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Preparation and characterization details for compounds 3b-j, 4b-f.

Preparation of 1-allyl-2-bromo-5-methoxybenzene (3b).

Vinyl magnesium chloride (9.25 mmol) in THF (6.8 mL, 1.36 M) was added gradually to the
mixture of 2-bromo-5-methoxybenzyl bromide (1.3998 g, 5.0 mmol), Cul (95.2 mg, 0.50
mmol) and 2,2°-bipyridil (78.1 mg, 0.50 mmol) in THF (8.75 mL) at 0 °C under Ar
atmosphere and the mixture was stirred at 0 °C. After 55 min, the mixture was stirred for 5
min at room temperature and the reaction was quenched with saturated NH,Cl aq. The
solution was extracted with diethyl ether, washed with saturated NaHCO, aq., dried over
anhydrous MgSO,, filtered, and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane/chloroform = 40/1) to afford 3b in
34% yield (0.3869 g, 1.7 mmol).

1-Allyl-2-bromo-5-methoxybenzene (3b)."" Colorless oil; 'H NMR (300 MHz, CDCL,) §:
346 (d,J=6.5Hz,2H),3.77 (s, 3H), 5.05-5.14 (m, 2H), 5.89-6.02 (m, 1H), 6.65 (dd, J = 8.7
and 3.1 Hz, 1H), 6.78 (d, J = 3.0 Hz, 1H), 7.42 (d, J = 8.7 Hz, 1H); °C NMR (75 MHz,
CDCl,) d: 40.3,554,113.4,1150, 116.1, 116.7, 133.2, 135.4, 1404, 159.0; EI-MS m/z (rel
intensity) 226 (M*, 70).

Preparation of 1-allyl-2-bromo-5-methylbenzene (3c).

This compound was synthesized via three-step reactions. First step: 2-Bromo-5-methy
benzoic acid (1.0753 g, 5.0 mmol) was added gradually to a THF (30 mL) solution of LiAIH,
(0.4744 g, 12.5 mmol) at 0 °C under Ar atmosphere. The mixture was stirred for 25 h at room
temperature. After the reaction, Na,SO, 10H,O (4.0 g) and THF (20 mL) were added to the
solution and the mixture was stirred at room temperature. After 24 h, the solution was filtered
and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (hexane/ethyl acetate = 8/1) to afford the desired alcohol in 42% yield
(04227 g, 2.1 mmol).

2-Bromo-5-methyl-benzyl alcohol. White solid; m.p. 60 °C; '"H NMR (300 MHz, CDCl,) 6:
207 (brs, 1H), 2.32 (s, 3H),4.71 (d,J = 6.1 Hz, 2H), 697 (d,J =7.7 Hz, 1H), 727 (d, J =
7.0 Hz, 1H), 7.41 (d, J = 8.1 Hz, 1H); "C NMR (75 MHz, CDCl,) §: 20.9, 65.1, 119.2, 129.8,
1299, 132.3, 137.6, 139.2; EI-MS m/z (rel intensity) 200 (M*, 47). HRMS (ESI) m/z calcd for
C H,OBrNa [M + Na]" 222.9729, found 222.9726.

Second step: Carbontetrabromide (0.9588 g, 3.0 mmol) was added gradually to the mixture of
2-bromo-5-methylbenzyl alcohol (0.2011 g, 1.0 mmol) and PPh, (0.7868 g, 3.0 mmol) in THF
(5 mL) at 0 °C. The mixture was stirred for 23 h at room temperature. After the reaction, the

solution was diluted with hexane and diethyl ether. The solution was filtered through silica
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gel pad, and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (hexane) to afford the desired bromide in 59% yield (0.1558 g, 0.59
mmol).

2-Bromo-5-methyl-benzyl bromide."” olorless oil; '"H NMR (300 MHz, CDCL,) &: 2.30 (s,
3H),4.57 (s,2H), 6.96 (dd, J = 8.1 and 2.0 Hz, 1H), 7.26 (s, 1H), 7.44 (d,J = 8.1 Hz, 1H); °C
NMR (75 MHz, CDCl,) 6: 20.8, 33.5, 1210, 131.0, 131.9, 133.0, 136.6, 138.0; EI-MS m/z
(rel intensity) 264 (M™, 18).

Third step: Vinyl magnesium chloride (1.0 mmol) in THF (0.74 mL, 1.36 M) was added
gradually to the mixture of 2-bromo-5-methylbenzyl bromide (0.15 mL, 1.0 mmol), Cul (19.0
mg, 0.10 mmol) and 2,2’-bipyridil (15.6 mg, 0.10 mmol) in THF (2 mL) at O °C under Ar
atmosphere and the mixture was stirred at 0 °C. After 55 min, the mixture was stirred for 5
min at room temperature and the reaction was quenched with saturated NH,Cl aq. The
solution was extracted with diethyl ether, washed with saturated NaHCO, aq., dried over
anhydrous MgSO,, filtered, and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane) to afford 3¢ in 43% yield (0.0914 g,
0.43 mmol).

