
 

 

 

 

SUPPORTING INFORMATION 

 

 

Aqueous Sonogashira Coupling of Aryl Halides with 1-Alkynes Under Mild Conditions:  

Use of Surfactants in Cross-Coupling Reactions 

Gina M. Roberts, Wenya Lu, L. Keith Woo 

Department of Chemistry, Iowa State University, Ames, Iowa 50011-3111 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2015



 1 

Table S1. The Effect of CTAB concentration on Sonogashira coupling yields for aryl-iodide and 

bromide reagents at 40 oC. 

 

  CTAB % Yield 3 

Entry Aryl Halide (w/v%) (No CuI) (CuI)b 

1 1-iodoanisole 0.0 - 30 

2 1-iodoanisole 0.5 - 44 

3 1-iodoanisole 1.0 - 71 

4 1-iodoanisole 1.5 - 86 

5 1-iodoanisole 2.0 - 92 

6 4-bromonbenzonitrile  0.0 0 - 

7 4-bromonbenzonitrile  0.5 9 - 

8 4-bromonbenzonitrile  1.0 38 - 

9 4-bromonbenzonitrile  1.5 42 - 

10 4-bromonbenzonitrile  2.0 57 - 

Reaction conditions: 0.08 mmol aryl halide, 0.1 mmol 1-octyne, 0.24 mmol piperidine, 2.0 mol% 

Pd(PPh3)2Cl2, 0.8 mL CTAB in H2O, 40 ºC, 4 h; aAverage 1H NMR yields for duplicate runs (±3). 

b 5 mol% CuI. 
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Table S2. The Effect of SDS concentration on Sonogashira coupling yields for aryl-iodide and 

bromide reagents at 40 oC. 

 

 

  SDS % Yield 3 

Entry Aryl Halide (w/v%) (No CuI) (CuI)b 

1 1-iodoanisole 0.0 - 30 

2 1-iodoanisole 0.5 - 32 

3 1-iodoanisole 1.0 - 68 

4 1-iodoanisole 2.0 - 85 

5 1-iodoanisole 4.0 - 88 

6 1-iodoanisole 8.0 - 79 

7 4-bromonbenzonitrile  0.0 0 - 

8 4-bromonbenzonitrile  0.5 11 - 

9 4-bromonbenzonitrile  1.0 34 - 

10 4-bromonbenzonitrile  2.0 55 - 

11 4-bromonbenzonitrile  4.0 52 - 

12 4-bromonbenzonitrile  8.0 49 - 

Reaction conditions: 0.08 mmol aryl halide, 0.1 mmol 1-octyne, 0.24 mmol piperidine, 2.0 mol% 

Pd(PPh3)2Cl2, 0.8 mL SDS in H2O, 40 ºC, 4 h; aAverage 1H NMR yields for duplicate runs (±3). b 

5 mol% CuI. 
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Table S3. Base Screening for the Sonogashira Coupling of Aryl Halides with 1-Octyne.   

 

 
Entrya 

 
R 

 
X 

 
Surfactant 

 
Base 

% Yield 3b 
(CuI)c (No CuI) 

1 OMe I SDS Piperidine 85 30 

2 OMe I CTAB Piperidine 92 38 

3 OMe I SDS Pyrrolidine 81 32 

4 OMe I CTAB Pyrrolidine 75 33 

5 OMe I SDS NEt3 87 22 

6 OMe I CTAB NEt3 90 17 

7 OMe I SDS Cs2CO3 21 15 

8 OMe I CTAB Cs2CO3 10 12 

9 CN Br SDS Piperidine 18 40 

10 CN Br CTAB Piperidine 31 59 

11 CN Br SDS Pyrrolidine 20 26 

12 CN Br CTAB Pyrrolidine 18 55 

13 CN Br SDS NEt3 23 57 

14 CN Br CTAB NEt3 20 60 

15 CN Br SDS Cs2CO3 9 10 

16 CN Br CTAB Cs2CO3 24 17 

Reaction conditions: 0.08 mmol aryl halide, 0.1 mmol 1-octyne, 0.24 mmol base, 2.0 mol% 

Pd(PPh3)2Cl2, 0.8 mL surfactant (2.0 w/v% in H2O), 40 ºC; a Rxn 1-8 ran 4 h, Rxn 9-16 ran 12 h; b 

Average 1H NMR yields for duplicate runs (±3). c 5 mol% CuI. 
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Table S4. Solution pH values for SDS, CTAB, Sodium Cholate and Triton X-100 for 

Sonogashira Reactions. 

 

Surfactant Temp (oC) Piperidine (mmol) pH 

Sodium Cholate RT - 7.8 

Sodium Cholate 40 - 8.3 

Sodium Cholate RT 2.4 11.6 

Sodium Cholate 40 2.4 11.1 

CTAB RT - 6.5 

CTAB 40 - 6.2 

CTAB RT 2.4 11.5 

CTAB 40 2.4 11.1 

SDS RT - 8.4 

SDS 40 - 8.5 

SDS RT 2.4 11.7 

SDS 40 2.4 10.7 

Triton X-100 RT - 6.0 

Triton X-100 40 - 7.2 

Triton X-100 RT 2.4 11.6 

Triton X-100 40 2.4 11.0 

Conditions: 2.0 w/v% solution of surfactant in water with and without piperidine.  The pH 

remained constant over 5 h at RT and 40 oC for each entry.   

