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 General Information: Thin-layer chromatography (TLC) carried out on 0.25 mm silica gel 

platesvisualized with UV light and/or by staining with ethanolic phosphomolybdic acid (PMA) or 

iodine. Flash column chromatography was performed on silica gel (300-400 mesh). NMR 

spectraswere recorded on Bruker AM500 (500 MHz). Chemical shifts (δ) are given in ppm 

relative to TMS, coupling constants (J) in Hz. Optical rotations were taken on JASCO P1030. 

High-resolution mass spectra were recorded on Bruker ApeXIII 7.0 TESLA FTMS. Enantiomeric 

excesses were determined by chiral HPLC using a Shimadzu instrument. 

 

General Procedure for Copper-catalyzed Enantioselective Propargylic Substitution: 

Ph

OPivCO2EtEtO2C

CO2Et
+

1a 2c

5 mol % Cu(CH3CN)4BF4

6 mol % sec-butyl-pybox

2 equiv DIPEA

CH3OH, -20 oC
Ph

EtO2C CO2Et
CO2Et

3ac  

Under an atmosphere of nitrogen, a 25 mL dry Schlenk flask was placed with Cu(CH3CN)4BF4 

(3.1 mg, 0.01 mmol) and ligand A (3.95 mg, 0.012 mmol). Anhydrous MeOH (0.5 mL) was added, 

and the mixture was magnetically stirred at 20 °C for 15 min. Then the mixture was kept at -20 °C 

while stirring. Next, a solution of 1-phenylprop-2-ynyl pivalate 2c (0.24 mmol), triethyl 

methanetricarboxylate 1a (0.2 mmol) and diisopropylethylamine (0.07 mL, 0.4 mmol) in MeOH 

(0.5 mL) were added dropwise. The reaction flask was kept at -20 °C for 20 h. After 1a was 

completely consumed as monitored by TLC, H2O (10 mL) was added to quench the reactoin. The 

resulted mixture was then extracted three times with diethyl ether (10 mL × 3). The combined 

organic layer was dried over Na2SO4. After evaporation of the volatile solvent under reduced 

pressure, the residue was purified by flash chromatography on silica gel to afford pure 3ac (66 mg, 

0.19 mmol) as a paint yellow oil in a yield of 95%. 
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Screening of bases and solvents
a
 

Ph

OPiv

base, solvent Ph

EtO2C CO2Et
CO2Et

CO2EtEtO2C

CO2Et
+

10 mol % Cu(CH3CN)4BF4

1a 2c

12 mol % Ligand A
N

O

N N

O

A
-20 oC

3ac
 

entry base solvent time (h) yield (%)b ee (%)c 

1 DIPEA MeOH 20 96 90 

2 TEA MeOH 30 89 82 

3 DBU MeOH 20 80 67 

4d DIPEA THF 48 - - 

5d DIPEA DCM 48 - - 

6d DIPEA Toluene 48 - - 

7 DIPEA EtOH 40 43 54 

aGeneral conditions: 1a (0.2 mmol), 2c (0.24 mmol), Copper salt (10 mol %), ligand (12 mol %) 

and base (2 equiv) in solvent (1.5 mL). bIsolated yield. cDetermined by chiral HPLC analysis. 

dNo formation of 3ac as determined by TLC. 

 

Ph

EtO2C CO2Et
CO2Et

3ac  

(R)-triethyl 2-phenylbut-3-yne-1,1,1-tricarboxylate 3ac: faint yellow oil, actual mass 66 mg, yield 95%. 
1H NMR (500 MHz, CDCl3): δ 7.61-7.53 (m, 2H), 7.32-7.21 (m, 3H), 4.80 (s, 1H), 4.25-4.10 (m, 6H), 

2.35 (s, 1H), 1.30-1.15 (m, 9H). 
13C NMR (125 MHz, CDCl3): δ 165.1, 135.4, 130.3, 128.0, 127.8, 82.0, 72.7, 69.9, 62.2, 40.7, 13.8. 

HRMS (ESI) calcd. for (C19H22NaO6)
+ 369.1309, found 369.1317. 

[α]D
26 +18.21 (c 0.43, CHCl3). 

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 49 : 1, Flow rate = 0.5 mL/min, λ = 220 nm): 

tR = 16.90 min (major enantiomer), tR = 18.54 min (minor enantiomer). 