1-Allyl-2-bromo-5-methylbenzene (3c¢). Colorless oil; 'H NMR (300 MHz, CDCI,) 8: 2.28 (s,
3H),3.46 (d,J = 6.5 Hz, 2H), 5.04-5.13 (m, 2H), 5.90-6.03 (m, 1H), 6.88 (dd,J = 8.1 and 2.0
Hz, 1H), 7.03 (d, J = 1.7 Hz, 1H), 741 (d, J = 8.1 Hz, 1H); "C NMR (75 MHz, CDCl,) §:
20.8,40.1, 1164, 121.1, 128.6, 131.6, 132.4, 135.7, 137.3, 139.0; EI-MS m/z (rel intensity)
210 (M*, 29); HRMS (ESI) m/z caled for C,,H,;BrNa [M + Na]" 232.9936, found 232.9931.

Preparation of 1-allyl-2-bromo-5-chlorobenzene (3d).

Vinyl magnesium chloride (3.6 mmol) in THF (2.7 mL, 1.36 M) was added gradually to the
mixture of 2-Bromo-5-chlorobenzyl bromide (0.8532 g, 3.0 mmol), Cul (57.1 mg, 0.30
mmol) and 2,2’-bipyridil (46.9 mg, 0.30 mmol) in THF (6 mL) at O °C under Ar atmosphere
and the mixture was stirred at 0 °C. After 1 h, the mixture was stirred for 18 h at room
temperature and the reaction was quenched with saturated NH,Cl aq. The solution was
extracted with diethyl ether, washed with saturated NaHCO; aq., dried over MgSO,, filtered,
and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (hexane/toluene = 40/1) to afford 3d in 59% yield (04111 g, 1.8 mmol).
1-Allyl-2-bromo-5-chlorobenzene (3d). Colorless oil; 'H NMR (300 MHz, CDCI,) §: 3.47 (d,
J=6.5 Hz, 2H), 5.06-5.18 (m, 2H), 5.86-6.00 (m, 1H), 7.04-7.08 (m, 1H), 7.21 (d,J = 2.5 Hz,
1H), 7.46 (d, J = 8.5 Hz, 1H); "C NMR (75 MHz, CDCL,) §: 40.0, 117.4,122.3,127.9, 130.3,
133.4, 133.7, 134.6, 141.2; EI-MS m/z (rel intensity) 230 (M*, 28); HRMS (APPI) m/z calcd
for C,HBrCl [M]*229.9492, found 229.9489.
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Preparation of 1-allyl-2-bromo-5-fluorobenzene (3e).

Vinyl magnesium chloride (5.0 mmol) in THF (3.7 mL, 1.36 M) was added gradually to the
mixture of 2-bromo-5-fluorobenzyl bromide (0.7 mL, 5.0 mmol), Cul (95.2 mg, 0.50 mmol)
and 2,2’-bipyridil (78.1 mg, 0.50 mmol) in THF (10 mL) at 0 °C under Ar atmosphere and the
mixture was stirred at 0 °C. After 55 min, the mixture was stirred for 5 min at room
temperature and the reaction was quenched with saturated NH,Cl aq. The solution was
extracted with diethyl ether, washed with saturated NaHCO; aq., dried over MgSO,, filtered,
and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (hexane) to afford 3e in 59% yield (0.7502 g, 3.5 mmol).
1-Allyl-2-bromo-5-fluorobenzene (3e).””! Colorless oil; TH NMR (300 MHz, CDCL,) §: 3.48
(d,J=6.5Hz,2H),5.07 (t,J = 1.5 Hz, 2H), 5.87-6.00 (m, 1H), 6.78-6.85 (m, 1H), 6.96 (dd, J
=9.4 and 3.0 Hz, 1H), 7.48 (q,J = 3.3 Hz, 1H); "C NMR (75 MHz, CDCl) §: 40.2, 114.9 (d,
J=225Hz),117.2(d,J =228 Hz),117.3,118.5 (d,J=3.3 Hz), 133.7 (d,J = 8.2 Hz), 134.7,
141.6 (d,J =7.5Hz), 162.0 (d,J =246.7 Hz); EI-MS m/z (rel intensity) 214 (M", 46).

Preparation of 1-allyl-2-bromo-4-methylbenzene (3f).

This compound was synthesized via three-step reactions. First step: 2-Bromo-4-methyl
benzoic acid (1.0753 g, 5.0 mmol) was added gradually to a THF (30 mL) solution of LiAIH,
(0.4744 g, 12.5 mmol) at 0 °C under Ar atmosphere. The mixture was stirred for 21 h at room
temperature. After the reaction, Na,SO, 10H,O (4.0 g) and THF (20 mL) were added to the
solution and stirred at room temperature. After 24 h, the solution was filtered and
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (hexane/ethyl acetate = 8/1) to afford the desired alcohol in 50% yield
(0.5020 g, 2.5 mmol).

2-Bromo-4-methyl-benzyl alcohol.! White solid; m.p. 55-56 °C; 'TH NMR (300 MHz,
CDCly) 6: 2.08 (br s, 1H), 2.33 (s, 3H), 4.70 (s,2H), 7.12 (d,J=7.8 Hz, 1H),7.33 (d,J =7.7
Hz, 1H), 7.38 (s, 1H); "C NMR (75 MHz, CDCl,) &: 20.7, 64.9, 122.5,128 4, 128.9, 133.1,
136.6, 136.6, 139.4; EI-MS m/z (rel intensity) 200 (M*, 35).