 

 

 



1H NMR (400 MHz, CDCl3) ! 
(ppm): 7.34 (d, J = 8.8 Hz, 2H), 
6.82 (d, J = 8.8 Hz, 2H), 3.81 (s, 
3H), 2.39 (t, J = 6.6 Hz, 2H), 
1.63-1.54 (m, 2H), 1.50–1.41 (m, 
2H), 1.37–1.29 (m, 4H), 0.91 (t, J 
= 6.0 Hz, 2H)  
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1H NMR (400 MHz, CDCl3) ! (ppm): 
7.54–7.51 (m, 2H), 7.48 (d, J = 9.0 
Hz, 2H), 7.37–7.30 (m, 3H), 6.89 (d, 
J = 9.0 Hz, 2H ), 3.84 (s, 3H)  

O
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1-methoxy-4-(phenylethynyl)benzene
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1H NMR (400 MHz, CDCl3) ! (ppm): 7.36 (d, J 
= 8.8 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 6.21–
6.18 (m, 1H), 3.81 (m, 3H), 2.26–2.20 (m, 2H), 
2.18–2.12 (m, 2H), 1.73–1.56 (m, 4H)  

O
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1-(cyclohex-1-en-1-ylethynyl)-4-methoxybenzene

9



O

3c

1-(cyclohex-1-en-1-ylethynyl)-4-methoxybenzene

10



1H NMR (400 MHz, CDCl3) ! (ppm): 7.29 
(d, J = 8.0 Hz, 2H), 7.09 (d, J = 8.0 Hz, 
2H), 2.41 (t, J = 7.0 Hz, 2H), 2.34 (s, 3H), 
1.67–1.58 (m, 2H), 1.48–1.44 (m, 2H), 
1.36–1.28 (m, 4H), 0.92 (t, J = 5.6 Hz, 
3H)  

3d

1-methyl-4-(oct-1-yn-1-yl)benzene
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1-methyl-4-(oct-1-yn-1-yl)benzene

12



1H NMR (400 MHz, CDCl3) ! (ppm):
7.55–7.52 (m, 2H), 7.44 (d, J = 8.0 Hz, 
2H), 7.38–7.32 (m, 3H), 7.16 (d, J = 8.0 
Hz, 2H), 2.38 (s, 3H)  

3e

1-methyl-4-(phenylethynyl)benzene
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1-methyl-4-(phenylethynyl)benzene
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1H NMR (400 MHz, CDCl3) ! (ppm): 7.32 (d, 
J = 8.0 Hz, 2H), 7.01 (d, J = 8.0 Hz, 2H), 6.23–
6.18 (m, 1H), 2.34 (s, 3H), 2.26–2.20 (m, 2H), 
2.18–2.10 (m, 2H), 1.70–1.56 (m, 4H)  

3f

1-(cyclohex-1-en-1-ylethynyl)-4-methylbenzene
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1H NMR (400 MHz, CDCl3) ! (ppm): 
7.87 (d, J = 8.4 Hz, 2H), 7.46 (d, J = 8.4 
Hz, 2H), 2.60 (s, 3H), 2.44 (t, J = 7.2 Hz, 
2H), 1.65–1.59 (m, 4H), 1.50–1.44 (m, 
2H), 1.38–1.31 (m, 4H), 0.90 (t, J = 6.8 
Hz, 3H)  
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1-(4-(oct-1-yn-1-yl)phenyl)ethan-1-one
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1H NMR (400 MHz, CDCl3) ! (ppm): 
7.95 (d, J = 8.4 Hz,  2H), 7.62 (d, J = 
8.4 Hz, 2H), 7.59–7.54 (m, 2H), 7.40–
7.36 (m, 3H), 2.63 (s, 3H)  

O
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1-(4-(phenylethynyl)phenyl)ethan-1-one
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1H NMR (400 MHz, CDCl3) ! (ppm): 7.96 (d, 
J = 8.8 Hz, 2H), 7.45 (d, J = 8.8 Hz, 2H), 3.92 
(s, 3H), 2.43 (t, J = 7.0 Hz, 2H), 1.65–1.60 (m, 
2H), 1.50–1.44 (m, 2H), 1.37–1.30 (m, 4H), 
0.92 (t, J = 6.8 Hz, 3H)  
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1H NMR (400 MHz, CDCl3) ! (ppm): 
8.03 (d, J = 8.3 Hz, 2H), 7.60 (d, J = 
8.3 Hz, 2H), 7.57–7.54 (m, 2H), 
7.39–7.36 (m 3H), 3.94 (s, 3H)  
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3j
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1H NMR (400 MHz, CDCl3) ! (ppm): 
7.57 (d, J = 8.0 Hz, 2H), 7.46 (d, J = 
8.0 Hz, 2H), 2.43 (t, J = 7.2 Hz, 2H), 
1.66–1.57 (m, 2H), 1.50–1.41 (m, 
2H), 1.37–1.29 (m, 4H), 0.91 (t, J = 
6.6 Hz, 3H)  
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1H NMR (400 MHz, CDCl3) ! (ppm): 
7.70–7.59 (m, 4H), 7.59–7.52 (m, 2H), 
7.43–7.36 (m, 3H)  
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1H NMR (400 MHz, CDCl3) ! (ppm): 8.16 
(d, J = 8.0 Hz, 2H), 7.52 (d, J = 8.0 Hz, 
2H), 2.45 (t, J = 7.2 Hz, 2H), 1.67–1.58 
(m, 2H), 1.51–1.43 (m, 2H), 1.38–1.31 (m, 
4H), 0.90 (t, J = 6.6 Hz, 3H). 