 

Ph

MeO2C CO2Me
CO2Me

3bc  
(R)-trimethyl 2-phenylbut-3-yne-1,1,1-tricarboxylate 3bc: faint yellow oil, actual mass 53 mg, yield 

87%. 1H NMR (500 MHz, CDCl3): δ 7.58-7.51 (m, 2H), 7.33-7.23 (m, 3H), 4.82 (m, 1H), 3.72 (s, 9H), 

2.38 (s, 1H). 
13C NMR (125 MHz, CDCl3): δ 165.4, 135.1, 130.1, 128.2, 127.9, 81.8, 72.8, 70.1, 53.1, 40.9. 

HRMS (ESI) calcd. for (C16H16NaO6)
+ 327.0839, found 327.0844. 

[α]D
24 +9.15 (c 0.20, CHCl3). 
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HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 49 : 1, Flow rate = 0.5 mL/min, λ = 220 nm): 

tR = 16.06 min (major enantiomer), tR = 26.84 min (minor enantiomer). 

 

Ph

EtO2C CO2t-Bu
CO2Et

3cc  

(R)-1-tert-butyl 1,1-diethyl 2-phenylbut-3-yne-1,1,1-tricarboxylate 3cc: faint yellow oil, actual mass 65 

mg, yield 87%. 1H NMR (500 MHz, CDCl3): δ 7.64-7.57 (m, 2H), 7.31-7.20 (m, 3H), 4.73 (s, 1H), 

4.24-4.08 (m, 4H), 2.34 (s, 1H), 1.40 (s, 9H), 1.30-1.15 (m, 6H). 
13C NMR (125 MHz, CDCl3): δ 165.42, 165.41, 163.8, 135.8, 130.5, 127.9, 127.8, 83.5, 82.4, 72.6, 

70.2, 62.0, 61.9, 40.6, 27.6, 13.8. 

HRMS (ESI) calcd. for (C21H26NaO6)
+ 397.1622, found 397.1630. 

[α]D
24 +9.76 (c 0.24, CHCl3). 

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 49 : 1, Flow rate = 0.5 mL/min, λ = 220 nm): 

tR = 15.74 min (minor enantiomer), tR = 16.91 min (major enantiomer). 

 

Ph

MeO2C CO2t-Bu
CO2Me

3dc  

(R)-1-tert-butyl 1,1-dimethyl 2-phenylbut-3-yne-1,1,1-tricarboxylate 3dc: faint yellow oil, actual mass 

60 mg, yield 86%. 1H NMR (500 MHz, CDCl3): δ 7.61-7.55 (m, 2H), 7.35-7.28 (m, 3H), 4.75 (s, 1H), 

3.72 (s, 6H), 2.36 (s, 1H), 1.41 (s, 9H). 
13C NMR (125 MHz, CDCl3): δ 165.96, 165.91, 163.6, 135.5, 130.3, 128.0, 127.9, 83.8, 82.2, 72.7, 

70.6, 52.8, 40.6, 27.6. 

HRMS (ESI) calcd. for (C19H22NaO6)
+ 369.1309, found 369.1315. 

[α]D
24 +12.05 (c 0.10, CHCl3). 

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 49 : 1, Flow rate = 0.5 mL/min, λ = 220 nm): 

tR = 18.77 min (major enantiomer), tR = 23.80 min (minor enantiomer). 

 

Ph

EtO2C CO2Bn
CO2Et

3ec  

(R)-1-benzyl 1,1-diethyl 2-phenylbut-3-yne-1,1,1-tricarboxylate 3ec: faint yellow oil liquid, actual 

mass 69 mg, yield 85%. 1H NMR (500 MHz, CDCl3): δ 7.60-7.52 (m, 2H), 7.40-7.22 (m, 7H), 

5.20-5.10 (m, 2H), 4.83 (s, 1H), 4.22-4.05 (m, 6H), 2.33 (s, 1H), 1.17-1.08 (m,6H). 
13C NMR (125 MHz, CDCl3): δ 164.91, 164.88, 135.3, 134.8, 130.3, 128.45, 128.40, 128.1, 127.9, 81.9, 

72.9, 69.9, 67.8, 62.3, 40.8, 13.7. 

HRMS (ESI) calcd. for (C24H24NaO6)
+ 431.1465, found 431.1469. 

[α]D
24 +3.84 (c 0.78, CHCl3). 

