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1. General Information

All reagents and metal catalysts were obtained from commercial sources without
further purification, and commercially available solvents were purified before use. All
new compounds were fully characterized. All melting points were taken on a WRS-1A
or a WRS-1B Digital Melting Point Apparatus without correction. Infrared spectra
were obtained using an AVATAR 370 FT-IR spectrometer. 'H, PC, and F NMR
spectra were recorded with a Bruker AV-500 spectrometer operating at 500 MHz, 125
MHz and 470 MHz, respectively, with chemical shift values being reported in ppm
relative to chloroform (0 = 7.26 ppm), dimethyl sulfoxide (6 = 2.50 ppm) or TMS (0 =
0.00 ppm) for 'H NMR; chloroform (6 = 77.16 ppm) or dimethyl sulfoxide (6 = 39.52
ppm) for *C NMR; and C¢Fs (6 = -164.9 ppm) for "’F NMR. Mass spectra (MS) and
high resolution mass spectra (HRMS) were recorded with an Agilent 5975C using an
Electron impact (EI) or Electrospray ionization (ESI) techniques. Silica gel plate
GF254 was used for thin layer chromatography (TLC) and silica gel 300-400 mesh
was used for flash column chromatography. Yields refer to chromatographically and
spectroscopically pure compounds, unless otherwise indicated. 'H, °C and 'F NMR
data for minor isomer of products are recorded from the spectra of mixture with £/Z
isomers. Unless commercially available alkynes, other alkynes were all prepared

according to the literature reported procedures.'™
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2. Synthesis and Characterization of Products

Cl

X

NO
HsC 2

1-(1-Chloro-2-nitrovinyl)-4-methylbenzene (2a): To a test tube were added 1a (34.8 mg, 0.3
mmol), Cu(NOs3),-3H,0 (108.7 mg, 0.45 mmol), SnCl,-2H,0 (67.7 mg, 0.3 mmol) and MeCN
(1.5 mL). The tube was vacuumed and backfilled with N, for three times. The mixture was stirred
at 40 °C for 4 h as monitored by TLC. Upon completion, the reaction mixture was cooled down to
room temperature, and purified by flash column chromatography on silica gel to give the desired
product 2a as a yellow solid (53.3 mg, 90%), E/Z = 88/12.
E isomer: IR (KBr, cm™): 1616, 1532, 1345, 816, 718; 'H NMR (CDCls, 500 MHz): & 7.45 (s,
1H), 7.34 (d, J = 8.5 Hz, 2H), 7.25 (d, J = 8.5 Hz, 2H), 2.41 (s, 3H); °C NMR (CDCl;, 125 MHz):
5 147.7 142.1, 135.3, 130.5, 129.4, 128.4, 21.7; EI-MS m/z (%): 199 (3) [M* (’CI)], 197 (8) [M"
(°CD)], 182 (14), 139 (18), 134 (21), 116 (37), 115 (100), 89 (21), 77 (22), 63 (18); HRMS (EI)
m/z caled for CoHgCINO, [M'] 197.0244, found 197.0246.
Z isomer: 'H NMR (CDCls, 500 MHz): § 7.73 (s, 1H), 7.57 (d, J = 8.0 Hz, 2H), 7.28 (d, J = 8.0
Hz, 2H), 2.42 (s, 3H); °C NMR (CDCls, 125 MHz): ¢ 143.2, 141.7, 133.8, 130.9, 130.0, 127.7,
21.6.
Gram scale reaction for preparation of 2a: To a 100 mL flask were added 1a (1.16 g, 10 mmol),
Cu(NO;),-3H,0 (3.6240 g, 15 mmol), SnCl,-2H,0 (2.2565 g, 10 mmol) and MeCN (50 mL). The
mixture was stirred at 40 °C under N, for 4 h. Then the reaction mixture was cooled down to room
temperature and filtered. The filtrate was concentrated and purified by column chromatography on
silica gel to give the desired product as a yellow solid (1.5 g, 76%), E/Z = 96/4. Then the solid was
recrystallized with hexane/ EtOAc and gave the pure E-product.

Cl

2 NO,

MeO

1-(1-Chloro-2-nitrovinyl)-4-methoxybenzene (2b): Following the general procedure as for 2a,
the reaction of 1b (39.6 mg, 0.3 mmol), Cu(NO3),-3H,0 (108.7 mg, 0.45 mmol) and SnCl,-2H,0
(67.7 mg, 0.3 mmol) in MeCN (1.5 mL) at 40 °C for 2 h afforded the desired product 2b as a
yellow solid (42.0 mg, 66%), E/Z =7/93.

Z isomer: IR (KBr, cm™): 1597, 1505, 1336, 1304, 1264, 1176, 1022, 831; "H NMR (CDCls, 500
MHz): 6 7.71 (s, 1H), 7.64 (d, J = 8.5 Hz, 2H), 6.97 (d, J = 9.0 Hz, 2H), 3.87 (s, 3H); °C NMR
(CDCl;, 125 MHz): 6 163.0, 141.4, 132.8, 129.5, 125.6, 114.6, 55.6; EI-MS m/z (%): 215 (14)
IM" ('Cl)], 213 (43) [MT (P°CD)], 155 (21), 135 (24), 132 (100), 117 (42), 89 (63), 63 (32); HRMS
(EI) m/z caled for CoHgCINO; [M '] 213.0193, found 213.0192.

E isomer (data from spectra of mixture with £/Z isomers): '"H NMR (CDCls, 500 MHz): & 7.42 (d,
J=8.0 Hz, 2H), 7.26 (s, 1H), 6.93 (d, J = 9.0 Hz, 2H), 3.85 (s, 3H); °C NMR (CDCls, 125 MHz)
(partial data): 6 130.7, 113.9, 55.5.
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1-(1-Chloro-2-nitrovinyl)-4-fluorobenzene (2¢): Following the general procedure as for 2a, the
reaction of 1¢ (36.0 mg, 0.3 mmol), Cu(NO;),-3H,0O (108.7 mg, 0.45 mmol) and SnCl,-2H,0
(67.7 mg, 0.3 mmol) in MeCN (1.5 mL) at 40 °C for 4 h afforded the desired product 2¢ as pale
yellow oil (53.1 mg, 88%), E/Z = 92/8.
E isomer: IR (KBr, cm'l): 1607, 1529, 1344, 1236, 1164, 834, 716; 'H NMR (CDCl;, 500 MHz):
5 7.50-7.41 (m, 3H), 7.20-7.09 (m, 2H); '°’F NMR (CDCls, 470 MHz): & -107.3 (m, Ar-F); *C
NMR (CDCls, 125 MHz): 6 164.3 (d, 'Jer = 252.0 Hz), 146.3, 135.9, 130.8 (d, *Jer = 9.0 Hz),
129.4 (d, *Jer = 3.5 Hz), 116.0 (d, 2Jep = 22.0 Hz); EI-MS m/z (%): 203 (5) [M* (¢'Cl)], 201 (14)
IM™ (°Cl)], 143 (28), 123 (19), 120 (100), 107 (17), 99 (18); HRMS (EI) m/z calcd for
CgHsCIFNO, [M ] 200.9993, found 200.9994.
Z isomer (data from spectra of mixture with E/Z isomers): 'H NMR (CDCl;, 500 MHz): ¢
7.71-7.65 (m, 3H), 7.20-7.09 (m, 2H); '°F NMR (CDCls, 470 MHz): § -106.3 (m, Ar-F); >C NMR
(CDCls, 125 MHz) (partial data): 6 130.0 (d, *Jer = 9.0 Hz), 116.6 (d, *Jcr = 22.0 Hz).

Cl

X

NO
cl 2

1-Chloro-4-(1-chloro-2-nitrovinyl)benzene (2d):** Following the general procedure as for 2a,
the reaction of 1d (41.0 mg, 0.3 mmol), Cu(NO3),-3H,0 (108.7 mg, 0.45 mmol) and SnCl,-2H,0
(67.7 mg, 0.3 mmol) in MeCN (1.5 mL) at 40 °C for 10 h afforded the desired product 2d as a
yellow solid (57.9 mg, 89%), E/Z =93/7.

E isomer: IR (KBr, cm'l): 1621, 1527, 1346, 1093, 827, 722; '"H NMR (CDCl;, 500 MHz): 6 7.47
(s, 1H), 7.42 (d, J = 8.5 Hz, 2H), 7.37 (d, J = 9.0 Hz, 2H); ">C NMR (CDCl;, 125 MHz): § 146.1,
137.6, 136.1, 131.8, 129.8, 129.0; LC-MS (ESI) m/z (%): 222 (12) [M" (2x°’CI)], 220 (65) [M"
¢’cl, *°cn), 218 (100) [MT (2x*°C1)].

