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Part I Experimental Part 

1. Characterization data of product 3  

 

1-(2-cyclohexylethynyl)benzene
1
 

Yield: 27.6 mg, 75% yield; colorless oil; 
1
H NMR (500 MHz, Chloroform-d) δ 

7.40 – 7.39 (m, 2H), 7.27 (d, J = 5.6 Hz, 2H), 2.58 (tt, J = 9.3, 3.9 Hz, 1H), 1.88 (dt, J 

= 9.6, 3.8 Hz, 2H), 1.81 – 1.69 (m, 2H), 1.54 (dt, J = 9.6, 3.8 Hz, 3H), 1.35 (p, J = 6.9, 

5.6 Hz, 3H); 
13

C NMR (126 MHz, CDCl3) δ 131.6, 128.1, 127.4, 124.1, 94.5, 80.5, 

32.7, 29.7, 25.9, 24.9. 

 

1-(cyclohexylethynyl)-2-methylbenzene 

Yield: 34.5 mg, 87% yield; colorless oil; 
1
H NMR (400 MHz, Chloroform-d) δ 

7.35 (d, J = 7.5 Hz, 1H), 7.21 – 7.03 (m, 3H), 2.65 (tt, J = 8.6, 3.8 Hz, 1H), 2.41 (s, 

3H), 1.98 – 1.83 (m, 2H), 1.83 – 1.66 (m, 2H), 1.56 (dt, J = 14.3, 4.9 Hz, 3H), 1.37 (q, 

J = 8.3, 6.1 Hz, 3H); 
13

C NMR (101 MHz, CDCl3) δ 139.9, 131.7, 129.2, 127.4, 125.4, 

123.9, 98.6, 79.4, 32.8, 29.8, 26.0, 24.8, 20.8; HRMS (ESI) calcd for C15H19 [M+H]
+
 

199.1481, found 199.1480. 
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1-(cyclohexylethynyl)-3-methylbenzene 

Yield: 30.5 mg, 77% yield; colorless oil; 
1
H NMR (400 MHz, Chloroform-d) δ 

7.26 – 7.11 (m, 3H), 7.05 (d, J = 7.4 Hz, 1H), 2.57 (dt, J = 9.3, 5.0 Hz, 1H), 2.30 (s, 

3H), 1.97 – 1.82 (m, 2H), 1.75 (q, J = 5.4, 4.8 Hz, 2H), 1.53 (tq, J = 9.7, 6.0, 4.8 Hz, 

3H), 1.35 (d, J = 7.0 Hz, 3H); 
13

C NMR (101 MHz, CDCl3) δ 137.8, 132.2, 128.6, 

128.3, 128.0, 123.9, 94.1, 80.6, 32.8, 29.7, 26.0, 24.9, 21.2; HRMS (ESI) calcd for 

C15H19 [M+H]
+
 199.1481, found 199.1482. 

 

1-(cyclohexylethynyl)-4-methylbenzene
2
 

Yield: 33.3 mg, 84% yield; colorless oil; 
1
H NMR (400 MHz, Chloroform-d) δ 

7.28 (d, J = 7.8 Hz, 2H), 7.07 (d, J = 7.8 Hz, 2H), 2.57 (tt, J = 8.9, 3.8 Hz, 1H), 2.32 

(s, 3H), 1.87 (dq, J = 12.5, 3.3 Hz, 2H), 1.75 (h, J = 5.9, 5.2 Hz, 2H), 1.52 (dq, J = 

12.4, 6.2, 3.5 Hz, 3H), 1.34 (tq, J = 6.4, 3.0 Hz, 3H); 
13

C NMR (101 MHz, CDCl3) δ 

137.3, 131.4, 128.9, 121.1, 93.6, 80.5, 32.8, 29.7, 26.0, 24.9, 21.4; HRMS (ESI) calcd 

for C15H19 [M+H]
+
 199.1481, found 199.1482. 