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 49 : 1, Flow rate = 0.5 mL/min, λ = 220 nm): 

tR = 19.69 min (minor enantiomer), tR = 22.18 min (major enantiomer). 
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EtO2C CO2Et
CO2Et

3adF  

(R)-triethyl 2-(4-fluorophenyl)but-3-yne-1,1,1-tricarboxylate 3ad: faint yellow oil, actual mass 67 mg, 

yield 92%. 1H NMR (500 MHz, CDCl3): δ 7.61-7.53 (m, 2H), 7.00-6.91 (m, 2H), 4.77 (s, 1H), 

4.26-4.11 (m, 6H), 2.36 (s, 1H), 1.28-1.15 (m, 9H). 
13C NMR (125 MHz, CDCl3): δ 164.9, 162.5(d, J = 246 Hz), 132.2 (d, J = 8.3 Hz), 131.2 (d, J = 2.8 

Hz), 114.7 (d, J = 21 Hz), 81.8, 73.0, 69.8, 62.3, 39.9, 13.8. 

HRMS (ESI) calcd. for (C19H21FNaO6)
+ 387.1214, found 387.1211. 

[α]D
26 +15.5 (c 0.23, CHCl3). 

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 19 : 1, Flow rate = 0.8 mL/min, λ = 220 nm): 

tR = 15.41 min (major enantiomer), tR = 18.68 min (minor enantiomer). 

 

EtO2C CO2Et
CO2Et

3aeCl
 

(R)-triethyl 2-(4-chlorophenyl)but-3-yne-1,1,1-tricarboxylate 3ae: faint yellow oil, actual mass 71 mg, 

yield 94%. 1H NMR (500 MHz, CDCl3): δ 7.57-7.50 (m, 2H), 7.27-7.21 (m, 2H), 4.76 (s,1H), 

4.26-4.12 (m, 6H), 2.36 (s, 1H), 1.25-1.15 (m, 9H). 
13C NMR (125 MHz, CDCl3): δ 164.9, 134.1, 134.0, 131.9, 128.0, 81.6, 73.1, 69.7, 62.4, 40.1, 13.8. 

HRMS (ESI) calcd. for (C19H21ClNaO6)
+ 403.0919, found 403.0926. 

[α]D
26 +10.01 (c 0.24, CHCl3). 

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 49 : 1, Flow rate = 0.5 mL/min, λ = 220 nm): 

tR = 19.98 min (major enantiomer), tR = 22.42 min (minor enantiomer). 

 

EtO2C CO2Et
CO2Et

3afBr  

(R)-triethyl 2-(4-bromophenyl)but-3-yne-1,1,1-tricarboxylate 3af: faint yellow oil, actual mass 81 mg, 

yield 96%. 1H NMR (500 MHz, CDCl3): δ 7.49-7.42 (m, 2H), 7.42-7.35 (m, 2H), 4.73 (s, 1H), 

4.25-4.10 (m, 6H), 2.36 (s, 1H), 1.23-1.15 (m, 9H). 
13C NMR (125 MHz, CDCl3): δ 164.9, 134.5, 132.2, 130.9, 122.3, 81.5, 73.1, 69.7, 62.4, 40.1, 13.8. 

HRMS (ESI) calcd. for (C19H21BrNaO6)
+ 447.0414, found 447.0419. 

[α]D
29 +17.05 (c 0.46, CHCl3). 

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 49 : 1, Flow rate = 0.5 mL/min, λ = 220 nm): 

tR = 24.17 min (minor enantiomer), tR = 25.46 min (major enantiomer). 

 

EtO2C CO2Et
CO2Et

3agF3C  
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(R)-triethyl 2-(4-(trifluoromethyl)phenyl)but-3-yne-1,1,1-tricarboxylate 3ag: faint yellow oil, actual 

mass 75 mg, yield 90%. 1H NMR (500 MHz, CDCl3): δ 7.76-7.72 (m, 2H), 7.60-7.54 (m, 2H), 4.84 (s, 

1H), 4.28-4.12 (m, 6H), 2.39 (s, 1H), 1.25-1.19 (m, 9H). 
13C NMR (125 MHz, CDCl3): δ 164.8, 139.6, 130.9, 130.8, 130.3 (q, J = 31 Hz), 124.7 (q, J = 3.6 Hz), 

124.0 (q, J = 270 Hz), 81.2, 73.4, 69.7, 62.4, 40.4, 13.7. 

