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General information 

NMR spectra were recorded with Bruker Avance 400, Agilent 400MR (
1
H 400 MHz, 

13
C 100 

MHz), and Bruker Avance 600 (
1
H 600 MHz, 

13
C 151 MHz) spectrometers at ambient 

temperature. Chemical shifts are presented in ppm (δ scale) and referenced to tetramethylsilane 

(δ = 0 ppm) in the 
1
H NMR spectra and to the solvent signal in the 

13
C NMR spectra. MALDI-

TOF spectra were recorded with a Bruker Daltonics UltraFlex instrument in a dithranol or a 

cinnamic acid matrix using PEG 300, PEG 400 or PEG 600 as the internal standard. ESI mass 

spectra were obtained from Thermo Scientific LTQ Orbitrap and Sciex TripleTOF 5600+ 

spectrometers. Column chromatography was carried out on Macherey–Nagel silica gel 60 

(0.040–0.063 mm).  

Experimental procedures and characterization data for compounds 

Starting compounds 

List of organic halides 2a-v and 4a-d used as coupling partners: 
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Vinyl iodides 4e and 4f were prepared according to reported procedures through iodination of 

hydrazones obtained from the corresponding ketosteroids.
1
 

 

Propargyl alcohols 1a-d,f,g were prepared from 2-methylbut-3-yn-2-ol and the corresponding 

(het)aryl iodides (for 1a-c,g) or bromides (for 1d,f) using standard protocol for Pd/Cu-

cocatalyzed Sonogashira cross-coupling. Compound 1e was obtained by oxidative alkynylation 

of ferrocene according to the literature.
2
 

 

Cu-catalyzed deacetonative Sonogashira coupling 

 

General procedure. In a vial with a screw cap propargyl alcohol 1 (0.24 mmol, 1.2 eqiuv), 

organic halide 2 or 4 (0.20 mmol, 1.0 equiv), CuI (3.8 mg, 0.020 mmol, 10 mol%), oxine (5.8 

mg, 0.040 mmol, 20 mol%), PEG-600 (21.6 μL, 0.040 mmol, 20 mol%), and K3PO4 (170 mg, 

0.80 mmol, 4.0 equiv) were mixed under an Ar atmosphere in toluene (1 mL). The reaction 

mixture was stirred at 120 °C for 3 h, then diluted with CH2Cl2 (20 mL) and washed with water 

(20 mL). The organic layer was dried with anhydrous Na2SO4, and the solvents were evaporated 

in vacuo. The residue was purified by column chromatography. 

 

1-Methoxy-4-[(4-nitrophenyl)ethynyl]benzene (3a): 

Prepared from 4-(4-methoxyphenyl)-2-methylbut-3-yn-2-ol 

1a (45.6 mg, 0.24 mmol) and 1-iodo-4-nitrobenzene 2a 

(49.8 mg, 0.20 mmol) according to the general procedure; eluent: hexanes–PhH = 2:1. Yield 43 

mg (85%). Prepared from 4-(4-methoxyphenyl)-2-methylbut-3-yn-2-ol 1a (45.6 mg, 0.24 mmol) 
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and 1-bromo-4-nitrobenzene 2o (40.4 mg, 0.20 mmol) according to the general procedure; 

eluent: hexanes–PhH = 2:1. Yield 14.4 mg (28%). Yellow solid; mp 119–121 °C (lit.
3
 119.5–

120.8 °C); 
1
H NMR (400 MHz, CDCl3) δ 8.19 (m, 2H), 7.62 (m, 2H), 7.49 (m, 2H), 6.90 (m, 

2H), 3.84 (s, 3H). 

1-Methoxy-4-[(4-methylphenyl)ethynyl]benzene (3b): 

Prepared from 4-(4-methoxyphenyl)-2-methylbut-3-yn-2-ol 1a 

(45.6 mg, 0.24 mmol) and 4-iodotoluene 2b (43.6 mg, 0.20 

mmol) according to the general procedure; eluent: hexanes–PhH = 3:1. Yield 39 mg (88%). 

White solid; mp 126–128 °C (lit.
4
 125.7–128.1 °C); 

1
H NMR (600 MHz, CDCl3) δ 7.45 (m, 2H), 

7.40 (m, 2H), 7.13 (m, 2H), 6.86 (m, 2H), 3.81 (s, 3H), 2.35 (s, 3H). 

1,2-Dichloro-4-[(4-methoxyphenyl)ethynyl]benzene (3c): 

Prepared from 4-(4-methoxyphenyl)-2-methylbut-3-yn-2-ol 1a 

(45.6 mg, 0.24 mmol) and 1,2-dichloro-4-iodobenzene 2c 

(54.6 mg, 0.20 mmol) according to the general procedure; 

eluent: hexanes–CH2Cl2 = 4:1. Yield 31 mg (56%). White solid; mp 68–70 °C; 
1
H NMR (400 

MHz, CDCl3) δ 7.58 (d, J = 1.8 Hz, 1H, 3-CHAr), 7.45 (m, 2H), 7.39 (d, J = 8.3 Hz, 1H, 6-CHAr), 

7.31 (dd, J = 8.3, 1.8 Hz, 1H, 5-CHAr), 6.88 (m, 2H), 3.83 (s, 3H); 
13

C NMR (100 MHz, CDCl3) 

δ 160.0 (Cquat), 133.1 (2C), 132.9, 132.4 (Cquat), 132.1 (Cquat), 130.5, 130.3, 123.6 (Cquat), 114.5 

(Cquat), 114.1 (2C), 91.4 (C≡C), 85.8 (C≡C), 55.3 (CH3); HRMS (ESI-TOF) calcd for 

C15H11Cl2O [M+H]
+
 277.0181; found 277.0180. 

