
Alkynation of α-Halocarbonyl Compounds—A Stille-Type 

Cross-Coupling for the Formation of C(sp)–C(sp3) Bonds   
Wei Shi, Chao Liu, Zai Yu and Aiwen Lei* 

College of Chemistry and Molecular Science, Wuhan University, Wuhan, 430072, P. R. China 

 

Supporting Information 
 

Experimental Details 

Reagents: All reactions were carried out under inert atmosphere. All glasswares were 

oven dried, heated by electrical gun under vacuum, and cooled under nitrogen prior to 

use. All common reagents were prepared in our lab or from commercial suppliers and 

were purified following general procedure except methyl bromoacetate, which was 

obtained from Acros and was directly used without further purification. 

Tributyl(hept-1-ynyl)stannane 1b and tributyl(phenylethynyl)stannane 1a were 

prepared as reported.  PdCl2(dppf) and PdCl2(PhCN)2 were prepared following 

general methods. All ligands were obtained from Solvias AG and Strem Chemicals 

and used without further purification. THF was distillated from sodium under nitrogen, 

and other solvents were purified following known procedures. 

 

Analytical Methods: All new compounds were characterized by 1H NMR, 13C NMR, 

GC-MS, and HRMS. The known compounds were characterized by 1H NMR and 

GC-MS. 1H and 13C NMR spectra were recorded on a Varian Mercury 300 MHz. 

GC-MS spectra were recorded on a Varian GC-MS 3900-2100T. All 1H NMR 

experiments are reported in parts per million (ppm) downfield of TMS. All 13C NMR 
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spectra were reported in ppm and were obtained with 1H decoupling. Gas 

chromatographic analyses were preformed on Varian GC 2000 gas chromatography 

instrument with a FID detector and naphthalene was added as internal standard. 

 

The yields in Table 4 refer were isolated yields from column chromatography and 

estimated to be ≥ 95% pure determined by 1H NMR except Entries 3 and 4, which 

estimated to be about 94%. 

 

Table 1:  General Procedure for the reactions using different solvents: PdCl2(dppf) 

(3.4 mg, 0.0045 mmol), Solvent (15 ml), internal standard (naphthalene), Methyl 

bromoacetate 2a(15 μL，0.15 mmol) and tributyl(phenylethynyl)stannane 1a (59 mg, 

0.15 mmol) was added to a Schlenk tube. The mixture was stirred at 66 oC for 7-20 h 

till the concentration of aimed product reaches the maximum and remains constant, 

and then passed through a short plug of silica (eluent: ethyl acetate), and prepared for 

GC analyze. 

 

Table 2. Entry 1: PdCl2(dppf) (5.7 mg, 0.0075 mmol), THF (2.5 ml), internal 

standard (naphthalene), Methyl bromoacetate 2a (24 μL ， 0.25 mmol) and 

tributyl(phenylethynyl)- stannane 1a (98 mg, 0.25 mmol) were added to a Schlenk 

tube. The mixture was stirred under 66 oC for 20 hours and then passed through a 

short plug of silica (eluent: ethyl acetate), and prepare for GC analyze. 

Entries 2-3: PdCl2(dppf) (3.4 mg, 0.0045 mmol), THF (4 ml for entry 2 and 15 ml for 
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entry 3), internal standard, Methyl bromoacetate 2a (15 μL，0.15 mmol) and 

tributyl(phenylethynyl)stannane 1a (59 mg, 0.15 mmol) were added to a Schlenk tube. 

The mixture was stirred under 66 oC for 20 hours and then passed through a short plug 

of silica (eluent: ethyl acetate), and prepare for GC analyze.  

Entry 4: PdCl2(dppf) (2.2mg, 0.003 mmol), THF (6 ml) and Methyl bromoacetate 2a 

(10 μL，0.1 mmol) and internal standard (naphthalene) were added to a Schlenk tube. 

tributyl(phenylethynyl)stannane 1a (39 mg, 0.1 mmol) was dissolved in another 4 ml 

THF, and was added to the mixture dropwise over 2 hours and stirred under 66 oC for 

another 18 hours. The mixture was then passed through a short plug of silica (eluent: 

ethyl acetate), and prepare for GC analyze. 