HRMS (ESI) calcd. for (C20H21F3NaO6)
+ 437.1182, found 437.1188. 

[α]D
26 +9.77 (c 0.22, CHCl3). 

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 49 : 1, Flow rate = 0.5 mL/min, λ = 220 nm): 

tR = 16.53 min (minor enantiomer), tR = 18.74 min (major enantiomer). 

 

EtO2C CO2Et
CO2Et

3ahH3C  

(R)-triethyl 2-p-tolylbut-3-yne-1,1,1-tricarboxylate 3ah: faint yellow oil liquid, actual mass 64 mg, 

yield 89%. 1H NMR (500 MHz, CDCl3): δ 7.44 (d, J = 8.0 Hz, 2H), 7.08 (d, J = 8.0 Hz, 2H), 4.76 (s, 

1H), 4.26-4.11 (m, 6H), 2.36 (s, 1H), 2.28 (s, 3H), 1.25-1.17 (m, 9H). 
13C NMR (125 MHz, CDCl3): δ 165.1, 137.8, 132.4, 130.2, 128.6, 82.2, 72.6, 69.9, 62.2, 40.4, 21.1, 

13.8. 

HRMS (ESI) calcd. for (C20H24NaO6)
+ 383.1465, found 383.1472. 

[α]D
26 +14.05 (c 0.26, CHCl3). 

HPLC (Phenomenex cellulose-1, Hexane : Isopropanol = 49 : 1, Flow rate = 0.5 mL/min, λ = 220 nm): 

tR = 14.93 min (minor enantiomer), tR = 17.39 min (major enantiomer). 

 

EtO2C CO2Et
CO2Et

3aiMeO  

(R)-triethyl 2-(4-methoxyphenyl)but-3-yne-1,1,1-tricarboxylate 3ai: faint yellow oil, actual mass 70 mg, 

yield 94%. 1H NMR (500 MHz, CDCl3): δ 7.52-7.45 (m, 2H), 6.83-6.76 (m, 2H), 4.74 (s, 1H), 

4.25-4.11 (m, 6H), 3.76 (s, 3H), 2.34 (s, 1H), 1.25-1.17 (m, 9H). 
13C NMR (125 MHz, CDCl3): δ 165.1, 159.3, 131.5, 127.3, 113.2, 82.3, 72.6, 69.9, 62.2, 55.2, 40.0, 

13.8. 

HRMS (ESI) calcd. for (C20H24NaO7)
+ 399.1414, found 399.1422. 

[α]D
26 +11.75 (c 0.8, CHCl3). 

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 49 : 1, Flow rate = 0.5 mL/min, λ = 220 nm): 

tR = 29.81 min (minor enantiomer), tR = 33.18 min (major enantiomer). 

 

EtO2C CO2Et
CO2Et

3aj

OMOM

 

(R)-triethyl 2-(2-(methoxymethoxy)phenyl)but-3-yne-1,1,1-tricarboxylate 3aj: faint yellow oil, actual 

mass 67 mg, yield 82%. 1H NMR (500 MHz, CDCl3): δ 7.83-7.78 (m, 1H), 7.24-7.16 (m, 1H), 
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7.07-7.02 (m, 1H), 6.99-6.94 (m, 1H), 5.36 (s, 1H), 5.21 (d, J = 6.5 Hz, 1H), 5.13 (d, J = 6.5 Hz, 1H), 

4.24-4.15 (m, 6H), 3.50 (s, 3H), 2.22 (s, 1H), 1.22-1.14 (m, 9H). 
13C NMR (125 MHz, CDCl3): δ 165.5, 155.0, 130.4, 129.1, 126.1, 121.9, 114.1, 95.2, 82.8, 71.0, 69.3, 

62.2, 56.3, 32.6, 13.7. 

HRMS (ESI) calcd. for (C21H26NaO8)
+ 429.1520, found 429.1527. 

[α]D
26 –12.92 (c 1.0, CHCl3). 

HPLC (Phenomenex cellulose-1, Hexane : Isopropanol = 49 : 1, Flow rate = 0.6 mL/min, λ = 220 nm): 

tR = 15.77 (minor enantiomer), tR = 16.92 min (major enantiomer). 