Ethyl 4-[(4-methoxyphenyl)ethynyl]benzoate (3d): 

Prepared from 4-(4-methoxyphenyl)-2-methylbut-3-yn-2-ol 

1a (45.6 mg, 0.24 mmol) and ethyl 4-iodobenzoate 2d (55.2 

mg, 0.20 mmol) according to the general procedure; eluent: hexanes–PhH = 1:1. Yield 32.3 mg 

(58%). White solid; mp 86–87 °C (lit.
5
 90–92 °C); 

1
H NMR (400 MHz, CDCl3) δ 8.01 (m, 2H), 

7.56 (m, 2H), 7.48 (m, 2H), 6.89 (m, 2H), 4.38 (q, J = 7.1 Hz, 2H), 3.83 (s, 3H, MeO), 1.40 (t, J 

= 7.1 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ 166.1 (Cquat), 159.9 (Cquat), 133.2 (2C), 131.2 

(2C), 129.4 (2C+Cquat), 128.2 (Cquat), 114.7 (Cquat), 114.0 (2C), 92.4 (C≡C), 87.5 (C≡C), 61.1 

(CH2), 55.3 (CH3O), 14.3 (CH3CH2). 

3-[(4-Methoxyphenyl)ethynyl]benzonitrile (3e): 

Prepared from 4-(4-methoxyphenyl)-2-methylbut-3-yn-2-ol 1a 

(45.6 mg, 0.24 mmol) and 3-iodobenzonitrile 2e (45.8 mg, 0.20 

mmol) according to the general procedure; eluent: hexanes–PhH 

= 1:2. Yield 33 mg (71%). Prepared from 4-(4-methoxyphenyl)-2-methylbut-3-yn-2-ol 1a (45.6 
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mg, 0.24 mmol) and 3-bromobenzonitrile 2m (36.4 mg, 0.20 mmol) according to the general 

procedure; eluent: hexanes–PhH = 1:2. Yield 35.9 mg (77%). Beige solid; mp 66–67 °C; 
1
H 

NMR (400 MHz, CDCl3) δ 7.77 (m, 1H, 2-CHAr), 7.70 (m, 1H, 6-CHAr), 7.57 (m, 1H, 4-CHAr), 

7.47 (m, 2H), 7.44 (m, 1H, 5-CHAr), 6.89 (m, 2H), 3.83 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 

160.1 (Cquat), 135.4, 134.7, 133.2 (2C), 131.0, 129.2, 125.2 (Cquat), 118.1 (Cquat), 114.3 (Cquat), 

114.1 (2C), 112.8 (Cquat), 91.9 (C≡C), 85.7 (C≡C), 55.3 (CH3); HRMS (MALDI-TOF, cinnamic 

acid) calcd for C16H11KNO [M+K]
+
 272.0472; found 272.0470. 

1-Fluoro-2-[(4-methoxyphenyl)ethynyl]benzene (3f): 

Prepared from 4-(4-methoxyphenyl)-2-methylbut-3-yn-2-ol 1a 

(45.6 mg, 0.24 mmol) and 1-fluoro-2-iodobenzene 2f (44.4 mg, 

0.20 mmol) according to the general procedure; eluent: hexanes–

PhH = 3:1. Yield 27.4 mg (61%). White solid; mp 57–58 °C (lit.
6
 56–57 °C); 

1
H NMR (400 

MHz, CDCl3) δ 7.53–7.47 (m, 3H), 7.28 (m, 1H), 7.14–7.06 (m, 2H), 6.88 (m, 2H), 3.83 (s, 3H). 

{3-[(4-Methoxyphenyl)ethynyl]phenyl}methanol (3g): 

Prepared from 4-(4-methoxyphenyl)-2-methylbut-3-yn-2-ol 1a 

(45.6 mg, 0.24 mmol) and (3-iodophenyl)methanol 2g (46.8 

mg, 0.20 mmol) according to the general procedure; eluent: 

PhH–MeCN = 40:1. Yield 45.9 mg (96%). Light-yellow solid; mp 59–62 °C; 
1
H NMR (400 

MHz, CDCl3) δ 7.52–7.40 (m, 4H), 7.35–7.26 (m, 2H), 6.86 (m, 2H), 4.65 (s, 2H), 3.80 (s, 3H), 

2.06 (br s, 1H); 
13

C (APT, 100 MHz, CDCl3) δ 159.6 (Cquat), 141.0 (Cquat), 133.0 (2C), 130.5, 

129.8, 128.5, 126.4, 123.7 (Cquat), 115.2 (Cquat), 114.0 (2C), 89.5 (Cquat), 87.9 (Cquat), 64.8 (CH2), 

55.2 (CH3). Spectral data are in accordance with the literature.
7
 

1-[(4-Methoxyphenyl)ethynyl]-3,5-dimethylbenzene (3h): 

Prepared from 4-(4-methoxyphenyl)-2-methylbut-3-yn-2-ol 1a 

(45.6 mg, 0.24 mmol) and 1-iodo-3,5-dimethylbenzene 2h (46.4 

mg, 0.20 mmol) according to the general procedure; eluent: 

hexanes–PhH = 3:1. Yield 38 mg (81%). White solid; mp 45–46 °C (lit.
8
 41–42 °C); 

1
H NMR 

(400 MHz, CDCl3) δ 7.45 (m, 2H), 7.14 (br s, 2H), 6.94 (br s, 1H), 6.86 (m, 2H), 3.80 (s, 3H), 

2.30 (s, 6H). 

