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General remarks: All reagents were used as purchased from commercial suppliers without further purification. IR spectra
were recorded on a Perkin Elmer 500 spectrometer. NMR spectra were recorded on a Bruker Avance 400 NMR spectrometer
(400 MHz for 'H and 100 MHz for "*C). Chemical shifts are reported in & ppm referenced to an internal TMS standard for 'H
NMR and chloroform-d (5 77.0 ppm) for *C NMR. Optical rotations were measured on a JASCO P-1010 polarimeter. HRMS
spectra were recorded on JEOL SX-102A. The X-ray diffraction measurements were carried out at 298 K on a KAPPA APEX
II CCD area detector system equipped with a graphite monochromator and a Mo-Ka fine-focus sealed tube (k = 0.71073 A).
Routine monitoring of reactions was performed using silica gel, glass-backed TLC plates (Merck Kieselgel 60 F254) and
visualized by UV light (254 nm). Solutions were evaporated to dryness under reduced pressure on a rotary evaporator and the
residues purified by flash column chromatography on silica gel (230-400 mesh) with the indicated eluents.

Table 1. Screening of catalysts for three-component organocascade KR process[a]
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1 2 3
Entry Cat t [h] Conv. Product Product Recov. acetate ee
Yield (%)™ ee (%) (%)™
1 1 48 trace - - -
2 2 7 60 41 98 81
3 3 56 0 - - -
4 4 27 26 21 9 4

(2 Reaction performed using indole (0.3 mmol), acrolein (0.4 mmol) and 1a (0.2 mmol) in 100 uL CH,Cl, at 0 °C. ) Yield was
determined by 'H NMR analysis of crude reaction mixture using CH,Br, as an internal standard. [c] Ee was determined by

chiral HPLC analysis.



General procedure for organocascade kinetic resolution: To a solution of racemic nitroallylic acetate 1a-f (0.2 mmol),
indoles (0.3 mmol) and acrolein (0.4 mmol) in toluene (0.2 mL) was added organocatalyst 2 (0.01 mmol, 10 pL, 1.0 M
solution in toluene) at 0 °C. The reaction mixture was stirred at 0 °C for the time indicated in Table 2. The reaction was
monitored at ~50-60 % conversion by using TLC and crude 'H NMR data analyses. Then, the reaction mixture was subjected
directly to flash column chromatography (silica gel with 20 % of ethyl acetate/hexanes) to afford the unreacted substrates 1a-f
first and then the pure products 3a-n.

Racemic 3a-n were prepared following the general procedure using (racemic)-2 as catalyst.

(4S, SR)-Ethyl 5-formyl-6-(1H-indol-3-yl)-3-nitro-4-phenylhex-(2E)-enoate (3a):

According to the general procedure, to a solution of racemic nitroallylic acetate 1a (0.2 mmol,
58.6 mg), indole (0.3 mmol, 35.1 mg) and acrolein (0.4 mmol, 27 pL) in toluene (0.2 mL) was
added organocatalyst 2 (0.01 mmol, 10 pL, 1.0 M solution in toluene) at 0 °C. The reaction

mixture was stirred at 0 °C for 6.5 h. The reaction was monitored at 58 % conversion by using

TLC and crude 'H NMR data analysis. Then, the reaction mixture was subjected directly to flash

column chromatography (silica gel with 20 % of ethyl acetate/hexanes) to afford the unreacted substrate 1a first and then the
pure product 3a. Yield: 47 % (38 mg) @ conversion 58 %; Viscous liquid; IR (CH,Cl,): v 3421, 2931, 1723, 1537, 1342, 1207,
1028 cm™'; "H NMR (400 MHz, CDCly): 8 9.78 (d, J = 2.0 Hz, 1H), 8.03 (s, 1H), 7.49 (d, J = 7.2 Hz, 2H), 7.43-7.30 (m, 5H),
7.23-7.15 (m, 1H), 7.14-7.05 (m, 1H), 6.96 (d, /= 2.0 Hz, 1H), 6.79 (s, 1H), 5.54 (d, J=11.2 Hz, 1H), 4.27 (q, J= 7.2 Hz, 2H),
4.23-4.13 (m, 1H), 3.18-2.95 (m, 2H), 1.32 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCl;):  203.87, 164.14, 163.36, 136.18,
135.66, 129.19, 129.11, 128.32, 127.11, 122.51, 122.30, 121.38, 119.62, 118.59, 111.60, 111.19, 62.02, 52.89, 42.91, 24.87,
13.97. HR-MALDI m/z: [M+Na]" caled. for C,3H,,N,0sNa 429.1426; found 429.1434. [o]p"” = -9.2 (¢ = 1.0, CH,Cl,); ee:
98 %; The enantiomeric excess was determined by HPLC with a Chiralcel AS-H (i-PrOH/hexanes: 10/90; flow rate: 0.8
mL/min; A =220 nm); tz (major) = 29.0 min; tg (minor) = 39.8 min.

1a (recovered acetate): Spectroscopic data are in agreement with recemic substrate 1a. Yield: 36 % (21 mg). The enantiomeric
excess (ee 91 %) was determined by HPLC with a Chiralpak AD-H (i-PrOH/hexanes: 5/95; flow rate: 0.5 mL/min; A = 254

nm); tg (minor) = 21.7 min; tg (major) = 24.9 min.

(4S, SR)-Ethyl 4-(4-bromophenyl)-5-formyl-6-(1H-indol-3-yl)-3-nitrohex-(2E)-enoate (3b):

According to the general procedure, to a solution of racemic nitroallylic acetate 1b (0.2 mmol,
74.2 mg), indole (0.3 mmol, 35.1 mg) and acrolein (0.4 mmol, 27 uL) in toluene (0.2 mL) was
added organocatalyst 2 (0.01 mmol, 10 pL, 1.0 M solution in toluene) at 0 °C. The reaction

mixture was stirred at 0 °C for 5.5 h. The reaction was monitored at 60 % conversion by using

TLC and crude "H NMR data analysis. Then, the reaction mixture was subjected directly to flash

column chromatography (silica gel with 20 % of ethyl acetate/hexanes) to afford the unreacted
substrate 1b first and then the pure product 3b. Yield: 45 % (44 mg) @ conversion 60 %; Viscous liquid; IR (CH,Cl,): v 3418,
2925, 1722, 1537, 1341, 1208, 1011 cm™; '"H NMR (400 MHz, CDCls): § 9.75 (d, J = 1.6 Hz, 1H), 8.04 (s, 1H), 7.50 (d, J =
8.4 Hz, 2H), 7.43-7.32 (m, 4H), 7.24-7.16 (m, 1H), 7.15-7.07 (m, 1H), 6.94 (d, J=2.0 Hz, 1H), 6.84 (s, 1H), 5.51 (d, J = 11.2
Hz, 1H), 4.28 (q, J = 7.2 Hz, 2H), 4.20-4.06 (m, 1H), 3.16-2.95 (m, 2H), 1.32 (t, J = 7.2 Hz, 3H); °C NMR (100 MHz,
CDCl;): 6 203.35, 164.09, 162.79, 136.23, 134.96, 132.28, 130.87, 127.08, 122.50, 122.43, 121.87, 119.75, 118.51, 111.33,
111.24, 62.13, 52.75, 42.31, 24.87, 13.96. HR-MALDI m/z: [M+Na]" calcd. for C,3H,;BrN,0sNa 507.0532; found 507.0546.
[(1][)23 = -43.2 (¢ = 0.6, CH,Cl,); ee: 96 %; The enantiomeric excess was determined by HPLC with a Chiralcel AS-H (i-
PrOH/hexanes: 10/90; flow rate: 1 mL/min; A =220 nm); tg (major) = 24.5 min; tg (minor) = 37.4 min.
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1b (recovered acetate): Spectroscopic data are in agreement with recemic substrate 1b. Yield: 36 % (27 mg). The enantiomeric
excess (ee 91 %) was determined by HPLC with a Chiralpak OD-H (i-PrOH/hexanes: 5/95; flow rate: 0.5 mL/min; A = 254

nm); tg (major) = 23.2 min; tg (minor) = 28.7 min.

(4S, SR)-Ethyl 5-formyl-6-(1H-indol-3-yl)-4-(4-methoxyphenyl)-3-nitrohex-(2E)-enoate (3¢):

According to the general procedure, to a solution of racemic nitroallylic acetate 1¢ (0.2 mmol,

CO,Et

oN— 64.6 mg), indole (0.3 mmol, 35.1 mg) and acrolein (0.4 mmol, 27 pL) in toluene (0.2 mL) was

””@OMG added organocatalyst 2 (0.01 mmol, 10 uL, 1.0 M solution in toluene) at 0 °C. The reaction
mixture was stirred at 0 °C for 6.5 h. The reaction was monitored at 61 % conversion by using

TLC and crude "H NMR data analysis. Then, the reaction mixture was subjected directly to flash

N
H

column chromatography (silica gel with 20 % of ethyl acetate/hexanes) to afford the unreacted
substrate 1c¢ first and then the pure product 3c. Yield: 30 % (26 mg) @ conversion 61 %; Viscous liquid; IR (CH,Cl,): v 3415,
2838, 1721, 1535, 1341, 1207, 1029 cm™; "H NMR (400 MHz, CDCl;):  9.76 (d, J = 2.0 Hz, 1H), 8.03 (s, 1H), 7.44-7.35 (m,
3H), 7.34 (d, J= 8.0 Hz, 1H), 7.23-7.15 (m, 1H), 7.14-7.06 (m, 1H), 6.95 (d, J= 1.6 Hz, 1H), 6.90 (d, J = 8.8 Hz, 2H), 6.74 (s,
1H), 5.48 (d, J=11.2 Hz, 1H), 4.28 (q, J = 6.8 Hz, 2H), 4.18-4.07 (m, 1H), 3.81 (s, 3H), 3.10 and 3.00 (dABq, J = 15.2 Hz and
3.6 Hz, 2H), 1.31 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCl;): & 203.95, 164.19, 163.66, 159.48, 136.18, 130.24, 127.35,
127.13, 122.48, 122.30, 120.84, 119.62, 118.63, 114.57, 111.73, 111.17, 61.98, 55.29, 53.10, 42.21, 24.80, 13.98. HR-MALDI
m/z: [M+Na]" caled. for C,sHuN,OqNa 459.1532; found 459.1542. [OL]D23 = -41.3 (¢ = 0.6, CH,Cl,); ee: 98 %; The
enantiomeric excess was determined by HPLC with a Chiralcel AS-H (i-PrOH/hexanes: 10/90; flow rate: 1 mL/min; A = 220
nm); tg (major) = 38.3 min; tg (minor) = 60.8 min.

1c (recovered acetate): Spectroscopic data are in agreement with recemic substrate 1¢. Yield: 31 % (20 mg). The enantiomeric
excess (ee 82 %) was determined by HPLC with a Chiralpak OD-H (i-PrOH/hexanes: 5/95; flow rate: 1 mL/min; A = 254 nm);

tr (major) = 13.5 min; tg (minor) = 14.8 min.