 

EtO2C CO2Et
CO2Et

3ak

MOMO

 

(R)-triethyl 2-(3-(methoxymethoxy)phenyl)but-3-yne-1,1,1-tricarboxylate 3ak: faint yellow oil, actual 

mass 65 mg, yield 80%.  1H NMR (500 MHz, CDCl3): δ 7.28-7.14 (m, 3H), 6.94-6.90 (m, 1H), 5.13 (s, 

2H), 4.76 (s, 1H), 4.25-4.11 (m, 6H), 3.44 (s, 3H), 2.35 (s, 1H), 1.24-1.17 (m, 9H). 
13C NMR (125 MHz, CDCl3): δ 165.0, 156.8, 136.9, 128.8, 123.9, 118.7, 115.7, 94.5, 81.9, 72.9, 69.8, 

67.9, 62.2, 55.9, 40.6, 13.8. 

HRMS (ESI) calcd. for (C21H26NaO8)
+ 429.1520, found 429.1531. 

[α]D
26 +11.33(c 0.20, CHCl3). 

HPLC (Phenomenex cellulose-1, Hexane : Isopropanol = 49 : 1, Flow rate = 0.6 mL/min, λ = 220 nm): 

tR = 17.85 (minor enantiomer), tR = 26.39 min (major enantiomer). 

 

EtO2C CO2Et
CO2Et

3alMOMO  

(R)-triethyl 2-(4-(methoxymethoxy)phenyl)but-3-yne-1,1,1-tricarboxylate 3al: faint yellow oil, actual 

mass 68 mg, yield 84%. 1H NMR (500 MHz, CDCl3): δ 7.52-7.45 (m, 2H), 6.96-6.89 (m, 2H), 5.13 (s, 

2H), 4.74 (s, 1H), 4.25-4.11 (m, 6H), 3.43 (s, 3H), 2.34 (s, 1H), 1.24-1.17 (m, 9H). 
13C NMR (125 MHz, CDCl3): δ 165.1, 157.0, 131.5, 128.6, 115.4, 94.3, 82.2, 72.7, 69.90, 62.2, 40.0, 

13.8. 

HRMS (ESI) calcd. for (C21H26NaO8)
+ 429.1520, found 429.1526. 

[α]D
26+12.77 (c 0.83, CHCl3). 

HPLC (Phenomenex cellulose-1, Hexane : Isopropanol = 49 : 1, Flow rate = 0.6 mL/min, λ = 220 nm): 

tR = 17.85 (minor enantiomer), tR = 26.17 min (major enantiomer). 

 

EtO2C CO2Et

CO2Et

3am
BnO

 

(R)-triethyl 2-(4-(benzyloxy)phenyl)but-3-yne-1,1,1-tricarboxylate 3am: faint yellow oil, actual mass 

80 mg, yield 89%. 1H NMR (500 MHz, CDCl3): δ 7.55-7.47 (m, 2H), 7.44-7.28 (m, 5H), 6.92-6.85 (m, 

2H), 5.04 (s, 2H), 4.76 (s, 1H), 4.26-4.11 (m, 6H), 2.35 (s, 1H), 1.24-1.17 (m, 9H). 
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13C NMR (125 MHz, CDCl3): δ 165.1, 158.5, 136.9, 131.6, 128.6, 128.0, 127.6, 127.5, 114.1, 82.3, 

72.6, 70.0, 70.0, 62.2, 40.0, 13.8. 

HRMS (ESI) calcd. for (C26H28NaO7)
+ 475.1727, found 475.1722. 

[α]D
25+8.95 (c 0.54, CHCl3). 

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 49 : 1, Flow rate = 0.5 mL/min, λ = 220 nm): 

tR = 46.04 min (minor enantiomer), tR = 53.37 min (major enantiomer). 

 

EtO2C CO2Et

CO2Et

3an  

(R)-triethyl 2-(naphthalen-2-yl)but-3-yne-1,1,1-tricarboxylate 3an: faint yellow oil, actual mass 74 mg, 

yield 94%. 1H NMR (500 MHz, CDCl3): δ 8.16-8.09 (m, 2H), 7.86-7.73 (m, 2H), 7.57-7.42 (m, 3H), 

5.70 (s, 1H), 4.13-4.05 (m, 6H), 2.32 (s, 1H), 1.11-1.04 (m, 9H). 
13C NMR (125 MHz, CDCl3): δ 165.4, 133.6, 132.6, 131.8, 128.9, 128.6, 128.1, 126.2, 125.4, 125.4, 

123.0, 82.7, 72.0, 69.6, 62.3, 35.2, 13.6. 

