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General Information

All operations were carried out under air atmospheres. NMR spectra were recorded on 

standard FT spectrometers at ambient probe temperatures (500 MHz) or 298 K (400 MHz). Che-

mical shifts (δ/ppm) were generally referenced to solvent signals: 1H, residual CHCl3 (7.26), ac-

etone-d5, (2.05), or CHD2CN (1.94); 13C, CDCl3 (77.16) or acetone-d6 (29.84). IR spectra were 

recorded on a Shimadzu IRAffinity-1 spectrometer (Pike MIRacle ATR system, diamond/ZnSe 

crystal). Capillary thermolyses were monitored with an Optimelt MPA 100 instrument. Micro-

analyses were conducted by Atlantic Microlab. HPLC analyses were carried out with a Shimadzu 

instrument package (pump/autosampler/detector LC-20AD/SIL-20A/SPD-M20A).

The di-t-butyl azodicarboxylate (98%, Aldrich) was recrystallized from heptane (warm 

until dissolved) and petroleum ether (30-60 °C; added cold and sample kept at room temperature 

until precipitation). The (E)-cinnamaldehyde, 4-formylbenzoic acid methyl ester, nicotinic acid, 

2-methoxynicotinic acid, 6-aminonicotinic acid, 6-chloronicotinic acid, 6-methylnicotinic acid, 

isonicotinic acid, picolinic acid, 3-(dimethylamino)benzoic acid, 2-pyridinesulfonic acid, ammo-

nium acetate, N.N-dimethylaniline, dimethyl malonate, diethyl malonate, di-t-butyl malonate, 

Ph2SiMe2, trans-β-nitrostyrene, and routine chemicals not specifically noted were used as re-

ceived from common commercial sources. 

Syntheses of nitroolefin substrates

Nitroolefins 6a-d and 6h-k were used from a previous work, in which they were prepared 

by Henry reactions with nitromethane.s1 Nitroolefins 6f,n were available commercially, and 6e,l, 

m were synthesized by literature procedures.s2 

trans-p-(methoxycarbonyl)-β-nitrostyrene (6g).s3 A round-bottom flask was charged with 

4-formylbenzoic acid methyl ester (0.250 g, 1.52 mmol, 1.0 equiv), nitromethane (1.5 mL), and 

ammonium acetate (0.035 g, 0.457 mmol, 30 mol%). The mixture was refluxed (2 h) and 

allowed to cool. The thick slurry was transferred to a sintered glass frit, and the solvent was 

pulled through by vacuum. The residue was triturated with a minimal amount of methanol, and 
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the solid transferred to a vial and dried by oil pump vacuum (rt, 14 h) to give 6g as a yellow-

green solid (0.124 g, 0.598 mmol, 39%), mp 178.4-181.8 °C (open capillary). IR (powder film, 

cm–1): 3103, 3051, 2959, 1710, 1635, 1517, 1497, 1281, 1105, 960, 770. 

NMR (CDCl3, δ/ppm): 1H (400 MHz) 8.11 (d, 3JHH = 8.4 Hz, 2H), 8.02 (d, 3JHH = 13.7 

Hz, 1H), 7.62 (d, 3JHH = 13.7 Hz, 1H), 7.62 (d, 3JHH = 8.3 Hz, 2H), 3.95 (s, 3H); 13C{1H} (100 

MHz) 166.1, 138.8, 137.7, 134.3, 133.2, 130.6, 129.1, 52.7 (8 × s). 

(1E,3E)-1-phenyl-4-nitro-1,3-butadiene (6o). A round-bottom flask was charged with 

(E)-cinnamaldehyde (0.25 mL, 2.0 mmol, 1.0 equiv), nitromethane (1.5 mL), and ammonium ac-

etate (0.046 g, 0.595 mmol, 30 mol%). The mixture was refluxed (2 h) and allowed to cool. The 

solvent was removed by rotary evaporation. The red oily residue was dissolved in a minimum of 

DCM, and loaded onto a silica column that was packed and eluted with EtOAc/hexanes (15:85 

v/v). The solvent was removed from the combined product containing fractions by rotary 

evaporation and oil-pump vacuum (rt, 14 h) to give 6o as an oily residue that slowly became a 

vermillion semi-solid (0.174 g, 1.00 mmol, 50%).s4 

NMR (CDCl3, δ/ppm): 1H (500 MHz) 7.78 (ddd, 3JHH = 13.0, 11.6 Hz, 4JHH = 0.7 Hz, 

1H), 7.55-7.47 (m, 2H), 7.44-7.37 (m, 3H), 7.24 (d, 3JHH = 13.1 Hz, 1H), 7.16 (d, 3JHH = 15.5 

Hz, 1H), 6.87 (ddd, 3JHH = 15.5, 11.6 Hz, 4JHH = 0.6 Hz, 1H); 13C{1H} (100 MHz) 146.2, 

139.3, 138.8, 135.3, 130.5, 129.2, 127.9, 120.7 (8 × s).

Syntheses of catalysts

Λ-(S,S)-23+ 4a–Cl–BArf
–.2H2O. Isolated according to the general procedure (main text) 

from Λ-(S,S)-23+ 2Cl–BArf
–.2H2O and isonicotinic acid (0.011 g) as an orange solid (0.048 g, 

0.027 mmol, 91%), mp 125.7-129.6 °C (open capillary, dec to green liquid). Anal. Calcd. for 

C80H64BClCoF24N7O2
.2H2O (1752.62): C 54.83, H 3.91, N, 5.59; found C 54.98, H 3.91, N 

5.36. IR (powder film, cm–1): 3068, 1681, 1609, 1539, 1385, 1354, 1273, 1119, 679.

NMR (acetone-d6, δ/ppm):s5 1H (500 MHz) isonicotinate at 8.69-8.63 (d, 3JHH = 5.8 Hz, 

2H), 7.92-7.86 (d, 3JHH = 5.8 Hz, 2H); BArf
– at 7.84-7.77 (m, 8H, o), 7.68 (s, 4H, p); dpen at 
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8.54 (br s, 4H, NHH', overlapping isonicotinate), 7.63-7.46 (m, 12H), 7.36-7.16 (m, 18H), 5.26 

(br s, 4H, NHH'), 5.17 (br s, 6H, CHNH2); 13C{1H} (125 MHz) BArf
– at 162.6 (q, 1JBC = 50.0 

Hz, i), 135.5 (br s, o), 130.0 (qq, 2JCF = 31.5 Hz, 4JCF = 2.9 Hz, m), 125.4 (q, 1JCF = 271.6 Hz, 

CF3), 118.4 (sept, 3JCF = 4.0 Hz, p); dpen at 137.6 (s, i-Ph), 129.8, 129.7, 129.6 (3 × s, o-, m-, p-

Ph), 63.5 (s, CHNH2); isonicotinate at 172.8 (s, COO–), 150.7, 145.9, 124.2 (5 × s). 