(4S, SR)-Ethyl 5-formyl-6-(1H-indol-3-yl)-4-(4-methylphenyl)-3-nitrohex-(2E)-enoate (3d):

CO,Et According to the general procedure, to a solution of racemic nitroallylic acetate 1d (0.2 mmol,
‘”@Me 61.4 mg), indole (0.3 mmol, 35.1 mg) and acrolein (0.4 mmol, 27 pL) in toluene (0.2 mL) was
added organocatalyst 2 (0.01 mmol, 10 uL, 1.0 M solution in toluene) at 0 °C. The reaction

mixture was stirred at 0 °C for 6 h. The reaction was monitored at 55 % conversion by using TLC

and crude "H NMR data analysis. Then, the reaction mixture was subjected directly to flash

column chromatography (silica gel with 20 % of ethyl acetate/hexanes) to afford the unreacted substrate 1d first and then the
pure product 3d. Yield: 35 % (29 mg) @ conversion 55 %; Viscous liquid; IR (CH,Cl,): v 3420, 2923, 1722, 1537, 1342, 1206,
1022 cm™; "H NMR (400 MHz, CDCls): 8 9.77 (d, J = 2.0 Hz, 1H), 8.02 (s, 1H), 7.42-7.30 (m, 4H), 7.23-7.15 (m, 3H), 7.13-
7.04 (m, 1H), 6.96 (d, J = 2.0 Hz, 1H), 6.75 (s, 1H), 5.50 (d, J = 11.2 Hz, 1H), 4.28 (q, J = 7.6 Hz, 2H), 4.21-4.08 (m, 1H),
3.16-2.94 (m, 2H), 2.35 (s, 3H), 1.31 (t, J = 7.2 Hz, 3H); °C NMR (100 MHz, CDCl;): & 203.94, 164.16, 163.61, 138.16,
136.18, 132.48, 129.88, 128.93, 127.13, 122.48, 122.29, 121.02, 119.60, 118.64, 111.75, 111.16, 61.97, 52.94, 42.60, 24.85,
21.07, 13.97. HR-MALDI m/z: [M+Na]" calcd. for C,,H,4N,0sNa 443.1583; found 443.1593. [o]p'” =-28.6 (¢ = 0.3, CH,CL,);
ee: 98 %; The enantiomeric excess was determined by HPLC with a Chiralcel AS-H (i-PrOH/hexanes: 10/90; flow rate: 1
mL/min; A =220 nm); tg (major) = 26.3 min; tg (minor) = 37.2 min.

1d (recovered acetate): Spectroscopic data are in agreement with recemic substrate 1d. Yield: 39 % (29 mg). The enantiomeric
excess (ee 84 %) was determined by HPLC with a Chiralpak AD-H (i-PrOH/hexanes: 5/95; flow rate: 0.5 mL/min; A = 254

nm); tg (minor) = 17.0 min; tg (major) = 20.5 min.



(4S, SR)-Ethyl 4-(4-chlorophenyl)-5-formyl-6-(1H-indol-3-yl)-3-nitrohex-(2E)-enoate (3e):

According to the general procedure, to a solution of racemic nitroallylic acetate 1e (0.2 mmol, 65.4

CO,Et
@u mg), indole (0.3 mmol, 35.1 mg) and acrolein (0.4 mmol, 27 uL) in toluene (0.2 mL) was added

organocatalyst 2 (0.01 mmol, 10 pL, 1.0 M solution in toluene) at 0 °C. The reaction mixture was

stirred at 0 °C for 6.5 h. The reaction was monitored at 65 % conversion by using TLC and crude
N
H

'"H NMR data analysis. Then, the reaction mixture was subjected directly to flash column

chromatography (silica gel with 20 % of ethyl acetate/hexanes) to afford the unreacted substrate le first and then the pure
product 3e. Yield: 38 % (33.5 mg) @ conversion 65 %; Viscous liquid; IR (CH,Cl,): v 3421, 2925, 1723, 1537, 1341, 1208,
1094 cm™; "H NMR (400 MHz, CDCLy): & 9.76 (d, J = 0.8 Hz, 1H), 8.03 (s, 1H), 7.44 (d, J = 8.4 Hz, 2H), 7.40-7.32 (m, 4H),
7.24-7.16 (m, 1H), 7.15-7.07 (m, 1H), 6.94 (s, 1H), 6.83 (s, 1H), 5.52 (d, /= 11.2 Hz, 1H), 4.28 (q, J = 7.6 Hz, 2H), 4.20-4.07
(m, 1H), 3.09 and 3.00 (dABq, J = 15.2 Hz and 4.0 Hz, 2H), 1.32 (t, J = 7.2 Hz, 3H); ?C NMR (100 MHz, CDCl;): § 203.38,
164.09, 162.88, 136.23, 134.40, 134.29, 130.54, 129.31, 127.08, 122.50, 122.42, 121.83, 119.74, 118.50, 111.34, 111.24, 62.12,
52.81,42.25, 24.86, 13.96. HR-MALDI m/z: [M+Na]" calcd. for C,3H,;CIN,OsNa 463.1037; found 463.1049. [a]p'® =-34.5 (¢
= 0.9, CH,Cl,); ee: 95 %; The enantiomeric excess was determined by HPLC with a Chiralcel AS-H (i-PrOH/hexanes: 10/90;
flow rate: 1 mL/min; A = 220 nm); tg (major) = 27.2 min; tg (minor) = 42.5 min.

1e (recovered acetate): Spectroscopic data are in agreement with recemic substrate le. Yield: 31 % (20 mg). The enantiomeric
excess (ee 88 %) was determined by HPLC with a Chiralpak OD-H (i-PrOH/hexanes: 5/95; flow rate: 1 mL/min; A = 254 nm);

tg (major) = 11.2 min; tg (minor) = 13.7 min.

(4S5, SR)-Ethyl 6-(5-bromo-1H-indol-3-yl)-4-(4-bromophenyl)-5-formyl-3-nitrohex-(2E)-enoate (3f):

According to the general procedure, to a solution of racemic nitroallylic acetate 1b (0.2 mmol,

74.2 mg), 5-bromoindole (0.3 mmol, 58.8 mg) and acrolein (0.4 mmol, 27 pL) in toluene (0.2
mL) was added organocatalyst 2 (0.01 mmol, 10 pL, 1.0 M solution in toluene) at 0 °C. The
reaction mixture was stirred at 0 °C for 4 h. The reaction was monitored at 66 % conversion by

using TLC and crude 'H NMR data analysis. Then, the reaction mixture was subjected directly to

flash column chromatography (silica gel with 20 % of ethyl acetate/hexanes) to afford the
unreacted substrate 1b first and then the pure product 3f. Yield: 35 % (39 mg) @ conversion 66 %; Viscous liquid; IR
(CH,CL,): v 3427, 2847, 1720, 1535, 1340, 1207, 1011 cm™; "H NMR (400 MHz, CDCLy): § 9.76 (d, J = 1.6 Hz, 1H), 8.09 (s,
1H), 7.50 (d, J = 8.0 Hz, 2H), 7.38-7.30 (m, 3H), 7.29-7.21 (m, 1H), 7.19 (d, /= 8.8 Hz, 1H), 6.94 (d, /= 1.6 Hz, 1H), 6.82 (s,
1H), 5.46 (d, J = 11.2 Hz, 1H), 427 (q, J = 7.2 Hz, 2H), 4.14-4.01 (m, 1H), 3.10-2.90 (m, 2H), 1.31 (t, J = 7.2 Hz, 3H); °C
NMR (100 MHz, CDCl;): 6 202.83, 164.04, 162.64, 134.67, 132.36, 130.84, 128.89, 125.28, 123.70, 122.59, 121.91, 121.20,
113.00, 112.64, 111.01, 62.18, 52.85, 42.02, 24.14, 13.96. HR-MALDI m/z: [M+Na]" calcd. for C,3H,Br,N,0sNa 584.9636;
found 584.9650. [(I]Dls = -50.2 (¢ = 0.8, CH,Cl,); ee: 87 %; The enantiomeric excess was determined by HPLC with a
Chiralcel AS-H (i-PrOH/hexanes: 10/90; flow rate: 1 mL/min; A = 220 nm); tg (major) = 31.7 min; tg (minor) = 42.5 min.

1b (recovered acetate): Spectroscopic data are in agreement with recemic substrate 1b. Yield: 30 % (22 mg). The enantiomeric
excess (ee 85 %) was determined by HPLC with a Chiralpak OD-H (i-PrOH/hexanes: 5/95; flow rate: 0.5 mL/min; A = 254

nm); tg (major) = 21.6 min; tg (minor) = 26.5 min.

(4S, SR)-Ethyl 6-(5-bromo-1H-indol-3-yl)-5-formyl-4-(4-methylphenyl)-3-nitrohex-(2 E)-enoate (3g):

According to the general procedure, to a solution of racemic nitroallylic acetate 1d (0.2 mmol, 61.4 mg), 5-bromoindole (0.3

mmol, 58.8 mg) and acrolein (0.4 mmol, 27 pL) in toluene (0.2 mL) was added organocatalyst 2 (0.01 mmol, 10 pL, 1.0 M
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solution in toluene) at 0 °C. The reaction mixture was stirred at 0 °C for 6.5 h. The reaction was
monitored at 64 % conversion by using TLC and crude '"H NMR data analysis. Then, the reaction
mixture was subjected directly to flash column chromatography (silica gel with 20 % of ethyl
acetate/hexanes) to afford the unreacted substrate 1d first and then the pure product 3g. Yield:
43 % (43 mg) @ conversion 64 %; Viscous liquid; IR (CH,Cl,): v 3423, 2923, 1721, 1536, 1342,
1206, 1022 cm™; "H NMR (400 MHz, CDCl3): & 9.79 (d, J = 2.0 Hz, 1H), 8.07 (s, 1H), 7.38-7.29 (m, 3H), 7.25-7.15 (m, 4H),
6.97 (d, J=2.4 Hz, 1H), 6.75 (s, 1H), 5.45 (d, J=11.6 Hz, 1H), 4.28 (q, J = 6.8 Hz, 2H), 4.16-4.02 (m, 1H), 3.12-2.94 (m, 2H),
2.36 (s, 3H), 1.31 (t, J = 7.2 Hz, 3H); °C NMR (100 MHz, CDCl,): § 203.42, 164.11, 163.47, 138.39, 134.64, 132.24, 130.00,
128.94, 125.11, 123.70, 121.31, 121.05, 112.85, 112.55, 111.45, 62.02, 53.15, 42.36, 24.03, 21.11, 13.97. HR-MALDI m/z:
[M+Na]+ calcd. for C,4H»3;BrN,OsNa 521.0688; found 521.0698. [OL]D18 =-27.8 (¢ = 1.6, CH,Cl,); ee: 86 %; The enantiomeric
excess was determined by HPLC with a Chiralcel AS-H (i-PrOH/hexanes: 10/90; flow rate: 1 mL/min; A = 220 nm); tg (major)

= 30.0 min; tg (minor) =41.9 min.
1d (recovered acetate): Spectroscopic data are in agreement with recemic substrate 1d. Yield: 30 % (18.5 mg). The
enantiomeric excess (ee 95 %) was determined by HPLC with a Chiralpak AD-H (i-PrOH/hexanes: 5/95; flow rate: 0.5

mL/min; A =254 nm); tg (minor) = 19.2 min; tz (major) = 22.6 min.