HRMS (ESI) calcd. for (C23H24NaO6)
+ 419.1465, found 419.1472. 

[α]D
26 –17.89 (c 0.52, CHCl3). 

HPLC (Daicel CHIRALPAK OJ-H, Hexane : Isopropanol = 19 : 1, Flow rate = 0.5 mL/min, λ = 220 

nm): tR = 19.81 min (minor enantiomer), tR = 22.99 min (major enantiomer). 

 

EtO2C CO2Et

CO2Et

3ao  

(R)-triethyl 2-ethynylhexane-1,1,1-tricarboxylate 3ao: faint yellow oil, actual mass 55 mg, yield 84%. 
1H NMR (500 MHz, CDCl3): δ 4.27 (q, J = 7.0 Hz, 6H), 3.28-3.22 (m, 1H), 2.11-2.14 (m, 1H), 

1.78-1.52 (m, 4H), 1.46-1.30 (m, 2H), 1.28 (t, J = 7.0 Hz, 9H), 0.90 (t, J = 7.2 Hz, 3H). 
13C NMR (125 MHz, CDCl3): δ 165.7, 83.0, 71.1, 68.5, 62.2, 35.7, 30.7, 30.1, 22.1, 13.9. 

HRMS (ESI) calcd. for (C17H26NaO6)
+ 349.1622, found 349.1633. 

[α]D
28 +3.85 (c 0.21, CHCl3). 

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 49 : 1, Flow rate = 0.5 mL/min, λ = 220 nm): 

tR = 16.74 min (major enantiomer), tR = 21.61 min (minor enantiomer). 

 

EtO2C CO2Et

CO2Et

3ap
O

Br

 

(R)-triethyl 2-(4-(3-bromobenzyloxy)phenyl)but-3-yne-1,1,1-tricarboxylate 3ap: faint yellow oil, actual 

mass 96 mg, yield 91%. 1H NMR (500 MHz, CDCl3): δ 7.58-7.55 (m, 1H), 7.54-7.47 (m, 2H), 

7.45-7.42 (m, 1H), 7.34-7.30 (m, 1H), 7.27-7.21 (m, 1H), 6.89-6.82 (m, 2H), 5.00 (s, 2H), 4.75 (s, 1H), 

4.26-4.11 (m, 6H), 2.35 (s, 1H), 1.21 (t, J = 7.5 Hz, 9H). 
13C NMR (126 MHz, CDCl3): δ 165.1, 158.2, 139.3, 131.6, 131.0, 130.3, 130.2, 127.9, 125.8, 122.7, 

114.1, 82.2, 72.7, 69.9, 69.0, 62.2, 40.0, 13.8. 
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HRMS (ESI) calcd. for (C26H27BrNaO7)
+ 553.0832, found 553.0841. 

[α]D
28 +8.75 (c 0.2, CHCl3). 

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 49 : 1, Flow rate = 0.5 mL/min, λ = 220 nm): 

tR = 44.87 min (major enantiomer), tR = 52.23 min (minor enantiomer). 

 

EtO2C CO2Et

CO2Et

3aq

O

F3C

 

Compound 3aq: faint yellow oil, actual mass 111 mg, yield 93%. 1H NMR (500 MHz, CDCl3): δ 

7.74-7.30 (m, 9H), 7.26-7.20 (m, 1H), 6.95-6.82 (m, 2H), 5.17-4.97 (m, 2H), 4.76 (s, 1H), 4.26-4.12 (m, 

6H), 2.36 (s, 1H), 1.26-1.16 (m, 9H). 
13C NMR (125 MHz, CDCl3): δ 165.1, 158.4, 158.2, 144.4,, 140.2, 139.3, 137.8, 131.6, 131.0, 130.3, 

130.2, 129.5 (q, J = 31.8 Hz), 129.3, 128.6, 127.9, 127.3, 126.9, 126.5 (q, J = 271 Hz), 126.3, 125.8, 

125.7 (q, J = 3.7 Hz), 122.7, 114.1, 82.2, 72.7, 69.9, 69.0, 62.2, 40.0, 13.8. 

HRMS (ESI) calcd. for (C33H31F3NaO7)
+ 619.1914, found 619.1919. 