 

1-(cyclohexylethynyl)-4-methoxybenzene
3
 

Yield: 36.4 mg, 85% yield; colorless oil; 
1
H NMR (400 MHz, Chloroform-d) δ 

7.33 (d, J = 8.5 Hz, 2H), 6.80 (d, J = 8.5 Hz, 2H), 3.79 (s, 3H), 2.56 (tt, J = 9.0, 3.8 

Hz, 1H), 2.02 – 1.82 (m, 2H), 1.82 – 1.66 (m, 2H), 1.53 (dq, J = 13.5, 4.3, 3.6 Hz, 

3H), 1.34 (p, J = 7.1, 6.0 Hz, 3H); 
13

C NMR (101 MHz, CDCl3) δ 159.0, 132.9, 116.4, 

113.8, 92.9, 80.2, 55.3, 32.9, 29.7, 26.0, 25.0; HRMS (ESI) calcd for C15H19O 

[M+H]
+
 215.1430, found 215.1430. 
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1-(tert-butyl)-4-(cyclohexylethynyl)benzene 

Yield: 31 mg, 64% yield; colorless oil; 
1
H NMR (400 MHz, Chloroform-d) δ 7.31 

(q, J = 8.4 Hz, 4H), 2.57 (tt, J = 8.9, 3.8 Hz, 1H), 1.86 (dt, J = 12.4, 3.6 Hz, 2H), 1.75 

(q, J = 5.7, 4.8 Hz, 2H), 1.54 (ddd, J = 13.3, 8.8, 3.9 Hz, 3H), 1.40 – 1.26 (m, 12H); 

13
C NMR (101 MHz, CDCl3) δ 150.5, 131.3, 125.1, 121.1, 93.7, 80.5, 34.7, 32.8, 31.2, 

29.7, 26.0, 24.9; HRMS (ESI) calcd for C18H25 [M+H]
+
 241.1951, found 241.1951. 

 

1-(cyclohexylethynyl)-2-fluorobenzene 

Yield: 30.7 mg, 76% yield; colorless oil; 
1
H NMR (400 MHz, Chloroform-d) δ 

7.39 (td, J = 7.6, 1.9 Hz, 1H), 7.22 (dtd, J = 7.3, 5.6, 5.1, 2.5 Hz, 1H), 7.09 – 6.98 (m, 

2H), 2.64 (tt, J = 8.7, 3.8 Hz, 1H), 1.89 (ddd, J = 12.6, 6.8, 3.4 Hz, 2H), 1.76 (dtt, J = 

8.8, 6.6, 3.3 Hz, 2H), 1.57 (ddd, J = 18.3, 9.3, 4.7 Hz, 3H), 1.44 – 1.29 (m, 3H); 
13

C 

NMR (101 MHz, CDCl3) δ 164.0 (d, JC-F = 148.5 Hz, 2C), 133.6 (d, JC-F = 1.46 Hz, 

2C), 129.0 (d, JC-F = 7.8 Hz, 2C), 123.7 (d, JC-F = 3.8 Hz, 2C), 115.4 (d, JC-F = 210 Hz, 

2C), 112.5 (d, JC-F = 15.6 Hz, 2C), 99.9, 73.9, 32.6, 29.8, 25.9, 24.8.
 
HRMS (ESI) 

calcd for C14H16F [M+H]
+
 203.1231, found 203.1230. 

 

1-(cyclohexylethynyl)-3-fluorobenzene 
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Yield: 22.3 mg, 55% yield; colorless oil; 
1
H NMR (400 MHz, Chloroform-d) δ 

7.20 – 7.11 (m, 1H), 7.09 (d, J = 7.6 Hz, 1H), 7.01 (dt, J = 9.6, 1.8 Hz, 1H), 6.88 (td, 

J = 8.5, 2.6 Hz, 1H), 2.50 (tt, J = 8.9, 3.8 Hz, 1H), 1.87 – 1.74 (m, 2H), 1.68 (q, J = 

6.0, 5.1 Hz, 2H), 1.53 – 1.39 (m, 3H), 1.28 (dt, J = 6.6, 3.1 Hz, 3H); 
13

C NMR (101 

MHz, CDCl3) δ 163.6 (d, JC-F = 246.5 Hz, 2C), 129.7 (d, JC-F = 8.8 Hz, 2C), 127.4 (d, 

JC-F = 3.0 Hz, 2C), 126.1 (d, JC-F = 9.6 Hz, 2C), 118.5 (d, JC-F = 22.6 Hz, 2C), 114.8 

(d, JC-F = 21.1 Hz, 2C), 95.6, 79.5, 32.6, 29.6, 25.9, 24.9; HRMS (ESI) calcd for 

C14H16F [M+H]
+
 203.1231, found 203.1228. 