(4S, SR)-Ethyl 6-(5-bromo-1H-indol-3-yl)-5-formyl-4-(3-methoxyphenyl)-3-nitrohex-(2E)-enoate (3h):

According to the general procedure, to a solution of racemic nitroallylic acetate 1f (0.2 mmol,
64.6 mg), 5-bromoindole (0.3 mmol, 58.8 mg) and acrolein (0.4 mmol, 27 pL) in toluene (0.2
mL) was added organocatalyst 2 (0.01 mmol, 10 uL, 1.0 M solution in toluene) at 0 °C. The

reaction mixture was stirred at 0 °C for 5 h. The reaction was monitored at 68 % conversion by

using TLC and crude "H NMR data analysis. Then, the reaction mixture was subjected directly to

flash column chromatography (silica gel with 20 % of ethyl acetate/hexanes) to afford the unreacted substrate 1f first and then
the pure product 3h. Yield: 29 % (30 mg) @ conversion 68 %; Yellowish solid; Melting point 140-142 °C; IR (CH,Cl,): v
3422, 2936, 1722, 1536, 1341, 1206, 1043 cm™; "H NMR (400 MHz, CDCl;): 8 9.79 (d, J = 1.6 Hz, 1H), 8.10 (s, 1H), 7.39 (s,
1H), 7.35-7.29 (m, 1H), 7.24 (d, J = 7.6 Hz, 1H), 7.19 (d, J = 8.4 Hz, 1H), 7.06 (d, J = 8.0 Hz, 1H), 7.02-6.95 (m, 2H), 6.88
(dd, J = 8.4 Hz and 2.0 Hz, 1H), 6.78 (s, 1H), 5.47 (d, /= 11.6 Hz, 1H), 4.28 (q, J = 7.2 Hz, 2H), 4.18-4.06 (m, 1H), 3.81 (s,
3H), 3.12-2.94 (m, 2H), 1.31 (t, J = 7.2 Hz, 3H); °C NMR (100 MHz, CDCl;): & 203.29, 164.07, 163.10, 160.15, 136.93,
134.66, 130.24, 128.96, 125.15, 123.75, 121.41, 121.25, 114.94, 113.70, 112.89, 112.59, 111.38, 62.06, 55.28, 53.10, 42.67,
2421, 13.97. HR-MALDI m/z: [M+Na]" calcd. for C4Hp3BrN,OgNa 537.0637; found 537.0649. [o]p'® = -24.8 (¢ = 0.3,
CH,Cl); ee: >99 %; The enantiomeric excess was determined by HPLC with a Chiralcel AS-H (i-PrOH/hexanes: 10/90; flow
rate: 1 mL/min; A =220 nm); tg (major) = 54.4 min.

1f (recovered acetate): Spectroscopic data are in agreement with recemic substrate 1f. Yield: 24 % (15.5 mg). The
enantiomeric excess (ee 89 %) was determined by HPLC with a Chiralpak OD-H (i-PrOH/hexanes: 5/95; flow rate: 1 mL/min;
A =254 nm); tg (major) = 13.5 min; tg (minor) = 15.1 min.

Crystal data for 3h at 200 (2) K; C,4H;BrN,Oy, M 515.34; orthorhombic, P 21 21 21; a =9.3506 (3) A, b= 103827 (4) A, ¢
=23.1640 (8) A; a = 90.00, B = 90.00, y = 90.00; V" = 2248.86 (14) A*, F000 = 1056.0; M(Mo-Ka) = 0.71073 A, Z=4, D =
1.522 g/cm3, 3585 reflections, 0 restraints, 298 parameters, R = 0.0381; Rw = 0.0932 for all data. Detailed X-ray
crystallographic data for compound 3h [CCDC 869206] is available from the CCDC, 12 Union Road, Cambridge CB2, 1EZ,

UK (www.ccde.cam.ac. uk/data_request/cif).



ORTEP diagram of 3h

(4S, SR)-Ethyl 6-(5-chloro-1H-indol-3-yl)-5-formyl-3-nitro-4-phenylhex-(2E)-enoate (3i):

According to the general procedure, to a solution of racemic nitroallylic acetate 1a (0.2 mmol,
58.6 mg), 5-chloroindole (0.3 mmol, 45.3 mg) and acrolein (0.4 mmol, 27 pL) in toluene (0.2 mL)
was added organocatalyst 2 (0.01 mmol, 10 pL, 1.0 M solution in toluene) at 0 °C. The reaction
mixture was stirred at 0 °C for 6 h. The reaction was monitored at 63 % conversion by using TLC

and crude '"H NMR data analysis. Then, the reaction mixture was subjected directly to flash

column chromatography (silica gel with 20 % of ethyl acetate/hexanes) to afford the unreacted
substrate 1a first and then the pure product 3i. Yield: 35 % (31 mg) @ conversion 63 %; Viscous liquid; IR (CH,Cl,): v 3428,
2926, 1722, 1536, 1343, 1207, 1026 cm™; "H NMR (400 MHz, CDCl;): 8 9.79 (d, J = 2.0 Hz, 1H), 8.09 (s, 1H), 7.50-7.44 (m,
2H), 7.43-7.31 (m, 3H), 7.28-7.20 (m, 2H), 7.12 (dd, J= 8.0 Hz and 2.0 Hz, 1H), 6.98 (d, J = 2.0 Hz, 1H), 6.79 (s, 1H), 5.51 (d,
J=112Hz, 1H), 4.28 (q, J = 7.2 Hz, 2H), 4.20-4.08 (m, 1H), 3.12-2.92 (m, 2H), 1.32 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz,
CDCly): & 203.33, 164.11, 163.24, 135.46, 134.42, 129.28, 129.10, 128.49, 128.30, 125.42, 123.90, 122.64, 121.43, 118.18,
112.16, 111.46, 62.07, 53.02, 42.74, 24.25, 13.97. HR-MALDI m/z: [M+Na]" calcd. for C,3H,,CIN,0sNa 463.1037; found
463.1044. [a]p'® = -26.1 (¢ =0.5, CH,Cl,); ee: >99 %; The enantiomeric excess was determined by HPLC with a Chiralcel AS-
H (i-PrOH/hexanes: 10/90; flow rate: 0.8 mL/min; A = 220 nm); tz (major) = 37.5 min.
la (recovered acetate): Spectroscopic data are in agreement with recemic substrate la. Yield: 30 % (17.5 mg). The
enantiomeric excess (ee 90 %) was determined by HPLC with a Chiralpak AD-H (i-PrOH/hexanes: 5/95; flow rate: 0.5

mL/min; A =254 nm); tg (minor) = 24.0 min; tz (major) = 28.0 min.

(4S, SR)-Ethyl 6-(5-chloro-1H-indol-3-yl)-4-(4-chlorophenyl)-5-formyl-3-nitrohex-(2E)-enoate (3j):

According to the general procedure, to a solution of racemic nitroallylic acetate 1e (0.2 mmol, 65.4 mg), 5-chloroindole (0.3
mmol, 45.3 mg) and acrolein (0.4 mmol, 27 uL) in toluene (0.2 mL) was added organocatalyst 2 (0.01 mmol, 10 pL, 1.0 M
solution in toluene) at 0 °C. The reaction mixture was stirred at 0 °C for 6 h. The reaction was monitored at 66 % conversion by
using TLC and crude 'H NMR data analysis. Then, the reaction mixture was subjected directly to flash column

chromatography (silica gel with 20 % of ethyl acetate/hexanes) to afford the unreacted substrate le first and then the pure
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product 3j. Yield: 37 % (35 mg) @ conversion 66 %; Viscous liquid; IR (CH,Cl,): v 3428, 2984,
1722, 1537, 1341, 1208, 1095 cm™; 'H NMR (400 MHz, CDCls): 8 9.77 (d, J = 2.0 Hz, 1H), 8.08
(s, 1H), 7.40 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 8.8 Hz, 2H), 7.24 (d, /= 8.4 Hz, 1H), 7.21 (d, J =
1.6 Hz, 1H), 7.13 (dd, J = 8.0 Hz and 2.0 Hz, 1H), 6.97 (d, J = 2.0 Hz, 1H), 6.83 (s, 1H), 5.50 (d,
J=11.2 Hz, 1H), 4.28 (q, J = 7.2 Hz, 2H), 4.16-4.03 (m, 1H), 3.10-2.92 (m, 2H), 1.32 (t, J= 7.2
Hz, 3H); B3C NMR (100 MHz, CDCl;): 6 202.92, 164.06, 162.73, 134.43, 134.39, 134.11, 130.52, 129.38, 128.21, 125.52,
123.86, 122.74, 121.87, 118.08, 112.21, 111.11, 62.17, 52.87, 41.96, 24.23, 13.97. HR-MS (EI+) m/z: [M]" calcd. for
Co3Ha0CLN,O5 474.0749; found 474.0752. [o]p'® =-50.6 (¢ = 0.4, CH,CL,); ee: 83 %; The enantiomeric excess was determined
by HPLC with a Chiralcel AS-H (i-PrOH/hexanes: 10/90; flow rate: 1 mL/min; A = 220 nm); tg (major) = 29.3 min; tg (minor)

=41.0 min.

1e (recovered acetate): Spectroscopic data are in agreement with recemic substrate le. Yield: 30 % (20 mg). The enantiomeric
excess (ee 87 %) was determined by HPLC with a Chiralpak OD-H (i-PrOH/hexanes: 5/95; flow rate: 1 mL/min; A = 254 nm);

tr (major) = 10.4 min; tg (minor) = 12.6 min.