 

Table 3. Entries 1-10, 14 and 15: PdCl2(PhCN)2 (3 mol%, 0.003 mmol), Ligands (1 

equiv. to Pd catalyst for bidentate ligands and 2.2 eqiv. for monodentate ligands), THF 

(5 ml), methyl bromoacetate 2a (0.1 mmol, 15.3 mg), internal standard (naphthalene) 

and tributyl(phenylethynyl)stannane 1a (0.1 mmol, 39.1 mg) were added to a Schlenk 

tube. The mixture was stirred under 66 oC for 20 hours and then passed through a 

short plug of silica (eluent: ethyl acetate), and prepare for GC analyze. 

Entries 11, 13: Pd catalyst (3 mol% , 0.003 mmol), THF (5 ml), methyl bromoacetate 

2a (0.1 mmol, 15.3 mg), internal standard (naphthalene) and 

tributyl(phenylethynyl)stannane 1a (0.1 mmol, 39.1 mg) were added to a Schlenk tube. 

The mixture was stirred under 66 oC for 20 hours, and then passed through a short 

plug of silica (eluent: ethyl acetate), and prepare for GC analyze. 
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Entries 12: Pd(dba)2 (3 mol% , 0.003 mmol, 1.7 mg), THF (5 ml), methyl 

bromoacetate 2a (0.1 mmol, 15.3 mg), xantphos (1 equiv to Pd, 0.003 mmol, 1.7 mg), 

internal standard (naphthalene) and tributyl(phenylethynyl)stannane 1a (0.1 mmol, 

39.1 mg) were added to a Schlenk tube. The mixture was stirred under 66 oC for 20 

hours, and then passed through a short plug of silica (eluent: ethyl acetate), and 

prepare for GC analyze. 

 

 

Table 4, entry 1: Methyl-4-phenyl-3-butynoate 3a CAS: (107939-51-5)1  

 

O

O

 

 

Xantphos (5.8 mg, 0.01 mmol), PdCl2(PhCN)2 (3.8 mg, 0.01 mmol), methyl 

bromoacetate 2a (95 μL, 1 mmol), THF (2 ml), and tributyl(phenylethynyl)stannane 

1a (196 mg, 0.5 mmol) were added to a Schlenk tube. The mixture was stirred under 

66 oC for 20 hours. 4 ml KF (1.0 M) solution was then added and pale precipitate 

appeared. The precipitate was then removed, and the solution was evaporated under 

vacuum.  The residue was purified by chromatography (ethyl acetate/petroleum ether, 

1:50), which afforded the desired product as a colorless oil (54.0 mg, 62%). 

1H NMR (CDCl3): δ 7.37-7.34 (m, 2H), 7.19-7.22 (m, 3H), 3.67 (s, 3H), 3.42 (s, 2H); 

MS (EI) m/e: 174.0, 159.2, 115.2, 89.3 
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Entry 2: 3c 

O

O

 

Xantphos (2.9 mg, 0.005 mmol), PdCl2(PhCN)2 (1.9 mg, 0.005 mmol), t-butyl 

bromoacetate 2c (48.8 mg, 0.25 mmol), THF (2 ml), and 

tributyl(phenylethynyl)stannane 1a (117 mg, 0.30 mmol) were added to a Schlenk 

tube. The mixture was stirred under 66 oC overnight. 4 ml KF (1.0 M) solution was 

then added and pale precipitate appeared. The precipitate was then removed, and the 

solution was evaporated under vacuum.  The residue was purified by 

chromatography (ethyl acetate/petroleum ether, 1:50), which afforded the desired 

product as a colorless oil (24.6 mg, 46%). 