Second step: Carbontetrabromide (8.9562 g, 27.0 mmol) was added gradually to the mixture
of 2-bromo-4-methylbenzyl alcohol (1.8095 g, 9.0 mmol) and PPh, (7.0818 g, 27 mmol) in
THF (45 mL) at 0 °C. The mixture was stirred for 28 h at room temperature. After the
reaction, the solution was diluted with hexane and diethyl ether. The solution was filtered
through silica gel pad, and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (hexane) to afford the desired bromide in 39% yield
(0.9217 g, 3.49 mmol).
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2-Bromo-4-methyl-benzylbromide.”! Colorless oil; 'H NMR (300 MHz, CDCL,) &: 2.33 (s,
3H), 4.59 (s, 2H), 7.10 (d, J = 7.8 Hz, 1H), 7.33 (d, J = 7.8 Hz, 1H), 7.40 (s, 1H); "C NMR
(75 MHz, CDCl,) &: 20.8, 33.5, 124.2, 128.7, 1309, 133.7, 133.9, 140.6; EI-MS m/z (rel
intensity) 264 (M*, 49).

Third step: Vinyl magnesium chloride (1.0 mmol) in THF (0.74 mL, 1.36 M) was added
gradually to the mixture of 2-bromo-4-methylbenzyl bromide (0.15 mL, 1.0 mmol), Cul (19.0
mg, 0.10 mmol) and 2,2’-bipyridil (15.6 mg, 0.10 mmol) in THF (2 mL) at O °C under Ar
atmosphere and the mixture was stirred at 0 °C. After 55 min, the mixture was stirred for 5
min at room temperature and the reaction was quenched with saturated NH,Cl aq. The
solution was extracted with diethyl ether, washed with saturated NaHCO, aq., dried over
anhydrous MgSO,, filtered, and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane) to afford 3f in 40% yield (0.0847 g,
0.40 mmol).

1-Allyl-2-bromo-4-methylbenzene (3f). Colorless oil; 'H NMR (300 MHz, CDCL,) 8: 2.30 (s,
3H), 3.46 (d, J = 6.5 Hz, 2H), 5.02-5.12 (m, 2H), 5.89-6.02 (m, 1H), 7.07 (dd, J = 16.2 and
7.8 Hz, 2H), 7.37 (s, 1H); "C NMR (75 MHz, CDCL,) &: 20.6, 39.7, 116.2, 124.2, 1283,
130.1, 133.1, 135.8, 136.2, 137.8; EI-MS m/z (rel intensity) 210 (M*, 37); HRMS (APPI) m/z
calcd for C,,H,,Br [M]* 210.0039, found 210.0035.

Preparation of 1-allyl-2-bromo-4,5-dimethoxybenzene (3g).

This compound was synthesized via three-step reactions. First step: 2-Bromo-4,5-dimethoxy
benzoic acid (3.9161 g, 15.0 mmol) was added gradually to a THF (90 mL) solution of
LiAlH, (1.4233 g, 37.5 mmol) at O °C under Ar atmosphere. The mixture was stirred for 31 h
at room temperature. After the reaction, Na,SO, 10H,O (12.0 g) and THF (60 mL) were
added to the solution and stirred at room temperature. After 16 h, the solution was filtered and
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (hexane/diethylether = 1/1) to afford the desired alcohol in 32% yield
(1.1727 g, 4.7 mmol).

2-Bromo-4,5-dimethoxy-benzyl alcohol.”” White solid; m.p. 95-96 °C; 'H NMR (300 MHz,
CDCl,) 8: 2.11 (br s, 1H), 3.87 (s, 3H), 3.89 (d, J = 1.1 Hz, 3H), 4.68 (s, 2H), 7.01 (s, 2H); °C
NMR (75 MHz, CDCL,) 8: 56.0,56.2,64.9, 111.8, 112.5, 115.3, 131.8, 148.5, 148.9; EI-MS
m/z (rel intensity) 246 (M, 72).

Second step: Carbontetrabromide (0.9948 g, 3.0 mmol) was added gradually to the mixture of
2-bromo-4,5-dimethoxybenzyl alcohol (0.2471 g, 1.0 mmol) and PPh; (0.7869 g, 3.0 mmol)
in THF (5 mL) at 0 °C. The mixture was stirred for 20 h at room temperature. After the

reaction, the solution was diluted with hexane and diethyl ether. The solution was filtered
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through silica gel pad, and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (hexane/ethyl acetate = 10/1) to afford the desired bromide
in 39% yield (0.1196 g, 0.39 mmol).

2-Bromo-4,5-dimethoxybenzyl bromide.” White solid; m.p. 83-85 °C; '"H NMR (300 MHz,
CDCl,) §: 3.88 (d, J = 2.3 Hz, 6H), 4.59 (s, 2H), 6.93 (s, 1H), 7.02 (s, 1H); "C NMR (75
MHz, CDCl,) &: 34.1, 56.1, 56.2, 113.3, 1149, 115.6, 128.8, 148.6, 149.8; EI-MS m/z (rel
intensity) 310 (M*, 10).