(4S, 5R)-Ethyl 4-(4-bromophenyl)-6-(5-chloro-1H-indol-3-yl)-5-formyl-3-nitrohex-(2E)-enoate (3k):

According to the general procedure, to a solution of racemic nitroallylic acetate 1b (0.2 mmol,
74.2 mg), 5-chloroindole (0.3 mmol, 45.3 mg) and acrolein (0.4 mmol, 27 pL) in toluene (0.2 mL)
was added organocatalyst 2 (0.01 mmol, 10 puL, 1.0 M solution in toluene) at 0 °C. The reaction
mixture was stirred at 0 °C for 4.5 h. The reaction was monitored at 61 % conversion by using

TLC and crude 'H NMR data analysis. Then, the reaction mixture was subjected directly to flash

column chromatography (silica gel with 20 % of ethyl acetate/hexanes) to afford the unreacted
substrate 1b first and then the pure product 3k. Yield: 34 % (35 mg) @ conversion 61 %; Viscous liquid; IR (CH,Cl,): v 3428,
2927, 1723, 1537, 1341, 1208, 1011 cm™'; "H NMR (400 MHz, CDCl;): 8 9.76 (d, J = 0.8 Hz, 1H), 8.07 (s, 1H), 7.50 (d, J =
8.4 Hz, 2H), 7.34 (d, J = 8.4 Hz, 2H), 7.29-7.20 (m, 2H), 7.13 (d, /= 9.2 Hz, 1H), 6.97 (d, J= 1.6 Hz, 1H), 6.84 (s, 1H), 5.48
(d, J=10.8 Hz, 1H), 4.28 (q, J = 7.2 Hz, 2H), 4.15-4.03 (m, 1H), 3.12-2.92 (m, 2H), 1.32 (t, J = 7.2 Hz, 3H); *C NMR (100
MHz, CDCls): 6 202.93, 164.04, 162.62, 134.64, 134.38, 132.33, 130.83, 128.18, 125.48, 123.87, 122.71, 122.55, 121.91,
118.05, 112.22, 111.03, 62.18, 52.80, 42.00, 24.22, 13.95. HR-MS (EI+) m/z: [M]" caled. for C,3H,BrCIN,O5 518.0244;
found 518.0242. [ot]D18 = -58.4 (¢ = 0.4, CH,Cl); ee: 90 %; The enantiomeric excess was determined by HPLC with a
Chiralcel AS-H (i-PrOH/hexanes: 10/90; flow rate: 1 mL/min; A = 220 nm); tg (major) = 33.9 min; tg (minor) = 48.9 min.
1b (recovered acetate): Spectroscopic data are in agreement with recemic substrate 1b. Yield: 36 % (27 mg). The enantiomeric
excess (ee 81 %) was determined by HPLC with a Chiralpak OD-H (i-PrOH/hexanes: 5/95; flow rate: 0.5 mL/min; A = 254

nm); tg (major) = 24.5 min; tg (minor) = 30.6 min.

(4S, SR)-Ethyl 5-formyl-6-(5-methyl-1H-indol-3-yl)-3-nitro-4-phenylhex-(2E)-enoate (31):

According to the general procedure, to a solution of racemic nitroallylic acetate 1a (0.2 mmol,
58.6 mg), 5-methylindole (0.3 mmol, 39.3 mg) and acrolein (0.4 mmol, 27 pL) in toluene (0.2
mL) was added organocatalyst 2 (0.01 mmol, 10 pL, 1.0 M solution in toluene) at 0 °C. The

reaction mixture was stirred at 0 °C for 6 h. The reaction was monitored at 59 % conversion by

using TLC and crude 'H NMR data analysis. Then, the reaction mixture was subjected directly to

flash column chromatography (silica gel with 20 % of ethyl acetate/hexanes) to afford the unreacted substrate 1a first and then

the pure product 31. Yield: 40 % (33.5 mg) @ conversion 59 %; Viscous liquid; IR (CH,Cl,): v 3418, 2922, 1722, 1537, 1342,

1206, 1027 cm™; "H NMR (400 MHz, CDCly): 8 9.78 (d, J = 2.0 Hz, 1H), 7.93 (s, 1H), 7.49 (d, J = 7.2 Hz, 2H), 7.43-7.30 (m,
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3H), 7.21 (d, J= 8.4 Hz, IH), 7.09 (s, 1H), 7.00 (dd, J = 8.4 Hz and 1.2 Hz, 1H), 6.91 (d, /= 2.0 Hz, 1H), 6.79 (s, 1H), 5.52 (d,
J=112 Hz, 1H), 4.28 (q, J = 7.2 Hz, 2H), 4.22-4.08 (m, 1H), 3.12-2.92 (m, 2H), 2.41 (s, 3H), 1.31 (t, J = 7.2 Hz, 3H); "°C
NMR (100 MHz, CDCl;): 8 203.75, 164.14, 163.45, 135.85, 134.56, 129.22, 129.15, 128.85, 128.31, 127.45, 123.94, 122.60,
121.36, 118.31, 111.21, 110.83, 61.99, 53.02, 42.97, 24.79, 21.47, 13.98. HR-MS (EI+) m/z: [M]" caled. for C,4H,N,Os5
420.1685; found 420.1687. [o]p'® = -11.9 (¢ = 0.7, CH,CL,); ee: 97 %; The enantiomeric excess was determined by HPLC with
a Chiralcel AS-H (i-PrOH/hexanes: 10/90; flow rate: 1 mL/min; A =220 nm); tg (major) = 26.2 min; tg (minor) = 39.3 min.

1a (recovered acetate): Spectroscopic data are in agreement with recemic substrate 1a. Yield: 36 % (21 mg). The enantiomeric
excess (ee 86 %) was determined by HPLC with a Chiralpak AD-H (i-PrOH/hexanes: 5/95; flow rate: 0.5 mL/min; A = 254

nm); tg (minor) = 24.7 min; tg (major) = 28.4 min.

(4S, SR)-Ethyl 4-(4-chlorophenyl)-5-formyl-6-(5-methyl-1H-indol-3-yl)-3-nitrohex-(2E)-enoate (3m):

According to the general procedure, to a solution of racemic nitroallylic acetate 1e (0.2 mmol,
65.4 mg), 5-methylindole (0.3 mmol, 39.3 mg) and acrolein (0.4 mmol, 27 pL) in toluene (0.2
mL) was added organocatalyst 2 (0.01 mmol, 10 pL, 1.0 M solution in toluene) at 0 °C. The

reaction mixture was stirred at 0 °C for 6 h. The reaction was monitored at 65 % conversion by

using TLC and crude "H NMR data analysis. Then, the reaction mixture was subjected directly to

flash column chromatography (silica gel with 20 % of ethyl acetate/hexanes) to afford the unreacted substrate 1e first and then
the pure product 3m. Yield: 32 % (29 mg) @ conversion 65 %; Viscous liquid; IR (CH,Cl,): v 3416, 2921, 1723, 1537, 1342,
1206, 1094 cm™; '"H NMR (400 MHz, CDCls): 8 9.76 (d, J = 1.6 Hz, 1H), 7.94 (s, 1H), 7.43 (d, J = 8.4 Hz, 2H), 7.34 (d, J =
8.4 Hz, 2H), 7.21 (d, J= 8.0 Hz, 1H), 7.05 (s, 1H), 7.01 (d, J = 8.0 Hz, 1H), 6.89 (d, /= 1.6 Hz, 1H), 6.83 (s, 1H), 5.50 (d, J =
11.2 Hz, 1H), 4.27 (q, J = 7.2 Hz, 2H), 4.18-4.05 (m, 1H), 3.12-2.91 (m, 2H), 2.42 (s, 3H), 1.31 (t, J = 7.2 Hz, 3H); °C NMR
(100 MHz, CDCl;): 6 203.46, 164.08, 162.91, 134.46, 134.44, 134.24, 130.62, 129.25, 128.91, 127.30, 123.98, 122.55, 121.78,
118.14, 110.87, 110.76, 62.10, 52.87, 42.10, 24.67, 21.49, 13.95. HR-MS (EI+) m/z: [M]" calcd. for Cp4H,;CIN,O5 454.1295;
found 454.1299. [o]p'® = -37.2 (¢ = 1.0, CH,Cl,); ee: 90 %; The enantiomeric excess was determined by HPLC with a
Chiralcel AS-H (i-PrOH/hexanes: 10/90; flow rate: 1 mL/min; A = 220 nm); tg (major) = 22.0 min; tg (minor) = 34.0 min.

le (recovered acetate): Spectroscopic data are in agreement with recemic substrate le. Yield: 30 % (19.5 mg). The
enantiomeric excess (ee 86 %) was determined by HPLC with a Chiralpak OD-H (i-PrOH/hexanes: 5/95; flow rate: 1 mL/min;

A =254 nm); tg (major) = 10.2 min; tg (minor) = 12.4 min.

(4S, SR)-Ethyl 5-formyl-6-(5-methoxy-1H-indol-3-yl)-3-nitro-4-phenylhex-(2E)-enoate (3n):

According to the general procedure, to a solution of racemic nitroallylic acetate 1a (0.2 mmol, 58.6
mg), 5-methoxyindole (0.3 mmol, 44.1 mg) and acrolein (0.4 mmol, 27 pL) in toluene (0.2 mL)
was added organocatalyst 2 (0.01 mmol, 10 uL, 1.0 M solution in toluene) at 0 °C. The reaction

mixture was stirred at 0 °C for 6.5 h. The reaction was monitored at 53 % conversion by using

TLC and crude "H NMR data analysis. Then, the reaction mixture was subjected directly to flash

column chromatography (silica gel with 20 % of ethyl acetate/hexanes) to afford the unreacted substrate 1a first and then the
pure product 3n. Yield: 33 % (28.5 mg) @ conversion 53 %; Viscous liquid; IR (CH,Cl,): v 3418, 2937, 1722, 1536, 1212,
1029 cm™; 'H NMR (400 MHz, CDCL;): 8 9.79 (d, J = 1.6 Hz, 1H), 7.94 (s, 1H), 7.50 (d, J= 7.2 Hz, 2H), 7.42-7.30 (m, 3H),
7.21(d,J= 8.8 Hz, 1H), 6.93 (d,J= 2.0 Hz, 1H), 6.82 (dd, J= 2.4 Hz and 8.8 Hz, 1H), 6.80 (s, 1H), 6.76 (d, J = 2.4 Hz, 1H),
5.53 (d,J=11.2 Hz, 1H), 4.28 (q, J= 7.2 Hz, 2H), 4.22-4.11 (m, 1H), 3.81 (s, 3H), 3.13-2.93 (m, 2H), 1.32 (t, /= 6.8 Hz, 3H);
BC NMR (100 MHz, CDCls): & 203.91, 164.14, 163.36, 154.13, 135.85, 131.26, 129.18, 129.11, 128.33, 127.51, 123.21,
121.39, 112.67, 111.95, 111.38, 100.24, 62.03, 55.80, 52.90, 42.89, 24.88, 13.98. HR-MS (EI+) m/z: [M] caled. for
9



Cy4Hy4N,Og 436.1634; found 436.1625. [a]Dlg =-7.2 (¢ = 0.6, CH,Cl,); ee: 97 %; The enantiomeric excess was determined by
HPLC with a Chiralcel AS-H (i-PrOH/hexanes: 10/90; flow rate: 1 mL/min; A = 220 nm); tg (major) = 44.1 min; tg (minor) =
58.0 min.

la (recovered acetate): Spectroscopic data are in agreement with recemic substrate la. Yield: 44 % (25.6 mg). The
enantiomeric excess (ee 79 %) was determined by HPLC with a Chiralpak AD-H (i-PrOH/hexanes: 5/95; flow rate: 0.5

mL/min; A =254 nm); tg (minor) = 23.3 min; tz (major) = 26.9 min.