1H NMR (CDCl3): δ 7.40-7.30 (m, 2H), 7.25-7.19 (m, 3H), 3.35 (s, 2H), 1.43 (s, 9H); 

MS (EI) m/e: 216.2, 159.8, 115.0, 57.1; HRMS ( EI ): C14H16O2 Calcd.: 216.1150, 

found: 216.1166 
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Entry 3: N-benzyl-4-phenyl-3-butynamide 3d CAS: (518061-69-3)2  

 

H
N

O

 

 

Xantphos (2.9 mg, 0.005 mmol), PdCl2(PhCN)2 (1.9 mg, 0.005 mmol), 

N-benzyl-2-bromoacetamide 2d (57 mg, 0.25 mmol), THF (2 ml), and 

tributyl(phenylethynyl)stannane 1a (108 mg, 0.275 mmol) were added to a Schlenk 

tube. The mixture was stirred under 66 oC for 11h. 4 ml KF (1.0 M) solution was then 

added and pale precipitate appeared. The precipitate was removed, and the solution 

was evaporated under vacuum.  The residue was purified by chromatography (ethyl 

acetate/petroleum ether, 1:10), which afforded the desired product as a yellow oil (57 

mg, 92%). 
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1H NMR (300 MHz, CDCl3): δ 7.41-7.26 (m, 10H), 6.86 (br, 1H), 4.51 (d, J = 6.0 Hz, 

2H), 3.50 (s, 2H); MS (EI) m/e: 248.9, 158.0, 115.0, 91.0 

H
N

O

 
 
Entry 4: Piperidine, 1-(1-oxo-4-phenyl-3-butynyl)- (9CI) 3e CAS: (52956-07-7)3  

 

N

O

 

 

Xantphos (2.9 mg, 0.005 mmol), PdCl2(PhCN)2 (1.9 mg, 0.005 mmol), 

2-bromo-1-(piperidin-1-yl)ethanone 2e (27 mg, 0.13 mmol), THF (2 ml), and 

tributyl(phenylethynyl)stannane 1a (108 mg, 0.275 mmol) were added to a Schlenk 

tube. The mixture was stirred under 66 oC for 12h. 4 ml KF (1.0 M) solution was then 

added and pale precipitate appeared. The precipitate was removed, and the solution 

was evaporated under vacuum.  The residue was purified by chromatography (ethyl 

acetate/petroleum ether, 1:15), which afforded the desired product as a yellow oil 
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(28.5 mg, 95%). 

1H NMR (CDCl3): δ 7.41-7.38 (m, 2H), 7.30-7.27 (m, 3H), 3.56 (t, J = 5.3 Hz, 4H), 

3.49 (s, 2H), 1.70-1.60 (m, 4H), 1.60-1.50 (m, 2H); MS (EI) m/e: 227.0, 136.0, 115.0, 

111.8; HRMS (EI): C15H17NO, Calcd.: 227.1310, Found: 227.1319 

O

N

 

 

Entry 5: 3f 

N

O
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Xantphos (2.9 mg, 0.005mmol), PdCl2(PhCN)2 (1.9 mg, 0.005 mmol), 

2-bromo-N,N-diisopropylacetamide 2f (56 mg, 0.25 mmol), THF (2 ml), and 

tributyl(phenylethynyl)stannane 1a (108 mg, 0.275 mmol) were added to a Schlenk 

tube. The mixture was stirred under 66 oC overnight. 4 ml KF (1.0 M) solution was 

then added and pale precipitate appeared. The precipitate was removed, and the 

solution was evaporated under vacuum.  The residue was purified by 

chromatography (ethyl acetate/petroleum ether, 1:15), which afforded the desired 

product as a yellow powder (50.1 mg, 83%). 

1H NMR (CDCl3): δ 7.34-7.30 (m, 2H), 7.18-7.24 (m, 3H), 4.15-4.05 (m, 1H), 3.37 (s, 

2H), 3.35-3.25 (m, 1H), 1.34 (d, J = 6.6 Hz, 6H), 1.17 (d, J = 6.6 Hz, 6H); 13C NMR 

(CDCl3): δ 166.0, 131.8, 128.5, 128.3, 123.5, 84.1, 83.1, 50.2, 46.4, 29.8, 20.9, 20.6; 

MS (EI) m/e: 243.0, 127.8, 115.0, 86.0; HRMS( EI): C16H21NO, Calcd.: 243.1623, 

Found: 243.1595 

O

N

 