Third step: Vinyl magnesium chloride (1.4 mmol) in THF (1.04 mL, 1.36 M) was added
gradually to the mixture of 2-bromo-4,5-dimethoxybenzyl bromide (0.3040 g, 1.0 mmol), Cul
(19.0 mg, 0.10 mmol) and 2,2’-bipyridil (15.6 mg, 0.10 mmol) in THF (2 mL) at 0 °C under
Ar atmosphere and the mixture was stirred at 0 °C. After 1 h, the mixture was stirred for 20 h
at room temperature and the reaction was quenched with saturated NH,Cl aq. The solution
was extracted with diethyl ether, washed with saturated NaHCO; aq., dried over anhydrous
MgSO,, filtered, and concentrated under reduced pressure. The residue was purified by silica
gel column chromatography (hexane/ethyl acetate = 10/1) to afford 3g in 63% yield (0.1612 g,
0.63 mmol).

1-Allyl-2-bromo-4,5-dimethoxybenzene (3g).l” Colorless oil; '"H NMR (300 MHz, CDCl,)
d: 3.42-3.45 (m, 2H), 3.86 (s, 6H), 5.03-5.13 (m, 2H), 5.88-6.01 (m, 1H), 6.72 (s, 1H), 7.02 (s,
1H); "C NMR (75 MHz, CDCl,) 8: 39.8, 56.0,56.1,112.9, 114.1, 1154, 116.3,131.2, 1359,
147.9, 148 4; EI-MS m/z (rel intensity) 256 (M*, 100).

Preparation of 2-allyl-1-bromonaphathalene (3h).

Vinyl magnesium chloride (1.0 mmol) in THF (0.74 mL, 1.36 M) was added gradually to the
mixture of 1-bromo-2-(bromomethyl)naphthalene (0.3000 g, 1.0 mmol), Cul (19.0 g, 0.10
mmol) and 2,2’-bipyridil (15.6 mg, 0.10 mmol) in THF (2 mL) at O °C under Ar atmosphere
and the mixture was stirred at O °C. After 55 min, the mixture was stirred for 5 min at room
temperature and the reaction was quenched with saturated NH,Cl aq. The solution was
extracted with diethyl ether, washed with saturated NaHCO, aq., dried over anhydrous MgSO,,
filtered, and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (hexane) to afford 3h in 47% yield (0.1163 g,0.47 mmol).
2-Allyl-1-bromonaphathalene (3h). Colorless oil; 'H NMR (300 MHz, CDCl,) §: 3.76 (d, J
= 6.4 Hz, 2H), 5.07-5.14 (m, 2H), 5.97-6.10 (m, 1H), 7.35 (d,J = 8.4 Hz, 1H), 748 (ddd, J =
75,74 and 09 Hz, 1H), 7.58 (ddd, J =69, 7.6 and 1.2 Hz, 1H), 7.74 (d, J = 8.4 Hz, 1H),
7.80 (d,J = 8.4 Hz, 1H), 8.32 (d, J = 8.4 Hz, 1H); "C NMR (75 MHz, CDCl,) &: 41.4, 116.5,
1239, 1260, 127.3 (2C), 127.6, 128.0 (2C), 132.6, 133.3, 135.5, 137.4; EI-MS m/z (rel
intensity) 246 (M*, 46); HRMS (APPI) m/z calcd for C,;H,,BrNa [M + Na]* 268.9936, found
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268.9936.

Preparation of 1-bromo-2-cinnamylbenzene (3i).

A mixture of cinnamy] acetate (0.3524 g, 2.0 mmol), o-bromobonic acid (0.6025 g 3.0 mmol),
Pd(OAc), (0.0180 g, 0.08 mmol), hydrazone ligand 1d (0.0178 g, 0.08 mmol) and K,CO,
(0.5528 g, 4.0 mmol) in DMF/H,0 (3/1) (1 mL) at 50 °C under an Ar atmosphere was stirred
for 24 h. After the reaction, the reaction was quenched with distilled water. The solution was
extracted with ethyl acetate, washed with brine, dried over anhydrous MgSO,, and
concentrated under reduced pressure. The residue was purified by silica gel chromatography
(hexane) to afford 3i in 38% yield (0.2067 g, 0.76 mmol).

1-Bromo-2-cinnamylbenzene (3i).” Colorless oil; 'H NMR (300 MHz, CDCl,) &: 3.66 (d, J
= 6.2 Hz, 2H), 6.29-6.38 (m, 1H), 6.45 (d,J = 159 Hz, 1H), 7.05-7.11 (m, 1H), 7.17-7.37 (m,
7H), 7.56 (d, J = 8.5 Hz, 1H); "C NMR (75 MHz, CDCL,) &: 39.4, 124.6, 126.1, 127.2, 127 .3,
127.5,1279,128.5,130.5, 131.7, 132.8, 137.3, 139.6; EI-MS m/z (rel intensity) 272 (M*, 31).

Preparation of 1-bromo-4-methoxy-2-prenylbenzene (3j).