2-[(4-Methoxyphenyl)ethynyl]thiophene (3i): 

Prepared from 4-(4-methoxyphenyl)-2-methylbut-3-yn-2-ol 1a 

(45.6 mg, 0.24 mmol) and 2-iodothiophene 2i (42.0 mg, 0.20 mmol) 

according to the general procedure; eluent: hexanes–CH2Cl2 = 1:1. Yield 31.2 mg (73%). Off-

white solid; mp 55–57 °C (lit.
9
 53–54 °C); 

1
H NMR (600 MHz, CDCl3) δ 7.44 (m, 2H), 7.25 (dd, 
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J = 5.2, 1.1 Hz, 1H), 7.24 (dd, J = 3.7, 1.1 Hz, 1H), 6.99 (dd, J = 5.2, 3.7 Hz, 1H), 6.87 (m, 2H), 

3.82 (s, 3H). 

3-[(4-Methoxyphenyl)ethynyl]pyridine (3j): 

Prepared from 4-(4-methoxyphenyl)-2-methylbut-3-yn-2-ol 1a 

(45.6 mg, 0.24 mmol) and 3-iodopyridine 2j (41.0 mg, 0.20 mmol) 

according to the general procedure; eluent: hexanes–EtOAc = 1:1. Yield 36.9 mg (88%). 

Brownish solid; mp 53–55 °C (lit.
10

 51–52 °C); 
1
H NMR (400 MHz, CDCl3) δ 8.75 (br s, 1H, 2-

CHPy), 8.52 (d, J = 4.0 Hz, 1H, 6-CHPy), 7.79 (m, 1H, 4-CHPy), 7.49 (m, 2H), 7.26 (dd, J = 7.9, 

5.6 Hz, 1H, 5-CHPy), 6.90 (m, 2H), 3.84 (s, 3H). 

4-Chloro-6-[(4-methoxyphenyl)ethynyl]quinoline (3k): 

Prepared from 4-(4-methoxyphenyl)-2-methylbut-3-yn-2-ol 

1a (45.6 mg, 0.24 mmol) and 4-chloro-6-iodoquinoline 2k 

(57.9 mg, 0.20 mmol) according to the general procedure; 

eluent: hexanes–EtOAc = 2:1. Yield 30 mg (51%). Light brown solid; mp 135–137 °C; 
1
H NMR 

(400 MHz, CDCl3) δ 8.74 (d, J = 4.7 Hz, 1H, 2-CHAr), 8.36 (d, J = 1.7 Hz, 1H, 5-CHAr), 8.06 (d, 

J = 8.7 Hz, 1H, 8-CHAr), 7.83 (dd, J = 8.7, 1.7 Hz, 1H, 7-CHAr), 7.53 (m, 2H), 7.48 (d, J = 4.7 

Hz, 1H, 3-CHAr), 6.91 (m, 2H), 3.84 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 159.9 (Cquat), 150.0, 

148.2 (Cquat), 142.1 (Cquat), 133.2 (2C), 133.0, 129.8, 126.9, 126.4 (Cquat), 123.1 (Cquat), 121.8, 

114.7 (Cquat), 114.1 (2C), 91.7 (C≡C), 87.6 (C≡C), 55.3 (CH3); HRMS (MALDI-TOF, cinnamic 

acid) calcd for C18H13ClNO [M+H]
+
 294.0680; found 294.0685. 

4-[(4-Methoxyphenyl)ethynyl]benzonitrile (3l): 

Prepared from 4-(4-methoxyphenyl)-2-methylbut-3-yn-2-ol 

1a (45.6 mg, 0.24 mmol) and 4-bromobenzonitrile 2l (36.4 

mg, 0.20 mmol) according to the general procedure; eluent: hexanes–PhH = 1:2. Yield 36.9 mg 

(79%). Off-white solid; mp 121–123 °C (lit.
11

 121.7–122.5 °C); 
1
H NMR (400 MHz, CDCl3) δ 

7.62 (m, 2H), 7.57 (m, 2H), 7.48 (m, 2H), 6.90 (m, 2H), 3.84 (s, 3H). 

2-[(4-Methoxyphenyl)ethynyl]benzonitrile (3m): 

Prepared from 4-(4-methoxyphenyl)-2-methylbut-3-yn-2-ol 1a (45.6 

mg, 0.24 mmol) and 2-bromobenzonitrile 2n (36.4 mg, 0.20 mmol) 

according to the general procedure; eluent: hexanes–PhH = 1:2. 

Yield 40.9 mg (88%). Light-yellow solid; mp 79–81 °C (lit.
12

 78–79 °C); 
1
H NMR (400 MHz, 

CDCl3) δ 7.65 (ddd, J = 7.8, 1.3, 0.6 Hz, 1H), 7.61–7.51 (m, 4H), 7.37 (ddd, J = 7.8, 7.4, 1.5 Hz, 

1H), 6.89 (m, 2H), 3.84 (s, 3H). 
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1-[(4-Methoxyphenyl)ethynyl]-3,5-bis(trifluoromethyl)benzene (3n): 

Prepared from 4-(4-methoxyphenyl)-2-methylbut-3-yn-2-ol 1a 

(45.6 mg, 0.24 mmol) and 3,5-bis(trifluoromethyl)benzene 2p 

(25.5 μL, 0.20 mmol) according to the general procedure; 

eluent: hexanes–PhH = 1:1. Yield 42 mg (61%). White solid; 

mp 68–69 °C (lit.
13

 67.9–68.3 °C); 
1
H NMR (400 MHz, CDCl3) δ 7.92 (br s, 2H), 7.78 (br s, 

1H), 7.49 (m, 2H), 6.91 (m, 2H), 3.84 (s, 3H). 

