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I. General Remarks 

 

1H NMR spectra were recorded on a Bruker 400 MHz spectrometer in CDCl3. 

Chemical shifts are reported in ppm with the internal TMS signal at 0.0 ppm as a 

standard. The data are reported as (s = single, d = double, t = triple, q = quarte, m = 

multiple or unresolved, brs = broad single, coupling constant(s) in Hz, integration). 

13C NMR spectra were recorded on a Bruker 100 MHz spectrometer in CDCl3. 

Chemical shifts are reported in ppm with the internal chloroform signal at 77.0 ppm 

as a standard. Enantiomeric ratios were determined by HPLC, using a chiralpak OD-H 

column with hexane and i-PrOH as solvents. 1a, 1h, 1i were purchased from J&K 

Scientific and Aldrich. 1,3-Cyclopentadiene 1f was cracked and distilled at 200°C. 

Various substituted 1,3-cyclohexandienes 1b-1e, 1g, 1j and nitroso compounds 2a-2e 

were prepared according to the literature procedure1,2. 

 

II. General Procedure for the Asymmetric Nitroso Diels-Alder Reaction of 

1,3-dienes with nitroso compounds 

 

Under argon atmosphere, TF-Biphamphos (17.6 mg, 0.022 mmol) and CuBF4 

(6.3 mg, 0.020 mmol) were dissolved in 4 mL DCM, and stirred at room temperature 

for about 30 min. The mixture was then cooled into -80°C and nitroso compound 

(0.20 mmol) dissolved in 0.5 mL of DCM was added. After stirred for 10 min, the 

1,3-diene (0.24 mmol) dissolved in another 0.5 mL of DCM was added dropwise. The 

reaction mixture was gradually warmed to -40°C and kept at this temperature until the 

reaction complete. Then the organic solvent was removed and the residue was purified 

by column chromatography to give the product, which was then directly analyzed by 

HPLC to determine the enantiomeric excess. All the racemic samples were prepared by 

mixing the nitroso compounds (0.20 mmol) with the dienes (0.24 mmol) in DCM at 0°C  
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 3a (known compound, see ref. 3) 

(1R,4S)-3-(6-methylpyridin-2-yl)-2-oxa-3-azabicyclo[2.2.2]oct-5-ene: Yield (98%); 

[]25
D = -149 (c 0.90, CHCl3); 

1H NMR (CDCl3, TMS, 400 MHz)  7.39 (t, J = 8.0 

Hz, 1H), 6.71 (d, J = 8.0 Hz, 1H), 6.63 (d, J = 8.0 Hz, 1H), 6.49-6.45 (m, 1H), 

6.30-6.25 (m, 1H), 5.32-5.28 (m, 1H), 4.72-4.69 (m, 1H), 2.42 (s, 3H), 2.30-2.20 (m, 

2H), 1.62-1.55 (m, 1H), 1.43-1.34 (m, 1H); 13C NMR (CDCl3, TMS, 100 MHz)  

163.7, 156.1, 137.5, 131.6, 130.7, 116.0, 108.0, 69.5, 52.4, 24.2, 24.1, 20.5. The 

product was analyzed by HPLC to determine the enantiomeric excess: 96% ee 

(chiralpak OD-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 

9.25 and 10.43 min. 

 

 3b (known compound, see ref. 3) 

(1R,4S)-5-methyl-3-(6-methylpyridin-2-yl)-2-oxa-3-azabicyclo[2.2.2]oct-5-ene 

: Yield (95%); []25
D = -110 (c 0.68, CHCl3); 

1H NMR (CDCl3, TMS, 400 MHz) \ 

7.39 (t, J = 8.0 Hz, 1H), 6.72 (d, J = 8.0 Hz, 1H), 6.62 (d, J = 8.0 Hz, 1H), 6.03-6.01 

(m, 1H), 5.12-5.10 (m, 1H), 4.70-4.66 (m, 1H), 2.42 (s, 3H), 2.26-2.15 (m, 2H), 1.68 

(d, J = 1.2 Hz, 3H), 1.62-1.51 (m, 1H), 1.38-1.30 (m, 1H); 13C NMR (CDCl3, TMS, 

100 MHz)  164.1, 155.9, 141.4, 137.5, 122.6, 115.9, 108.2, 70.6, 56.7, 25.3, 24.2, 

20.5, 20.1. The product was analyzed by HPLC to determine the enantiomeric excess: 

94% ee (chiralpak OD-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 

nm); tr = 8.33 and 11.03 min. 