Z isomer (data from spectra of mixture with E/Z isomers): 'H NMR (CDCls, 500 MHz): 6 7.70 (s,
1H), 7.61 (d, J = 8.5 Hz, 2H), 7.42 (d, J = 8.5 Hz, 2H); *C NMR (CDCls, 125 MHz) (partial data):
0129.6, 129.0.

Cl

N

NO
Br 2

1-Bromo-4-(1-chloro-2-nitrovinyl)benzene (2¢):’ Following the general procedure as for 2a, the
reaction of le (54.3 mg, 0.3 mmol), Cu(NO;),-3H,0 (108.7 mg, 0.45 mmol) and SnCl,-2H,0
(67.7 mg, 0.3 mmol) in MeCN (1.5 mL) at 40 °C for 14 h afforded the desired product 2e as a
yellow solid (74.3 mg, 94%), E/Z = 90/10.

E isomer: IR (KBr, cm'l): 1612, 1525, 1341, 822, 720; '"H NMR (CDCl;, 500 MHz): ¢ 7.60-7.56
(m, 2H), 7.47 (s, 1H), 7.35-7.28 (m, 2H); *C NMR (CDCls, 125 MHz): 6 146.1, 136.1, 132.3,
132.0, 129.9, 126.0; EI-MS m/z (%): 265 (6) [M" (*’CL, ¥'Br)], 263 (25) {M" [(’CL, "Br) + (*°Cl,
S1Br)]1, 261 (19) [M" (*°CL, "Br)], 198 (18), 182 (69), 152 (63), 136 (77), 101 (100), 75 (79), 50
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(38).

Z isomer (data from spectra of mixture with E/Z isomers): 'H NMR (CDCl;, 500 MHz): 6 7.71 (s,
1H), 7.64-7.60 (m, 2H), 7.56-7.52 (m, 2H); *C NMR (CDCls, 125 MHz) (partial data): & 132.6,
129.1.

Cl

X

NO
Ac 2

1-(4-(1-Chloro-2-nitrovinyl)phenyl)ethanone (2f): Following the general procedure as for 2a,
the reaction of 1f (43.3 mg, 0.3 mmol), Cu(NOs3),-3H,0 (108.7 mg, 0.45 mmol) and SnCl,-2H,0
(67.7 mg, 0.3 mmol) in MeCN (1.5 mL) at 40 °C for 10 h afforded the desired product 2f as a
yellow solid (57.9 mg, 86%), E/Z=97/3.

E isomer: IR (KBr, cm™): 1678, 1607, 1515, 1348, 1264, 836, 723; '"H NMR (CDCl;, 500 MHz):
5 8.00 (d, J = 8.5 Hz, 2H), 7.50 (d, J = 8.5 Hz, 2H), 7.49 (s, 1H), 2.61 (s, 3H); *C NMR (CDCl;,
125 MHz): ¢ 197.1, 146.0, 138.7, 137.8, 136.6, 128.5, 128.4, 26.8; EI-MS m/z (%): 227 (0.67)
IM™ (7CD)], 225 (1.96) [M™ (°CI)], 212 (21), 210 (63), 166 (31), 129 (100), 101 (46), 75 (27);
HRMS (EI) m/z calcd for C;(HgCINO;3 [M+] 225.0193, found 225.0195.

Cl

H3C XN

NO,

1-(1-Chloro-2-nitrovinyl)-3-methylbenzene (2g): Following the general procedure as for 2a, the
reaction of 1g (39 pL, 0.3 mmol), Cu(NO;),-3H,0 (108.7 mg, 0.45 mmol) and SnCl,-2H,0 (67.7
mg, 0.3 mmol) in MeCN (1.5 mL) at 40 °C for 4 h afforded the desired product 2g as yellow oil
(54.8 mg, 92%), E/Z = 90/10.

E isomer: IR (KBr, cm'l): 1612, 1527, 1345, 787, 718; "H NMR (CDCl;, 500 MHz): ¢ 7.45 (s,
1H), 7.37-7.27 (m, 2H), 7.24 (s, 1H), 7.23 (d, J = 8.5, 1H), 2.40 (s, 3H); *C NMR (CDCl,, 125
MHz): 6 147.5, 138.5, 135.6, 133.4, 132.0, 128.6, 128.5, 125.2, 21.3; EI-MS m/z (%): 199 (2) [M"
A’cny, 197 (7) MT 3CI)], 182 (14), 162 (16), 116 (34), 115 (100), 89 (27), 77 (26), 63 (20);
HRMS (EI) m/z caled for CoHgCINO, [M '] 197.0244, found 197.0247.

Z isomer (data from spectra of mixture with E/Z isomers): 'H NMR (CDCls, 500 MHz): 6 7.72 (s,
1H), 7.51-7.47 (m, 2H), 7.37-7.27 (m, 2H), 2.42 (s, 3H); *C NMR (CDCls, 125 MHz) (partial
data): 0 139.1, 134.3, 133.6, 133.0, 129.1, 128.2, 124.9, 21 .4.

Cl

NO,

1-(1-Chloro-2-nitrovinyl)-3-fluorobenzene (2h): Following the general procedure as for 2a, the
reaction of 1h (35 pL, 0.3 mmol), Cu(NOs),-3H,0 (108.7 mg, 0.45 mmol) and SnCl,-2H,0 (67.7
mg, 0.3 mmol) in MeCN (1.5 mL) at 40 °C for 4 h afforded the desired product 2h as yellow oil
(53.2 mg, 88%), E/Z = 94/6.

E isomer: IR (KBr, cm™): 1585, 1530, 1348, 1230, 790, 720; '"H NMR (CDCls, 500 MHz): & 7.47
(s, 1H), 7.46-7.38 (m, 1H), 7.22-7.12 (m, 3H); "’F NMR (CDCls, 470 MHz): & -111.3 (m, Ar-F);
3C NMR (CDCls, 125 MHz): § 162.4 (d, 'Je.r = 250.0 Hz), 145.5, 136.4, 135.3 (d, *Jor = 7.5 Hz),
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130.5 (d, *Jer = 8.0 Hz), 124.0 (d, *Je.r = 4.0 Hz), 118.3 (d, “Jer = 21.0 Hz), 115.5 (d, *Jor = 24.0
Hz); EI-MS m/z (%): 203 (1) [M" (’CD)], 201 (4) [M" (*°CD)], 143 (33), 138 (21), 120 (100), 107
(23), 99 (27), 83 (23); HRMS (EI) m/z caled for CsHsCIFNO, [M '] 200.9993, found 200.9991.

Z isomer (data from spectra of mixture with £/Z isomers): 'H NMR (CDCl;, 500 MHz): 6 7.71 (s,
1H), 7.46-7.38 (m, 3H), 7.22-7.12 (m, 1H); "°F NMR (CDCls, 470 MHz): & -110.6 (m, Ar-F); °C
NMR (CDCl;, 125 MHz) (partial data): 131.0 (d, Jer=15 Hz), 123.3 (d, Jor=4.0 Hz), 119.2
(d, *Jer = 20.0 Hz), 115.1 (d, “Jer = 25.0 Hz).

Cl

NC XN

NO,

3-(1-Chloro-2-nitrovinyl)benzonitrile (2i): Following the general procedure as for 2a, the
reaction of 1i (38.1 mg, 0.3 mmol), Cu(NOs),-3H,0 (108.7 mg, 0.45 mmol) and SnCl,-2H,0
(67.7 mg, 0.3 mmol) in MeCN (1.5 mL) at 40 °C for 8 h afforded the desired product 2i as a
yellow solid (52.1 mg, 83%), E/Z=93/7.
E isomer: IR (KBr, cm™): 3104, 2227, 1610, 1520, 1333, 989, 799, 693; 'H NMR (CDCls, 500
MHz): 6 7.77 (d, J = 8.0 Hz, 1H), 7.72 (s, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.58 (t, /= 8.0 Hz, 1H),
7.53 (s, 1H); C NMR (CDCls, 125 MHz): § 144.5, 137.1, 134.9, 134.3, 132.3, 131.7, 129.7,
117.6, 113.3; EI-MS m/z (%): 210 (2) [M" ’Cl)], 208 (6) [M" (**Cl)], 150 (57), 145 (29), 127
(100), 126 (40), 117 (33), 100 (34), 76 (28), 75 (35); HRMS (EI) m/z calcd for CoHsCIN,O, [M]
208.0040, found 208.0033.
Z isomer (partial data from spectra of mixture with E/Z isomers): 'H NMR (CDCl;, 500 MHz): ¢
7.97 (s, 1H), 7.89 (d, J= 7.5 Hz, 1H), 7.82 (d, J = 7.5 Hz, 1H), 7.72 (s, 1H), 7.58 (t, J = 8.0 Hz,
1H).