1-{4-[(4-Methoxyphenyl)ethynyl]phenyl}ethanone (3o): 

Prepared from 4-(4-methoxyphenyl)-2-methylbut-3-yn-2-ol 1a 

(45.6 mg, 0.24 mmol) and 4-bromoacetophenone 2q (39.8 mg, 

0.20 mmol) according to the general procedure; eluent: PhH–MeCN = 40:1. Yield 47.2 mg 

(94%). Light-yellow solid; mp 127–129 °C (lit.
14

 125–128 °C); 
1
H NMR (400 MHz, CDCl3) δ 

7.93 (m, 2H), 7.58 (m, 2H), 7.49 (m, 2H), 6.91 (m, 2H), 3.84 (s, 3H, MeO), 2.61 (s, 3H, Ac). 

3-[(4-Methoxyphenyl)ethynyl]quinoline (3p): 

Prepared from 4-(4-methoxyphenyl)-2-methylbut-3-yn-2-ol 

1a (45.6 mg, 0.24 mmol) and 3-bromoquinoline 2r (27.1 μL, 

0.20 mmol) according to the general procedure; eluent: 

hexanes–EtOAc = 1:1. Yield 41.3 mg (80%). Off-white solid; 
1
H NMR (400 MHz, CDCl3) δ 

8.99 (d, J = 2.0 Hz, 1H, 2-CHAr), 8.26 (d, J = 2.0 Hz, 1H, 4-CHAr), 8.09 (m, 1H), 7.78 (m, 1H), 

7.70 (m, 1H), 7.55 (m, 1H), 7.53 (m, 2H), 6.91 (m, 2H), 3.83 (s, 3H). Spectral data are in 

accordance with the literature.
15

 

2-[(4-Methoxyphenyl)ethynyl]pyridine (3q): 

Prepared from 4-(4-methoxyphenyl)-2-methylbut-3-yn-2-ol 1a (45.6 

mg, 0.24 mmol) and 2-bromopyridine 2s (31.6 mg, 0.20 mmol) 

according to the general procedure; eluent: hexanes–EtOAc = 3:1. Yield 25.3 mg (61%). Yellow 

liquid; 
1
H NMR (400 MHz, CDCl3) δ 8.60 (ddd, J = 4.9, 1.8, 1.1 Hz, 1H), 7.66 (td, J = 7.7, 1.8 

Hz, 1H), 7.54 (m, 2H), 7.49 (dt, J = 7.7, 1.1 Hz, 1H), 7.21 (ddd, J = 7.7, 4.9, 1.1 Hz, 1H), 6.89 

(m, 2H), 3.83 (s, 3H). Spectral data are in accordance with the literature.
10

 

2-[(4-Methoxyphenyl)ethynyl]pyrimidine (3r): 

Prepared from 4-(4-methoxyphenyl)-2-methylbut-3-yn-2-ol 1a (45.6 

mg, 0.24 mmol) and 2-bromopyrimidine 2t (31.8 mg, 0.20 mmol) 

according to the general procedure; eluent: hexanes–EtOAc = 2:1. 

Yield 6.8 mg (16%). White solid; mp 70–73 °C (lit.
10

 70–72 °C); 
1
H NMR (400 MHz, CDCl3) δ 

8.74 (d, J = 4.9 Hz, 2H), 7.62 (m, 2H), 7.22 (t, J = 4.9 Hz, 1H), 6.91 (m, 2H), 3.84 (s, 3H).  
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5-[(4-Methoxyphenyl)ethynyl]pyrimidine (3s): 

Prepared from 4-(4-methoxyphenyl)-2-methylbut-3-yn-2-ol 1a (45.6 

mg, 0.24 mmol) and 5-bromopyrimidine 2u (31.8 mg, 0.20 mmol) 

according to the general procedure; eluent: hexanes–EtOAc = 3:1. Yield 30.2 mg (72%). Light-

yellow solid; mp 115–117 °C; 
1
H NMR (400 MHz, CDCl3) δ 9.12 (s, 1H), 8.83 (s, 2H), 7.50 (m, 

2H), 6.91 (m, 2H), 3.84 (s, 3H); 
13

C (100 MHz, CDCl3) δ 160.3 (Cquat), 158.4 (2C), 156.3, 133.3 

(2C), 120.2 (Cquat), 114.2 (2C), 113.7 (Cquat), 96.5 (Cquat), 81.4 (Cquat), 55.3. Spectral data are in 

accordance with the literature.
16

 

2-[(4-Methoxyphenyl)ethynyl]-1-methyl-1H-benzimidazole (3t): 

Prepared from 4-(4-methoxyphenyl)-2-methylbut-3-yn-2-ol 1a 

(45.6 mg, 0.24 mmol) and 2-bromo-1-methyl-1H-benzimidazole 

2v (42.2 mg, 0.20 mmol) according to the general procedure; 

eluent: hexanes–EtOAc = 3:1. Yield 20.5 mg (39%). Light-yellow solid; mp 160–163 °C; 
1
H 