O2N
1-nitro-4-(oct-1-yn-1-yl)benzene
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O2N
1-nitro-4-(oct-1-yn-1-yl)benzene
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1H NMR (400 MHz, CDCl3) ! (ppm): 
8.30 (d, J = 9.2 Hz, 2H), 8.16 (d, J = 
9.2 Hz, 2H), 7.60–7.55 (m, 2H), 7.47–
7.43 (m, 3H). 
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1H NMR (400 MHz, CDCl3) ! (ppm): 
8.17 (d, J = 8.8 Hz, 2H), 7.52 (d, J = 8.8 
Hz, 2H), 6.32–6.29 (m, 1H), 2.29–2.15 
(m, 4H), 1.73–1.61 (m, 4H) 

O2N

1-(cyclohex-1-en-1-ylethynyl)-4-nitrobenzene

3o
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1-(cyclohex-1-en-1-ylethynyl)-4-nitrobenzene
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1H NMR (400 MHz, CDCl3) ! (ppm): 
7.54 (d, J = 8.0 Hz, 2H), 7.48 (d, J = 8.0 
Hz, 2H), 2.43 (t, J = 7.0 Hz, 2H), 1.67–
1.58 (m, 2H), 1.45–1.43 (m, 2H), 1.33–
1.29 (m, 4H), 0.90 (t, J = 6.6 Hz, 3H)  
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1H NMR (400 MHz, CDCl3) ! (ppm): 
7.67–7.60 (m, 4H), 7.57–7.54 (m, 2H), 
7.40–7.36 (m, 3H)  
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1H NMR (400 MHz, CDCl3) ! (ppm): 8.36 
(d, J = 8.4 Hz, 1H), 7.85 (d, J = 8.8 Hz, 
2H), 7.79 (d, J = 8.4 Hz, 1H), 7.64 (d, J = 
7.2 Hz, 1H), 7.60–7.48 (m, 2H), 7.45–7.38 
(m, 1H), 2.58 (t, J = 7.0 Hz, 2H), 1.78–1.67 
(m, 2H), 1.61–1.55 (m, 2H), 1.42–1.35 (m, 
4H), 0.95 (t, J = 7.2 Hz, 3H);  
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40

kwoo
Text Box
3r



1H NMR (400 MHz, CDCl3) ! (ppm): 
8.45 (d, J = 8.4 Hz, 1H), 7.88 (t, J = 
8.4 Hz, 2H), 7.79 (d, J = 8.0 Hz, 1H), 
7.69–7.36 (m, 8H).  
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1H NMR (400 MHz, CDCl3) δ (ppm): 
8.34 (d, J = 8.4 Hz, 1H), 7.84 (d, J = 
8.0 Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H), 
7.64 (d,  J  = 7.2 Hz, 1H),  7.58–7.49 
(m, 2H ), 7.48–7.40 (m, 1H), 6.35 (s, 
1H),  2.36  (m,  2H),  2.22  (m,  2H), 
1.79–1.64 (m, 4H)	
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1H NMR (400 MHz, CDCl3) ! (ppm): 
9.99 (s, 1H), 7.80 (d, J = 8.3 Hz, 2H), 
7.53 (d, J = 8.3 Hz, 2H), 2.44 (t, J = 6.8 
Hz, 2H), 1.68–1.58 (m, 2H), 1.50–1.42 
(m, 2H), 1.37–1.30 (m 4H), 0.91 (t, J = 
7.3 Hz, 3H). 
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4b

1,4-diphenylbuta-1,3-diyne

1H NMR (400 MHz, CDCl3) ! (ppm): 
7.56-7.53 (m, 4H), 7.41-7.33 (m, 6H).  
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1,4-diphenylbuta-1,3-diyne
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1H NMR (400 MHz, CDCl3) ! 
(ppm): 8.02 (d, J = 9.2 Hz, 2H), 
7.78 (d, J = 8.0 Hz, 2H), 7.59–7.55 
(m, 2H), 7.43–7.32 (m, 6H), 7.18 
(s, 1H), 6.96 (d, J = 8.8 Hz, 2H), 
3.87 (s, 3H) 
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