Isobutenyl magnesium chloride (1.2 mmol) in THF (2.4 mL, 0.5 M) was added gradually to
the mixture of 2-bromo-5-methoxybenzyl bromide (0.2730 g, 1.0 mmol), Cul (19.0 mg, 0.10
mmol) and 2,2’-bipyridil (15.6 mg, 0.10 mmol) in THF (2 mL) at O °C under Ar atmosphere
and the mixture was stirred at 0 °C. After 1 h, the mixture was stirred for 24 h at room
temperature and the reaction was quenched with saturated NH,Cl aq. The solution was
extracted with diethyl ether, washed with saturated NaHCO, aq., dried over anhydrous MgSO,,
filtered, and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (hexane) to afford 3j in 54% yield (0.1333 g, 0.52 mmol).
1-Bromo-4-methoxy-2-prenylbenzene (3j). Colorless oil; 'H NMR (300 MHz, CDCL,) 8:
1.72 (s, 3H), 1.46 (s, 3H), 3.39 (d, J =7.3 Hz, 2H), 3.77 (s, 3H), 5.24-5.30 (m, 1H), 6.62 (dd, J
=8.7 and 3.0 Hz, 1H), 6.77 (d, J =3.0 Hz, 1H), 7.41 (d, J = 8.7 Hz, 1H); "C NMR (75 MHz,
CDCly) 6: 18.0, 258, 34.8, 554, 112.7, 115.0, 116.0, 121.2, 133.0, 133.8, 1420, 158.9;
EI-MS (rel intensity) 254 (M*, 43); HRMS (APPI) m/z calcd for C,H,;OBr [M]*
254.0301, found 254.0294.

Preparation of 1,2-bis(4-methoxyphenyl)ethyne (4b).

A mixture of p-bromoanisole (0.9538 g, 5.0 mmol), p-ethynylanisole (0.7965 g 6.0 mmol),
Pd(acac), (1.54 mg, 0.005 mmol), Cul (4.56 mg, 0.025 mmol), hydrazone ligand 1d (5.95 mg,
0.025 mmol) and K,PO, (1.0085 g, 5.0 mmol) in DMSO (20 mL) at 125 °C under an Ar

atmosphere was stirred for 24 h. After the reaction, the reaction was quenched with distilled
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water. The solution was extracted with ethyl acetate, washed with brine, dried over anhydrous
MgSO,, and concentrated under reduced pressure. The residue was purified by silica gel
chromatography (hexane/ethyl acetate = 40/1) to afford 4b in 65% yield (0.7761 g, 3.26
mmol).

1,2-Bis(4-methoxyphenyl)ethyne (4b).*! Yellow solid; m.p. 145 °C; 'H NMR (300 MHz,
CDCl,) 8: 3.82 (s, 6H), 6.87 (d, J = 8.8 Hz, 4H), 7.45 (d, J = 8.9 Hz, 4H); "C NMR (75 MHz,
CDCl,) §: 55.2,88.0,114.0, 115.7,132.8, 159.4; EI-MS m/z (rel intensity): 238 (M*, 100).

Preparation of 1,2-di-p-tolylethyne (4c).

A mixture of p-bromotoluene (0.8581 g, 5.0 mmol), 1-ethynyl-4-methylbenzene (0.6991 g,
6.0 mmol), Pd(acac), (1.69 mg, 0.005 mmol), Cul (4.89 mg, 0.025 mmol), hydrazone ligand
1d (5.58 mg, 0.025 mmol) and K,PO, (1.0608 g, 5.0 mmol) in DMSO (20 mL) at 125 °C
under an Ar atmosphere was stirred for 24 h. After the reaction, the reaction was quenched
with distilled water. The solution was extracted with ethyl acetate, washed with brine, dried
over anhydrous MgSO,, and concentrated under reduced pressure. The residue was purified
by silica gel chromatography (hexane/ethyl acetate = 100/1) to afford 4¢ in 65% yield (0.6650
g,3.23 mmol).

1,2-Di-p-tolylethyne (4¢)."” White solid; m.p. 126 °C; 'H NMR (300 MHz, CDCL) &: 2.36 (s,
6H), 7.15 (d, J = 7.9 Hz, 4H), 7.41 (d, J = 8.1 Hz, 4H); "C NMR (75 MHz, CDCl,) &: 21.5,
88.4,120.3,129.1, 131 .4, 138.1; EI-MS m/z (rel intensity): 206 (M*, 100).

Preparation of 1,2-bis(4-chlorophenyl)ethyne (4d).

A mixture of 4-bromochlorobenzene (0.9546 g, 5.0 mmol), I-ethynyl-4-chlorobenzene
(0.8186 g, 6.0 mmol), Pd(acac), (1.49 mg, 0.005 mmol), Cul (5.09 mg, 0.025 mmol),
hydrazone ligand 1d (5.50 mg, 0.025 mmol) and K,PO,(1.0685 g, 5.0 mmol) in DMSO (20
mL) at 125 °C under an Ar atmosphere was stirred for 24 h. After the reaction, the reaction
was quenched with distilled water. The solution was extracted with ethyl acetate, washed with
brine, dried over anhydrous MgSO,, and concentrated under reduced pressure. The residue
was purified by silica gel chromatography (hexane) to afford 4d in 43% yield (0.5325 g, 2.15
mmol).