NMR (400 MHz, CDCl3) δ 7.77 (m, 1H), 7.57 (m, 2H), 7.33–7.27 (m, 3H), 6.91 (m, 2H), 3.90 

(s, 3H), 3.84 (s, 3H). Spectral data are in accordance with the literature.
17

 

1-Methyl-4-[(4-nitrophenyl)ethynyl]benzene (3u): 

Prepared from 2-methyl-4-(4-methylphenyl)but-3-yn-2-ol 1b 

(41.8 mg, 0.24 mmol) and 1-iodo-4-nitrobenzene 2a (49.8 mg, 

0.20 mmol) according to the general procedure; eluent: hexanes–CH2Cl2 = 3:1. Yield 30.8 mg 

(65%). Yellow solid; mp 153–155 °C (lit.
18

 154–156 °C); 
1
H NMR (400 MHz, CDCl3) δ 8.20 

(m, 2H), 7.64 (m, 2H), 7.45 (m, 2H), 7.19 (m, 2H), 2.39 (s, 3H). 

3-[(4-Nitrophenyl)ethynyl]pyridine (3v): 

Prepared from 2-methyl-4-pyridine-3-ylbut-3-yn-2-ol 1c (38.6 mg, 

0.24 mmol) and 1-iodo-4-nitrobenzene 2a (49.8 mg, 0.20 mmol) 

according to the general procedure. Yield 36.3 mg (81%). Light orange solid; mp 135–136 °C 

(lit.
18

 107–109 °C); 
1
H NMR (400 MHz, CDCl3) δ 8.87 (br s, 1H), 8.69 (br s, 1H), 8.26 (m, 2H), 

7.86 (br d, J = 7.6 Hz, 1H), 7.70 (m, 2H), 7.37 (br s, 1H). 

3-[(4-Nitrophenyl)ethynyl]quinoline (3w): 

Prepared from 4-quinolin-3-yl-2-methylbut-3-yn-2-ol 1d (50.6 

mg, 0.24 mmol) and 1-iodo-4-nitrobenzene 2a (49.8 mg, 0.20 

mmol) according to the general procedure; eluent: CH2Cl2. 

Yield 45 mg (82%). Light brown solid; mp 192–194 °C; 
1
H NMR (400 MHz, DMSO-d6–CCl4) δ 

9.03 (d, J = 1.5 Hz, 1H, 2-CHAr), 8.69 (d, J = 1.5 Hz, 1H, 4-CHAr), 8.29 (m, 2H), 8.07–8.00 (m, 

2H, 5,8-CHAr), 7.88 (m, 2H), 7.83 (m, 1H), 7.68 (m, 1H); 
13

C NMR (100 MHz, DMSO-d6–CCl4) 
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δ 151.4, 147.1 (Cquat), 146.6 (Cquat), 139.2, 132.7 (2C), 131.0, 128.9, 128.6 (Cquat), 128.2, 127.6, 

126.7 (Cquat), 124.0 (2C), 115.5 (Cquat), 91.5 (C≡C), 90.5 (C≡C); HRMS (MALDI-TOF, 

cinnamic acid) calcd for C17H11N2O2 [M+H]
+
 275.0815; found 275.0818. 

[(4-Nitrophenyl)ethynyl]ferrocene (3x): 

Prepared from 4-ferrocenyl-2-methylbut-3-yn-2-ol 1e (64.4 mg, 

0.24 mmol) and 1-iodo-4-nitrobenzene 2a (49.8 mg, 0.20 mmol) 

according to the general procedure; eluent: hexanes–CH2Cl2 = 3:1. 

Yield 29.9 mg (45%). Dark red solid; mp 211–212 °C; 
1
H NMR (400 MHz, CDCl3) δ 8.19 (m, 

2H), 7.59 (m, 2H), 4.55 (m, 2H), 4.32 (m, 2H), 4.26 (s, 5H); 
13

C NMR (100 MHz, CDCl3) δ 

146.4 (Cquat), 131.8 (2C), 131.0 (Cquat), 123.6 (2C), 95.2 (C≡C), 84.4 (C≡C), 71.8 (2C), 70.1 

(5C), 69.5 (2C), 63.6 (Cquat); HRMS (MALDI-TOF, dithranol) calcd for C18H13FeNO2 [M]
+
 

331.0290; found 331.0282. 

4-[(4-Nitrophenyl)ethynyl]benzonitrile (3y): 

Prepared from 4-(3-hydroxy-3-methylbut-1-yn-1-

yl)benzonitrile 1f (44.5 mg, 0.24 mmol) and 1-iodo-4-

nitrobenzene 2a (49.8 mg, 0.20 mmol) according to the general procedure; eluent: hexanes–

CH2Cl2 = 1:1. Yield 32.2 mg (65%). Beige solid; mp 211–213 °C (lit.
19

 212–214 °C); 
1
H NMR 

(400 MHz, CDCl3) δ 8.25 (m, 2H), 7.73–7.63 (m, 6H). 

1,1'-Ethyne-1,2-diylbis(4-nitrobenzene) (3z): 

Prepared from 2-methyl-4-(4-nitrophenyl)but-3-yn-2-ol 1g 

(49.3 mg, 0.24 mmol) and 1-iodo-4-nitrobenzene 2a (49.8 

mg, 0.20 mmol) according to the general procedure; eluent: hexanes–CH2Cl2 = 1:1. Yield 33.5 

mg (62%). Pale yellow solid; mp 213–214 °C (lit.
20

 214–215 °C); 
1
H NMR (400 MHz, CDCl3) δ 

8.27 (m, 4H), 7.72 (m, 4H). 