Λ-(S,S)-23+ 4b–Cl–BArf
–.2H2O. Isolated according to the general procedure from Λ-

(S,S)-23+ 2Cl–BArf
–.2H2O and nicotinic acid (0.011 g) as an orange solid (0.046 g, 0.026 mmol, 

88%), mp 119.1-122.2 °C (open capillary, dec to green liquid). Anal. Calcd. for C80H64BClCo-

F24N7O2
.2H2O (1752.62): C 54.83, H 3.91, N, 5.59, Cl, 2.00; found C 54.56, H 3.98, N 5.39. IR 

(powder film, cm–1): 3063, 1609, 1539, 1387, 1354, 1275, 1119.

NMR (acetone-d6, δ/ppm):s5 1H (500 MHz) nicotinate at 9.24 (dd, 4JHH = 2.1 Hz, 5JHH = 

0.9 Hz, 1H), 8.65 (dd, 3JHH = 4.8 Hz, 4JHH = 1.8 Hz, 1H), 8.34 (dt, 3JHH = 7.7 Hz, 4JHH = 2.0 

Hz, 1H), 7.40 (ddd, 3JHH = 7.7 Hz, 4.8 Hz, 5JHH = 0.9, 1H); BArf
– at 7.85-7.78 (m, 8H, o), 7.70 

(s, 4H, p); dpen at 8.68 (br s, 5H, NHH', overlapping nicotinate), 7.62-7.46 (m, 12H), 7.35-7.22 

(m, 18H), 5.25 (br s, 5H, NHH'), 5.18 (s, 6H, CHNH2); 13C{1H} (125 MHz) BArf
– at 162.6 (q, 

1JBC = 50.0 Hz, i), 135.5 (br s, o), 130.0 (qq, 2JCF = 31.5 Hz, 4JCF = 2.9 Hz, m), 125.4 (q, 1JCF = 

271.9 Hz, CF3), 118.4 (sept, 3JCF = 4.0 Hz, p); dpen at 137.6 (s, i-Ph), 129.72, 129.71, 129.6 (3 

× s, o-, m-, p-Ph), 63.5 (s, CHNH2); nicotinate at 173.1 (s, COO–), 152.1, 151.8, 137.4, 133.7, 

123.6 (5 × s); 19F{1H} (470 MHz, CDCl3 vs. internal C6H5CF3 at –63.72) –63.2 (s).  

∆-(S,S)-23+ 4b–Cl–BArf
–.2H2O. Isolated according to the general procedure from Δ-

(S,S)-23+ 2Cl–BArf
–.H2O and nicotinic acid (0.011 g) as an orange solid (0.051 g, 0.029 mmol, 

88%), mp 117.5 ºC (open capillary; dec to green liquid with gradual darkening at lower tempera-

tures). Anal. Calcd. for C80H64BClCoF24N7O2
.2H2O (1752.62): C 54.83, H 3.91, N, 5.59; found 

C 55.38, H 4.08, N 5.70. IR (powder film, cm–1): 3067, 1684, 1596, 1457, 1382, 1354, 1275, 

1120, 682.

NMR (acetone-d6, δ/ppm):s5 1H (500 MHz) nicotinate at 9.14 (apparent s, 1H), 8.59 (dd, 

3JHH = 5.0 Hz, 4JHH = 1.8 Hz, 1H), 8.23 (d, 3JHH = 7.7 Hz, 1H), 7.36-7.29 (m, 1H); BArf
– at 
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7.82-7.74 (m, 8H, o), 7.68 (s, 4H, p); dpen at 7.87 (br s, 1H, NHH', overlapping nicotinate), 7.58-

7.46 (m, 12H), 7.28-7.13 (m, 18H), 5.98 (br s, 1H, NHH'), 5.08 (s, 6H, CHNH2); 13C{1H} (125 

MHz) BArf
– at 162.6 (q, 1JBC = 49.8 Hz, i), 135.5 (br s, o), 130.0 (qq, 2JCF = 31.5 Hz, 4JCF = 

2.9 Hz, m), 125.3 (q, 1JCF = 271.8 Hz, CF3), 118.4 (sept, 3JCF = 4.0 Hz, p); dpen at 137.7 (s, i-

Ph), 129.6, 129.4, 129.2 (3 × s, o-, m-, p-Ph), 66.0 (s, CHNH2); nicotinate ats6 152.0, 151.5, 

137.2, 129.7, 123.6 (5 × s).

Λ-(S,S)-23+ 4c–Cl–BArf
–. Isolated according to the general procedure from Λ-(S,S)-23+ 

2Cl–BArf
–.2H2O and picolinic acid (0.011 g) as an orange solid (0.051 g, 0.029 mmol, 98%), mp 

129.9 °C (open capillary; dec to green liquid with gradual darkening at lower temperatures). 

Anal. Calcd. for C80H64BClCoF24N7O2 (1716.59): C 55.98, H 3.76, N, 5.71; found C 56.27, H 

3.88, N 5.71. IR (powder film, cm–1): 3029, 1609, 1579, 1549, 1387, 1354, 1274, 1118, 696.

NMR (acetone-d6, δ/ppm):s5 1H (500 MHz) picolinate at 8.66 (br s, 1H), 8.15 (d, 3JHH = 

7.8 Hz, 1H), 7.85 (t, 3JHH = 7.7 Hz, 1H), 7.43-7.35 (m, 1H); BArf
– at 7.83-7.79 (m, 8H, o), 7.69 

(br s, 4H, p); dpen at 8.40 (br s, 4H, NHH'), 7.57-7.44 (m, 12H), 7.31-7.09 (m, 18H), 5.68 (br s, 

4H, NHH'), 5.15 (s, 6H, CHNH2); 13C{1H} (125 MHz) BArf
– at 162.6 (q, 1JBC = 50.0 Hz, i), 

135.5 (br s, o), 130.0 (qq, 2JCF = 31.5 Hz, 4JCF = 2.9 Hz, m), 125.3 (q, 1JCF = 271.8 Hz, CF3), 

118.4 (sept, 3JCF = 4.0 Hz, p); dpen at 137.6 (s, i-Ph), 129.63 (double intensity), 129.58, (2 × s, 

o-, m-, p-Ph), 63.6 (s, CHNH2); picolinate at 172.7 (s, COO–), 156.5, 149.7, 137.3, 125.4, 125.1 

(5 × s).