1,2-Bis(4-chlorophenyl)ethyne (4d).!""" White solid; m.p. 179-181 °C; '"H NMR (300 MHz,
CDCl,) &: 7.33 (dt, J = 8.7 and 1.9 Hz, 4H), 7.45 (dt, J = 8.7 and 1.9 Hz, 4H); "C NMR (75
MHz, CDCl,) &: 89.2,121.4, 128.7, 132.8, 134.5; EI-MS m/z (rel intensity): 246 (M*, 100).

Preparation of 1,2-bis(4-fluorophenyl)ethyne (4e).

A mixture of 4-bromofluorobenzene (0.8754 g, 5.0 mmol), 1-ethynyl-4-fluorobenzene
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(0.7325 g, 6.0 mmol), Pd(acac), (1.78 mg, 0.005 mmol), Cul (5.32 mg, 0.025 mmol),
hydrazone ligand 1d (5.69 mg, 0.025 mmol) and K,PO,(1.0985 g, 5.0 mmol) in DMSO (20
mL) at 125 °C under an Ar atmosphere was stirred for 24 h. After the reaction, the reaction
was quenched with distilled water. The solution was extracted with ethyl acetate, washed with
brine, dried over anhydrous MgSO,, and concentrated under reduced pressure. The residue
was purified by silica gel chromatography (hexane) to afford 4e in 59% yield (0.6298 g, 2.94
mmol).

1,2-Bis(4-fluorophenyl)ethyne (4e).'” White solid; m.p. 95 °C; 'H NMR (300 MHz, CDCl,)
8: 7.05 (t,J = 8.7 Hz, 4H), 7.49 (t,J = 5.5 Hz, 4H); "C NMR (75 MHz, CDCL,) 8: 87.9, 115.6
(d,J=22Hz),119.1 (d,J=3.5Hz), 1334 (d,J =84 Hz), 162.5 (d, J = 249 Hz); EI-MS m/z
(rel intensity): 214 (M™, 100).

Preparation of 1,2-bis(4-cyanophenyl)ethyne (4f).

A mixture of 4-iodebenzonitrile (0.2290 g, 1.0 mmol), 4-ethynylbenzonitrile (0.1271 g, 1.0
mmol), Pd(PPh,) (57.7 mg, 0.05 mmol), Cul (3.81 mg, 0.02 mmol) in diisopropylamine (1.0
mL) and THF (7 mL) at 40 °C under an Ar atmosphere was stirred for 24 h. After the reaction,
the reaction was quenched with distilled water. The solution was extracted with ethyl acetate,
washed with brine, dried over anhydrous MgSO,, and concentrated under reduced pressure.
The residue was washed with chloroform to afford 4e in 41% yield (0.0935 g, 0.41 mmol).
1,2-Bis(4-cyanophenyl)ethyne (4f).'" White solid; m.p. 253-255 °C; 'H NMR (300 MHz,
CDCl,) 8: 7.63 (dd, J = 9.6 and 2.9 Hz, 4H), 7.69 (dd, J = 6.5 and 1.9 Hz, 4H); "C NMR (75
MHz, CDCl,) 6: 91.5, 1124, 118.2, 127.0, 132.1, 132.2; EI-MS m/z (rel intensity): 228 (M",
100).
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'H and *C NMR of 1-Allyl-2-bromo-5-methoxybenzene (3b)
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'H and *C NMR of 2-Bromo-5-methyl-benzyl alcohol
OH
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'H and “C NMR of 2-Bromo-5-methyl-benzyl bromide
= Br
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'H and *C NMR of 1-Allyl-2-bromo-5-methylbenzene (3c)
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'H and *C NMR of 1-Allyl-2-bromo-5-chlorobenzene (3d)

Cl

=

NS

Br

=

(=3
(=3
(=3
(=]
(=
exp37
=
o
N
o e
— fox)
= W =
(sl ) (2]
S SO .
B o
( J’ !,
|
>
0
2
=3
/
[ J
[
/
4
LA J
~ W} Jh . b —
; ; T
10 8 7 5 3 2
8/ppm ('H)
NOF~OdDMN —_—rO W ~
ARI-SIABN = e
—OOWLOMN-M WO NOO DM~ (=3
NOMP~MANDOMM) tNO OO (=]
— OO~ ~ree oo (=3
LTONOND NN — =~ Pp~ P~ F— =4
| )
) p
Nl
expd7

220

200

180

140

120 100
8/ppm (13C)

80 60

S15

40

20

KYOUSETENMRYOGMTNO20 1

95T3I¥I¥PDATA¥1¥1 1
DATIM  04/Aug/2014 19:30:23
COMNT

DFTLE
1¥1

OBNUC I

EXHOD %630

OBFRQ 300. 23 Milz

OBSET 0.0 kHz

O0BFIN 10004. 56 Hz

POINT 16381

FREQU 3612. 717 He

SCANS 8

ACQTY 4.5351

D) LOs

Pi1 9.0 us

TRNUC OFF

PROBID 5 M BBO BB-111-D Z-GRD
748281/01

INSTRUM SPECT

PULSPRG 7630

GRDPROG

CIEM?