 

 3c (known compound, see ref. 3) 
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(1R,4S)-3-(6-methylpyridin-2-yl)-5-phenyl-2-oxa-3-azabicyclo[2.2.2]oct-5-ene: 

Yield (98%); []25
D = +111 (c 1.10, CHCl3); 

1H NMR (CDCl3, TMS, 400 MHz)  

7.55 (d, J = 8.0 Hz, 2H), 7.35-7.20 (m, 4H), 6.73 (d, J = 8.0 Hz, 1H), 6.65 (dd, J = 2.0, 

6.0 Hz, 1H), 6.55 (d, J = 8.0 Hz, 1H), 5.79-5.78 (m, 1H), 4.90-4.88 (m, 1H), 2.41 (s, 

3H), 2.36-2.29 (m, 2H), 1.71-1.64 (m, 1H), 1.47-1.41 (m, 1H); 13C NMR (CDCl3, 

TMS, 100 MHz)  163.3, 155.8, 142.7, 137.6, 136.0, 128.2, 127.8, 125.5, 122.4, 

116.1, 107.9, 70.0, 54.3, 24.6, 24.0, 20.9. The product was analyzed by HPLC to 

determine the enantiomeric excess: 96% ee (chiralpak OD-H, i-propanol/hexane = 

5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 12.90 and 19.07 min. 

 

 3d (known compound, see ref. 3) 

(1R,4S)-5-((tert-butyldimethylsilyl)oxy)-3-(6-methylpyridin-2-yl)-2-oxa-3-azabicy

clo[2.2.2]oct-5-ene: Yield (95%); []25
D = -64 (c 0.91, CHCl3); 

1H NMR (CDCl3, 

TMS, 400 MHz)  7.38 (t, J = 8.0 Hz, 1H), 6.76 (d, J = 8.0 Hz, 1H), 6.63 (d, J = 8.0 

Hz, 1H), 5.14 (dd, J = 2.8, 6.4 Hz, 1H), 5.06 (dd, J = 2.8, 6.4 Hz, 1H), 4.82-4.79 (m, 

1H), 2.39 (s, 3H), 2.25-2.13 (m, 2H), 1.80-1.73 (m, 2H), 0.78 (s, 9H), 0.02 (s, 3H), 

-0.28 (s, 3H); 13C NMR (CDCl3, TMS, 100 MHz)  164.0, 156.3, 153.3, 137.6, 

116.4, 108.1, 100.3, 72.0, 58.6, 26.3, 25.3, 24.3, 21.1, 17.8, -4.6, -5.8. The product 

was analyzed by HPLC to determine the enantiomeric excess: 95% ee (chiralpak 

OD-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 6.68 and 

9.45 min. 

 

 3e  

(1R,4S)-5-((tert-butyldimethylsilyl)oxy)-6-methyl-3-(6-methylpyridin-2-yl)-2-oxa-

3-azabicyclo[2.2.2]oct-5-ene: Yield (92%); []25
D = -82 (c 0.73, CHCl3); 

1H NMR 
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(CDCl3, TMS, 400 MHz)  7.39 (t, J = 8.0 Hz, 1H), 6.73 (d, J = 8.0 Hz, 1H), 6.63 (d, 

J = 8.0 Hz, 1H), 5.01-4.99 (m, 1H), 4.65-4.63 (m, 1H), 2.41 (s, 3H), 2.24-2.12 (m, 