 

1-(cyclohexylethynyl)-4-fluorobenzene 

Yield: 29 mg, 69% yield; colorless oil; 
1
H NMR (400 MHz, Chloroform-d) δ 7.36 

(dd, J = 8.4, 5.5 Hz, 2H), 6.96 (t, J = 8.6 Hz, 2H), 2.56 (tt, J = 8.9, 3.8 Hz, 1H), 1.95 – 

1.82 (m, 2H), 1.75 (q, J = 5.0, 4.6 Hz, 2H), 1.53 (dq, J = 13.0, 3.8 Hz, 3H), 1.34 (qd, J 

= 7.4, 4.8, 3.4 Hz, 3H); 
13

C NMR (101 MHz, CDCl3) δ 163.2 (d, JC-F = 248.8 Hz, 2C), 

133.4 (d, JC-F = 8.2 Hz, 2C), 120.2 (d, JC-F = 3.7 Hz, 2C), 115.4 (d, JC-F = 22.0 Hz, 

2C), 94.1, 79.4, 32.7, 29.6, 25.9, 24.9; HRMS (ESI) calcd for C14H16F [M+H]
+
 

203.1231, found 203.1230. 

 

1-chloro-2-(cyclohexylethynyl)benzene
3
 

Yield: 35.3 mg, 81% yield; colorless oil; 
1
H NMR (400 MHz, Chloroform-d) δ 

7.46 – 7.39 (m, 1H), 7.39 – 7.33 (m, 1H), 7.22 – 7.12 (m, 2H), 2.68 (tt, J = 8.5, 3.8 Hz, 

1H), 1.87 (dq, J = 9.1, 3.2 Hz, 2H), 1.83 – 1.72 (m, 2H), 1.65 – 1.49 (m, 3H), 1.45 – 

1.31 (m, 3H); 
13

C NMR (101 MHz, CDCl3) δ 135.8, 133.2, 129.1, 128.4, 126.3, 123.9, 
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100.1, 77.6, 32.5, 29.7, 26.0, 24.7; HRMS (ESI) calcd for C14H16Cl [M+H]
+
 219.0935, 

found 219.0935. 

 

1-chloro-4-(cyclohexylethynyl)benzene
4
 

Yield: 32.3 mg, 74% yield; colorless oil; 
1
H NMR (400 MHz, Chloroform-d) δ 

7.31 (d, J = 8.3 Hz, 2H), 7.24 (d, J = 8.4 Hz, 2H), 2.57 (tt, J = 8.9, 3.8 Hz, 1H), 1.86 

(dt, J = 12.6, 3.6 Hz, 2H), 1.74 (ddd, J = 10.2, 6.7, 3.5 Hz, 2H), 1.52 (ddt, J = 13.0, 

9.5, 5.7 Hz, 3H), 1.34 (qd, J = 7.2, 6.5, 2.7 Hz, 3H); 
13

C NMR (101 MHz, CDCl3) δ 

133.3, 132.8, 128.4, 122.7, 95.5, 79.5, 32.6, 29.7, 25.9, 24.9; HRMS (ESI) calcd for 

C14H16Cl [M+H]
+
 219.0935, found 219.0931. 

 

1-bromo-4-(cyclohexylethynyl)benzene
5
 

Yield: 49 mg, 93% yield; colorless oil; 
1
H NMR (400 MHz, Chloroform-d) δ 7.32 

(d, J = 8.5 Hz, 2H), 7.17 (d, J = 8.5 Hz, 2H), 2.49 (tt, J = 9.3, 3.8 Hz, 1H), 1.88 – 1.73 

(m, 2H), 1.73 – 1.61 (m, 2H), 1.53 – 1.38 (m, 3H), 1.27 (dt, J = 6.8, 2.6 Hz, 3H); 
13

C 

NMR (101 MHz, CDCl3) δ 133.1, 131.4, 123.1, 121.5, 95.7, 79.5, 32.6, 29.7, 25.9, 

24.9; HRMS (ESI) calcd for C14H16Br [M+H]
+
 263.0430, found 263.0428. 