Λ-(S,S)-23+ 4d–Cl–BArf
–.2H2O. Isolated according to the general procedure from Λ-

(S,S)-23+ 2Cl–BArf
–.2H2O and pyridine-2-sulfonic acid (0.014 g) as an orange solid (0.051 g, 

0.029 mmol, 96%), mp 126.4-136.7 °C (open capillary; dec to green liquid). Anal. Calcd. for 

C79H64BClCoF24N7O3S.2H2O (1788.67): C 53.05, H 3.83, N, 5.48; found C 53.31, H 3.73, N 

5.39. IR (powder film, cm–1): 3216, 3079, 1610, 1457, 1354, 1274, 1118, 1024, 681.

NMR (acetone-d6, δ/ppm):s5 1H (500 MHz) 2-pyridinesulfonate at 8.55 (d, 3JHH = 4.7 

Hz, 1H), 8.10-7.99 (m, 2H), 7.56-7.48 (m, 1H); BArf
– at 7.81-7.78 (m, 8H, o), 7.67 (s, 4H, p); 

dpen at ca. 7.5 (NHH', overlapping Ar-CH, 2H), 7.49-7.39 (m, 12H), 7.31-7.12 (m, 18H), 5.25 
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(br s, 4H, NHH'), 5.05 (s, 6H, CHNH2); 13C{1H} (125 MHz) BArf
– at 162.6 (q, 1JBC = 50.0 Hz, 

i), 135.5 (br s, o), 130.0 (qq, 2JCF = 31.5 Hz, 4JCF = 2.9 Hz, m), 125.4 (q, 1JCF = 274.5 Hz, CF3), 

118.4 (sept, 3JCF = 4.0 Hz, p); dpen at 136.9 (s, i-Ph), 129.8, 129.64, 129.62 (3 × s, o-, m-, p-Ph), 

63.4 (s, CHNH2); 2-pyridinesulfonate at 162.7, 150.2, 139.2, 126.1, 121.8 (6 × s).

Λ-(S,S)-23+ 4e–Cl–BArf
–.2H2O. Isolated according to the general procedure from Λ-

(S,S)-23+ 2Cl–BArf
–.2H2O and 3-(dimethylamino)benzoic acid (0.015 g) as an orange solid 

(0.053 g, 0.030 mmol, 99%), mp 99.8-106.9 °C (open capillary; dec to green liquid). Anal. 

Calcd. for C83H70BClCoF24N7O2
.2H2O (1793.45): C 55.55, H 4.16, N, 5.46; found C 56.39, H 

4.39, N 5.42. IR (powder film, cm–1): 1597, 1525, 1382, 1353, 1123, 696, 682.

NMR (acetone-d6, δ/ppm):s5 1H (500 MHz) 3-(dimethylamino)benzoate at 7.51-7.39 (m, 

3H), 6.9-6.82 (m, 1H), 2.98 (s, 6H, overlapping with H2O); BArf
– at 7.83-7.78 (m, 8H, o), 7.69 

(br s, 4H, p); dpen at 8.96 (br s, 4H, NHH'), 7.63-7.51 (m, 12H), 7.33-7.19 (m, 18H), 5.11 (br s, 

9H, NHH' and CHNH2); 13C{1H} (125 MHz) BArf
– at 162.6 (q, 1JBC = 50.0 Hz, i), 135.5 (br s, 

o), 130.0 (qq, 2JCF = 31.5 Hz, 4JCF = 2.9 Hz, m), 125.3 (q, 1JCF = 271.8 Hz, CF3), 118.4 (sept, 

3JCF = 4.0 Hz, p); dpen at 137.9 (s, i-Ph), 129.7, 129.67, 129.61, (3 × s, o-, m-, p-Ph), 63.5 (s, 

CHNH2); 3-(dimethylamino)benzoate at 175.2 (s, COO–), 151.4, 139.4, 128.9, 128.2, 119.0, 

115.0 (6 × s).

Λ-(S,S)-23+ 4f–Cl–BArf
–.2H2O. Isolated according to the general procedure from Λ-

(S,S)-23+ 2Cl–BArf
–.2H2O (0.100 g, 0.060 mmol), 6-chloronicotinic acid (0.028 g, 0.180 mmol), 

and Na2CO3 (0.021 g, 0.198 mmol) as an orange solid (0.103 g, 0.058 mmol, 96%), mp 129.4-

133.3°C (open capillary; dec to green liquid). Anal. Calcd. for C83H70BClCoF24N7O2
.H2O 

(1769.05): C 54.32, H 3.70, N, 5.54; found C 54.32, H 3.73, N 5.52. IR (powder film, cm–1): 

3040, 1609, 1585, 1537, 1393, 1354, 1275, 1119. 

NMR (acetone-d6, δ/ppm):s5 1H (500 MHz) 6-chloronicotinate at 8.99-8.94 (m, 1H), 8.37 

(dd, 3JHH = 8.1 Hz, 4JHH = 2.3 Hz, 1H), 7.49 (dd, 3JHH = 8.2 Hz, 5JHH = 0.7 Hz, 1H); BArf
– at 

7.89-7.77 (m, 8H, o), 7.70 (s, 4H, p); dpen at 8.55 (br s, 5H, NHH'), 7.60-7.52 (m, 12H), 7.39-

7.23 (m, 18H), 5.29 (br s, 5H, NHH'), 5.20 (s, 6H, CHNH2); 3.01 (br s, 4H, H2O); 13C{1H} (125 
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MHz) BArf
– at 162.6 (q, 1JBC = 50.0 Hz, i), 135.5 (br s, o), 130.0 (qq, 2JCF = 31.5 Hz, 4JCF = 

2.9 Hz, m), 125.4 (q, 1JCF = 271.9 Hz, CF3), 118.4 (sept, 3JCF = 4.0 Hz, p); dpen at 137.6 (s, i-

Ph), 129.8, 129.7, 129.6 (3 × s, o-, m-, p-Ph), 63.5 (s, CHNH2); 6-chloronicotinate at 171.9 (s, 

COO–), 153.3, 152.2, 140.8, 133.1, 124.1 (5 × s).