Cl

TsHN X

NO,

N-(3-(1-Chloro-2-nitrovinyl)phenyl)-4-methylbenzenesulfonamide (2j): Following the general
procedure as for 2a, the reaction of 1j (81.4 mg, 0.3 mmol), Cu(NO3),-3H,0 (108.7 mg, 0.45
mmol) and SnCl,-2H,0 (67.7 mg, 0.3 mmol) in MeCN (1.5 mL) at 40 °C for 10 h afforded the
desired product 2j as red oil (89.1 mg, 84%), E/Z=91/9.

E isomer: IR (KBr, cm™): 3259, 1526, 1337, 1158, 1091; '"H NMR (CDCls, 500 MHz): 6 7.68 (d,
J=28.0 Hz, 2H), 7.63 (s, 1H), 7.42 (s, 1H), 7.33-7.20 (m, 4H), 7.15 (d, /= 7.5 Hz, 1H), 7.11 (d, J
= 8.0 Hz, 1H), 2.36 (s, 3H); >*C NMR (CDCls, 125 MHz): § 146.2, 144.5, 137.2, 136.3, 135.4,
134.7,129.9, 129.8, 127.3, 124.6, 123.7, 120.5, 21.6; EI-MS m/z (%): 354 (4) [M" (’CI)], 352 (13)
M °C1)], 209 (27), 197 (33), 181 (100), 165 (28), 155 (36), 91 (85); HRMS (EI) m/z calcd for
C1sH3CIN,04S [M'] 352.0285, found 352.0288.

Z isomer (data from spectra of mixture with E/Z isomers): 'H NMR (CDCls, 500 MHz): 6 7.74 (d,
J = 8.0 Hz, 2H), 7.63 (s, 1H), 7.37-7.35 (m, 1H), 7.33-7.20 (m, 6H), 2.37 (s, 3H); *C NMR
(CDCls, 125 MHz) (partial data): 0 146.4, 144.6, 137.9, 135.6, 134.9, 130.3, 130.2, 130.0, 127.4,
124.2,124.1, 119.7.
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OMe ClI

X
NO,

1-(1-Chloro-2-nitrovinyl)-2-methoxybenzene (2k): Following the general procedure as for 2a,
the reaction of 1k (39 pL, 0.3 mmol), Cu(NO3),-3H,0 (108.7 mg, 0.45 mmol) and SnCl,-2H,0
(67.7 mg, 0.3 mmol) in MeCN (1.5 mL) at 30 °C for 4 h afforded the desired product 2k as yellow
oil (53.6 mg, 84%), E/Z=92/8.

E isomer: IR (KBr, cm™): 1625, 1528, 1349, 1286, 1252, 1022, 756; 'H NMR (CDCls, 500 MHz):
0 7.49 (s, 1H), 7.44 (dt, J = 7.5, 1.5 Hz, 1H), 7.35 (dd, J= 7.5, 1.5 Hz, 1H), 7.04 (t, J = 7.5 Hz,
1H), 6.93 (d, J = 8.5 Hz, 1H), 3.81 (s, 3H); *C NMR (CDCls, 125 MHz): J 156.1, 143.6, 137.2,
132.6, 129.6, 123.0, 120.9, 111.2, 55.8; EI-MS m/z (%): 215 (24) [M" (’CD)], 213 (72) [M* (°C1)],
182 (38), 152 (63), 139 (34), 131 (72), 103 (41), 89 (100), 77 (42), 63 (52); HRMS (EI) m/z caled
for CoHgCINO3 [M ] 213.0193, found 213.0192.

Z isomer (data from spectra of mixture with E/Z isomers): 'H NMR (CDCl;, 500 MHz): 6 7.87 (s,
1H), 7.44 (dt,J=17.5, 1.5 Hz, 1H), 7.35 (dd, J="7.5, 1.5 Hz, 1H), 7.04 (t, /= 7.5 Hz, 1H), 6.93 (d,
J = 8.5 Hz, 1H), 3.90 (s, 3H); *C NMR (CDCls, 125 MHz) (partial data): 6 132.8, 131.2, 121.1,
111.7,100.1, 56.0.

F Ci

X
NO,

1-(1-Chloro-2-nitrovinyl)-2-fluorobenzene (21): Following the general procedure as for 2a, the
reaction of 11 (34 pL, 0.3 mmol), Cu(NO;),-3H,0 (108.7 mg, 0.45 mmol) and SnCl,-2H,0 (67.7
mg, 0.3 mmol) in MeCN (1.5 mL) at 40 °C for 4 h afforded the desired product 21 as pale yellow
oil (49.3 mg, 82%), E/Z = 94/6.
E isomer: IR (KBr, cm™): 1626, 1530, 1348, 1230, 828, 761, 718; "H NMR (CDCl;, 500 MHz): 6
7.56 (s, 1H), 7.51-7.46 (m, 1H), 7.44-7.40 (m, 1H), 7.28-7.24 (m, 1H), 7.17-7.12 (m, 1H); “F
NMR (CDCls, 470 MHz): & -111.4 (m, Ar-F); *C NMR (CDCls, 125 MHz): 6 158.7 (d, 'Jer =
250.0 Hz), 140.9, 138.1, 133.2 (d, *Je.r = 9.0 Hz), 129.7, 124.7 (d, *Jor = 4.0 Hz), 122.0 (d, YJcr
=15.0 Hz), 116.1 (d, “Je.r = 21.0 Hz); EI-MS m/z (%): 203 (6) [M" C'CI)], 201 (18) [M"™ (*°Cl)],
143 (48), 120 (100), 107 (23), 99 (29); HRMS (EI) m/z caled for CsHsCIFNO, [M'] 200.9993,
found 200.9991.
Z isomer (partial data from spectra of mixture with E/Z isomers): 'H NMR (CDCl;, 500 MHz): o
7.76 (s, 1H), 7.72-7.66 (m, 1H), 7.51-7.46 (m, 1H), 7.31-7.28 (m, 1H), 7.22-7.17 (m, 1H); F
NMR (CDCl;, 470 MHz): 8 -111.3 (m, Ar-F).

Cl
MeO xNO;

MeO

4-(1-Chloro-2-nitrovinyl)-1,2-dimethoxybenzene (2m): Following the general procedure as for
2a, the reaction of 1m (48.7 mg, 0.3 mmol), Cu(NO3),-3H,O (108.7 mg, 0.45 mmol) and
SnCl,-2H,0 (67.7 mg, 0.3 mmol) in MeCN (1.5 mL) at 40 °C for 2 h afforded the desired product
2m as a yellow solid (45.2 mg, 62%), E/Z = 30/70.
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Z isomer: IR (KBr, cm™): 1586, 1516, 1328, 1267, 1144, 1018, 808; 'H NMR (CDCl;, 500 MHz):
07.72 (s, 1H), 7.31 (dd, J = 8.5, 2.0 Hz, 1H), 7.14 (d, J = 2.5 Hz, 1H), 6.91 (d, J = 8.5 Hz, 1H),
3.94 (s, 3H), 3.93 (s, 3H); >C NMR (CDCls, 125 MHz): 6 152.7, 149.4, 141.5, 133.1, 126.0,
121.6, 111.1, 110.3, 56.3, 56.2; EI-MS m/z (%): 245 (21) [M" ¢'C)], 243 (70) [M* (*°Cl)], 191
(100), 165 (64), 162 (60), 147 (34), 120 (38), 91 (53), 77 (40), 75 (42); HRMS (EI) m/z calcd for
C10HoCINO, [M ] 243.0298, found 243.0300.

E isomer (data from spectra of mixture with E/Z isomers): 'H NMR (CDCl;, 500 MHz): 6 7.41 (s,
1H), 7.08 (dd, J = 8.5, 2.0 Hz, 1H), 6.96-6.85 (m, 2H), 3.92 (s, 3H), 3.88 (s, 3H); *C NMR
(CDCls, 125 MHz): 6 151.8, 148.8, 147.3, 134.7, 125.3, 122.6, 111.5, 110.7, 56.2, 56.1.

Cl
X
NO,
MeO

2-(1-Chloro-2-nitrovinyl)-6-methoxynaphthalene (2n): Following the general procedure as for
2a, the reaction of 1n (54.7 mg, 0.3 mmol), Cu(NO;),-3H,O (108.7 mg, 0.45 mmol) and
SnCl,-2H,0 (67.7 mg, 0.3 mmol) in MeCN (1.5 mL) at 30 °C for 6 h afforded the desired product
2n as a yellow solid (67.2 mg, 85%), E/Z = 81/19.