Ethyl 4-(3-hydroxy-1,2,3,4-tetrahydrocyclopenta[b]indol-2-yl)-3-nitro-4-phenylbut-2-enoate (5):
Procedure: To a solution of 3a (0.1 mmol, 40.6 mg) in CH,Cl, (100 puL) was added catalyst 4 (20

ON-Z~C0,Et . . . . . 0
mol %, 11.8 mg) in one portion. The reaction mixture was allowed to stir at 0 °C for 36 h. The crude

reaction mixture was subjected to column chromatography (30 % ethyl acetate in hexanes) to afford
the titled compound 5 in 40 % (16.5 mg) isolated yield as viscous liquid. IR (CH,Cl,): v 3426, 2917,
1723, 1537, 1302, 1096, 744, 701 cm™; "H NMR (400 MHz, CDCl,): § 8.04 (s, 1H), 7.52 (d, J = 6.4
Hz, 1H), 7.34 (d, J= 6.4 Hz, 1H), 7.32-7.22 (m, 3H), 7.22-7.17 (m, 3H), 7.13-7.08 (m, 1H), 7.01 (d, /= 1.2 Hz, 1H), 4.93 (d, J
=3.6 Hz, 1H), 4.35-4.23 (m, 2H), 4.09 (dd, J = 4.8 Hz and 0.8 Hz, 1H), 3.13 and 3.01 (dABq, J = 12.0 Hz and 5.6 Hz, 2H),
3.06 (s, 1H), 2.83-2.73 (m, 1H), 1.27 (t, J = 5.6 Hz, 3H); *C NMR (100 MHz, CDCLy): § 162.22, 155.12, 137.59, 136.18,
129.83, 128.90, 128.11, 128.00, 127.67, 122.53, 122.36, 119.71, 118.54, 112.20, 111.20, 78.01, 62.30, 54.80, 54.74, 26.82,
13.73. HR-MS (EI+) HR-MS (ESI+) m/z: [M + Na]" caled. for C,3H,,N,NaOs 429.1426; found 429.1432. [a]p™ = +33.2 (¢ =
0.3, CH,Cl,); ee: >99 %; The enantiomeric excess was determined by HPLC with a Chiralcel OD-H (i-PrOH/hexanes: 15/85;

flow rate: 1 mL/min; A =220 nm); tg (major) = 27.9 min; tg (minor) = 37.7 min.
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HPLC Charts for compounds 3a-n, 1a-f and 5

(4S, SR)-Ethyl 5-formyl-6-(1H-indol-3-yl)-3-nitro-4-phenylhex-(2E)-enoate (3a):Table 2, entry 1

Racemic )
s
&
s
&
#  Peak name mnaxfmin (mim) Area Area % Assay b
Q 28774 1023129400 041 0.00
1 39.368 10063791.00 4959 0.00
# Peskname mavinm {mim) Ares Ares & Assay &
0 29073 FOTH4ES 254 a
i 296816 M4 066 o
(2S)-Ethyl 2-acetoxy-3-nitro-4-phenylbut-(3E)-enoate (1a): Table 2, entry 1
2
o
N
NO, S §
o~ CORE & Racemic
OAc
o # Poak aame marmin (mi) Ama  Ara® Assiy %
: 0 20998 1744755500 5007 an
< 1 24193 1740073206 49.95 o
#  Pek name imaxfnin (i) Area A % Assay &
0 2876 72178 447 a00
i 2% 152591 9553 o
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(4S, SR)-Ethyl 4-(4-bromophenyl)-5-formyl-6-(1H-indol-3-yl)-3-nitrohex-(2E)-enoate (3b): Table 2, entry 2

oo
u
=
ot |
=
=
o
)
Peak name max/min {mim) Area Area % Assay %
24.581 2BTTE. 25 98,13 0,00
37,1482 508, 51 1,87 0,00

=
. e
Racemic &
-
2
w
o
#  Pesk name max/min (ain) Area Area % Assay %
0 24.809 8126.35 52.58 0.00
1 35.425 7328.91 47. 42 0.00

(25)-Ethyl 2-acetoxy-4-(4-bromophenyl)-3-nitrobut- (3E)-enoate (1b): Table 2, entry 2

NO, -
CO,Et e
= 2 2e)
OAc o
Br
o
=
o0
o
#  Peak name max/min (mim) Area Area % Assay %
0 23.252 3068.97 95.78 0.00
I 28. 786 135.29 4.22 0.00

. a
Racemic
%
-
oo
%
#  Peak name pax/min (mim) Area Area % Assay %
o 23.255 5500, 09 50.33 0. 00
1 28, 248 5427, B2 49.67 000



(4S5, SR)-Ethyl 5-formyl-6-(1H-indol-3-yl)-4-(4-methoxyphenyl)-3-nitrohex-(2E)-enoate (3c): Table 2, entry 3

COLEt - Racemic 2
.--n@OMe = <
7 2
[}
28 o
=
oo
§  Peak nane nax/nin (nin) Area  Area % Assay %
O I 40.950 10347. 48 50.45 0.00
1 60.419 1016461 19.55 0.00
#  Peak name max/min (mim) Area Area % Assay %
[l 38. 368 32455. 48 99.02 0.00
1 60. 804 321.43 0.98 0.00

(25)-Ethyl 2-acetoxy-4-(4-methoxyphenyl)-3-nitrobut- (3E)-enoate (1c): Table 2, entry 3

]
3 & =
; =
: il  Racemic I
) NO, i \
__COEt -
: = \
* OAc 3
.. [ar] 1)
i OMe I
{=r]
[==]
tr: i e
#  Peak name nax/nin (nin) Ares  Area % Assay %
0 13,487 1120.98 50.60 0.00
. 1 14.826 1103.37 49.40 0.00
#  Peak name nax/min (mim} Area Area % Assay %
] 13. 497 2288. 14 91. 40 0.00
1 14. 892 215.18 8. 60 0.00
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(4S8, 5R)-Ethyl 5-formyl-6-(1H-indol-3-yl)-4-(4-methylphenyl)-3-nitrohex-(2E)-enoate (3d): Table 2, entry 4

= Racemic |
i =
&~ 2
1
it
[S=]
= & Pesk nare nax/min (nin) Area  Area % Assay %
E 0 26. 856 19072. 48 50.34 0.00
1 37.880 18816.21 49. 66 0.00
#  Pesk name max/min (mimd Ares Area % hssar %
0 26.310 14487. 54 99, 49 0.00
1 37. 260 74.58 0.51 0.00
(25)-Ethyl 2-acetoxy-4-(4-methylphenyl)-3-nitrobut- (3E)-enoate (1d): Table 2, entry 4
Racemic S
NO2 | i
i _~-CO,Et
=t
OAc 52
=)
o
Me
_ o
—
. #  Peak nane max/min (mim) Area Area % Assay %
i
ot 0 18.900 4058.21 50.39 0.00
el 1 249 39461 .61 0.00
#  Peak nane mas/min (mim) Area Area % Assay %
0 17.004 626.77 7.55 0.00
1 20.535 T679. 41 92.45 0.00
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(4S8, S5R)-Ethyl 4-(4-chlorophenyl)-5-formyl-6-(1H-indol-3-yl)-3-nitrohex-(2E)-enoate (3e): Table 2, entry 5

Racemic -
CO,Et - A 3
I & ] A
i Cl o~ /
< > N \ 5
/ N
- \
A
r o] N /A
N o ot
4  Peak name max/min (nim) Area  Area % Assay %
f [} 27,676 8712518.00 50.18
1 41916 864872500 149.82
K S
0
g
#  Peak name max/min (mim} Area Area % Assay %
0 27.241  Z6180796. 00 97. 84 0.00
1 42.580 578708, 81 2. 16 0.00

(25)-Ethyl 2-acetoxy-4-(4-chlorophenyl)-3-nitrobut- (3E)-enoate (1e): Table 2, entry 5

. NO, | Racemic 5
_A_COsEt 8 3
! o
OAc = =
Y & i' ha
il Cl
[ |
L]
........... o T I
. S
:i #  Peak name max/min (mim) Ara  Ama % Assay %
@ o 11512 337091175 045 o0
i B S S S S v U R R S S S Ry e R 1 13778 3304989.75 49.51 oW
#  Peak name max/min (mim) Area Arcz & Asszy ¥
0 11272 BI36219.50 00 o
? 13,658 51978544 60 am
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(4S, SR)-Ethyl 6-(5-bromo-1H-indol-3-yl)-4-(4-bromophenyl)-5-formyl-3-nitrohex-(2E)-enoate (3f): Table 2, entry 6

Racemic
/\r =
w é /w
= \ /\\
i | \ J \
H \
i . / \\ /N
l:
#  Pesk rame rax/min (rim) Area Area¥ Assay %
= 0 31456 10639. 00 47.05 0.00
o~ 1 40.099 11074.97 52.95 0.00
=
d
# Peak name max/min (mim) Area Area % Assay %
0 31.757 21455. 02 93.51 0.00
1 42.513 1487. 99 6.49 0.00

(25)-Ethyl 2-acetoxy-4-(4-bromophenyl)-3-nitrobut- (3E)-enoate (1b): Table 2, entry 6

Racemic =
NO, & Y =
COLEt — i g
@ ~ z o K
T OAc
Br
)
Lﬂ. #  Pesk name nax/min (min) Ares frea % Assay %
= 0 21,658 44767 49.88 0.00
A__,__ 1 2%.163 9491, 46 50.12 0.00
.
#  Peak name max/min (mim) Area Area % Assay %
0 21. 666 8172.24 92. 61 0.00
1 26. 581 632. 24 7.39 0.00
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(4S, SR)-Ethyl 6-(5-bromo-1H-indol-3-yl)-5-formyl-4-(4-methylphenyl)-3-nitrohex-(2E)-enoate (3g): Table 2, entry 7

Racemic

30,04
9985
39,55

|
|

#  Peak name max/min (nim) Area Area % Assay %
0 29. 851 53466. 02 48.41 0.00
[Te} 1 39.547 56978. 82 51.59 0.00
[ r]
=
# Peak name max/min (mim) Area Area % Assay %
0 30. 038 39257. 99 93.23 0.00
1 41. 954 2852. 96 6.77 0.00

(25)-Ethyl 2-acetoxy-4-(4-methylphenyl)-3-nitrobut- (3E)-enoate (1d): Table 2, entry 7

Racemic
NO,

___COEt

O
g
22.62
—————15.00
92,39

Me

!