SLWT

EXREF

B

WLINDOW Exponential

RGATN 512

Operator,

DFTLE  C:¥KYOUSETGNMR¥OBMTNO201
4Y19 CYLYPDATAYLYLL
DATIM  01/Aug/2014 19:18:46
COMNT
OBNUC e
LEXMOD 26P630
OBFRQ 75.49 Milz
OBSET 0.0 kHz
OBFIN 10002, 06 Hz
POINT 327
FREQU 18115. 91 Hz
SCANS 2
ACQTM 1.8088 s
D 2.0 s
Pl 0.0 ps
TRNUC OFF
PROBUD 5 MM BBO BB-11I-D Z-GRD
28281/01
INSTRUM SPECT
ULSPRG 7GPG30
GRDPROG
26. 85 °(
CDCLs
WINDOW Lxponential
RGAIN 2048

Operator,



'H and “C NMR of 1-Allyl-2-bromo-5-fluorobenzene (3e)
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'H and C NMR of 2-Bromo-4-methyl-benzyl alcohol

Br

OH

oy p———) < o~ o
ONM~DLO D [==] o O (=3
535822 g 85 g
[ A N N ~ o o S
N I
N\ |
exp39-1
fo2
e
5
N
°
<t f=3
ES o
]S &
g | z
= —
[ J [
.’ J’
ymd. . - I L G S ,J, R
10 9 8 7 5 3 2 0 -1
&/ppm {'H)
285232 233 = 0
me8mmiin 85 S =
e i ~ko =
BHBNNN ~ER 3 &
[
VY
exp39-1
)
220 200 180 160 140 120 100 80 60 40 20 0
8/ppm (13C)

S17

DFILE ~ C:¥KYOUSEIGXMR¥06MINO201
4¥19584([¥2¥PDATA¥1¥11

DATIM  18/Aug/2014 20:30:13
COMNT

OBNUC bl

EXMOD 2630

OBFRQ 300. 23 MHz
OBSET 0 kHz
OBFIN

10004, 56 1z
16381

POINT

3612. 717

4,
L.Os
9.

TRNIC OFF
PROBIID MM BBO BB-1I1-D Z-GRD
78284/01

INSTRUM SPECT
PULSPRG 7630
GRDPROG

CTEMP 26,85 °C
SLVNT CDCL;

EXREF 0.0 ppm
BF 0.25 Iz
¥LNDOW Exponential

RGAIN 362
Operator.

DFILE  C:¥KYOUSETGNMR¥O6MINO201
4¥19584C¥2¥PDATA¥1¥1T
2011 20:48:41

e
2GPG30
75.49 MHz

0.0 ps
OFF
5 M BBO BB-LII-D Z-GRD
78281701
INSTRUM SPECT
PULSPRG TGPG30
SROPROG
>
SLVNT
i
Bl
HINDOW
RGAIN
Operator



'H and C NMR of 2-Bromo-4-methyl-benzylbromide
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'H and “C NMR of 1-Allyl-2-bromo-4-methylbenzene (3f)

Br

=

0. 0000

exp62
<
o
e
g =
of - 3
< "f ~ g —
S a h J
S | & IJ |
ro = ‘
J /‘/ f ’
N J'J_“\L; L,J U\;,, I e _J;_L S Y -
10 9 7 6 5 3 0 1
5/ppm (')
O—OMN LM — OO — =] o~
SEIGRGES8Z S8R o2 2
M~AONO—O NN <t ANOLW ~ L
MO L0300 O =~~~ o o
SEEIHAN= RRRE 8 &
* 0 Iy
Ny I
exp62
220 200 180 160 140 120 100 80 60 40 20
3/ppm (14C)

S19

TLE  C:¥KYOUSETG\MR¥06MTN0201

4Y19785IY2¥PDATAY1Y1T
DATIM  L1/Nov/2014 12:14:53
COMNT

DF

OBNUC H

EXMOD 7630

OBFRQ 300. 23 MHz

OBSET k!

OBFIN

POINT

FREQU

SCAYS

ACQTH

PD

P

IRNLC o

PROBHD 5 MM BBO BB-IH-D Z-GRD
78284/0

TNSTRUM SPECT

PULSPRG 7630

GRDPROG

CTENP 26.85 °C

SLWNT DCLy

EXREF 0.0 pom

BE 0.25 Hz

WINDOW Exponential

RGATN 287

Operator

DFTLE  C:YKYOUSETGYMRYOEMINO201
A¥19TBEC¥2¥PDATA¥1¥11

DATIM  11/Nov/2014 12:33:23

COMNT

OBNUC e
LXMOD ZGP630
75. 49 MHz
0.0 kiz
10003. 06 11z
32768
18115. 94 Hz
256
1.8088 s
2.0 s
K1 0.0 ps
TRNUC OFF
PROBHD 5 MM BBO BB-1I1-D Z-GRD
8281/01
INSTRUM SPECT
PLLSPRG 7GPG30
GRDPROG
CTENP 26.85 °C
SLVNT CDCL;
EXREF 77.0_ppm
B 0.25 Iz
WLNDOW Exponential
RGAIN 2048
Operator