Λ-(S,S)-23+ 4g–Cl–BArf
–.2H2O. Isolated according to the general procedure from Λ-

(S,S)-23+ 2Cl–BArf
–.2H2O and 2-methoxynicotinic acid (0.014 g) as an orange solid (0.053 g, 

0.030 mmol, 99%), mp 102.7-106.7 °C (open capillary; dec to green liquid). Anal. Calcd. for 

C81H66BClCoF24N7O3
.2H2O (1782.65): C 54.58, H 3.96, N, 5.50; found C 55.14, H 3.90, N 

5.46. IR (powder film, cm–1): 3067, 1593, 1580, 1499, 1354, 1275, 1119. 

NMR (acetone-d6, δ/ppm):s5 1H (500 MHz) 2-methoxynicotinate at 8.22-8.13 (m, 1H), 

8.07-7.97 (m, 1H), 7.01-6.90 (m, 1H), 3.96 (s, 3H); BArf
– at 7.85-7.79 (m, 8H, o), 7.70 (s, 4H, 

p); dpen at 8.69 (br s, 4H, NHH'), 7.64-7.46 (m, 12H), 7.36-7.17 (m, 18H), 5.21 (br s, 4H, 

NHH'), 5.14 (s, 6H, CHNH2); 13C{1H} (125 MHz) BArf
– at 162.6 (q, 1JBC = 49.8 Hz, i), 135.5 

(br s, o), 130.0 (qq, 2JCF = 31.0 Hz, 4JCF = 2.8 Hz, m), 125.4 (q, 1JCF = 271.8 Hz, CF3), 118.4 

(sept, 3JCF = 3.9 Hz, p); dpen at 137.7 (s, i-Ph), 129.7 (double intensity), 129.6 (2 × s, o-, m-, p-

Ph), 63.5 (s, CHNH2); 2-methoxynicotinate at 173.8 (s, COO–), 162.5, 147.8, 139.9, 123.9, 

117.0 (5 × s), 53.5 (s, OCH3).

Λ-(S,S)-23+ 4h–Cl–BArf
–.H2O. Isolated according to the general procedure from Λ-(S, 

S)-23+ 2Cl–BArf
–.2H2O (0.100 g, 0.060 mmol), 6-methylnicotinic acid (0.025 g, 0.180 mmol), 

and Na2CO3 (0.021 g, 0.20 mmol) as an orange solid (0.096 g, 0.055 mmol, 91%), mp 121.6-

134.1 °C (open capillary; dec to green liquid). Anal. Calcd. for C83H70BClCoF24N7O2
.H2O 

(1748.64): C 55.64, H 3.92, N, 5.61; found C 55.56, H 3.96, N 5.61. IR (powder film, cm–1): 

3034, 1607, 1533, 1389, 1354, 1275, 1119.

NMR (acetone-d6, δ/ppm):s5 1H (500 MHz) 2-methylnicotinate at 9.08 (apparent s, 1H), 

8.21 (dd, 3JHH = 7.9 Hz, 4JHH = 2.1 Hz, 1H), 7.24, (m, 1H, overlapping with dpen), 2.54 (s, 3H); 

BArf
– at 7.85-7.77 (m, 8H, o), 7.69 (s, 4H, p); dpen at 8.72 (br s, 4H, NHH'), 7.62-7.46 (m, 

12H), 7.36-7.19 (m, 18H), 5.16 (m, 10H, CHNH2, NHH'); 13C{1H} (125 MHz) BArf
– at 162.6 
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(q, 1JBC = 50.5 Hz, i), 135.5 (br s, o), 130.0 (qq, 2JCF = 31.5 Hz, 4JCF = 2.8 Hz, m), 125.3 (q, 

1JCF = 271.8 Hz, CF3), 118.4 (sept, 3JCF = 4.0 Hz, p); dpen at 137.7 (s, i-Ph), 130.9 (s, o-, m-, p-

Ph), 63.5 (s, CHNH2); 2-methylnicotinate at 173.4 (s, COO–), 160.7, 151.6, 137.8, 130.9, 122.8 

(5 × s), 24.5 (s, CH3).

Λ-(S,S)-23+ 4i–Cl–BArf
–.2H2O. Isolated according to the general procedure from Λ-

(S,S)-23+ 2Cl–BArf
–.2H2O (0.100 g, 0.060 mmol), 6-aminonicotinic acid (0.025 g, 0.180 mmol), 

and Na2CO3 (0.021 g, 0.20 mmol) as an orange solid (0.095 g, 0.054 mmol, 90%), mp 118.4 °C 

(open capillary; dec to green liquid with gradual darkening at lower temperatures). Anal. Calcd. 

for C83H70BClCoF24N7O2
.2H2O (1767.64): C 54.36 H 3.93, N, 6.34; found C 54.34, H 3.87, N 

6.11. IR (powder film, cm–1): 3069, 1609, 1375, 1354, 1275, 1119.

NMR (acetone-d6, δ/ppm):s5 1H (500 MHz) 6-aminonicotinate at 8.67 (d, 4JHH = 1.7 Hz, 

1H), 8.00 (dd, 3JHH = 8.5 Hz, 4JHH = 2.2 Hz, 1H), 6.51, (dd, 3JHH = 8.5 Hz, 5JHH = 0.8 Hz, 1H), 

5.70 (br s, 2H, NH2); BArf
– at 7.86-7.74 (m, 8H, o), 7.68 (s, 4H, p); dpen at 8.89 (br s, 2H, 

NHH'), 7.60-7.41 (m, 12H), 7.34-7.13 (m, 18H), 5.08 (br s, 8H, CHNH2, NHH'); 13C{1H} (125 

MHz) BArf
– at 162.6 (q, 1JBC = 49.7 Hz, i), 135.5 (br s, o), 130.0 (qq, 2JCF = 31.5 Hz, 4JCF = 

2.8 Hz, m), 125.3 (q, 1JCF = 271.6 Hz, CF3), 118.4 (sept, 3JCF = 4.0 Hz, p); dpen at 137.7 (s, i-

Ph), 129.7 (double intensity), 129.6 (2 × s, o-, m-, p-Ph), 63.3 (s, CHNH2); 6-aminonicotinate at 

174.2 (s, COO–), 161.8, 151.8, 139.4, 123.2, 107.1 (5 × s); 19F{1H} (470 MHz, CDCl3 vs. 

internal C6H5CF3 at –63.72) –63.2 (s).