2H), 1.69 (s, 3H), 1.44-1.38 (m, 1H), 0.86 (s, 9H), 0.05 (s, 3H), -0.02 (s, 3H); 13C 

NMR (CDCl3, TMS, 100 MHz)  163.7, 156.2, 145.9, 137.7, 116.3, 112.8, 107.9, 

76.8, 58.3, 26.1, 25.5, 24.2, 22.1, 18.0, 11.9, -4.3, -4.5. IR (KBr)  2955, 2928, 2856, 

2341, 1681, 1589, 1576, 1450, 1259, 1213, 1200, 931, 839, 783, 681, 668 cm-1. 

HRMS Calcd. For C19H31O2N2Si+: 347.2149, found: 347.2149. The product was 

analyzed by HPLC to determine the enantiomeric excess: 97% ee (chiralpak OD-H, 

i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 5.51 and 8.33 min. 

 

 3f 

benzyl (1S,4R)-3-(6-methylpyridin-2-yl)-2-oxa-3-azaspiro[bicyclo[2.2.1]heptane 

-7,4'-piperidin]-5-ene-1'-carboxylate: Yield (96%); []25
D = -89 (c 0.83, CHCl3); 

1H 

NMR (CDCl3, TMS, 400 MHz)  7.38-7.30 (m, 6H), 6.63 (d, J = 8.0 Hz, 1H), 6.57 (d, 

J = 8.0 Hz, 1H), 6.23-6.21 (m, 1H), 6.01-5.98 (m, 1H), 5.15-5.13 (m, 3H), 4.74-4.72 

(m, 1H), 3.68-3.52 (m, 2H), 3.50-3.37 (m, 2H), 2.42 (s, 3H), 2.05-1.93 (m, 2H), 

1.60-1.54 (m, 2H); 13C NMR (CDCl3, TMS, 100 MHz)  162.9, 156.4, 137.6, 136.7, 

134.2, 130.1, 128.4, 127.9, 127.8, 116.4, 108.6, 86.1, 70.4, 67.0, 60.0, 42.1, 41.6, 29.1, 

29.0, 24.3. IR (KBr)  2960, 2924, 2852, 1589, 1579, 1450, 1330, 1260, 1230, 1021, 

926, 853, 799, 736 cm-1. HRMS Calcd. For C23H26O3N3
+: 392.1969, found: 392.1971. 

The product was analyzed by HPLC to determine the enantiomeric excess: 90% ee 

(chiralpak OD-H, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm); tr = 

10.92 and 20.60 min. 
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 3g (known compound, see ref. 3) 

(1R,4S)-3-(6-methylpyridin-2-yl)-2-oxa-3-azabicyclo[2.2.1]hept-5-ene:  

Yield (90%); []25
D = -114 (c 0.95, CHCl3); 

1H NMR (CDCl3, TMS, 400 MHz)  7.39 

(t, J = 8.0 Hz, 1H), 6.65 (t, J = 8.0 Hz, 2H), 6.32-6.30 (m, 1H), 6.12-6.09 (m, 1H), 

5.52-5.50 (m, 1H), 5.21-5.19 (m, 1H), 2.44 (s, 3H), 2.12 (dt, J = 2.0, 8.4 Hz, 1H), 

1.80 (d, J = 8.4 Hz, 1H); 13C NMR (CDCl3, TMS, 100 MHz)  163.2, 156.4, 137.6, 

134.9, 132.3, 116.5, 108.9, 82.7, 66.8, 47.9, 24.2. The product was analyzed by HPLC 

to determine the enantiomeric excess: 87% ee (chiralpak OD-H, i-propanol/hexane = 

5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 9.27 and 12.71 min. 