\
e # Peak name wax/nin (min) Area  Area % Assay %
ol
o 0 19.003 208893 50.46 000
- 1 22.391 20504.91 49.54 0.00
¥ Peak name max/min (mim) Area Area % Assay %
0 19.209 376.25 2.12 0.00
1 22. 620 17340. 74 97.88 0.00
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(4S, SR)-Ethyl 6-(5-bromo-1H-indol-3-yl)-5-formyl-4-(3-methoxyphenyl)-3-nitrohex-(2E)-enoate (3h): Table 2, entry 8

L

Racemic

o 54.64

J>/ 70. 83

#

0

o
I
; 1
o
=
# Peak name max/min (mim) Area Area % Assay %
0 54.418 31435.11 99. 64 0.00
1 79.302 113.30 0.36 0.00

Peak name max/min (mim) Area Area % Assay %
54.635 37303. 39 49.61 0.00
70. 828 37889.23 50.39 0.00

(25)-Ethyl 2-acetoxy-4-(3-methoxylphenyl)-3-nitrobut- (3E)-enoate (1f): Table 2, entry 8

NO,
___COEt =
OAc =
MeO
=
7
Peak name ax/min (mim) Area Area % Assay %
13.593 2236. 46 94.84 0.00
15.178 121.65 5.16 0.00

18

Racemic
»
e
s =
w
#  Peak name ax/min (nim) Area Area % Assay %
0 13.635 2281.04 50. 61 0.00
1 15.168 2226.18 49.39 0.00



(4S, SR)-Ethyl 6-(5-chloro-1H-indol-3-yl)-5-formyl-3-nitro-4-phenylhex-(2E)-enoate (3i): Table 2, entry 9

<, Racemic
[T
= , &
. o] I
£
- Era
=
- #  Peak name max/min (mim) frea Area % fssay %
o
0 38.041 28261. 78 48.83 0.00
i 1 51.563 29613. 19 51T 0.00
# Peak name max/min (mim) Area Area % Assay %
0 37337 18272.37 99.67 0.00
1 54. 089 5978 0.33 0.00
(25)-Ethyl 2-acetoxy-3-nitro-4-phenylbut-(3E)-enoate (1a): Table 2, entry 9
Racemic o
NO2 i
_A_COEt = 5
13 .
E OAc o
x o
J
O I e S S B O B e e
(=}
= # Peak name nax/nin (nim) Area  Area % Assay %
0 24.264 21881.83 49.95 0.00
o 28.205 21924.20 50.05 0.00
#  Peak name max/min (mim) Area Area % Assay %
0 24.028 203. 66 4.81 0.00
Iy 28. 042 4033. 61 95.19 0.00

19



(4S5, SR)-Ethyl 6-(5-chloro-1H-indol-3-yl)-4-(4-chlorophenyl)-5-formyl-3-nitrohex-(2E)-enoate (3j): Table 2, entry 10

=
Racemic =
o0 ) =
o H
N
,Lx“, N
= #  Peak name max/min (nim) Area Area % Assay %
=y
— 0 30.756 9055. 92 48.44 0.00
=
1 41.558 9639. 08 51.56 0.00
#  Peak name max/min (mim) Area Area % Assay %
0 29.383 31359.09 91.67 0.00
1 41.042 2850.70 8.33 0.00

(25)-Ethyl 2-acetoxy-4-(4-chlorophenyl)-3-nitrobut- (3E)-enoate (1e): Table 2, entry 10

NO2
— COEt
OAc
5 =
= . 2
al = Racemic e
] \ \
£
' \
UL
o
«w T
o ==
#  Peak nane nax/min (nim) Area  Area % Assay %
0 10.553 1904.89 .96 0.00
Wi, A 1 12.576 912.59 50.04 0.00
#  Peak name max/min (mim) Area Area % Assay %
{0 10.406 4513. 80 93. 74 0.00
1 12.624 301.21 6.26 0.400
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"]

(4S, S5R)-Ethyl 4-(4-bromophenyl)-6-(5-chloro-1H-indol-3-yl)-5-formyl-3-nitrohex-(2 E)-enoate (3k): Table 2, entry 11

= Racemic
3
#  Peak nane nax/nin (nin) Area  Area % Assay %
0 35667 11008.10 48.43 0.00
% Pesk name max/min (miny Area Area % fasey % ! 48200 1172134 51.57 0.00
0 33.983 51015. 39 95. 00 0.00
1 48.993 2684. 78 5. 00 0.00
(25)-Ethyl 2-acetoxy-4-(4-bromophenyl)-3-nitrobut- (3E)-enoate (1b): Table 2, entry 11
-
NO2 = Racemic 2
Z COEt S
OAc &
=
Br : /\
H ‘ \
\ A\
2
A
#  Peak nane ax/nin (nin) Area  Area% Assay %
T 0 2,545 0272.10 0.5 0.00
1 30.231 0440.05 50.45 0.00
#  Peak name ax/min (mim) Area Area % Assay %
0 24.571 19373.27 90. 99 0.00
1 30.641 1917.53 9.01 0.00
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(4S8, 5R)-Ethyl 5-formyl-6-(5-methyl-1H-indol-3-yl)-3-nitro-4-phenylhex-(2E)-enoate (31): Table 2, entry 12

2
Racemic \
b 2
% / i
= v
=
o0
#  Peak name max/min (mim) Area Area % Assay %
0 26.381 10804. 75 49.69 0.00
I ! 38574 10038.16 50.31 0.00
¥  Peak name max/min (mim) Area Area % Assay %
0 26.215 31104. 30 98. 94 0.00
1 39.296 332.48 1.06 0.00
(25)-Ethyl 2-acetoxy-3-nitro-4-phenylbut-(3E)-enoate (1a): Table 2, entry 12
5 * :
= 2
=g =
NO. ~ ; =
2 ot Racemic I
= 2
) OAc
E \
£
i
LA
— J—
e
=t #  Peak name max/min (mim) Area Area % Assay %
o
I\ 0 24.807 2821776 50.22 0.00
1 28.527 27973.76 49.78 0.00
#  Peak name max/min (mim) Area Area % Assay %
1] 24. 763 684. 68 6.65 0.00
1 28. 460 9603. 88 93.35 0.00
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(4S, S5R)-Ethyl 4-(4-chlorophenyl)-5-formyl-6-(5-methyl-1H-indol-3-yl)-3-nitrohex-(2E)-enoate (3m): Table 2, entry 13

>
= Racemic =
N
o
; 5
! I
H
i
by #  Peak name max/min (mim) Area Area % Assay %
= 0 21.938 13308.55 19.62 0.00
1 32.000 13603. 51 50.38 0.00
# Peak name max/min (mim) Area Area % Assay %
0 22.014 39199. 59 95. 02 0.00
1 34.021 2056. 44 4.98 0.00

(25)-Ethyl 2-acetoxy-4-(4-chlorophenyl)-3-nitrobut- (3E)-enoate (1e): Table 2, entry 13

NO,
= . =
_\_COZEt By Racemic  Z
= =
. OAc o ]
cl
i
3
{
@
= o
&
#  Peak name max/min (mim) Area Area % Assay %
0 10.293 3495.22 50. 81 0.00
LI g o g = B d ] 1 12.422 3383. 66 49.19 0.00
#  Peak name max/min (mim) Area Area % Assay %
0 10.198 4864.12 93.39 0.00
1 12.493 344.12 6.61 0.00
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(4S, SR)-Ethyl 5-formyl-6-(5-methoxy-1H-indol-3-yl)-3-nitro-4-phenylhex-(2E)-enoate (3n): Table 2, entry 14

[Ee]
5 , Racemic =
= i N 3
Z
i
# Peak name nex/nin (nin) Area Area % Assay %
0 45.311 8343.12 50.40 0.00
J =
¥ = 1 58.799 8210.90 49.60 0.00
_L_/\_,M i
o L
y
#  Peak name max/min (mim) Area Area % Assay %
0 44. 146 28641. 03 98. 61 0.00
1 38. 042 404. 99 1.39 0.00
(25)-Ethyl 2-acetoxy-3-nitro-4-phenylbut-(3E)-enoate (1a): Table 2, entry 14
E
o o
(+r) ad ;
No2 S Racemic 5
Z COEt "
OAc i
i
\
i =
™
o3 #  Peak name ax/nin (nin) Area Area % Assay %
o
0 23,886 28354.00 50.16 0.00
1 27.206 28173.05 10.84 0.00
Peak name ax/min (mim) Area Area % Assay %
23.356 979.55 10.34 0.00
26.923 8490.72 89. 66 0.00
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ent-3a : Table 2, entry 15

JR—

<
=]
<
o
i =
=
<
o
. A
#  Pesk name max/min (mim} Area Area % Assay %
0 24,769 T30. 58 3.34 0.00
1 36.596 21168. 72 96. 66 0.00
ent-1a : Table 2, entry 15
cQ
o
<
o~
>~
=
o
i
#  Peak name max/min (nim) Area Area % Assay %
0 24.675 17808. 55 9427 0.00
1 29. 206 1082.03 5.73 0.00

26.87

5 o AN

WA

Racemic

S

#  Peak name max/min (nim) Area Area % Assay %
0 26. 869 6529. 78 49.96 0.00
1 37.362 6540. 32 50.04 0.00
Racemic
o =
g :
=
S g
| J\
#  Peak name max/min (mim) Area Area % Assay %
0 24.677 4616.69 49.97 0.00
1. 29.189 462179 50.03 0.00
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Ethyl 4-(3-hydroxy-1,2,3,4-tetrahydrocyclopenta[b]indol-2-yl)-3-nitro-4-phenylbut-2-enoate (5):

#

0

1

Peak name

ax/min (mim)
217. 956

37.740

Area

36703.76

142.42

Area %

99.61

0.39

=
b=
o
X
Racemic
o
o
o
. >
H
£
i
#  Peak name ax/min (mim) Area Area % Assay %
0 27.601 26278.52 52.78 0.00
1 36. 725 23506.58 47.22 0.00