∆-(S,S)-23+ 4i–Cl–BArf
–.2H2O. Isolated according to the general procedure from Δ-

(S,S)-23+ 2Cl–BArf
–.H2O (0.200 g, 0.120 mmol), 6-aminonicotinic acid (0.050 g, 0.360 mmol), 

and Na2CO3 (0.042 g, 0.396 mmol) as an orange solid (0.202 g, 0.11 mmol, 95%), mp 110.5 °C 

(open capillary; dec to green liquid with gradual darkening at lower temperatures). Anal. Calcd. 

for C83–H70BClCoF24N7O2
.2H2O (1767.64): C 54.36, H 3.93, N, 6.34; found C 54.02, H 3.97, 

N 6.37. IR (powder film, cm–1): 3042, 1609, 1456, 1354, 1275, 1119. 

NMR (acetone-d6, δ/ppm):s5 1H (500 MHz) 6-aminonicotinate at 8.79 (apparent s, 1H), 

7.94 (dd, 3JHH = 8.4 Hz, 4JHH = 2.2 Hz, 1H), 6.48, (d, 3JHH = 8.4 Hz, 1H), 5.85 (br s, 2H, NH2); 
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BArf
– at 7.84-7.79 (m, 8H, o), 7.69 (s, 4H, p); dpen at 7.75 (br s, 2H, NHH'), 7.57-7.42 (m, 

12H), 7.32-7.09 (m, 18H), 6.18 (br s, 4H, NHH') 5.07 (br s, 6H, CHNH2); 13C{1H} (125 MHz) 

BArf
– at 162.6 (q, 1JBC = 50.0 Hz, i), 135.5 (br s, o), 130.0 (qq, 2JCF = 31.5 Hz, 4JCF = 2.8 Hz, 

m), 125.4 (q, 1JCF = 271.8 Hz, CF3), 118.4 (sept, 3JCF = 4.0 Hz, p); dpen at 137.8 (s, i-Ph), 

129.5, 129.4, 129.2 (3 × s, o-, m-, p-Ph), 66.1 (s, CHNH2); 6-aminonicotinate at 173.5 (s, COO–

), 161.7, 151.8, 139.4, 123.6, 107.2 (5 × s).

Nitroolefin addition products accessed by the general procedure for Chart 4

Dimethyl 2-(2-nitro-1-phenylethyl)malonate (7a). This known compound was obtained as 

a colorless oil, 95%. NMR (CDCl3, δ/ppm): 1H (400 MHz) 7.35-7.26 (m, 3H), 7.23-7.18 (m, 

2H), 4.97-4.80 (m, 2H), 4.23 (td, 3JHH = 8.9, 5.3 Hz, 1H), 3.85 (d, 3JHH = 9.0 Hz, 1H), 3.75 (s, 

3H), 3.55 (s, 3H). 13C{1H} (100 MHz) 168.0, 167.4, 136.3, 129.2, 128.6, 128.0, 77.5, 54.9, 53.2, 

53.0, 43.0 (11 × s). The enantiomeric excess was determined by HPLC with a Chiralcel AD col-

umn (98:2 v/v hexane/isopropanol, 1 mL/min, λ = 220 nm); tR = 32.9 min (major), 43.6 min (mi-

nor), 86% ee.s1 

Diethyl 2-(2-nitro-1-phenylethyl)malonate (7a-Et). This known compound was obtained 

as a colorless oil, 90%. NMR (CDCl3, δ/ppm): 1H (500 MHz) 7.34-7.26 (m, 3H), 7.25-7.21 (m, 

2H), 5.05-4.74 (m, 2H), 4.34-4.12 (m, 3H), 4.00 (q, 3JHH = 7.1 Hz, 2H), 3.82 (d, 3JHH = 9.4 Hz, 

1H), 1.26 (t, 3JHH = 7.1 Hz, 3H), 1.04 (t, 3JHH = 7.1 Hz, 3H). The enantiomeric excess was det-

ermined by HPLC with a Chiralcel AD column (90:10 v/v hexane/isopropanol, 1 mL/min, λ = 

230 nm); tR = 11.4 min (major), 24.4 min (minor), 80% ee.s7

Diisopropyl 2-(2-nitro-1-phenylethyl)malonate (7a-iPr). This known compound was 

obtained as a colorless oil, 29%. NMR (CDCl3, δ/ppm): 1H (500 MHz). 7.34-7.27 (m, 3H), 7.26-

7.21 (m, 2H), 5.08 (sept, 3JHH = 6.3 Hz, 1H), 4.92 (dd, 2JHH = 12.9 Hz, 3JHH = 4.6 Hz, 1H), 

4.87-4.79 (m, 2H), 4.20 (td, 3JHH = 9.5, 4.6 Hz, 1H), 3.76 (d, 3JHH = 9.6 Hz, 1H), 1.244 (d, 3JHH 

= 6.3 Hz, 3H), 1.242 (d, 3JHH = 6.3 Hz, 3H), 1.06 (d, 3JHH = 6.3 Hz, 3H), 1.01 (d, 3JHH = 6.3 

Hz, 3H). The enantiomeric excess was determined by HPLC with a Chiralcel OD column (95:5 
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v/v hexane/isopropanol, 1 mL/min, λ = 220 nm); tR = 10.5 min (major), 12.4 min (minor), 65% 

ee.s1 

Dimethyl 2-(2-nitro-1-β-naphthylethyl)malonate (7b). This known compound was ob-

tained as a colorless oil, 90%. NMR (CDCl3, δ/ppm): 1H (500 MHz) 8.18 (d, 3JHH = 8.6 Hz, 

1H), 7.87 (d, 3JHH = 8.2 Hz, 1H), 7.80 (d, 3JHH = 8.0 Hz, 1H), 7.62 (ddd, 3JHH = 8.4, 6.8 Hz, 

4JHH = 1.4 Hz, 1H), 7.53 (ddd, 3JHH = 8.0, 6.8 Hz, 4JHH = 1.1 Hz, 1H), 7.46-7.40 (m, 1H), 7.38 

(d, 3JHH = 7.3 Hz, 1H), 5.27-5.20 (m, 1H), 5.18 (dd, 2JHH = 13.1 Hz, 3JHH = 8.2 Hz, 1H), 5.07 

(dd, 2JHH = 13.1 Hz, 3JHH = 4.5 Hz, 1H), 4.11 (d, 3JHH = 7.6 Hz, 1H), 3.72 (s, 3H), 3.54 (s, 3H). 