 

 3h (known compound, see ref. 3) 

(1S,5R)-7-(6-methylpyridin-2-yl)-6-oxa-7-azabicyclo[3.2.2]non-8-ene: Yield (90%); 

[]25
D = -167 (c 0.57, CH2Cl2); 

1H NMR (CDCl3, TMS, 400 MHz)  7.41 (t, J = 8.0 

Hz, 1H), 6.80 (d, J = 8.0 Hz, 1H), 6.60 (d, J = 8.0 Hz, 1H), 6.19-6.14 (m, 1H), 

6.06-6.01 (m, 1H), 5.38-5.33 (m, 1H), 4.81-4.77 (m, 1H), 2.40 (s, 3H), 2.06-1.89 (m, 

3H), 1.76-1.70 (m, 1H), 1.64-1.56 (m, 1H), 1.48-1.36 (m, 1H); 13C NMR (CDCl3, 

TMS, 100 MHz)  163.5, 156.3, 137.7, 130.4, 125.6, 115.5, 107.6, 73.4, 57.0, 31.6, 

27.1, 24.3, 18.7. The product was analyzed by HPLC to determine the enantiomeric 

excess: 71% ee (chiralpak OD-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ 

= 254 nm); tr = 6.78 and 7.79 min. 

 

 3i 

(1S,6R)-8-(6-methylpyridin-2-yl)-7-oxa-8-azabicyclo[4.2.2]dec-9-ene: Yield (80%); 
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[]25
D =-77 (c 0.61 CH2Cl2); 

1H NMR (CDCl3, TMS, 400 MHz)  7.44 (t, J = 8.0 Hz, 

1H), 6.88 (d, J = 8.0 Hz, 1H), 6.61 (d, J = 8.0 Hz, 1H), 6.28 (d, J = 10.0 Hz, 1H), 6.26 

(d, J = 10.0 Hz, 1H), 5.71 (d, J = 10.0 Hz, 1H),5.70 (d, J = 10.0 Hz, 1H), 5.26-5.22 

(m, 1H), 4.95-4.92 (m, 1H), 2.40 (s, 3H), 2.32-2.25 (m, 1H), 2.20-2.07 (m, 2H), 

1.91-1.60 (m, 6H); 13C NMR (CDCl3, TMS, 100 MHz)  163.2, 156.5, 137.9, 131.9, 

125.5, 115.4, 106.8, 73.0, 54.6, 34.8, 32.0, 26.2, 24.4, 22.3. IR (KBr)  2917, 2854, 

1589, 1576, 1447, 1283, 1231, 1178, 972, 830. 783, 637 cm-1. HRMS Calcd. For 

C14H19ON2
+: 231.1492, found: 231.1488. The product was analyzed by HPLC to 

determine the enantiomeric excess: 80% ee (chiralpak AD-H, i-propanol/hexane = 

5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 5.20 and 7.29 min. 

 

 3j (known compound, see ref. 3) 

(3R,6S)-3,6-dimethyl-2-(6-methylpyridin-2-yl)-4-((triisopropylsilyl)oxy)-3,6-dihy

dro-2H-1,2-oxazine: Yield (93%); []25
D = -134 (c 1.09, CHCl3); 

1H NMR (CDCl3, 

TMS, 400 MHz)  7.44 (t, J = 8.0 Hz, 1H), 6.91 (d, J = 8.0 Hz, 1H), 6.59 (d, J = 

8.0Hz, 1H), 4.79-4.66 (m, 3H), 2.41 (s, 3H), 1.29-1.19 (m, 9H), 1.12 (s, 12H), 1.10 (s, 

6H); 13C NMR (CDCl3, TMS, 100 MHz)  159.3, 156.6, 152.5, 137.7, 114.7, 106.2, 

102.9, 71.9, 54.2, 24.4, 20.0, 18.0, 14.2, 12.6. The product was analyzed by HPLC to 

determine the enantiomeric excess: 96% ee (chiralpak OD-H, i-propanol/hexane = 

0/100, flow rate 1.0 mL/min, λ = 254 nm); tr = 8.75 and 15.06 min. 
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IV. 1H NMR and 13C NMR Spectra 
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V. HPLC Chromatograms 
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