 

1-(cyclohexylethynyl)-4-(trifluoromethyl)benzene
6
 

Yield: 35.3 mg, 70% yield; colorless oil; 
1
H NMR (400 MHz, Chloroform-d) δ 

7.51 (q, J = 8.3 Hz, 4H), 2.60 (dq, J = 8.9, 4.4, 3.9 Hz, 1H), 1.97 – 1.83 (m, 2H), 1.76 
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(tt, J = 5.8, 3.2 Hz, 2H), 1.56 (tt, J = 9.2, 3.4 Hz, 3H), 1.37 (qd, J = 6.9, 4.4, 3.2 Hz, 

3H); 
13

C NMR (101 MHz, CDCl3) δ 131.8, 129.4, 129.0, 128.1, 125.4, 125.12, 125.09, 

125.05, 125.01, 122.7, 97.3, 79.5, 32.5, 29.7, 25.9, 24.9; HRMS (ESI) calcd for 

C15H16F3 [M+H]
+
 253.1199, found 253.1195. 

 

 

4-(cyclohexylethynyl)-1,1'-biphenyl
7
 

Yield: 41.1 mg, 79% yield; colorless oil; 
1
H NMR (400 MHz, Chloroform-d) δ 

7.50 (dd, J = 7.6, 1.7 Hz, 2H), 7.43 (d, J = 8.3 Hz, 2H), 7.36 (dd, J = 18.2, 8.0 Hz, 

4H), 7.30 – 7.21 (m, 1H), 2.53 (tt, J = 9.0, 3.8 Hz, 1H), 1.82 (dt, J = 9.2, 3.7 Hz, 2H), 

1.75 – 1.63 (m, 2H), 1.52 – 1.42 (m, 3H), 1.28 (tt, J = 6.9, 3.4 Hz, 3H); 
13

C NMR 

(101 MHz, CDCl3) δ 140.6, 140.1, 132.0, 128.8, 127.4, 127.0, 126.8, 123.1, 95.2, 

80.4, 32.8, 29.8, 26.0, 24.9; HRMS (ESI) calcd for C20H21 [M+H]
+
 261.1638, found 

261.1637. 

 

1-(cyclohexylethynyl)naphthalene
8
 

Yield: 24.81 mg, 53% yield; colorless oil; 
1
H NMR (400 MHz, Chloroform-d) δ 

8.27 (d, J = 8.2 Hz, 1H), 7.74 (d, J = 8.0 Hz, 1H), 7.68 (d, J = 8.2 Hz, 1H), 7.54 (d, J 

= 7.1 Hz, 1H), 7.51 – 7.36 (m, 2H), 7.31 (t, J = 7.7 Hz, 1H), 2.68 (tt, J = 8.8, 3.9 Hz, 

1H), 1.90 (dt, J = 12.4, 3.9 Hz, 2H), 1.75 (q, J = 6.3, 5.2 Hz, 2H), 1.65 – 1.53 (m, 3H), 

1.33 (dp, J = 6.8, 4.1, 3.6 Hz, 3H);
 
 

13
C NMR (101 MHz, CDCl3) δ 133.5, 133.2, 

129.9, 128.2, 127.8, 126.5, 126.3, 126.2, 125.2, 121.8, 99.6, 78.5, 32.9, 30.0, 26.0, 

25.0; HRMS (ESI) calcd for C18H19 [M+H]
+
 235.1481, found 235.1480. 
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3-(cyclohexylethynyl)-1-tosyl-1H-indole 

Yield: 46.8 mg, 62% yield; white solid, mp 122-124 °C; 
1
H NMR (400 MHz, 

Chloroform-d) δ 7.96 (d, J = 8.2 Hz, 1H), 7.75 (d, J = 8.1 Hz, 2H), 7.64 (s, 1H), 7.60 

(d, J = 7.7 Hz, 1H), 7.33 (t, J = 7.7 Hz, 1H), 7.29 – 7.23 (m, 1H), 7.19 (d, J = 8.0 Hz, 

2H), 2.65 (dt, J = 9.1, 4.9 Hz, 1H), 2.31 (s, 3H), 1.97 – 1.85 (m, 2H), 1.77 (q, J = 4.5 

Hz, 2H), 1.57 (d, J = 10.3 Hz, 3H), 1.37 (qd, J = 6.9, 4.3, 3.2 Hz, 3H); 
13

C NMR (101 

MHz, CDCl3) δ 145.1, 135.0, 134.2, 131.3, 129.9, 127.9, 126.9, 125.2, 123.5, 120.5, 

113.5, 106.0, 99.0, 71.1, 32.7, 29.9, 25.9, 24.9, 21.5; HRMS (ESI) calcd for 

C23H24O2NS [M+H]
+
 378.1522, found 378.1527 

 