E isomer: IR (KBr, cm™): 1598, 1510, 1337, 1224, 1163, 1025, 814; "H NMR (CDCls, 500 MHz):
0791 (s, 1H), 7.84-7.74 (m, 2H), 7.52 (s, 1H), 7.43 (d, J = 8.5 Hz, 1H), 7.24-7.11 (m, 2H), 3.94 (s,
3H); *C NMR (CDCls, 125 MHz): 6 159.7, 148.0, 136.1, 135.3, 130.6, 129.2, 128.2, 127.9, 127.1,
125.5, 120.1, 105.9, 55.5; EI-MS m/z (%): 265 (16) [M* 'CI)], 263 (45) [M* (*°’CD)], 233 (21),
182 (63), 139 (100), 44 (50); HRMS (EI) m/z calcd for C;3H;(CINO; [M'] 263.0349, found
263.0345.

Z isomer (data from spectra of mixture with £/Z isomers): 'H NMR (CDCl;, 500 MHz): 0 8.17 (s,
1H), 7.86 (s, 1H), 7.84-7.74 (m, 2H), 7.63 (d, J= 9.0 Hz, 1H), 7.24-7.11 (m, 2H), 3.95 (s, 3H); *C
NMR (CDCl;, 125 MHz) (partial data): 6 133.9, 130.7, 129.0, 128.3, 124.0, 120.5, 105.8, 55.6.

cl
o
\_s No,

2-(1-Chloro-2-nitrovinyl)thiophene (20): Following the general procedure as for 2a, the reaction
of 10 (30 pL, 0.3 mmol), Cu(NOs),-3H,0 (108.7 mg, 0.45 mmol) and SnCl,-2H,0 (67.7 mg, 0.3
mmol) in MeCN (1.5 mL) at 30 °C for 4 h afforded the desired product 20 as yellow oil (49.6 mg,
87%), E/Z = 57/43.

E isomer: IR (KBr, cm'l): 3106, 1581, 1511, 1323, 722; '"H NMR (CDCls, 500 MHz): 6 7.92 (d, J
=3.5 Hz, 1H), 7.74 (d, J = 5.0 Hz, 1H), 7.41 (s, 1H), 7.15 (t, J = 4.5 Hz, 1H); *C NMR (CDCl;,
125 MHz): § 139.5, 136.3, 134.8, 131.8, 131.7, 127.7; EI-MS m/z (%): 191 (4) [M* *’CI)], 189
(10) [M" (*°CI)], 146 (37), 118 (40), 108 (100), 83 (43), 69 (33); HRMS (EI) m/z calcd for
CeH4CINO,S [M'] 188.9651, found 188.9652.

Z isomer (data from spectra of mixture with £/Z isomers): 'H NMR (CDCl;, 500 MHz): 6 7.84 (s,
1H), 7.67 (d, J=3.5 Hz, 1H), 7.58 (d, J= 5.0 Hz, 1H), 7.15 (t, J = 4.5 Hz, 1H); °C NMR (CDCl;,
125 MHz): 6 136.7, 135.0, 133.7, 132.0, 131.6, 128.9.
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Cl
b
X
NO
(E)-3-Chloro-2-methyl-4-nitrobut-3-en-2-ol (2p): Following the general procedure as for 2a, the
reaction of 1p (29 pL, 0.3 mmol), Cu(NOs),-3H,0 (108.7 mg, 0.45 mmol) and SnCl,-2H,0 (67.7
mg, 0.3 mmol) in MeCN (1.5 mL) at 60 °C for 21 h afforded the desired product 2p as pale yellow
oil (18.0 mg, 36%), E/Z > 19:1. IR (KBr, cm™): 3555, 2987, 2932, 1617, 1526, 1350, 1189, 832;
'H NMR (CDCls, 500 MHz): d 7.75 (s, 1H), 2.11 (s, 1H), 1.56 (s, 6H); °C NMR (CDCls, 125
MHz): 6 148.8, 134.5, 74.7, 28.6; EI-MS m/z (%): 167 (0.87) [M" (’CI)], 165 (2.73) [M™ (°CI)],

152 (23), 150 (72), 105 (49), 59 (99), 43 (100); HRMS (EI) m/z caled for CsHgCINO; [M']
165.0193, found 165.0195.

Cl
HO

2

X
NO,

(E)-1-(1-Chloro-2-nitrovinyl)cyclohexanol (2q): Following the general procedure as for 2a, the
reaction of 1q (37.3 mg, 0.3 mmol), Cu(NO;),-3H,0O (108.7 mg, 0.45 mmol) and SnCl,-2H,0
(67.7 mg, 0.3 mmol) in MeCN (1.5 mL) at 60 °C for 26 h afforded the desired product 2q as pale
yellow oil (24.6 mg, 40%), E/Z > 19:1. IR (KBr, cm™): 3525, 2938, 2861, 1613, 1525; '"H NMR
(CDCls, 500 MHz): & 7.76 (s, 1H), 2.03-1.91 (m, 3H), 1.76-1.60 (m, 7H), 1.29-1.17 (m, 1H); °C
NMR (CDCls, 125 MHz): J 149.5, 134.9, 75.8, 34.8, 24.8, 21.1; EI-MS m/z (%): 207 (0.13) [M"
7CDy], 205 (0.36) [M* (°CD)], 170 (33), 99 (48), 81 (100), 55 (86); HRMS (EI) m/z caled for
CgH;,CINO; [M] 205.0506, found 205.0509.

Cl
TIPS)\“FNoz

(1-Chloro-2-nitrovinyl)triisopropylsilane (2r): Following the general procedure as for 2a, the
reaction of 1r (67 pL, 0.3 mmol), Cu(NO;),-3H,0 (108.7 mg, 0.45 mmol) and SnCl,-2H,0 (67.7
mg, 0.3 mmol) in MeCN (1.5 mL) at 60 °C for 16 h afforded the desired product 2r as pale yellow
oil (23.6 mg, 30%), E/Z=17/83.
Z isomer: IR (KBr, cm™): 2954, 2873, 1522, 1463, 1353, 882, 669; "H NMR (CDCls, 500 MHz):
5 7.83 (s, 1H), 1.64-1.56 (m, 3H), 1.16 (d, J = 7.5 Hz, 18H); *C NMR (CDCls, 125 MHz): ¢
157.1, 149.3, 18.9, 12.5; EI-MS m/z (%): 265 (0.68) [M" (*’CI)], 263 (1.90) [M" (*°’C1)], 222 (37),
220 (100), 160 (32), 149 (19), 132 (28), 103 (26); HRMS (EI) m/z calcd for C;;H»CINO,Si [M]
263.1108, found 263.1104.
E isomer (data from spectra of mixture with E/Z isomers): 'H NMR (CDCl3, 500 MHz): 6 7.80 (s,
1H), 1.64-1.56 (m, 3H), 1.16 (d, J = 7.5 Hz, 18H); *C NMR (CDCls, 125 MHz) (partial data): o
18.6, 12.3.

Cl

o -CHs

NO,

(1-Chloro-2-nitroprop-1-en-1-yl)benzene (2s):° Following the general procedure as for 2a, the
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reaction of 1s (38 pL, 0.3 mmol), Cu(NOs),-3H,0 (108.7 mg, 0.45 mmol) and SnCl,-2H,0 (67.7
mg, 0.3 mmol) in MeCN (1.5 mL) at 60 °C for 12 h afforded the desired product 2s as pale yellow
oil (50.6 mg, 85%), E/Z = 70/30.

E isomer: IR (KBr, cm'l): 1532, 1442, 1348, 1027, 761, 697; 'H NMR (CDCl;, 500 MHz): ¢
7.55-7.29 (m, 5H), 2.51 (s, 3H); *C NMR (CDCls, 125 MHz): 6 146.4, 137.1, 135.2, 130.3, 128.8,
127.7, 18.0; EI-MS m/z (%): 199 (0.51) [M™ "CI)], 197 (1.60) [M" *°C1)], 169 (8), 134 (14), 116
(20), 115 (100), 105 (17), 103 (18), 89 (17), 77 (19), 63 (14).

Z isomer (data from spectra of mixture with E/Z isomers): 'H NMR (CDCl3, 500 MHz): ¢
7.55-7.29 (m, 5H), 2.26 (s, 3H); *C NMR (CDCls, 125 MHz) (partial data): 134.4, 130.2, 128.9,
127.6, 18.1.

Cl

X

Me NO,

1-(1-Chloro-2-nitrohex-1-en-1-yl)-4-methylbenzene (2t): Following the general procedure as
for 2a, the reaction of 1t (51.7 mg, 0.3 mmol), Cu(NO3),-3H,0 (108.7 mg, 0.45 mmol) and
SnCl,-2H,0 (67.7 mg, 0.3 mmol) in MeCN (1.5 mL) at 40 °C for 18 h afforded the desired
product 2t as yellow oil (53.3 mg, 70%), E/Z = 55/45.