The enantiomeric excess was determined by HPLC with a Chiralcel OD column (70:30 v/v 

hexane/isopropanol, 1 mL/min, λ = 254 nm); tR = 12.5 min (major), 35.5 min (minor), 84% ee.s1 

Dimethyl 2-(2-nitro-1-α-naphthylethyl)malonate (7c). This known compound was ob-

tained as a colorless oil, 95%. NMR (CDCl3, δ/ppm): 1H (500 MHz) 8.18 (d, 3JHH = 8.5 Hz, 

1H), 7.87 (d, 3JHH = 8.1 Hz, 1H), 7.80 (d, 3JHH = 7.9 Hz, 1H), 7.62 (ddd, 3JHH = 8.4, 6.9 Hz, 

4JHH = 1.3 Hz, 1H), 7.58-7.48 (m, 1H), 7.47-7.35 (m, 2H), 5.27-5.24 (m, 1H), 5.18 (dd, 2JHH = 

13.1 Hz, 3JHH = 8.2 Hz, 1H), 5.07 (dd, 2JHH = 13.1 Hz, 3JHH = 4.5 Hz, 1H), 4.11 (d, 3JHH = 7.6 

Hz, 1H), 3.72 (s, 3H), 3.54 (s, 3H). The enantiomeric excess was determined by HPLC with a 

Chiralcel AD column (90:10 v/v hexane/isopropanol, 1 mL/min, λ = 254 nm); tR = 14.4 min 

(major), 19.1 min (minor), 90% ee.s1 

Dimethyl 2-(2-nitro-1-(4-methoxyphenyl)ethyl)malonate (7d). This known compound 

was obtained as a colorless oil, 99%. NMR (CDCl3, δ/ppm): 1H (500 MHz) 7.17-7.10 (m, 2H), 

6.88-6.79 (m, 2H), 4.89 (dd, 2JHH = 13.0 Hz, 3JHH = 5.0 Hz, 1H), 4.82 (dd, 2JHH = 13.0 Hz, 

3JHH = 9.2 Hz, 1H), 4.19 (td, 3JHH = 9.2, 5.0 Hz, 1H), 3.82 (d, 3JHH = 9.2 Hz, 1H), 3.77 (s, 3H), 

3.76 (s, 3H), 3.57 (s, 3H). The enantiomeric excess was determined by HPLC with a Chiralcel 

AD column (80:20 v/v hexane/isopropanol, 1 mL/min, λ = 254 nm); tR = 12.4 min (major), 18.0 

min (minor), 71% ee.s1 

Dimethyl 2-(2-nitro-1-(4-nitrophenyl)phenylethyl)malonate (7e). This known compound 

was obtained as a colorless oil, 85%. NMR (CDCl3, δ/ppm): 1H (500 MHz) 8.24-8.17 (m, 2H), 
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7.61-7.36 (m, 2H), 5.07-4.82 (m, 2H), 4.37 (td, 3JHH = 8.9, 5.2 Hz, 1H), 3.88 (d, 3JHH = 8.8 Hz, 

1H), 3.78 (s, 3H), 3.61 (s, 3H). The enantiomeric excess was determined by HPLC with a Chiral-

cel OD-H column (90:10 v/v hexane/isopropanol, 1 mL/min, λ = 220 nm); tR = 22.7 min 

(minor), 35.1 min (major), 76% ee.

Dimethyl 2-(2-nitro-1-(3,4-dioxolophenyl)ethyl)malonate (7f). This known compound 

was obtained as a colorless oil, 90%. NMR (CDCl3, δ/ppm): 1H (500 MHz) 6.85-6.59 (m, 3H), 

5.95 (s, 2H), 5.01-4.58 (m, 2H), 4.15 (td, 3JHH = 9.3, 4.9 Hz, 1H), 3.80 (d, 3JHH = 9.1 Hz, 1H), 

3.76 (s, 3H), 3.61 (s, 3H). The enantiomeric excess was determined by HPLC with a Chiralcel 

AS-H column (90:10 v/v hexane/isopropanol, 1 mL/min, λ = 220 nm); tR = 44.8 min (major), 

53.3 min (minor), 97% ee.s8 

Dimethyl 2-(2-nitro-1-(4-methoxycarbonyl)phenylethyl)malonate (7g). This known 

compound was obtained as a colorless oil, 73%. NMR (CDCl3, δ/ppm): 1H (500 MHz) 8.00 (d, 

3JHH = 8.4 Hz, 2H), 7.32 (d, 3JHH = 8.3 Hz, 2H), 5.25-4.71 (m, 2H), 4.31 (td, 3JHH = 8.8, 5.3 

Hz, 1H), 3.90 (s, 3H), 3.87 (d, 3JHH = 8.9 Hz, 1H), 3.77 (s, 3H), 3.57 (s, 3H). The enantiomeric 

excess was determined by HPLC with a Chiralcel AD-H column (90:10 v/v hexane/isopropanol, 

1 mL/min, λ = 210 nm); tR = 28.5 min (major), 42.8 min (minor), 67% ee.s9 

Dimethyl 2-(2-nitro-1-(2-(trifluoromethyl)phenylethyl)malonate (7h). This known 

compound was obtained as a colorless oil, 99%. NMR (CDCl3, δ/ppm): 1H (500 MHz). 7.72 (d, 

3JHH = 7.8 Hz, 1H), 7.53 (t, 3JHH = 8.1 Hz, 1H), 7.43 (ddt, 3JHH = 7.7, 6.7 Hz, 4JHH = 1.0 Hz, 

1H), 7.37 (d, 3JHH = 7.9 Hz, 1H), 5.16 (dd, 2JHH = 13.3 Hz, 3JHH = 7.7 Hz, 1H), 4.94 (dd, 2JHH 

= 13.4 Hz, 3JHH = 4.5 Hz, 1H), 4.64 (td, 3JHH = 7.6, 4.5 Hz, 1H), 4.10 (d, 3JHH = 7.4 Hz, 1H), 