2-(cyclohexylethynyl)thiophene
3
 

Yield: 17.1 mg, 45% yield; colorless oil; 
1
H NMR (400 MHz, Chloroform-d) δ 

7.12 (d, J = 5.2 Hz, 1H), 7.09 (d, J = 3.6 Hz, 1H), 6.89 (dd, J = 5.1, 3.7 Hz, 1H), 2.58 

(tt, J = 8.9, 3.8 Hz, 1H), 1.85 (dt, J = 12.7, 3.6 Hz, 2H), 1.73 (q, J = 9.9, 7.0 Hz, 2H), 

1.52 (qd, J = 9.7, 4.8 Hz, 3H), 1.40 – 1.24 (m, 3H); 
13

C NMR (101 MHz, CDCl3) δ 

130.8, 126.6, 125.7, 124.2, 98.3, 73.6, 32.5, 29.9, 25.8, 24.9; HRMS (ESI) calcd for 

C12H15S [M+H]
+
 191.0889, found 191.0894. 
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methyl 4-(cyclohexylethynyl)benzoate
9
 

Yield: 32 mg, 66% yield; colorless oil; 
1
H NMR (400 MHz, Chloroform-d) δ 7.89 

– 7.83 (m, 2H), 7.37 (d, J = 8.4 Hz, 2H), 3.83 (s, 3H), 2.53 (td, J = 9.1, 4.4 Hz, 1H), 

1.89 – 1.75 (m, 2H), 1.68 (dd, J = 9.8, 4.5 Hz, 2H), 1.53 – 1.40 (m, 3H), 1.28 (q, J = 

4.2, 3.5 Hz, 3H); 
13

C NMR (101 MHz, CDCl3) δ 166.7, 131.5, 129.4, 129.0, 128.7, 

97.9, 80.1, 52.1, 32.5, 29.7, 25.9, 24.9; HRMS (ESI) calcd for C16H19O2 [M+H]
+
 

243.1380, found 243.1379. 

 

(8R,9S,13S,14S)-3-(cyclohexylethynyl)-13-methyl-6,7,8,9,11,12,13,14,15,16-decah

ydro-17H-cyclopenta[a]phenanthren-17-one 

Yield: 40.3 mg, 56% yield; white solid, mp 173-175 °C; 
1
H NMR (400 MHz, 

Chloroform-d) δ 7.19 (d, J = 2.5 Hz, 2H), 7.15 (s, 1H), 2.87 (dd, J = 9.0, 4.3 Hz, 2H), 

2.65 – 2.45 (m, 2H), 2.40 (dt, J = 9.2, 2.8 Hz, 1H), 2.28 (td, J = 10.6, 4.3 Hz, 1H), 

2.18 – 1.93 (m, 4H), 1.92 – 1.81 (m, 2H), 1.75 (q, J = 5.9, 5.2 Hz, 2H), 1.66 – 1.44 (m, 

8H), 1.35 (d, J = 7.1 Hz, 3H), 0.91 (s, 3H); 
13

C NMR (101 MHz, CDCl3) δ 220.8, 

139.2, 136.3, 132.0, 128.9, 125.2, 121.5, 93.8, 80.4, 50.5, 48.0, 44.4, 38.0, 35.9, 32.8, 

31.6, 29.7, 29.1, 26.4, 26.0, 25.6, 24.9, 21.6, 13.9; HRMS (ESI) calcd for C26H33O 

[M+H]
+
 361.2526, found 361.2520. 
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1-methyl-4-(3-phenylprop-1-yn-1-yl)benzene
10

 

Yield: 37.9 mg, 92% yield; colorless oil; 
1
H NMR (400 MHz, Chloroform-d) δ 

7.41 (d, J = 7.6 Hz, 2H), 7.33 (dd, J = 8.0, 6.6 Hz, 4H), 7.25 (d, J = 7.1 Hz, 1H), 7.10 

(d, J = 7.8 Hz, 2H), 3.82 (s, 2H), 2.33 (s, 3H); 
13

C NMR (101 MHz, CDCl3) δ 137.8, 

136.9, 131.5, 129.0, 128.5, 128.0, 126.6, 120.6, 86.7, 82.7, 25.8, 21.4; HRMS (ESI) 

calcd for C16H15 [M+H]
+
 207.1168, found 203.1167. 