Entry 6: 3g 
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H
N

O  

Xantphos (2.9 mg, 0.005 mmol), PdCl2(PhCN)2 (1.9 mg, 0.005 mmol), 

2-bromo-N-phenylacetamide 2g (54 mg, 0.25 mmol), THF (2 ml), and 

Tributyl(hept-1-ynyl)stannane 1b (106 mg, 0.275 mmol) were added to a Schlenk 

tube. The mixture was stirred under 66 oC for 11h. 4 ml KF (1.0 M) solution was then 

added and pale precipitate appeared. The precipitate was removed, and the solution 

was evaporated under vacuum.  The residue was purified by chromatography (ethyl 

acetate/petroleum ether, 1:15), which afforded the desired product as a pale solid 

(56.7 mg, 94%). 

1H NMR(CDCl3): δ 8.31 (br, 1H), 7.49 (d, J = 7.8 Hz, 2H), 7.24 (t, J = 7.9 Hz, 2H), 

7.10 (t, J = 7.4 Hz, 1H),  3.30 (t, J = 2.8 Hz, 2H), 2.28-2.22 (m, 2H), 1.55 (q, J = 7.2 

Hz, 2H), 1.44-1.27 (m, 4H), 0.89 (t, J = 7.1 Hz, 3H); 13C NMR (CDCl3): δ 165.8, 

137.6, 129.2, 124.8, 120.0, 87.7, 73.2, 31.4, 29.1, 28.6, 22.4, 19.0, 14.2; MS (EI) m/e: 

228.7, 172.9, 120.0, 93.1; HRMS ( EI ): C15H19NO Calcd.: 229.1467, Found: 

229.1471 
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N

O

 

Entry 7: 3h 

H
N

O  

Xantphos (2.9 mg, 0.005 mmol), PdCl2(PhCN)2 (1.9 mg, 0.005 mmol), 

N-benzyl-2-bromoacetamide 2d (57 mg, 0.25 mmol), THF (2 ml), and 

Tributyl(hept-1-ynyl)stannane 1b (106 mg, 0.275 mmol) were added to a Schlenk 

tube. The mixture was stirred under 66 oC for 11h. 4 ml KF (1.0 M) solution was then 

added and pale precipitate appeared. The precipitate was removed, and the solution 

was evaporated under vacuum.  The residue was purified by chromatography (ethyl 

acetate/petroleum ether, 1:10), which afforded the desired product as a yellow oil 

(57.8 mg, 95%). 

1H NMR (CDCl3): δ 7. 38-7. 26 (m, 5H), 6.85 (br, 1H), 4.48 (d, J = 5.4 Hz, 2H), 3.24 

(s, 2H), 2.20-2.15 (m, 2H), 1.49-1.40 (m, 2H), 1.35-1.27 (m, 4H), 0.95-0.84 (m, 3H); 

13C NMR (CDCl3): δ 167.7, 138.2, 128.9(2C), 127.8(2C), 86.8, 73.2, 43.9, 31.2, 28.4, 
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28.0, 22.4, 18.9, 14.1; MS (EI) m/e: 243.0, 185.9, 171.9, 91.0; HRMS (EI): C16H21NO, 

Calcd.: 243.1623, Found: 243.1602 

H
N

O

 

Entry 8: 3i 

N

O  

Xantphos (2.9 mg, 0.005 mmol), PdCl2(PhCN)2 (1.9 mg, 0.005 mmol), 

2-bromo-1-(piperidin-1-yl)ethanone 2e (51.5 mg, 0.25 mmol), THF (2 ml), and 

Tributyl(hept-1-ynyl)stannane 1b (106 mg, 0.275 mmol) were added to a Schlenk 

tube. The mixture was stirred under 66 oC for 11h. 4 ml KF (1.0 M) solution was then 

added and pale precipitate appeared. The precipitate was removed, and the solution 

was evaporated under vacuum.  The residue was purified by chromatography (ethyl 

acetate/petroleum ether, 1:15), which afforded the desired product as a yellow oil 