'H and “C NMR of 2-Bromo-4,5-methoxy-benzyl alcohol.
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'H and *C NMR of 2-Bromo-4,5-methoxybenzyl bromide
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"H and “C NMR of 1-Allyl-2-bromo-4,5-dimethoxybenzene (3g)
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'H and C NMR of 2-Allyl-1-bromonaphathalene (3h)
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'H and “C NMR of 1-bromo-2-cinnamylbenzene (3i)
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'H and “C NMR of 1-Bromo-4-methoxy-2-prenylbenzene (3j)
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'H and C NMR of 1,2-Bis(4-methoxyphenyl)ethyne (4b)
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'H and *C NMR of 1,2-Di-p-tolylethyne (4c)
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'H and “C NMR of 1,2-Bis(4-chlorophenyl)ethyne (4d)
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'H and *C NMR of 1,2-Bis(4-fluorophenyl)ethyne (4e)
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'H and “C NMR of 1,2-Bis(4-cyanophenyl)ethyne (4f)
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'H and *C NMR of 3-Methyl-1,2-diphenylnaphthalene (5aa)
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'H and *C NMR of 6-Methoxy-3-methyl-1,2-diphenylnaphthalene (5ba)
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'H and *C NMR of 3,6-Dimethyl-1,2-diphenylnaphthalene (5ca)
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'H and *C NMR of 6-Chloro-3-methyl-1,2-diphenylnaphthalene (5da)
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'H and “C NMR of 6-Fluoro-3-methyl-1,2-diphenylnaphthalene (5ea)
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'H and C NMR of 3,7-Dimethyl-1,2-diphenylnaphthalene (5fa)
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'H and *C NMR of 3-Methyl-6,7-dimethoxy-1,2-diphenylnaphthalene (5ga)

MeO

MeO

—4.0241
—3.6933

—2.2202

exp%0
- 4
[Fe) - J
(=3 (=]
2 g
(=3 [2e]
J
[
|
J 1o
28
S ==
B >
< -
~ J
i /
f
1 .
- )
P — R e R — -
1 10 8 5 3
3/ppm ('H)
OOV ODXNDODRMOIMNOO DO~ r~<t
NONMM—— OOV OTMOOONN NI~ O LD ~w
NONONLORT T DM DONOM == O NCODO M~ L —
DM~ OO =MV NOFTMONDINOD FTN—OLD L0
SO B OGS B NG GBIBIEE MR © i
TN NANNNNNNOO P~~~ wLw
~\ \\\\) ’\/ ] N ) \/
T [Nig "
exp90
220 180 160 140 120 100 80 60

8/ppm (3C)

S37

—1.55623

21.6727

0. 0000

DFILE C:YKYOUSEL6!

AY1996 THY2YPDA
DATTH  28/Jan/2015 18:26:12
COMNT

RYOGMINOZO1
Y1Y1L

OBNUC H

EXMOD 7630

OBFRQ 300.23 Miz

OBSET 0.0 Kilz

OBFIN 10004. 57 Hz

POINT 16384

FREQL 3612717 Haz

SCANS 3

ACQTH 1.5351 s

PD 1L0s

11 9.0 s

IRNUC OFF

PROBID 5 M BRO BB-11I'D 7 GRD
78284/01

INSTRUM

PULSPRG

GRDPROG

CTEMP p

SLVNT CDCLy

EXREF 0.0 _ppm

BF 0.25 Hz

HINDOW Exponential

RGALN 362

Operator

DFILE ~ C:¥KYOUSEIGNMR¥O6MINOZO1

AY20015CYLYPDATAYLYLL
DATIM  10/Feb/2015 15:57:21
COMNT

OBNUC 1

EXHOD 7GPG30

OBFRQ 75.49 Mz

OBSLT 0.0 kilz

0BFIN 10003. 06 Hz

POTNT 32768

FREQU 18115. 94 Hz

SCANS 256

ACQTM 1. 8088 s

PD 2.0 s

PiFL 0.0 us

IRNUC i

PROBHD 5 MM BBO BB-1H-D Z-GRD
78284/01

INSTRUM

PULSPRG

BF .
WINDOW Fxponential
RCATN 2048

Operator



'H and “C NMR of 2-Methyl-3 4-diphenylphenanthlene (5ha)
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'H and *C NMR of 3-Cinnamyl-1,2-diphenylnaphthalene (5ia)
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'H and “C NMR of 1,2-Bis(4-methoxyphenyl)-3-methylnaphthalene (5ab)
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"H and *C NMR of 3-Methyl-1,2-di-p-tolylnaphthalene (5ac)
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'H and *C NMR of 1,2-Bis(4-chlorophenyl)-3-methylnaphthalene (5ad)
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'H and “C NMR of 1,2-Bis(4-fluorophenyl)-3-methylnaphthalene (5ae)
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"H and “C NMR of 3-Methyl-1,2-dipropylnaphthalene (5ag)
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'H and *C NMR of 3-Methyl-1,2-naphthalene dimethanol, 1,2-diacetate (5ai)
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'H and °C NMR of 1,3-Dimethyl-2-phenylnaphthalene (5aj) and
1,2-Dimethyl-3-phenylnaphthalene (5aj’)
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