 

1-methyl-4-(3-methylbut-1-yn-1-yl)benzene 

Yield: 28.1 mg, 89% yield; colorless oil; 
1
H NMR (400 MHz, Chloroform-d) δ 

7.28 (d, J = 7.8 Hz, 2H), 7.07 (d, J = 7.8 Hz, 2H), 2.76 (hept, J = 6.9 Hz, 1H), 2.32 (s, 

3H), 1.25 (d, J = 6.7 Hz, 6H); 
13

C NMR (101 MHz, CDCl3) δ 137.4, 131.4, 128.9, 

120.9, 95.0, 79.7, 23.1, 21.4, 21.1; HRMS (ESI) calcd for C12H15 [M+H]
+
 159.1168, 

found 159.1168. 

 

1-chloro-4-(3-methylbut-1-yn-1-yl)benzene 

Yield: 25.5 mg, 72% yield; colorless oil; 
1
H NMR (500 MHz, Chloroform-d) δ 

7.31 (d, J = 8.4 Hz, 2H), 7.23 (s, 2H), 2.76 (hept, J = 6.9 Hz, 1H), 1.25 (d, J = 7.0 Hz, 

6H); 
13

C NMR (126 MHz, CDCl3) δ 133.4, 132.8, 128.5, 122.6, 96.8, 78.7, 22.9, 21.1; 

HRMS (ESI) calcd for C11H12Cl [M+H]
+
 179.0622, found 179.0620 
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1-bromo-4-(cyclopentylethynyl)benzene
5
 

Yield: 45.3 mg, 91% yield; colorless oil; 
1
H NMR (400 MHz, Chloroform-d) δ 

7.39 (d, J = 8.5 Hz, 2H), 7.24 (d, J = 8.5 Hz, 2H), 2.80 (p, J = 7.5 Hz, 1H), 2.07 – 

1.89 (m, 2H), 1.81 – 1.54 (m, 6H); 
13

C NMR (101 MHz, CDCl3) δ 133.0, 131.4, 123.2, 

121.4, 95.9, 79.1, 33.8, 30.8, 25.1; HRMS (ESI) calcd for C13H14Br [M+H]
+ 

249.0273 , found 249.0271. 

 

(3,3-dimethyl-but-1-ynyl)benzene
11

 

Yield: 29.5 mg, 91% yield; colorless oil; 
1
H NMR (400 MHz, Chloroform-d) δ 

7.38 (dd, J = 7.8, 2.0 Hz, 2H), 7.28 – 7.22 (m, 3H), 1.32 (s, 9H); 
13

C NMR (101 MHz, 

CDCl3) δ 131.6, 128.1, 127.4, 124.1, 98.5, 79.0, 31.1, 27.9; HRMS (ESI) calcd for 

C12H15 [M+H]
+
 159.1168, found 159.1168 

 

(3,3-dimethylbut-1-yn-1-yl)-4-methoxybenzene
12

 

Yield: 33.5 mg, 89% yield; colorless oil; 
1
H NMR (400 MHz, Chloroform-d) δ 

7.31 (dd, J = 8.7, 1.7 Hz, 2H), 6.80 (dd, J = 8.7, 1.6 Hz, 2H), 3.79 (d, J = 1.6 Hz, 3H), 

1.30 (d, J = 1.5 Hz, 9H); 
13

C NMR (101 MHz, CDCl3) δ 158.9, 132.9, 116.3, 113.7, 

96.9, 78.7, 55.2, 31.2, 27.9; HRMS (ESI) calcd for C13H17O [M+H]
+
 189.1274, found 

189.1272 
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1-bromo-4-(3,3-dimethylbut-1-yn-1-yl)benzene
5
 

Yield: 43.1 mg, 91% yield; colorless oil; 
1
H NMR (400 MHz, Chloroform-d) δ 

7.39 (d, J = 8.5 Hz, 2H), 7.23 (d, J = 8.5 Hz, 2H), 1.30 (s, 9H); 
13

C NMR (101 MHz, 

CDCl3) δ 133.0, 131.3, 123.1, 121.4, 99.7, 78.1, 30.9, 28.0; HRMS (ESI) calcd for 

C12H14Br [M+H]
+
 237.0273, found 237.0272 

 

1-(3,3-dimethylbut-1-yn-1-yl)-4-(trifluoromethyl)benzene
13

 

Yield: 28.5 mg, 63% yield; pale yellow solid, mp 78-80 °C; 
1
H NMR (400 MHz, 

Chloroform-d) δ 7.52 (d, J = 8.3 Hz, 2H), 7.47 (d, J = 8.2 Hz, 2H), 1.32 (s, 9H); 
13