3.75 (s, 3H), 3.64 (s, 3H). The enantiomeric excess was determined by HPLC with a Chiralcel 

OD column (95:5 v/v hexane/isopropanol, 1 mL/min, λ = 220 nm); tR = 12.0 min (minor), 22.6 

min (major), 91% ee.s1 

Dimethyl 2-(2-nitro-1-(2-acetoxyphenyl)ethyl)malonate (7i). This known compound was 

obtained as a colorless oil, 82%. NMR (CDCl3, δ/ppm): 1H (500 MHz) 7.32 (ddd, 3JHH = 8.1, 

7.2 Hz, 4JHH = 1.8 Hz, 1H), 7.26 (dd, 3JHH = 7.9 Hz, 4JHH = 1.8 Hz, 1H), 7.23-7.18 (m, 1H), 
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7.14 (dd, 3JHH = 8.1 Hz, 4JHH = 1.2 Hz, 1H), 5.00-4.82 (m, 2H), 4.49 (td, 3JHH = 8.1, 5.3 Hz, 

1H), 3.92 (d, 3JHH = 8.5 Hz, 1H), 3.74 (s, 3H), 3.59 (s, 3H), 2.39 (s, 3H). The enantiomeric 

excess was determined by HPLC with a Chiralcel OD column (90:10 v/v hexane/isopropanol, 1 

mL/min, λ = 210 nm); tR = 17.3 min (minor), 24.5 min (major), 91%ee.s1 

Dimethyl 2-(2-nitro-1-(2-benzoyloxyphenyl)ethyl)malonate (7j). This known compound 

was obtained as a colorless oil, 99%. NMR (CDCl3, δ/ppm): 1H (500 MHz) 8.36-8.22 (m, 2H), 

7.75-7.63 (m, 1H), 7.60-7.53 (m, 2H), 7.42-7.31 (m, 2H), 7.29-7.21 (m, 2H), 4.98 (dd, 2JHH = 

13.6 Hz, 3JHH = 8.6 Hz, 1H), 4.91 (dd, 2JHH = 13.6 Hz, 3JHH = 4.9 Hz, 1H), 4.59 (td, 3JHH = 8.5, 

4.9 Hz, 1H), 3.96 (d, 3JHH = 8.5 Hz, 1H), 3.72 (s, 3H), 3.52 (s, 3H). The enantiomeric excess 

was determined by HPLC with a Chiralcel AD column (90:10 v/v hexane/isopropanol, 1 

mL/min, λ = 220 nm); tR = 16.1 min (major), 25.7 min (minor), 91% ee.s1 

Dimethyl 2-(2-nitro-1-(2-benzyloxyphenyl)ethyl)malonate (7k). This known compound 

was obtained as a colorless oil, 95%. NMR (CDCl3, δ/ppm): 1H (500 MHz) 7.53-7.46 (m, 2H), 

7.45-7.40 (m, 2H), 7.39-7.34 (m, 1H), 7.24 (ddd, 3JHH = 8.3, 7.4 Hz, 4JHH = 1.7 Hz, 1H), 7.17 

(dd, 3JHH = 7.6 Hz, 4JHH = 1.7 Hz, 1H), 6.93 (dd, 3JHH = 8.3 Hz, 4JHH = 1.0 Hz, 1H), 6.90 (td, 

3JHH = 7.5 Hz, 4JHH = 1.1 Hz, 1H), 5.14 (d, 2JHH = 11.8 Hz, 1H), 5.11 (d, 2JHH = 11.8 Hz, 1H) 

5.05 (dd, 2JHH = 13.0 Hz, 3JHH = 9.4 Hz, 1H), 4.84 (dd, 2JHH = 13.0 Hz, 3JHH = 4.6 Hz, 1H), 

4.44 (td, 3JHH = 9.6, 4.5 Hz, 1H), 4.17 (d, 3JHH = 9.9 Hz, 1H), 3.72 (s, 3H), 3.50 (s, 3H). The 

enantiomeric excess was determined by HPLC with a Chiralcel OD column (90:10 v/v hexane/ 

isopropanol, 1 mL/min, λ = 220 nm); tR = 10.8 min (minor), 17.9 min (major), 91% ee.s1 

Dimethyl 2-(2-nitro-1-(2-bromophenyl(ethyl)malonate (7l). This known compound was 

obtained as a colorless oil, 99%. NMR (CDCl3, δ/ppm): 1H (500 MHz) 7.61 (dd, 3JHH = 8.0 Hz, 

4JHH = 1.0 Hz, 1H), 7.33-7.20 (m, 2H), 7.16 (td, 3JHH = 8.0 Hz, 4JHH = 1.8 Hz, 1H), 5.13 (dd, 

2JHH = 13.7 Hz, 3JHH = 8.5 Hz, 1H), 4.96 (dd, 2JHH = 13.7 Hz, 3JHH = 4.5 Hz, 1H), 4.77 (td, 

3JHH = 8.2, 4.5 Hz, 1H), 4.11 (d, 3JHH = 8.0 Hz, 1H), 3.73 (s, 3H), 3.66 (s, 3H). The enantio-

meric excess was determined by HPLC with a Chiralcel OD-H column (70:30 v/v hexane/isopro-

panol, 1 mL/min, λ = 220 nm); tR = 8.3 min (minor), 14.1 min (minor), 87% ee.s10 
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Dimethyl 2-(2-nitro-1-(2-methylphenyl)ethyl)malonate (7m). This known compound was 

obtained as a colorless oil, 74%. NMR (CDCl3, δ/ppm): 1H (500 MHz) 7.20-7.08 (m, 4H), 4.90 

(dd, 2JHH = 13.2 Hz, 3JHH = 5.2 Hz, 1H), 4.85 (dd, 2JHH = 13.2 Hz, 3JHH = 8.8 Hz, 1H), 4.57 

(td, 3JHH = 9.0, 5.2 Hz, 1H), 3.83 (d, 3JHH = 9.2 Hz, 1H), 3.76 (s, 3H), 3.54 (s, 3H), 2.44 (s, 3H). 