E isomer: IR (KBr, cm™): 2960, 2930, 1533, 1458, 1357, 814; '"H NMR (CDCls, 500 MHz): &
7.30-7.23 (m, 2H), 7.20 (d, J = 8.0 Hz, 2H), 2.90 (t, J = 8.0 Hz, 2H), 2.38 (s, 3H), 1.66-1.60 (m,
2H), 1.53-1.43 (m, 2H), 0.99 (t, J = 7.5 Hz, 3H); *C NMR (CDCls, 125 MHz): 6 150.9, 140.6,
135.7, 132.2, 129.5, 128.6, 31.6, 28.7, 22.1, 21.5, 13.8; EI-MS m/z (%): 255 (3) [M" ('C1)], 253
9) [M* (°CD)], 183 (22), 176 (27), 129 (99), 128 (60), 119 (100), 115 (31), 91 (23); HRMS (EI)
m/z calcd for Cj3H;¢CINO, [M '] 253.0870, found 253.0874.

Z isomer (data from spectra of mixture with E/Z isomers): 'H NMR (CDCls, 500 MHz): 6 7.32 (d,
J = 8.5 Hz, 2H), 7.30-7.23 (m, 2H), 2.59 (t, J = 8.0 Hz, 2H), 2.43 (s, 3H), 1.53-1.43 (m, 2H),
1.34-1.30 (m, 2H), 0.86 (t, J = 7.5 Hz, 2H); *C NMR (CDCls, 125 MHz) (partial data): 140.5,
131.5,129.6,127.7,127.0, 31.1, 29.2,21.9, 13.7.

i O Me

oh
Me NO,
4,4'-(1-Chloro-2-nitroethene-1,2-diyl)bis(methylbenzene) (2u): Following the general
procedure as for 2a, the reaction of 1u (61.9 mg, 0.3 mmol), Cu(NOs),-3H,0 (108.7 mg, 0.45
mmol) and SnCl,-2H,0 (67.7 mg, 0.3 mmol) in MeCN (1.5 mL) at 80 °C for 24 h afforded the
desired product 2u as a yellow solid (65.5 mg, 76%), E/Z = 62/38.
E isomer: IR (KBr, cm™): 1531, 1360, 1184, 819, 750; "H NMR (CDCls, 500 MHz): 6 7.22 (d, J =
8.0 Hz, 2H), 7.12 (d, J = 8.0 Hz, 2H), 7.07 (d, J = 8.0 Hz, 4H), 2.33 (s, 3H), 2.31 (s, 3H); "°C
NMR (CDCl;, 125 MHz): ¢ 141.0, 140.6, 129.8, 129.7, 129.6, 129.5, 129.4, 129.0, 128.9, 127.8,
21.5, 21.4; EI-MS m/z (%): 289 (9) [M" (’CI)], 287 (27) [M" (°CI)], 241 (66), 206 (100), 189
(23); HRMS (EI) m/z caled for C¢H;4CINO, [M'] 287.0713, found 287.0715.
Z isomer (data from spectra of mixture with E/Z isomers): 'H NMR (CDCls, 500 MHz): 6 7.52 (d,
J=28.0 Hz, 2H), 7.42 (d, J = 8.0 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 7.22 (d, J = 8.0 Hz, 2H), 2.42
(s, 3H), 2.39 (s, 3H); >C NMR (CDCls, 125 MHz) (partial data): 6 149.4, 141.0, 140.6, 134.9,
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132.1, 131.0, 128.0, 127.9, 127 .4, 21.6, 21.5.

PhB(OH), (1.1 equiv) O
Cu(NO3),"3H,0 (1.5 equiv) Cl Pdj(dba); (2.5 mol %)
C ___SnCly*2H,0 (1.0 equiv) \ [tBU3PH]BF4 (5 mol %)
CH4CN, 40 °C, N, NO, KF (3.1 equiv) O X-NO;
v THF, 45 °C, N,
3

(2-Nitroethene-1,1-diyl)dibenzene (3):7 To a test tube were added Cu(NO;),-3H,0 (108.7 mg,
0.45 mmol), SnCl,-2H,0 (67.7 mg, 0.3 mmol) and MeCN (1.5 mL), the tube was vacuumed and
refilled with N, for three times, then 1v (33uL, 0.3 mmol) was added, and the reaction was stirred
at 40 °C for 4 h. After cooled down to room temperature, the mixture was filtered and the solvent
was removed. To the residue were added Pd,(dba); (6.9 mg, 0.0075 mmol), [BusPH]|BF, (4.4 mg,
0.015 mmol), PhB(OH), (40.2 mg, 0.33 mmol), KF (54.0 mg, 0.93 mmol) and THF (1.0 mL). The
flask was vacuumed and backfilled with N,, and the reaction was stirred at 45 °C for 24 h. Upon
completion, the reaction was quenched with H,O and extracted with EA (3x10 mL). The
combined organic layer was washed with brine. After dried over with anhydrous Na,SQO,, the
mixture was evaporated and purified by flash column chromatography on silica gel to give the
desired product 3 (40.2 mg, 59%) as a yellow solid. m.p. 85-87 °C; IR (KBr, cm'l): 1619, 1508,
1335, 691; '"H NMR (CDCls, 500 MHz): 6 7.51-7.34 (m, 7H), 7.32-7.27 (m, 2H), 7.25-7.18 (m,
2H); C NMR (CDCls, 125 MHz): 6 150.6, 137.2, 135.7, 134.5, 131.0, 129.4, 129.1, 129.0, 128.9,
128.6; EI-MS m/z (%): 225 (15) [M], 178 (100), 168 (38), 165 (51), 152 (54).

3. Application of Compound 2a

: )
L N

AN piperidine

o A
NO, toluene, 40 °C, air
HBC 0 N02
92% HsC
2a 4

(E)-1-(2-Nitro-1-(p-tolyl)vinyl)piperidine (4): To a test tube were added 2a (59.3 mg, 0.3 mmol),
piperidine (63.9 mg, 0.75 mmol) and toluene (1.5 mL). The mixture was stirred at 40 °C for 3 h
under air as monitored by TLC. Upon completion, the reaction mixture was cooled down to room
temperature and purified by flash column chromatography to give the desired product 4 as a
yellow solid (68.1 mg, 92%). m.p. 131-132 °C; IR (KBr, cm'l): 2948, 1525, 1454, 1409, 1344,
1291, 1241, 1014, 782; "H NMR (d,-DMSO, 500 MHz): § 7.27 (d, J = 7.5 Hz, 2H), 7.15 (s, 2H),
6.99 (s, 1H), 3.69-2.85 (m, 4H), 2.36 (s, 3H), 1.93-1.23 (m, 6H); °C NMR (d;-DMSO, 125 MHz):
5161.3,139.2, 131.6, 129.8, 127.9, 113.6, 50.0, 25.9, 23.9, 21.4; EI-MS m/z (%): 246 (14) [M'],
229 (18), 200 (51), 130 (20), 117 (54), 116 (22), 91 (27), 84 (100); HRMS (EI) m/z calcd for
C14H,5N,0, [M '] 246.1368, found 246.1370.
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92%

HsC
cl NH, \©\
/@/g K>,CO3 (2.0 equiv) NH
+
NO. CH3CN, 40 °C, air
HaC 2 3 /@2\
NO
2a CH3 H3C 5 2

(E)-4-Methyl-N-(2-nitro-1-(p-tolyl)vinyl)aniline (5): To a test tube were added 2a (59.3 mg, 0.3
mmol), p-toluidine (48.2 mg 0.45 mmol), K,COs (82.9 mg, 0.6 mmol) and CH3CN (1.5 mL). The
mixture was stirred at 40 °C for 12 h under air as monitored by TLC. Upon completion, the
reaction mixture was cooled down to room temperature, washed with HCI (0.1 M) for three times,
and extracted with EA; the organic layer was then washed with H,O and brine, dried over
anhydrous Na,SO,, filtered and concentrated in vacuo. The residue was purified by column
chromatography on silica gel to give the desired product 5 as a yellow solid (74.0 mg, 92%). m.p.
112-113 °C; IR (KBr, cm™): 1598, 1553, 1464, 1355, 1272, 1182, 1102, 822; 'H NMR (CDCl;,
500 MHz): ¢ 11.54 (s, 1H), 7.18 (d, J= 8.0 Hz, 2H), 7.13 (d, J = 8.0 Hz, 2H), 6.98 (d, J = 8.0 Hz,
2H), 6.76 (s, 1H), 6.72 (d, J = 8.5 Hz, 2H), 2.35 (s, 3H), 2.26 (s, 3H); °C NMR (CDCl;, 125
MHz): ¢ 156.2, 141.4, 135.9, 135.2, 129.8, 129.7, 128.8, 128.6, 123.9, 113.8, 21.6, 21.0; EI-MS
m/z (%): 268 (20) [M'], 222 (100), 221 (31), 220 (25), 208 (45), 207 (49), 91 (37), 65 (24);
HRMS (EI) m/z caled for C6H 6N,0, [M'] 268.1212, found 268.1215.