1-Methoxy-4-[4-phenylbut-3-en-1-yn-1-yl]benzene (E:Z = 10:1) (5a): 

Prepared from 4-(4-methoxyphenyl)-2-methylbut-3-yn-2-ol 1a (45.6 

mg, 0.24 mmol) and β-bromostyrene 4a (36.6 mg, 0.20 mmol, E:Z = 

85:15) according to the general procedure; eluent: hexanes–PhH = 4:1. Yield 40.5 mg (87%). 

White solid (E:Z = 10:1). 

1-Methoxy-4-[(3E)-4-phenylbut-3-en-1-yn-1-yl]benzene: 
1
H NMR (400 MHz, CDCl3) δ 7.44–

7.38 (m, 4H), 7.36–7.30 (m, 2H), 7.30–7.25 (m, 1H), 7.00 (d, J = 16.2 Hz, 1H), 6.86 (m, 2H), 

6.38 (d, J = 16.2 Hz, 1H), 3.81 (s, 3H). Spectral data are in accordance with the literature.
20
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1-Methoxy-4-[(3Z)-4-phenylbut-3-en-1-yn-1-yl]benzene: partial 
1
H NMR (400 MHz, CDCl3) δ 

7.92 (m, 2H), 6.88 (m, 2H), 6.66 (d, J = 11.9 Hz, 1H), 5.90 (d, J = 11.9 Hz, 1H), 3.82 (s, 3H). 

Spectral data are in accordance with the literature.
21

 

1,1'-(1E)-But-1-en-3-yne-1,4-diylbis(4-methoxybenzene) and 1,1'-(1Z)-but-1-en-3-yne-1,4-

diylbis(4-methoxybenzene) (5b): 

Prepared from 4-(4-methoxyphenyl)-2-methylbut-3-

yn-2-ol 1a (45.6 mg, 0.24 mmol) and (E)-1-(2-

bromovinyl)-4-methoxybenzene 4b (42.6 mg, 0.20 

mmol) according to the general procedure; eluent: hexanes–PhH = 3:1. Yield 41.7 mg (79%). 

White plates; mp 151–153 °C (lit.
22

 153–155 °C); 
1
H NMR (400 MHz, CDCl3) δ 7.41 (m, 2H), 

7.37 (m, 2H), 6.97 (d, J = 16.2 Hz, 1H), 6.87 (m, 4H), 6.24 (d, J = 16.2 Hz, 1H), 3.829 (s, 3H), 

3.826 (s, 3H). 

Mixture of E/Z isomers (2:5) was prepared by the same procedure from 1-(2-bromovinyl)-4-

methoxybenzene (E/Z = 1:10, 42.6 mg, 0.20 mmol). Yield 13.4 mg (25%). (Z)-isomer:
 1

H NMR 

(400 MHz, CDCl3) δ 7.90 (m, 2H), 7.43 (m, 2H), 6.90 (m, 4H), 6.60 (d, J = 11.9 Hz, 1H), 5.79 

(d, J = 11.9 Hz, 1H), 3.84 (s, 3H), 3.83 (s, 3H). Spectral data are in accordance with the 

literature.
22

 

1-(Cyclohex-1-en-1-ylethynyl)-4-methoxybenzene (5c):
 
 

Prepared from 4-(4-methoxyphenyl)-2-methylbut-3-yn-2-ol 1a (45.6 

mg, 0.24 mmol) and 1-bromocyclohexene 4c (32.2 mg, 0.20 mmol) 

according to the general procedure; eluent: hexanes–PhH = 5:1. Yield 7.6 mg (18%). White 

glass; 
1
H NMR (400 MHz, CDCl3) δ 7.35 (m, 2H), 6.82 (m, 2H), 6.17 (m, 1H), 3.80 (s, 3H), 

2.25–2.19 (m, 2H), 2.17–2.10 (m, 2H), 1.71–1.57 (m, 4H). Spectral data are in accordance with 

the literature.
23

 

3-[4-(4-Methoxyphenyl)buta-1,3-diyn-1-yl]quinoline (5d): 

Prepared from 4-quinolin-3-yl-2-methylbut-3-yn-2-ol 

1d (50.6 mg, 0.24 mmol) and 1-(chloroethynyl)-4-

methoxybenzene 4d (33.3 mg, 0.20 mmol) according to 

the general procedure; eluent: hexanes–EtOAc = 3:1. Yield 24.1 mg (43%). Light-yellow solid; 

mp 112–114 °C; 
1
H NMR (400 MHz, CDCl3) δ 8.96 (d, J = 1.5 Hz, 1H, 2-CHAr), 8.29 (d, J = 1.5 

Hz, 1H, 4-CHAr), 8.09 (m, 1H), 7.78 (m, 1H), 7.73 (m, 1H), 7.57 (m, 1H), 7.50 (m, 2H), 6.87 (m, 

2H), 3.83 (s, 3H); 
13

C (100 MHz, CDCl3) δ 160.6 (Cquat), 152.2, 146.9 (Cquat), 139.5, 134.2 (2C), 

130.5, 129.4, 127.6, 127.5, 127.0 (Cquat), 116.3 (Cquat), 114.2 (2C), 113.2 (Cquat), 83.2 (Cquat), 
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78.2 (Cquat), 77.4 (Cquat), 72.4 (Cquat), 55.3; HRMS (ESI-TOF) calcd for C20H14NO [M+H]
+
 

284.1070; found 284.1073. 