Assay %
0.00

0.00
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"H and “C NMR spectra of compounds 3a-n and 5
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PULPROG 2gpg30
™ 32768
CO,Et SOLVENT cDC13
NS 1215
DS 0
i SWH 24038.461 Hz
@Me FIDRES 0.733596 Hz
aQ 0.6816452 sec
G 8192
oW 20.800 usec
3g DE 6.50 usec
TE 299.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 3C
p1 8.90 usec
PLL 7.00 dB
SFO1 100.6233325 MHz
CHANNEL f2
CPDPRG2 waltzlé
NUC2 1H
PCPD2 90.00 usec
PL2 3.80 dB
PL12 21.60 dB
PL13 160 dB
SF02 400.1316005 MHz
F2 - Processing parameters
s1 32768
SF 100.6127716 MHz
WDW EM
SSB 0
LB 1.00 Hz
Gl 0
BC 1.00
T T T T T T T T T T T T T T T T T T T T T 1
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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T o HN O AN AT O ON 0~ o o £ Dat
oo NNNH A~ OO DO M — O S ﬁ;@ée"“ D’;?,gfif’;i&zg:
~ o~ A A 00000000 ISRURN] SR T
oo ELEOMOOMOONN — © PROCNO 1
F2 - Acquisition Parameters
Date_ 20120101
Time
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG 2930
™ 32768
SOLVENT cpel3
NS 16
DS 0
SWH 7246.377 Hz
FIDRES 0.221142 Hz
a0 2.2611110 sec
RG 181
DW 69.000 usec
DE 6.50 usec
TE 298.5 K
D1 2.00000000 sec
DO 1
1 11.70 usec
PL1 4.00 dB
SFO1 400.1324008 MHz
F2 - Processing parameters
sI 16384
SF 400.1300092 MHz
WDW
SSB 0
LB 0 Hz
GB 0
BC 1.00
T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
=3 TZ;’;i ofo uﬁLi§1F31 o] [ ® ~
IS o |o|a|—|o|o|e || o o ™
— ol=lml=lal-=lo — ST ~ ™
o ~ow MOV DT O NN D
~ o= HON H TN~ DO ™ N o ® © ©o ~ —~ ~ - .
N > YN AR S Ao R0 333 S 22 S I P Current Data Parameters
™ T mo WOV TN N BRI ce . . . - NAME sr-212-pr-pdt
o © LV MOOMNNNNN A A A A o~ o o 0w m o~ < ™ EXPNO 2
~ o A A A A A A A A A Ao ~~ o~ © 0 < N — PROCNO 1
F2 - Acquisition Parameters
Date 20120101
Time
INSTRUM spect
PROBHD 5 mm BBO BE-1H
PULPROG 2gpg30
D 32768
SOLVENT cc13
NS 2540
DS 0
SuH 24038.461
FIDRES 0.733596
AQ 0.6816452
RG 8192
DW 20.800
DE 6.50
TE 298.5
D1 2.00000000
D11 0.03000000
TDO 1
CHANNEL £1
8.90 usec
PLL 7.00 dB
SFOL 100.6233325 MHz
CHANNEL f£2
waltzl6
18
90.00
3.80
21.60
24.6
SFO2 400.1316005
F2 - Processing parameters
sI 327
sF 100.6127714 MHz
WDH
ssB 0
LB Hz
GB 0
PC 1.00
T T T T T T T T T T T T T T T T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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o
WH HOOWOMOSANEOOINATNMOMNOOTODHAINNTOANOAOATNMOSNON WO OO 0N O current Data Parameters
o O DV OL AN OITNDITANMNMMAODTOATNO AN T LOTLVLONOIFITMNMONOANAAODDODM AN AN O o NAME sr-203pdt-pr
~ oo NNNAdAAOO OO NNNAAAAAAAAAAAA AT O OODODOAOIOMMM . EXPNO 3
D o )
[N e eI e e e e o e N R Ll | PROCNO 1
v n\nww\v/// \\\MW ‘ F2 - Acquisition Parameters
Date_ 20111220
Time 21.58
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG 2930
TD 32768
SOLVENT cDpcl3
NS 16
DS 0
SWH 7246.377 Hz
FIDRES 0.221142 Hz
R0 2.2611110 sec
RG 228.1
DI 69.000 usec
DE 6.50 usec
TE 300.
D1 2.00000000 sec
TDO 1
= CHANNEL f1
1H
11.70 usec
4.00 dB
400.1324008 MHz
F2 - Processing parameters
ST 16384
SF 400.1300100 MHz
WDW EM
SSB 0
1B 0 Hz
GB 0
PC 1.00
UL .
T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
o ™ o|ofw|o|o|N — o ™ o
o — o || |[o| o o N[O o~ -
— — N[M|N|H O[O — o~ o~ (s8]
[30) — < OCNWOOHNONOMW WL
™ — o TTNATOTOO T A AT INE=N-"] o~ o~ < 0 ~ Current Data Parameters
. .. R m o © =) o ~ N o NAME sr-203pdt-pr
(e} < o S OY O LW MN 0N . . . . . . EXPNO 4
=} © © OONNNNNNNN A A A ~ -0 I ™ N N ™ BROCNO 1
~N — B B B B B B B IR B B B B B | ~ - o fe} = N —
F2 - Acquisition Parameters
Date 20111220
Time 22.01
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG 2gpg30
32768
SOLVENT CDC13
NS 4000
DS 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
20 0.6816452 sec
RG 819
DW 20.800 usec
cl DE 6.50 usec
TE 300.9 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
8.90 usec
7.00 dB
100.6233325 Mz
CHANNEL f2
waltzlé
1H
90.00 usec
3.80 dB
21.60 dB
24.60 dB
400.1316005 MHz
F2 - Processing parameters
SI 32768
SF 100.6127701 Mz
WDW
SSB 0
LB 1.00 Hz
GB 0
BC 1.00
T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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™ © O HNT OO 0O ®ON© — w0 o
~ 0 HOSWOWM OO OVN O ® T N O © Current Data Parameters
o~ o~ NONNNA—A—A A OO0 OO0 ™ omm © NAME sr-206pdt-pr
o o TS LTI TOONON — o EXPNO 3
v ‘\m\\% \\V/ \‘/ PROCNO 1
F2 - Acquisition Parameters
Date_ 20111224
Time 17.01
/ CO,Et INSTRUM spect
PROBHD 5 mm BBO BB-1H
o Cl PULPROG 2930
TD 32768
SOLVENT CDC13
NS 16
DS 0
SWH 7246.377 Hz
FIDRES 0.221142 Hz
2AQ 2.2611110 sec
RG 256
DW 69.000 usec
DE 6.50 usec
TE 297.3 K
D1 2.00000000 sec
TDO 1
HANNEL f1
NUC1 1H
Pl 11.70 usec
F PL1 4.00 dB
SFO1 400.1324008 MHz
F2 - Processing parameters
ST
SF 400.1300083 MHz
WDW EM
SSB
LB Hz
GB
PC 1.00
: *ML‘ -y
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
o of  [=[ofs|v]o]w)os o oo ~ N
o | |o|o|m|o|o|o|w e | o~ o
— =l lolalalol-lolo o o~ ™
o~ o m ) O N N S~ O
e o~ TN AN MN LD ©OS0ON A N o @ ~ ~ w0 ™ ~ N
. L. LR RR=RC) — © =y ~ o Current Data Parameters
[N < N FFFOONOWINMAN 0N .. . . . . . NAME sr-206pdt-pr
o 0 © OOMONNNNNN A A -~~~ o o~ o — < ™ EXPNO 4
~ — Ao A ~ o~ © ) < N — PROCNO 1
Date_ 2 224
Time 17.03
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG 2gpg30
TD 32768
SOLVENT cDC13
NS 1242
DS 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
0 0.6816452 sec
RG 8192
DW 20.800 usec
DE 6.50 usec
TE 297.3 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
77777777 CHANNEL f1 ========
NUC1 13C
P1 8.90 usec
PL1 7.00 dB
SFO1 100.6233325 MHz
CHANNEL £2
waltz1l6
1H
90.00 usec
3.80 dB
21.60 dB
24.60 dB
SFO2 400.1316005 MHz
F2 - Processing parameters
ST 32768
SF 100.6127708 MHz
WDW EM
SSB 0
1B 1.00 Hz
GB 0
PC 1.00
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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o
o ® SO WO O N0 OO HOMHD OO OO — O o
~ © AN MOS 0T NS HO~WVWOoOOO O-HO® < O S} Current Data Parameters
-~ o~ OWSTMMANNN— OO w® NNNN—A—HO ©O0OoO0 ™o m .
. o  NAME sr-218
o o @ [~ [~ [~ [~ 0~~~ R MMM~ — | EXPNO 1
% A = NN N/ 1
F2 - Acquisition Parameters
Date 20120107
Time 16.20
INSTRUM spect
Br PROBHD 5 mm BBO BB-1H
PULPROG z2g30
c TD 32768
| SOLVENT CDC13
NS 16
DS 0
SWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.2611110 sec
RG 256
DW 69.000 usec
DE 6.50 usec
TE 298.1 K
D1 2.00000000 sec
TDO 1
PL1 4.00 dB
SFO1 400.1324008 MHz
F2 - Processing parameters
ST
SF 400.1300085 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.00
J— MJ i L »\JALLN\_’LJ
T T T T T T T T T T
10 8 7 6 5 4 3 2 1 0 ppm
o 0 m[vfofvlo]|m 0 © —
S} — wn[o|o|m|o|o o o= o~ 0
— — == = lo — ~ ™
™ <+ o TWOMMOO O™ DA N®
o oW OMMWHATOMSINNONO — O © @ o o ~ 7o)
. .. Coe e e e e e e e e e e ™o v — © o o~ o Current Data Parameters
~ - o TLNOONMNN 0N N . . . . . NAME sr-218-pr-pdt
o 0 © MMM ONNNNNN A A A ~ 0 ~ o~ ~ N ™ EXPNO 3
~ — oA A A A o~~~ © 1 < ~ — PROCNO 1
VoSS N2 ] e emteieion s
Date_ 20120101
Time 15.51
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
32768
SOLVENT cDpel3
NS 2178
DS 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6816452 sec
RG 8192
DW 20.800 usec
DE 6.50 usec
TE 298.5 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
77777777 CHANNEL f1 ========
NUC1 13C
Pl 8.90 usec
PL1 7.00 dB
SFO1 100.6233325 MHz
= = CHANNEL f2
CPDPRG2 waltzl6
NUC2 1H
PCPD2 90.00 usec
PL2 3.80 dB
PL12 21.60 dB
PL13 24.60 dB
SFO2 400.1316005 MHz
F2 - Processing parameters
ST 32768
SF 100.6127722 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.00
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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OMNAODANILSDOLSOAONDDNODOET A0 TN TONUNOANONITTWOWAVOWATTMAOMAANMO O T — OO M L o
WWOWMOOWOWOVDWOUINLMULANONDD AN AN AN AT~V ONTITMNONNOND AN M AD O Current Data Parameters
oo ANNNOoOOoOOOCoooOcT TN ONANANAAAAAAAAAA A A OO TFMMAN O NAME sr-204pdt-pr
oo~ T TV OV VOV LSS ITOONONONNNNN A A A OPROCNO 1
\%ﬂﬁ\\%/ \\ \N%m%/% ‘ e
Date_ 20111221
Time
STRUM £
PROBHD 5 mm BBO
PULPROG
SOLVENT

CHANNEL f1
NUC1 1H
Pl 11.7

usec

4 dB
SFO1 400.1324008 MHz

F2 - Processing parameters
16384

©
a4
o
o
IS
w
S
=
o

10 9 ppm

o SIRNEINEN < w0

S} o|m|—|o|—|o|o —|o — — o~

— o=l =lo — o~ ™
1)
~ N oo o o~ o~ o~ ©

. ™o w o =} o S O Current Data Parameters

™ R . . . .. . NAME sr-204pdt-pr
o o~ o~ o — ™ ~N < ™ EXPNO 2
o~ o~~~ © [t} < NN BROCNO 7

F2 - Acquisition Parameters

Date 20111221
Time 12.12
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG 2gpg30
32768
SOLVENT cDCl3
NS 1100
DS 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6816452 sec
G 8192
oW 20.800 usec
DE 6.50 usec
TE 301.1
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1l =
13¢
0.50 usec
7.00 dB
100.6233325 Mz
CHANNEL f2 =
waltzlé
1H
90.00 usec
-0.60 dB
15.00 dB

18.00 d
400.1316005 MHz

F2 - Processing parameters
SI 32768

SF 100.6127673 MHz
WDW EM
SSB 0

LB 1.00 Hz
GB 0

PC 1.00

T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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o N W oYW W INn N o —oOoNm oo — ™m0
© © TN OO N N—H O IO o
o~~~ T T MM NN -0 ooo o~
oo [ e e e T Onm —