cl SCN
NO
/@)\ NaSCN A 2
NO, CHsCN, 40°C
HsC ©aras%  HC 6
2a

(2)-1-Methyl-4-(2-nitro-1-thiocyanatovinyl)benzene (6): To a test tube were added 2a (59.3 mg,
0.3 mmol), NaSCN (168.2 mg, 3.0 mmol) and CH;CN (1.5 mL). The mixture was stirred at 40 °C
under air for 7 hours. Then the reaction mixture was cooled down to room temperature and
purified by flash column chromatography to give the desired product 6 as a yellow solid (23.2 mg,
35%). m.p. 94-96 °C; IR (KBr, cm™): 2156, 1573, 1500, 1328, 819; "H NMR (CDCls, 500 MHz):
5 7.37 (s, 1H), 7.34 (s, 4H), 2.4 (s, 3H); °C NMR (CDCls, 125 MHz): 6 148.7, 142.9, 135.2,
130.1, 129.2, 128.6, 108.3, 21.7; EI-MS m/z (%): 220 (16) [M], 119 (19), 116 (63), 115 (100), 91
(28); HRMS (EI) m/z caled for CoHgN,0,S [M ] 220.0306, found 220.0304.

CHs
Cl B(OH), Pd,(dba); (2.5 mol %)
. .
HoC NO, KF (3.1 equiv), THF
3 45°C, N, 99% S
2a CH3 N02
HsC .

4,4'-(2-Nitroethene-1,1-diyl)bis(methylbenzene) (7):7 To a test tube were added 2a (59.3 mg, 0.3
mmol), p-tolylboronic acid (44.9 mg, 0.33 mmol), Pd,(dba); (6.9 mg, 0.0075 mmol), [/Bu;PH]BF,
(4.4 mg, 0.015 mmol), KF (54.0 mg, 0.93 mmol) and THF (1.0 mL). The flask was vacuumed and
backfilled with N,, and the reaction was stirred at 45 °C as monitored by TLC. Upon completion,
the reaction was quenched with H,O and extracted with EA (3x10 mL). The combined organic
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layer was washed with brine. After dried over with anhydrous Na,SO,4, the mixture was
evaporated and purified by flash column chromatography on silica gel to give the desired product
7 (75.2 mg, 99%) as a yellow solid. m.p. 111-113 °C; IR (KBr, cm'l): 1602, 1507, 1334, 1245, 816;
'H NMR (CDCls, 500 MHz): 6 7.41 (s, 1H), 7.23 (d, J= 7.5 Hz, 2H), 7.19 (s, 4H), 7.11 (d, J="7.5
Hz, 2H), 2.42 (s, 3H), 2.39 (s, 3H); °C NMR (CDClLs, 125 MHz): d 151.1, 141.6, 139.6, 134.7,
133.6, 132.8, 129.7, 129.3, 129.1, 129.0, 21.6, 21.5; EI-MS m/z (%): 253 (80) [M], 221 (53), 191
(97), 165 (100), 115 (91).

4. X-ray Crystallographic Data for Compounds (E)-2a, 4 and 6

Cl

AN
NO,

H5;C
(E)-2a X-ray structure of (E)-2a

Crystallographic data for (E)-2a: CoHgCINO,, M = 197.61, Orthorhombic, P 21 21 21 (No. 19), a
=5.961 (5) A, b=7.819 (7) A, ¢ =20.316 (18) A, V =946.9 (14) A*, Z = 4, Crystal size: 0.24 x
0.19 x 0.16 mm, T = 295 K, pearca= 1.386 g-em™, R; = 0.0391 (I>40(I)), wR, = 0.1143 (all data),
GOF = 1.060, reflections collected/unique: 5795 / 2227 (Rint = 0.0219), Data: 1833, restraints: 0,
parameters: 123. CCDC 1487495 contains the supplementary crystallographic data for this paper.
The data can be obtained free of charge from The Cambridge Crystallographic Data Centre via

www.ccde.cam.ac.uk/data_request/cif.

\NOZ w"r‘;ﬂ‘% “'0

X-ray structure of 4

H3C
4

Crystallographic data for 4: C;4HsN,O,, M = 246.30, Monoclinic, P 21/c (No. 14), a = 8.018 (6)
A, b=16.118 (13) A, c =10.272 (8) A, V=1322.7 (18) A’, Z = 4, Crystal size: 0.25 x 0.19 x 0.14
mm, T =295 K, peaca= 1.237 g-em™, Ry = 0.0439 (I>40(1)), wR, = 0.1290 (all data), GOF = 1.050,
reflections collected/unique: 8060 / 2984 (Rint = 0.0246), Data: 2243, restraints: 0, parameters:
168. CCDC 1487497 contains the supplementary crystallographic data for this paper. The data can
be obtained free of charge from The Cambridge Crystallographic Data Centre via

www.ccde.cam.ac.uk/data_request/cif

SCN
o NO,

HsC

6 X-ray structure of 6
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Crystallographic data for 6: CoHsN,O,S, M = 220.24, Orthorhombic, P 21 21 21 (No. 19), a =
6.758 (5) A, b=8.245 (6) A, c = 18.741 (15) A, V = 1044.2 (14) A,z =4, Crystal size: 0.23 x
0.19 x 0.15 mm, T = 295 K, pcaea = 1.401 g‘cm'3, R;=0.0329 (I>40(I)), wR,= 0.0830 (all data),
GOF = 1.071, reflections collected/unique: 6187 / 2247 (Rint = 0.0302), Data: 1891, restraints: 0,
parameters: 141. CCDC 1487496 contains the supplementary crystallographic data for this paper.
The data can be obtained free of charge from The Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data_request/cif.

5. Mechanistic Studies
Cl
/@/\/Noz SnCl,-2H,0 (1.0 equiv) /©)\
CH4CN, 40 °C, N,
HaC HoC NO,

2a

To a test tube were added (£)-1-methyl-4-(2-nitrovinyl)benzene (49.0 mg, 0.3 mmol), SnCl,-2H,0
(67.7 mg, 0.3 mmol) and MeCN (1.5 mL). The tube was vacuumed and backfilled with N, for
three times. The mixture was stirred at 40 °C overnight, and no desired product was obtained.

cl cl
/©/§ Cu(NOs),"3H,0 (1.5 equiv) /@
CH5CN, 40 °C, N, NO
HsC HsC 2
2a

To a test tube were added 1-(1-chlorovinyl)-4-methylbenzene (45.8 mg, 0.3 mmol),
Cu(NOs),-3H,0O (108.7 mg, 0.45 mmol) and MeCN (1.5 mL). The tube was vacuumed and
backfilled with N, for three times. The mixture was stirred at 40 °C for 4 h, and no desired product

was obtained.
Cu(NO3)»"3H,0 (1.5 equiv)

o/—: SnCl,2H,0 (1.0 equiv) C'w NO,
\_——  CH4yCN, 60°C, Ny, 24 h

o)

To a test tube were added 3-(prop-2-yn-1-yloxy)prop-1-yne (28.2 mg, 0.3 mmol), Cu(NOs),-3H,0
(108.7 mg, 0.45 mmol), SnCl,-2H,0 (67.7 mg, 0.3 mmol) and MeCN (1.5 mL). The tube was
vacuumed and backfilled with N, for three times. The mixture was stirred at 60 °C for 24 h, and

no desired cyclic product was obtained.

TsN

- CU(NO3)2'3H20 (1 5 equiv)
/™= SnCl2H,0 (1.0 equiv) C'N\?_f/M NO,
\__——  CHsCN, 60°C, Ny, 24 h

Ts
To a test tube were added 4-methyl-N, N-di(prop-2-yn-1-yl)benzenesulfonamide (34.8 mg, 0.3
mmol), Cu(NO;),-3H,0 (108.7 mg, 0.45 mmol), SnCl,-2H,0 (67.7 mg, 0.3 mmol) and MeCN

(1.5 mL). The tube was vacuumed and backfilled with N, for three times. The mixture was stirred
at 60 °C for 24 h, and no desired cyclic product was obtained.
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Cu(NO3),-3H,0 (1.5 equiv) Cl

— SnCl»-2H,0 (1.0 equiv)
)=y oaiians @0 s S
hydroquinone (2.0 equiv) NO
CHsCN, 40°C, Ny, 4h  CH 2
1a 3
2a
To a test tube were added 1a (34.8 mg, 0.3 mmol), Cu(NO3),-3H,0 (108.7 mg, 0.45 mmol),
SnCl,-2H,0 (67.7 mg, 0.3 mmol), hydroquinone (66.1 mg, 0.6 mmol) and MeCN (1.5 mL). The

tube was vacuumed and backfilled with N, for three times. The mixture was stirred at 40 °C for 4

h. The reaction mixture was then cooled down to room temperature, and purified by flash column
chromatography on silica gel to give the desired product 2a as a yellow solid (40.8 mg, 69%), E/Z
=88/12.