17-[(4-Methoxyphenyl)ethynyl]androsta-4,16-dien-3-one (5e): 

Prepared from 4-(4-methoxyphenyl)-2-methylbut-3-yn-

2-ol 1a (45.6 mg, 0.24 mmol) and 17-iodoandrosta-

3,16-dien-3-one 4e (79.2 mg, 0.20 mmol) according to 

the general procedure; eluent: hexanes–EtOAc = 4:1. 

Yield 67.0 mg (84%). White solid; mp 221–223 °C 

(lit.
24

 221–223 °C); 
1
H NMR (400 MHz, CDCl3) δ 7.37 (m, 2H), 6.83 (m, 2H), 6.04 (dd, J = 3.3, 

2.1 Hz, 1H, 16-CH), 5.74 (m, 1H, 4-CH), 3.80 (s, 3H, CH3O), 2.49–2.21 (m, 5H), 2.11–1.84 (m, 

4H), 1.81–1.64 (m, 3H), 1.60–1.37 (m, 3H), 1.22 (s, 3H, CH3), 1.18–0.98 (m, 2H), 0.94 (s, 3H, 

CH3). 

3-[(4-Methoxyphenyl)ethynyl]androsta-3,5-dien-17β-ol (5f): 

Prepared from 4-(4-methoxyphenyl)-2-methylbut-3-yn-

2-ol 1a (45.6 mg, 0.24 mmol) and 3-iodoandrosta-3,5-

dien-17β-ol 4f (79.7 mg, 0.20 mmol) according to the 

general procedure; eluent: hexanes–EtOAc = 3:1. Yield 

67.3 mg (84%). White solid; mp 213–215 °C; 
1
H NMR 

(400 MHz, CDCl3–CD3OD) δ 7.37 (m, 2H), 6.83 (m, 

2H), 6.34 (d, J = 2.1 Hz, 1H, 4-CH), 5.51 (m, 1H, 6-CH), 3.81 (s, 3H, CH3O), 3.64 (t, J = 8.6 

Hz, 1H, 17-CHOH), 2.46–2.18 (m, 3H), 2.06 (m, 1H), 1.89–1.82 (m, 2H), 1.76–1.57 (m, 4H), 

1.52–1.18 (m, 5H), 1.16–0.96 (m, 2H), 0.98 (s, 3H, CH3), 0.78 (s, 3H, CH3); 
13

C NMR (100 

MHz, CDCl3–CD3OD) δ 159.1 (Cquat), 141.4 (Cquat), 134.7, 132.7 (2C), 125.6, 117.3 (Cquat), 

115.8 (Cquat), 113.8 (2C), 90.1 (C≡C), 89.1 (C≡C), 81.5 (17-CHOH), 55.2 (CH3O), 51.4, 48.1, 

42.7 (Cquat), 36.4, 34.5 (Cquat), 33.5, 31.7, 31.5, 30.1, 27.0, 23.2, 20.5, 19.0, 10.9; HRMS 

(MALDI-TOF, dithranol) calcd for C28H35O2 [M+H]
+
 403.2632; found 403.2638. 
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Copies of NMR spectra 

1-Methoxy-4-[(4-nitrophenyl)ethynyl]benzene (3a) 

1
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1-Methoxy-4-[(4-methylphenyl)ethynyl]benzene (3b) 

 

1
H NMR (600 MHz, CDCl3) 
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1,2-Dichloro-4-[(4-methoxyphenyl)ethynyl]benzene (3c) 

 

1
H NMR (400 MHz, CDCl3) 
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1,2-Dichloro-4-[(4-methoxyphenyl)ethynyl]benzene (3c) 

 

13
C NMR (400 MHz, CDCl3) 
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Ethyl 4-[(4-methoxyphenyl)ethynyl]benzoate (3d) 

 

1
H NMR (400 MHz, CDCl3) 
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Ethyl 4-[(4-methoxyphenyl)ethynyl]benzoate (3d) 

 

13
C NMR (100 MHz, CDCl3) 
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3-[(4-Methoxyphenyl)ethynyl]benzonitrile (3e) 

 

1
H NMR (400 MHz, CDCl3) 
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3-[(4-Methoxyphenyl)ethynyl]benzonitrile (3e) 

 

13
C NMR (100 MHz, CDCl3) 

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
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1-Fluoro-2-[(4-methoxyphenyl)ethynyl]benzene (3f) 

 

1
H NMR (400 MHz, CDCl3) 
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{3-[(4-Methoxyphenyl)ethynyl]phenyl}methanol (3g) 

 

1
H NMR (400 MHz, CDCl3) 
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{3-[(4-Methoxyphenyl)ethynyl]phenyl}methanol (3g) 

 

13
C NMR (APT, 100 MHz, CDCl3) 
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1-[(4-Methoxyphenyl)ethynyl]-3,5-dimethylbenzene (3h) 

 

1
H NMR (400 MHz, CDCl3) 

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

6.153.052.00 2.001.97

TMS

2
.3

0

3
.8

0

6
.8

5
6
.8

7
6
.9

4

7
.1

4

7
.4

3
7
.4

6

 

  



S24 

2-[(4-Methoxyphenyl)ethynyl]thiophene (3i) 

 

1
H NMR (600 MHz, CDCl3) 
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3-[(4-Methoxyphenyl)ethynyl]pyridine (3j) 

 

1
H NMR (400 MHz, CDCl3) 
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4-Chloro-6-[(4-methoxyphenyl)ethynyl]quinoline (3k) 