2.980

—2.426
33

1.313

/
/
k:
<

0.000

Current Data Parameters
NAME sr-208
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date 20111229
Time 12.07
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30

™ 32768
SOLVENT CDC13

NS 16

Ds 0

SWH 7246.377 Hz
FIDRES 0.221142 Hz
aQ 2.2611110 sec
RG 18

oW 69.000 usec
DE 6.50 usec
TE 300.8 K
D1 2.00000000 sec
TDO 1

a4
o
&
ES
w
N
il

CHANNEL f1

1H

11.70 usec
4.00 dB
400.1324008 MHz

- Processing parameters

1638
400.1300114 MHz
EM

10 9 8 ppm
o | (N[O~ ||| o o~ —
o of |o|o|o(o|o|o|o o — O — o —
—A NN Al H [ H[H O — — o™ ™
o @ O TN O LW~ O
- oo LT NONOMO O™ 0~ — O) O o ~ o ~ o wn
. . . LI I T T B T S IR I TR B ] m O WO — @ — O < (o)} Current Data Parameters
s} T N I ONOMN 0O O oo . . . . M N NAME sr-208
o w0 o MMM OMONNNNNN A A A ~ 0w N N ~N < [se} EXPNO 2
~N — A A A A A A A A A A A [ e o wn < NN — PROCNO 1
S\ s N2 ] R
Date_ 20111229
12.09
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG 2gpg30
32768
SOLVENT CDC13
NS 1160
Ds 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
20 0.6816452 sec
RG 8192
oW 20.800 usec
DE 6.50 usec
TE 300.8 K
D1 0 sec
D11 sec
TDO 1
CHANNEL f1
NUC1 C
31 8.90 usec
PL1 7.00 dB
SFO1 100.6233325 MHz
CHANNEL f2
CPDPRG.: waltzlé
NUC2 1H
PCPD2 90.00 usec
PL2 3.80 dB
PL12 21.60 dB
PL13 24.60 dB
SFO2 400.1316005 MHz
F2 - Processing parameters
SI 2768
SF 100.6127716 MHz
WDW
SSB 0
LB
GB 0
PC 1.00
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

39



9.800
9.796

-

2233483 T g

T d I Current Data Parameters

e 0N < NaME sr-209-pr-pdt

T O MmN o ©  EXPNO 1

W “// \‘/ PROCNO 1

F2 - Acquisition Parameters
Date_ 20120101
Time 11.58
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 16
DS 0
SWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.2611110 sec
RG 181
DW 69.000 usec
DE 6.50 usec
TE 299.0 K
D1 2.00000000 sec
TDO 1

ST
SF
WDW
SSB
LB
GB
PC

0‘4
&
IS
w
[
-

CHANNEL f1 =
1H
11.70 usec
4.00 dB
400.1324008 MHz

F2 - Processing parameters

16384
400.1300000 MHz
EM
0
0 Hz
0
1.00

10 9 8 7 ppm
=) ~| [«ofofa oal&§1F3l ™ ol fo ~ %)
o Al o] S || o o IS NS ™ N
— — N[O HA|lHA|[H OO — ™ N s8]
- <o ™ DOWWHM A O~ D®© <
o — M — ON—HAMONMWOO™M ~N N O O o o o (o)) o) [ee]
N N N Cot ot e e N ™M O © (SR @ @© o Current Data Parameters
) <o DA AN A A O B R . . . NAME Sr-209-pr-pdt
o [ERCIY MONNNNNN A A A O ~~© LR o < ) fieel 5
~N — o~ — R B B B B B B B e | — ~ -~ o n " = ~N — PROCNO 1
Vo NSV N R R
Date_ 20120101
Time 12.00
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG 2gpg30
by 32768
SOLVENT cpel3
NS 3000
DS 0
swWH 24038.461 Hz
FIDRES 0.733596 Hz
a0 0.6816452 sec
RG 8192
oW 20.800 usec
DE 6.50 usec
TE 298.9 K
D1 2.00000000 sec
Dil 0.03000000 sec
D0 1
———————— CHANNEL £1 ========
NuC1 c
Pl 8.90 usec
PLL 7.00 dB
SFOL 100.6233325 MHz
———————— CHANNEL £2 ========
CPDPRG2 waltz16
NuUC2 1H
PCPD2 90.00 usec
PL2 3.80 aB
PL12 21.60 dB
PL13 24.60 dB
SFO2 400.1316005 MHz
F2 - Processing parameters
sT 32768
SF 100.6127709 Miz
WowW EM
ssB 0
1B 1.00 Hz
GB 0
BC 1.00
" o L . " ““*“‘u.**m*‘d SRR WA e
K - p W v Wik A " s sk b b
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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8.044
7.537
7.521
7.354
7.338
7.285
7.270
7.251
7.209
7.206
7.193
7.119
7.118
7.104
7.013
7.010

S=\le=

1.292
1.278
1.264

e
N

0.000

Current Data Parameters

NAME KC-2012020135

EXPNO 1

PROCNO 1

F2 - Acquisition Parameters

Date 20120229

Time 17.00

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG 2930

TD 32768

SOLVENT €DC13

NS 128

DS 0

SWH 6009.615 Hz

FIDRES 0.183399 Hz

AQ 2.7264309 sec

RG 161.3

DW 83.200 usec

DE 6.50 usec

TE 300.0 K

Dl 2.00000000 sec

TDO 1
CHANNEL f1

NUC1

Pl 15.00 usec

PL1 dB

SFO1 500.1325006 MHz

F2 - Processing parameters

ST 16384

SF 500.1300172 MHz

WDW EM

SsB 0

LB 0 Hz

GB 0

PC 1.00

1.0¢

o~
o~
o~
©
—

—155.12

1.0¢

1.01

111.20

78.01
77.32
77.00
76.68

£
X

—62.30

54.80
54.74

ad

3.8¢

—26.82
—13.73

Ppm

Current Data Parameters

E sr-232
EXPNO 4
PROCNO 1

F2

0202
22.07

spect
5 mm BBO BB-1H
zgpg30
32768

0
24038.461
0.733596
0.6816452
8192
20.800
6.50

2.00000000
0.03000000
1

CHANNEL f1

- Acquisition Parameters
2

usec
usec
298.2 K

sec
sec

13C
8.90

7.00
100.6233325

usec
dB
MHZ

CHANNEL £2
waltzlé
1H
90.00
21.60
24.60
400.1316005

1.00

200

T
190

T
180

T
170

T
160

T
150

T
140

T
130

T
120

T
110

T
100

T
90

T
80

41

70

60

50

40

30 20

10

0

Ppm

3.80 dB

- Processing parameters
32768

100.6127702 MHz

1.00 Hz



co3¥ of sr-232

0N~ Z>CO,Et

COSY of sr-232

O (R VI

)
)

Ppm

[ WY

10

10 ]

.8

2.0

3.2

4.8

5.0

5.2

7

4

%

1 ppm

L

]

42

WME
EXFRO
PROCHD
Date_
Time
INITEIM
PROEHD
PULFR 0G

D
30LVENT
b )

D3

il

FIDRE
Al
Rk

KC-201ini0lzh
2

1
T0LE02Ed

18.93

spect

§ mm FABED EBE-
cosygprpqf
ingi

EDe1 2
&

P

G003 . BL5
f.ardii
010526 S
456. 1

om0
0. 0000000
. 50a00000
n.aEanannn
0. 00nnEann
0. 00000dnn
0. 000g0nnn
0. 000LEE40

PLE o000
o
TD
SFOL 500, 1385
FIIEES £2.475071
0 1i.0ls
FrMODE qF
i1 oid
iy 500130017 ¢
il IINE
IIE ]
LE [}
B ]
BT 1.40
51 1ntg
(113 ar
iF S00.1%0017¢
i) SIHE
33E []
LE nnn
LE ]
RAME KL-E012020125
EXFHO ]
FROCHO 1
Date_ ElEnEEd
Time 12,32
INSTRIY spect
PREOEHD 5 mm PAEEO EE-
FULFEOG cosyapppqf
Thds
SOLVENT toel:
i &
I3 16
S0H £009.615 Hx
FIDEES £.93425¢ Hz
20 0.170586F sec
B 456.1
i) #2200 usec
IE £.50 usec
TE 2000 K
o 000000200 sec
il Lo50000000 sec
1L 0. 02000000 sec
oL 00000 sec
L2 000000400 ser
i 00000000 sec
Hi 0. 000LEE40 sec

000,00 usec
1

500.1%85 MHs
£2.475071 Hs

18015 ppm
[ii3

1ni4
500.1200017% MHz
IIHE
L}
0.00 Hz
L]

1.40
lozg

o

oF
500,130017¢ MHz
IIRE
o
0.00 Hz
o

urec

MHz
Hz
PP

MHz

Hz

HHz




NOESY of sr-232

0N~ Z>CO,Et

HaME KC-201li0z0125
I3

EXFHO
PROCHO 1
Date_ E0LE0EED
Time 17.04
INITEIM spect
PROEHD 5 m PAEEQ EE-
FULFR 0% noe syapphpp
TD ]
SOLVENT tDel:
b it
i 1f
SWH 6009615
FIIEES $.934258
20 0 170586 H
BE 56
i} §2. 800
IE £.50
TE 200,10
o0 0. 0000 410
L £ 00000000
I 0L ENRDND0E
DLl 003000000
IL: L0000 £00 D
ILG . 0000000
NI 0. I0LEESD

CHANNEL £1 =

15.00
2000
E500.00
[

5.&0
500 1285006

ppm I W
1 .
- #
g 4 +
2 +
3 ; U I A *
4 = > =
Iy '
5 . g . ! .
&
7
g -
9
10 9 g 7 (3 5 4 3 2 1 ppm
NOESY of sr-232
B ) ) x ..._.J .-l..u.,.i o
2.8 8 ’
) [
e 8
&
L + o o -
=
+ - 0 B L]
5.l 4.5 4.0 FET 3.0 ppm

GRADIENT CHAMMEL
SIKE.100
SIKE. 100
40,00
-4 00
Lodn oi
1
56
SO0, 1285
£2.475071
1i.016
States-TEPI
34 logd
iy S00.120017 &
nl] SINE
33E i
LE [N
LE ]
BT Lo
31 Loid
1153 States-TEPL
T 500.120017¢
[nl] Q3INE
33E i
LE [N
GE ]
BAME KE-£01802 0125
EXFHO H
FROCHO 1
Date_ 20l ngzd
Time 17.09
INSTEIM sprct
FROEHD 5 mm PABEQ EE-
PULFE 0% nor syapphpp
o s
SOLVENT Lol
B3 S
I3 1k
S0H 6009515 Hz
FIIEES £.92425¢ Ho
20 0 1705265 sec
Bl 55
i ] #2200 usec
IE £.50 usec
TE 200.0 K
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