The enantiomeric excess was determined by HPLC with a Chiralcel AD-H column (75:25 v/v 

hexane/isopropanol, 1 mL/min, λ = 210 nm); tR = 9.8 min (major), 19.1 min (minor), 82% ee.s11 

Dimethyl 2-(2-nitro-1-furylethyl)malonate (7n). This known compound was obtained as a 

colorless oil, 87%. NMR (CDCl3, δ/ppm): 1H (500 MHz) 7.34 (dd, 3JHH = 1.9 Hz, 4JHH = 0.8 

Hz, 1H), 6.29 (dd, 3JHH = 3.3, 1.9 Hz, 1H), 6.22 (dt, 3JHH = 3.3 Hz, 4JHH = 0.7 Hz, 1H), 4.98-

4.84 (m, 2H), 4.38 (td, 3JHH = 8.2, 5.2 Hz, 1H), 3.94 (d, 3JHH = 7.8 Hz, 1H), 3.76 (s, 3H), 3.69 

(s, 3H). The enantiomeric excess was determined by HPLC with a Chiralcel OD column (90:10 

v/v hexane/isopropanol, 1 mL/min, λ = 220 nm); tR = 10.7 min (minor), 21.4 min (major), 84% 

ee.s1 

(E)-Dimethyl 2-(1-nitro-4-phenylbut-3-en-2-yl)malonate (7o). This known compound 

was obtained as a colorless oil, 14%. The 1H NMR spectrum matches those reported earlier.s9 

NMR (CDCl3, δ/ppm): 1H (500 MHz) 7.35-7.28 (m, 5H), 6.58 (d, 3JHH = 15.7 Hz, 1H), 6.10 

(dd, 3JHH = 15.8, 9.0 Hz, 1H), 4.83-4.62 (m, 2H), 3.77 (s, 3H), 3.73 (s, 3H), 3.73-3.71 (m, 2H). 

The enantiomeric excess was determined by HPLC with a Chiralcel IC column (99:1 v/v 

hexane/isopropanol, 1 mL/min, λ = 210 nm); tR = 46.2 min (minor), 55.4 min (major), 73% ee.s9 

 

Di-t-butyl azodicarboxylate addition products accessed by the general procedure for Chart 5

N,N'-Bis(t-butoxycarbonyl)-1-hydrazino-2-oxocyclopentanecarboxylic acid methyl ester 

(10a). This known compound was obtained as a colorless oil, 99%. NMR (CDCl3, δ/ppm): 1H 

(500 MHz) 6.70-6.03 (m, 1H), 3.76 (s, 3H), 2.97-2.03 (m, 5 H), 2.03-1.81 (s, 1H), 1.53-1.29 (m, 

18H). The enantiomeric excess was determined by HPLC with a Chiralcel AD column (96:4 v/v 

hexane/isopropanol, 1 mL/min, λ = 210 nm); tR = 13.6 min (major), 20.0 min (minor), 82% 

ee.s12 
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N,N'-Bis(t-butoxycarbonyl)-1-hydrazino-2-oxocyclopentanecarboxylic acid ethyl ester 

(10b). This known compound was obtained as a colorless oil, 91%. NMR (CDCl3, δ/ppm): 1H 

(500 MHz) 6.69-6.02 (m, 1H), 4.34-4.11 (m, 2H), 2.92-2.04 (m, 5H), 2.05-1.82 (m, 1H), 1.54-

1.35 (m, 18H), 1.34-1.22 (m, 3H). The enantiomeric excess was determined by HPLC with a 

Chiralcel AD column (96:4 v/v hexane/isopropanol, 1 mL/min, λ = 210 nm); tR = 10.6 min 

(major), 15.8 min (minor), 81% ee.s12 

N,N'-Bis(t-butoxycarbonyl)-1-acetyl-1-hydrazino-2-oxocyclopentane (10c). This known 

compound was obtained as a colorless oil, 99%. NMR (CDCl3, δ/ppm): 1H (500 MHz) 6.55-5.99 

(m, 1H), 2.93-1.58 (m, 9H), 1.52-1.36 (m, 18H). The enantiomeric excess was determined by 

HPLC with a Chiralcel AS-H column (90:10 v/v hexane/isopropanol, 1 mL/min, λ = 210 nm); tR 

= 5.8 min (major), 11.0 min (minor), 81% ee.s13 

N,N'-Bis(t-butoxycarbonyl)-2-hydrazino-2-methyl-3-oxobutyric acid ethyl ester (10d). 

This known compound was obtained as a colorless oil, 95%. NMR (CDCl3, δ/ppm): 1H (500 

MHz) 6.44-5.84 (m, 1H), 4.35-4.08 (m, 2H), 3.76 (s, 3H), 2.47-2.17 (m, 3 H), 1.65-1.56 (m, 3H), 

1.55-1.36 (m, 18H), 1.29 (t, 3JHH = 7.2 Hz, 3H). The enantiomeric excess was determined by 

HPLC with a Chiralcel AD-H column (95:5 v/v hexane/isopropanol, 1 mL/min, λ = 210 nm); tR 

= 14.0 min (minor), 19.4 min (major), 79% ee.s12 

N,N'-Bis(t-butoxycarbonyl)-1-acetyl-1-hydrazino-2-oxocyclohexane (10e). This known 

compound was obtained as a colorless oil, 92%. NMR (CDCl3, δ/ppm): 1H (500 MHz) 6.30-5.66 

(m, 1H), 3.19-1.7 (m, 2H), 1.53-1.31 (m, 18H). The enantiomeric excess was determined by 

HPLC with a Chiralcel AD-H column (95:5 v/v hexane/isopropanol, 1 mL/min, λ = 210 nm); tR 

= 15.6 min (minor), 41.6 min (major), 86% ee.s12 

N,N'-Bis(t-butoxycarbonyl)-1-hydrazino-1,2,3,4-tetrahydro-1-oxonaphthalene-2-

carboxylic acid ethyl ester (10f). This known compound was obtained as a colorless oil, 90%. 

NMR (CDCl3, δ/ppm): 1H (500 MHz) 7.95-7.84 (m, 1H), 7.54-7.38 (m, 1H), 7.37-7.17 (m, 2H), 

6.38-6.01 (m, 1H), 4.38-4.17 (m, 2H), 3.63-2.54 (m, 4H), 1.54-1.09 (m, 21H). The enantiomeric 

excess was determined by HPLC with a Chiralcel AD-H column (80:20 v/v hexane/isopropanol, 
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1 mL/min, λ = 220 nm); tR = 9.3 min (minor), 11.6 min (major), 51% ee.s12 
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