Cu(NO3),+-3H,0 (1.5 equiv) Cl
CcH @ e SnCl,-2H,0 (1.0 equiv) N
N7/ — 1,4-dinitrobenzene (1.5 equiv) NO
1a CH4CN, 40 °C, Ny, 4 h CH3 2 2

To a test tube were added 1a (34.8 mg, 0.3 mmol), Cu(NO3),-3H,0 (108.7 mg, 0.45 mmol),
SnCl,-2H,0 (67.7 mg, 0.3 mmol), 1,4-dinitrobenzene (75.6 mg, 0.45 mmol) and MeCN (1.5 mL).
The tube was vacuumed and backfilled with N, for three times. The mixture was stirred at 40 °C
for 4 h. The reaction mixture was then cooled down to room temperature, and purified by flash
column chromatography on silica gel to give the desired product 2a as a yellow solid (53.2 mg,
90%), E/Z = 85/15.
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N B 1
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16

1
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17.186

apect

5 mm PATXO 19F

zgpg3l

65536

CDC13

8z

4
30030.029 Hz
0.458222 Hz
1.0912410 see
362

16.650 usec
6.00 usec
296.4 K
2.00000000 sec
0.03000000 sec
1.69999998 sec
1

500.132000% MHz
32768

125.7577782 MHz

EM

[

1.00

0
1.40



3.953
L9341
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SOLVENT
NS

DS

GMC-11-158
FPROTON CDCl

XB20160505
5

20160505

13.03

spect

5 mm PATXO 19F
zq30

65536

[= ]

8

Hz
T632 Hz
see

48.400
6.00
295.7
1.00000000

usec
usec

El

sec

CHANNEL £1
H
14.14 usec

]

1.00
500.1330885 MHz
12768

500.1300
0.30
<]
1.00
1 JL.L,_ i
95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20 1.5 1.0 05 ppm
séikiea :
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2 -~ GMC-11-158
°..—.: :: C13CPD CDC13
| v NAME XB20160505
EXPNO 15
PROCNO 1
Date_ 2!:'.?0505

SOLVENT

Cl
1o NO, :“;DﬂLa

T T
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T T T T T T T T T
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16.650
6.00

296.8
2.00000000 3
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GMC-11-97
PROTON CDC13

¥B20160322
1

20160322
15,05

D 8.400
] 294.9 K
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= ™0 1
S Noy -

CHANNEL f] ssssss==
1H
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48.83
34.47

cl

N
NOy

74.69
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GMC-11-77-2-2
FROTON CDC13

XB20160307
13

20160307

14.57
ap
5 mm PATND 19F
zg30
65536
CDC13
NS 16
Ds 2
SWH 10330.578 Hz
FIDRES 0,187632 Hz
AQ 3.17
RG 228.1
oW 48.400 usec
6.00 usec

D1 1.00000000 sec

-------- CHANNEL f1 mmmmmmmsm
10

14.14 usec

1.00 dB

500.1330885 MHz
32768

500.1300129 MHz
no

o
0.00 Hz
[

1.00

GMC-11-77-2-2
C13CPD CDC13

NAME XB2016032S
EXPHNO 21
PROCNO 1
Date_ 20160326
Time .00
INSTRUM spect
FPROBHD 5 mm PATXO 15F
PULPROG zgpg30
m 65536
SOLVENT coell
NS 512
05 4
SWH 30030.029 Hz
FIDRES 0.458222 Hz
AQ 1.0912410 sec
128
LE.650 usec
6.00 usec
296.0 K

2.00000000 sec
0.03000000 sec
1.89999998 sec

———————— CHANNEL £l smwmmmms
13C
9.50 usec
-0.50 dB
125.7703643 MHz

= CHANNEL £2

CPOPRG2 waltzlé

NUC2 1H

PCPDZ 80.00 usec
1.00 4B
16.05 dB
16.50 dB

500.1320005 MHz
32768

125.7577727 MHz
EM

]
1.00 Hz
1.40
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HAME XB2OLE0SL0
EXPNO 12
PROCNO 1
Date_ 20160510
Time 10.49
INSTRUM spect
PROBHD 5 mm PATXO 15F
PULPROG 2930
i) 65536
SOLVENT cDC13
NS 16
0s 2
cl SHH 10330.578 Hz
FIDRES 0.157632 Hz
HO A 3.1720407 see
"G 1
T oW 48.400 usec
DE €.00 usec
NOz TE 295.0 K
D1 1.00000000 sec
100 1
Zq mmmamums CHANNEL f] m=smsm==
18
14.14 usec
1,00 dB
S00.1330885 MHz
32768
500.1300129 MHz
no
0
0.00 Hz
[
1.00
T T T T T T T
8 7 6 5 4 3 2 0 ppm
- el
& E ™ ) GMC-11-92
o - - =N C13CPD CDC13
- o un - - e
- - ~ m cane
| ] | h f WAME XB20160322
EXPNO 40
PROCNO 1
Date_ 20160322
20,45
I spact
PROBHD 5 mm PATXO 19F
PULPROG zgpg30
™ 65536
SOLVENT €DCll
NS 128
W 4
SH 30030.029 Hz
cl 193241 se
B 4 sec
HO 161.3
16.650 usec
6.00 usec
295.8 K
NOz 2.00000000 sec
0.03000000 sec
1.89999998 sec
q wmmmmsws CHANNEL fl swssmwws
HUCL 13c
9.50 usec
-0.50 dB
125.7703643 MHz
smmmmnss CHANNEL 2 sssssses
CPDPRG2 waltzlé
NuC2 1H
BCPDZ 80.00 usec
1.00 dg
16.05 dB
1 16.50 dB
sFO2 500.1320005 MHz
sI 32768
sF 125.7577745 Mz
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558 [
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B 0
B 1.40
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c
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1.622
1.607
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1.591

2

1.56
1.172
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GMC-11-74-2
PROTON CDC13

é

NAME XB20LE0304
EXPRO 10
PROCNO 1
Date_ 20160304
Time 11.05
spect

5 mm PATXO 15F

zg30

65536

cnell

16

2
10330.578 Hz
0.157632 Hz

AQ sec
RG

oW usec
E usec
TE 295.0 K

01 1.00000000 sec
100 1

CHANNEL f] s=ssss==

1H
14.14 usec
1.00 a8
S00.1330885 MHz
32768
500.1300000 MHZ
no
o
0.00 Hz
o
1.00

e

T T T T
8.5

8 &

-a

57.09
49.30

Cl
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2r

T
80 75 70 65 6.0 55 50

T T T
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T

40 35 3.0 25 20

T T

T T
1.5

T T T
1.0 05 ppm

GMC-11-128-2
Cl3CPD CDCl3

NAME
EXPNO
PROCHO
Date_
Time
INSTRUM
PROBHD
PULPROG
m

XB20160411
14

20160411
14.31

spect.

5 mm PATXO 19F

zgpg30

65336

SOLVENT CDCL3
NS Th
0s 4

30030.029 Hz

0.458222 Rz

1.0912410 sec

16.65%0
6.00

295.8 K
2.,00000000 s
0.03000000 5
1.89999998 3

CHANNEL f1
13C

usec
dB

-0.5
125.7703643

MHZ

= CHAMMEL £2
waltzlé
1H

125.7577726
EM

]
2.00 Hz

1.40
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| | HAME XB20160301
EXPNO 3
PROCHO 1
Date_ 20160301
Time 15.31
INSTRUM spect
PROBHD 5 mm PATXO 15F
PULPROG 2930
i) 65336
SOLVENT [ st e
NS 16
oS 2
SHH 10330.578 Hz
FIDRES 0.157632 Hz
3.1720407 sec
cl a6 90.5
oW 48.400 usec
Hy DE 6.00 usec
TE 3K
NOz D1 1.00000000 sec
100 1

2s

A
¢ L
i f - bbb _
:
R\

(4]
CHs

NOz

2s

1H
14.14
1.00
500.1330885
32768
500.1300126
no
o
o.o00
o
1.00
GMC-11-128-1
C13CPD CDC13
NAME XB20160411
EXPHRO 1
PROCNO 1
Date_ 20160411
Time 17.31
INSTRUM spect
PROBHD 5 mm PATXO 15F

PULPROG
m

SOLVENT
NS

CPOPRG2
NUC2
PCPDZ
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zgpg30
65536
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a7
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0.458222
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CHANNEL £1 ==
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GMC-
PROTON CDC13