(52.8 mg, 95%). 
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1H NMR (CDCl3): δ 3.48-3.43 (m, 4H), 3.16 (t, J = 2.4 Hz, 2H), 2.19-2.14 (m, 2H), 

1.65-1.46 (m, 8H), 1.42-1.25 (m, 4H), 0.83 (t, J = 6.9 Hz, 3H); 13C NMR (CDCl3): δ 

166.4, 84.2, 72.7, 47.7, 43.2, 31.2, 28.6, 26.9, 26.4, 25.6, 24.6, 22.4, 18.9, 14.2; MS 

(EI) m/e: 221.8, 164.9, 111.9, 68.9; HRMS (EI): C14H23NO, Calcd.: 221.1780; Found: 

221.1819 

O

N

 

Entry 9: 3j 

N

O  

 

Xantphos (2.9 mg, 0.005 mmol), PdCl2(PhCN)2 (1.9 mg, 0.005 mmol), 

2-bromo-N,N-diisopropylacetamide 2f (56 mg, 0.25 mmol), THF (2 ml), and 

Tributyl(hept-1-ynyl)stannane 1b (106 mg, 0.275 mmol) were added to a Schlenk 

tube. The mixture was stirred under 66 oC for 7 h. 4 ml KF (1.0 M) solution was then 

added and pale precipitate appeared. The precipitate was removed, and the solution 
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was evaporated under vacuum.  The residue was purified by chromatography (ethyl 

acetate/petroleum, 1:15), which afforded the desired product as a yellow oil (48.7 mg, 

82%).  

1H NMR (CDCl3): δ 4.10-3.98 (m, 1H), 3.38-3.22 (m, 1H), 3.12 (s, 2H), 2.11 (t, J = 

6.6 Hz, 2H), 1.44-1.39 (m, 2H), 1.34-1.22 (m, 12H), 1.14 (d, J = 6.3 Hz, 4H), 0.82 (t, 

J = 6.9 Hz, 3H); 13C NMR (CDCl3): δ 166.8, 84.2, 73.1, 49.9, 46.1, 31.2, 29.0, 28.6, 

22.4, 20.8, 20.6, 19.0, 14.1; MS (EI) m/e: 238.0, 222.0, 194.0, 180.0, 86.0; HRMS 

(EI): C15H27NO, Calcd.: 237.2093, found: 237.2123 

O

N

 

 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007

15



  

Table4， Entry3 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007

16



  
 

Table4， Entry4 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2007

17



30-May-2006
08:47:02GCT  CA100

30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400
m/z0

100

%

sw-2-003 1218 (22.714) Cm (1213:1220-1239:1261) TOF MS EI+ 
1.40e3112.078771.0867

85.1020

99.1169

227.1319
198.1302

127.1477

144.0618

155.1791

169.1935
183.2151

211.2347 253.2842
239.2725 310.3755267.0388281.3200 377.0014327.0970 344.0788 393.0329
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30-May-2006
13:12:58GCT  CA100

30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400
m/z0

100

%

sw-2-013 612 (14.650) Cm (608:617-636:665) TOF MS EI+ 
8.49e4115.0471

86.0558

63.0229
100.1138

228.1323128.1021

149.0213

200.1053

186.0882

158.1019172.1115 214.1585

243.1595

326.0048278.1422255.0793 296.1010 395.0022352.0475 368.0135
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30-May-2006
14:31:21GCT  CA100

35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215 220 225
m/z0

100

%

sw-2-017 568 (14.100) Cm (561:576-510:538) TOF MS EI+ 
6.65e4112.0702

69.0666

84.0804

108.074497.0918

165.1131

150.0964
127.1004

136.1029 178.1304 192.1556 206.1596 220.1746 228.1163
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30-May-2006
10:24:27GCT  CA100

50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240
m/z0

100

%

sw-2-010 408 (12.103) Cm (402:416-452:513) TOF MS EI+ 
1.43e586.0548

67.0536
58.0684

128.1013

95.0841 108.0506 124.0807

180.1335

138.0920 152.1142 166.1376

222.1833
194.1540

208.1753 237.2123 246.1244
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