C 

NMR (101 MHz, CDCl3) δ 131.8, 129.4 (s, q: 
2
JC-F = 32.6 Hz, 1C), 129.0 (s, 1C), 

128.0 (d, q: 
3
JC-F = 3.8 Hz, 2C), 125.0 (s, q: 

1
JC-F = 272.0 Hz, 1C), 101.3 (s, 1C), 78.0 

(s, 1C), 30.9 (q, 3C), 28.0 (s, 1C); IR (KBr): 3362, 2974, 2933, 2907, 2871, 2236, 

1924, 1613, 1459, 1401, 1362, 1326, 1292, 1204, 1167, 1104, 1065, 1015, 916, 841, 

738, 675 cm
-1

; HRMS (ESI) calcd for C13H14F3 [M+H]
+
 227.1042, found 227.1039. 

 

4-(3,3-dimethylbut-1-yn-1-yl)-1,1'-biphenyl 

Yield: 41.5 mg, 89% yield; colorless oil; 
1
H NMR (400 MHz, Chloroform-d) δ 

7.57 (d, J = 7.3 Hz, 2H), 7.51 (d, J = 8.1 Hz, 2H), 7.43 (dd, J = 12.5, 7.8 Hz, 4H), 

7.37 – 7.30 (m, 1H), 1.33 (s, 9H); 
13

C NMR (101 MHz, CDCl3) δ 140.6, 140.1, 132.0, 

12



 

 

 

128.8, 127.4, 127.0, 126.8, 123.1, 99.3, 78.9, 31.1, 28.0; HRMS (ESI) calcd for 

C18H19 [M+H]
+ 

 235.1481, found 235.1480. 

 

methyl 4-(3,3-dimethylbut-1-yn-1-yl)benzoate 

Yield: 45 mg, 99% yield; colorless oil; 
1
H NMR (400 MHz, Chloroform-d) δ 7.90 

– 7.82 (m, 2H), 7.40 – 7.31 (m, 2H), 3.82 (s, 3H), 1.25 (s, 9H);
 13

C NMR (101 MHz, 

CDCl3) δ 166.7, 131.5, 129.3, 128.9, 128.7, 101.9, 78.6, 52.1, 30.9, 28.1; HRMS (ESI) 

calcd for C14H17O2 [M+H]
+ 

 271.1223, found 217.1221. 

 

2-(3,3-dimethylbut-1-yn-1-yl)thiophene 

Yield: 16.7 mg, 51% yield; colorless oil; 
1
H NMR (400 MHz, Chloroform-d) δ 

7.11 (dd, J = 5.2, 1.2 Hz, 1H), 7.08 (dd, J = 3.6, 1.1 Hz, 1H), 6.88 (dd, J = 5.2, 3.6 Hz, 

1H), 1.30 (s, 9H); 
13

C NMR (101 MHz, CDCl3) δ 130.8, 126.7, 125.8, 124.2, 102.2, 

72.3, 30.8, 28.2; HRMS (ESI) calcd for C10H13S [M+H]
+
 165.0733, found 165.0736. 

 

4-(p-tolylethynyl)-1-tosylpiperidine
14

 

Yield: 45.9 mg, 65% yield; colorless oil; 
1
H NMR (400 MHz, Chloroform-d) δ 

7.59 (d, J = 8.0 Hz, 2H), 7.26 (d, J = 8.0 Hz, 2H), 7.07 (d, J = 7.9 Hz, 2H), 6.98 (d, J 

= 7.9 Hz, 2H), 3.24 (ddd, J = 11.3, 7.4, 3.5 Hz, 2H), 2.84 (ddd, J = 11.6, 7.8, 3.4 Hz, 

2H), 2.57 (tt, J = 7.8, 4.0 Hz, 1H), 2.36 (s, 3H), 2.25 (s, 3H), 1.88 (ddt, J = 14.5, 7.4, 

3.7 Hz, 2H), 1.73 (dtd, J = 11.6, 7.7, 3.5 Hz, 2H); 
13

C NMR (101 MHz, CDCl3) δ 

13



 

 

 

143.5, 137.9, 133.2, 131.3, 129.6, 128.9, 127.7, 120.1, 90.0, 82.7, 44.4, 30.9, 26.6, 

21.5, 21.4; HRMS (ESI) calcd for C21H24O2NS [M+H]
+
 354.1522, found 354.1520. 
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