12-87-1

XB2OLE062T
3

20160627
11.%3

spec
S mm PATND 19F

0,157632 Hz
3.1720407 sec
57
48,400 usec
6.00 usec
295.2 K
1.00000000 sec

CHANNEL f1

1H
14.24 usec
1.00 dB
500.1330885 MHz
327

500.1300000 Mz

o
0.00 Hz
o

1.00

GMC-12-87-1
C13CPD CDC13

XB2OLE062T
17

20160627
12.34

apec
5 mm PATXO 19F
zqpg30

£5536

cocL3

128

30030.029 Hz
0.458222 Hz
1.0912410 sec
650 usec
6.00 usec

296.5 K
2.00000000 sec
0.03000000 sec
1.89999998 sec

CHANNEL f] ssssscass
13C

9.50 uaec
0.50 dB
125.7703643 MHz

CHANNEL {2 sesscccs
waltzlé
1H
80.00 usec
1.00 dB
15.99 dB
6.50 dB
500.1320005 MHz
27

3z
125.7577773 MHz
no

o
0.00 Hz
o

1.40
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s PROTON CDC13
T

£
~

XB20160620
10

20160620

a.13

spect

5 mm PATXO 19F
10330.5

T8 Hz
157632 Hz
3.172040°

12

FIDRES
AQ 7
8
48.400 usec
6.00 usec
295.5 K

1.00000060

RG

= CHANMEL f1 ==
1H
14.24 usec
1.00 4
S00.1330885 MHz
2768
$00.1300129 MHz
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XB20160620
19

20160620
10.08

spect.
5 mm PATNOD 19F

B zqpg30
0 65536
SOLVENT CDC13
NS 128
Cl Me bs 4
SHH 30030.029 Hz
FIDRES 0.458222 Mz
= AQ 1.0912410 sec
o G 101.6
i 16.650
Me 2 6.00
296.9
2.00000000
2u 003000000

1.89999998 soc

- == CHANMEL f1

125.7

T T T T T T T T T T T T T T T

T I
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GMC-12-59
PROTON CDC13

XB20LE0602
3

2
10330.578
0.157632

CHANNEL f] ssssss=s
1
14.14 usec

E; 1.00 dB
S00.1330885 MHz
32768
500.1300132 MHz
no
0
0.00 He
a
1.00
U
T T T T T T T T T T T
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} oooonINan

XB20160603
20160603
B.27

sSpect

5 mm PATXO 19F
zgpg30

65536

[ ]

128

30030.029 Hr
0.488222 Hz
1.0912410 sec
161.3

16.650 usec
2.00000000 sec

0.03000000 =
1.89999998 sec

-------- CHANNEL f] ==s====s
1
9.50 usec
-0.%0 48
125.7703643 MHz

CHANNEL {2 sssssscs
waltzlé
18

80.00 usec
1.00 4B
16.05 dB
.50 dB
500.1320005 MHz
3z768

125.7577745 MHz
EM
[
1.00 Hz
a
1.40
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GMC-11-142-1
PROTON DMSO

7.26

P
—7.145

——6.994

XB2O16042

7
1
20160427
9.44
spect

10330.578 Hz
0.157632

Bl 14.14 usec
PLL 1,00 dB
SEOL 500.1330885 MHz
51 32768

SF 500.1300045 MHz
WOH no

558 ]

L 0.00 Hz
GB o

PC 1.00

75 7.0 65 60 55 50 45 .5

s e e

1.0 05 ppm

= 5 2% 2 " wme GMC-11-142-1
- o o = o an C13CPD DMSO
I MmN - @ wom
— b R - - e e
| \l J / | \ ] |f] HAME XB20160511
EXPHRO 15
PROCHO 1
ate, 20160511
ne 22.13
INSTRUM spect
FROBHD % mm PATXO 15F
P 0 zgpg 30

kL 65536
SOLVENT DMS0
DS 4
SWH

30030.029 Hz
0.458222 Hz
1.0912410 sec
406.4

16,650 uaec
6.00 usec

296.3 K
2,00000000 sec
0,03000000 sec
1.89999998 sec

ssssssss CHANNEL Il ssssasss
13

HUC1 C

Pl 9.50 usec
PL1 0.50 dB
SF01 125.7703643 MHz

CHANNEL £2
waltzlé

1H
80.00 usec
1.00 dB
16.05 dB
16.50 dB
500.1320005 MHz
27

3
125.7577890 MHz
EM

o
1.00 Hz
o

1.00

T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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2, NO3z

_——2.348
T—2.258

GMC-11-127-1
PROTON CDC13

NH
. NO;

Te-21.00

_—21.55

HAME
EXPHO
PROCHO
Date_
Time
INSTRUM
PROBHD
PULPROG

™
SOLVENT

DO

HUCL

T T
170 160 150 140 130 120 110 100 90 80 70 60

S42

50 40

30 20 10 ppm

XB2O1E0414
1
20160414
11.02
apect
5 mm PATXO 15F
zq30
65536
=]
16
2
102330.578 Hz
0.157632 Hz
3.1720407 sec
181
48.400 usec
295.3 K
1.00000000 sec
CHANNEL f] ssssssss
1H
14.14 usec
1.00 a8
500.1330885 MHz
327
500.1300129 MHz
o
0.00 Hz
Q

1.00

GMC-11-127-1
C1l3CPD CDC13

XB20160414
9

1

20160414
11.13

spect

5 mm PATXC 19F
2gpg30

65536

CDC13

128

4

0.458222 Hz
1.0912410 sec
114
16.650 usec
6.00 usec
296.5 K
2.00000000 sec
0.03000000 sec
1.B9999998 sec
1

CHANNEL £1 mwwmmmemn
9.50 usec
-0.50 dB
125.7703643 Mz

80.00 usec
1.00 4B
16.05 dB
16.50 dB
500.1320005 MHz
3276

125.7577717

MHz

o
1.00 Bz
o

1.40
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2 NO2

l
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GMC-11-135-2
PROTON CDC13

XB20160418
27

20160418
spect

5 mm PATXO 19F
zq30

65536

[= ]

16

2
10330.578
Q. 632

CHANNEL £1
18

14.14

1.00
500.1330885
32768
500.1300129

no

o
0.00
o

1.00

8.0
=13 -
F;‘:;] [iq
il sl Lal
o = omme © -
= & fenn o o GMC-11-135-2
@ o woom = “ C13CPD CDC13
- - 00 09 0 o -
R g | - o
I | | \/ HAME XB2O160418
EXPHO 37
PROCKO 1
Date_ 20160419
ime 7.23
INSTRUM spect
FROBHD & mm PATXO 19F
g zgpg3l
65536
SCN CDC13
2, N0z '.243
SWH 30030029
FIDRES 0.458222
Mo AQ 1.0912410
6 e
oW 16.6%
DE 6.00
TE 295.9
D1 2.,00000000
a11 0.03000000
DELTA 1.89999998
00 1
mmmmmmmn CHANNEL £1
[l
Pl
PL1 0.3
SFO 125.7703643
CHANNEL £2
waltzle
1R
20.00
1.00
16.05
16.50
500.1320005
32768
125.7577763
EM
[
1.00
o
1.40
T I T I T T T T T T T I T I T T T
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294.7 K
D1 1.00000000
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GMC-12-56
PROTON CDC13

NAME XB2OLE0602
EXPRO 13
PROCNO 1
Date_ 20160602
Time 14.59
INSTRUM spect
PROBED 5 mm PATXO 15F
PULPROG zg30

m 65536
SOLVENT coell

NS 8

0s 2

SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1720407 sec
RG 181

oW 48.400 usec
DE 6.00 usec
TE 296.1

01 1.00000000 sec
100 1

1H
14.14 usec
1.00 48
S00.1330885 MHz
32768
500.1300129 MHZ
EM

o
2.00 Hz
a

1.00

GMC-12-56
Cl3CPD CDC13

WAHE XB20160603
EXPNO 16
PROCHD 1
Date_ 20160603
11,48
NS spect
BROBHD 5 mm PATXO 19F
PULEROG Zgpg 30
il 65536
SOLVENT €DCll
NS 128
L 4
Wl 30030.029 Hz
0.458222 Mz

1.0912410 sec
161.3

16,650 usec
6.00 usec

296.5 K
2.00000000 sec
0.03000000 sec
1.89999998 sec

25.77T03643 MHz

mmmmmmmn CHANMEL £2 mmmmmmm=

CEDPRG2 waltzlé

HUC2 1H
80.00 usec
1.00 dg
16,05 dB
16,50 dg

500.1320005 MHz
32768
125,7577763 MHz
EM
0
1.00 Hz
o
1.40
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