

40 42 44
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