 

1
H NMR (400 MHz, CDCl3) 
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4-Chloro-6-[(4-methoxyphenyl)ethynyl]quinoline (3k) 

 

13
C NMR (100 MHz, CDCl3) 
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Chemical Shift (ppm)
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4-[(4-Methoxyphenyl)ethynyl]benzonitrile (3l) 

 

1
H NMR (400 MHz, CDCl3) 
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2-[(4-Methoxyphenyl)ethynyl]benzonitrile (3m) 

 

1
H NMR (400 MHz, CDCl3) 
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1-[(4-Methoxyphenyl)ethynyl]-3,5-bis(trifluoromethyl)benzene (3n) 

 

1
H NMR (400 MHz, CDCl3) 
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1-{4-[(4-Methoxyphenyl)ethynyl]phenyl}ethanone (3o) 

 

1
H NMR (400 MHz, CDCl3) 
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3-[(4-Methoxyphenyl)ethynyl]quinoline (3p) 

 

1
H NMR (400 MHz, CDCl3) 
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2-[(4-Methoxyphenyl)ethynyl]pyridine (3q) 

 

1
H NMR (400 MHz, CDCl3) 
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S34 

2-[(4-Methoxyphenyl)ethynyl]pyrimidine (3r) 

 

1
H NMR (400 MHz, CDCl3) 
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S35 

5-[(4-Methoxyphenyl)ethynyl]pyrimidine (3s) 

 

1
H NMR (400 MHz, CDCl3) 

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)
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S36 

5-[(4-Methoxyphenyl)ethynyl]pyrimidine (3s) 

 

13
C NMR (100 MHz, CDCl3) 

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8

Chemical Shift (ppm)
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S37 

2-[(4-Methoxyphenyl)ethynyl]-1-methyl-1H-benzimidazole (3t) 

 

1
H NMR (400 MHz, CDCl3) 
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Chemical Shift (ppm)
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S38 

1-Methyl-4-[(4-nitrophenyl)ethynyl]benzene (3u) 

 

1
H NMR (400 MHz, CDCl3) 
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Chemical Shift (ppm)
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S39 

3-[(4-Nitrophenyl)ethynyl]pyridine (3v) 

 

1
H NMR (400 MHz, CDCl3) 
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Chemical Shift (ppm)

2.012.001.67 0.97
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S40 

3-[(4-Nitrophenyl)ethynyl]quinoline (3w) 

 

1
H NMR (400 MHz, DMSO-d6–CCl4) 
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3.152.071.021.00

DMSO-d6

7
.6

6
7
.6

8
7
.8

1
7
.8

3
7
.8

77
.8

9

8
.0

4
8
.0

6

8
.2

8
8
.3

1
8
.6

8
8
.6

9

9
.0

3

 

  



S41 

3-[(4-Nitrophenyl)ethynyl]quinoline (3w) 

 

13
C NMR (100 MHz, DMSO-d6–CCl4) 

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)
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S42 

[(4-Nitrophenyl)ethynyl]ferrocene (3x) 

 

1
H NMR (400 MHz, CDCl3) 
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Chemical Shift (ppm)
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S43 

[(4-Nitrophenyl)ethynyl]ferrocene (3x) 

 

13
C NMR (100 MHz, CDCl3) 

192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)
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S44 

4-[(4-Nitrophenyl)ethynyl]benzonitrile (3y) 

 

1
H NMR (400 MHz, CDCl3) 
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Chemical Shift (ppm)
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S45 

1,1'-Ethyne-1,2-diylbis(4-nitrobenzene) (3z) 

 

1
H NMR (400 MHz, CDCl3) 
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Chemical Shift (ppm)
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S46 

1-Methoxy-4-[4-phenylbut-3-en-1-yn-1-yl]benzene (E:Z = 10:1) (5a) 

 

1
H NMR (400 MHz, CDCl3)  
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Chemical Shift (ppm)
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S47 

1,1'-(1E)-But-1-en-3-yne-1,4-diylbis(4-methoxybenzene) ((E)-5b) 

 

1
H NMR (400 MHz, CDCl3) 
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Chemical Shift (ppm)
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S48 

1,1'-But-1-en-3-yne-1,4-diylbis(4-methoxybenzene) E/Z = 2:5 (5b) 

 

1
H NMR (400 MHz, CDCl3) 

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)
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S49 

1-(Cyclohex-1-en-1-ylethynyl)-4-methoxybenzene (5c) 

 

1
H NMR (400 MHz, CDCl3) 

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)
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S50 

3-[4-(4-Methoxyphenyl)buta-1,3-diyn-1-yl]quinoline (5d) 

 

1
H NMR (400 MHz, CDCl3) 
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S51 

3-[4-(4-Methoxyphenyl)buta-1,3-diyn-1-yl]quinoline (5d) 

 

13
C NMR (100 MHz, CDCl3) 

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)
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S52 

17-[(4-Methoxyphenyl)ethynyl]androsta-4,16-dien-3-one (5e) 

 

1
H NMR (400 MHz, CDCl3) 

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)
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S53 

3-[(4-Methoxyphenyl)ethynyl]androsta-3,5-dien-17β-ol (5f) 

 

1
H NMR (400 MHz, CDCl3–CD3OD) 
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Chemical Shift (ppm)
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S54 

3-[(4-Methoxyphenyl)ethynyl]androsta-3,5-dien-17β-ol (5f) 

 

13
C NMR (100 MHz, CDCl3–CD3OD) 

200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)
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