[α]D
28 +7.92 (c 0.47, CHCl3). 

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 85 :15, Flow rate = 1 mL/min, λ = 220 nm): 

tR = 10.40 min (major enantiomer), tR = 12.40 min (minor enantiomer). 

 

EtO2C CO2Et

CO2Et

3ar
O

O

 

(R)-triethyl 2-(3-(cyclopentyloxy)-4-methoxyphenyl)but-3-yne-1,1,1-tricarboxylate 3ar: faint yellow 

oil, actual mass 86 mg, yield 94%. 1H NMR (500 MHz, CDCl3): δ 7.20 (d, J = 2.2 Hz, 1H), 7.09 (dd, J 

= 8.4, 2.2 Hz, 1H), 6.75 (d, J = 8.4 Hz, 1H), 4.78-4.70 (m, 2H), 4.24-4.09 (m, 6H), 3.80 (s, 3H), 2.36 (s, 

1H), 2.01-1.75 (m, 6H), 1.65-1.52 (m, 2H), 1.19 (t, J = 7.1 Hz, 9H). 
13C NMR (126 MHz, CDCl3): δ 165.1, 149.7, 146.8, 127.6, 122.6, 117.2, 110.9, 82.3, 80.4, , 72.7, 70.0, 

62.2, 56.0, 40.3, 32.9, 32.7, 24.1, 13.8. 

HRMS (ESI) calcd. for (C25H32NaO8)
+ 483.1989, found 483.1996. 

[α]D
28 +10.23 (c 0.51, CHCl3). 

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 19 :1, Flow rate = 0.8 mL/min, λ = 220 nm): 

tR = 10.64 min (major enantiomer), tR = 11.73 min (minor enantiomer). 

 

General procedure for decarboxylation of 3 

Ph

EtO2C CO2Et
CO2Et

3ac

NaH/EtOH

THF, 0 oC Ph

EtO2C CO2Et

4ac  

Dry ethanol (12 μl, 0.2 mmol) was added dropwise to a suspension of NaH (8 mg, 60% dispersion 

in mineral oil, 0.2 mmol) in THF (1 mL), and the solution was stirred at rt for 30 min, then stirred 

at 0 °C for 5min. A solution of 3ac (35 mg, 0.1 mmol) in THF (1 ml) was added dropwise. The 

mixture was stirred at 0 °C for 1 h and acidified with 1N HCl and diluted with ether (20 mL), 
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washed with water, sat. NaHCO3 and brine successively. The organic layer was dried over Na2SO4. 

After evaporation of the volatile solvent under reduced pressure, the residue was purified by flash 

chromatography on silica gel to afford pure 4ac (26 mg, 0.095 mmol) as a faint yellow oil in a 

yield of 95%. 

 

Ph

EtO2C CO2Et

4ac  

(S)-diethyl 2-(1-phenylprop-2-ynyl)malonate 4ac: faint yellow oil, actual mass 26 mg, yield 95%. 1H 

NMR (500 MHz, CDCl3) δ 7.41-7.35 (m, 2H), 7.35-7.21 (m, 3H), 4.40 (dd, J = 10.5, 2.5 Hz, 1H), 4.25 

(q, J = 7.0 Hz, 2H), 4.01-3.92 (m, 2H), 3.77 (d, J = 10.5 Hz 1H), 2.29 (d, J = 2.5 Hz, 1H), 1.28 (t, J = 

7.0 Hz, 3H), 1.02 (t, J = 7.0 Hz, 3H). 
13C NMR (125 MHz, CDCl3): δ 167.0, 166.6, 137.4, 128.6, 128.2, 127.8, 125.8, 82.8, 72.3, 61.8, 61.6, 

59.1, 37.4, 14.1, 13.8. 

HRMS (ESI) calcd. for (C16H19O4)
+ 275.1278, found 275.1286. 

[α]D
28 +11.22 (c 0.60, CHCl3). 

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 49 :1, Flow rate = 0.5 mL/min, λ = 220 nm): 

tR = 21.06 min (major enantiomer), tR = 24.42 min (minor enantiomer). 

 
EtO2C CO2Et

4adF  
(S)-diethyl 2-(1-(4-fluorophenyl)prop-2-ynyl)malonate 4ad: faint yellow oil, actual mass 27 mg, yield 

93%. 1H NMR (500 MHz, CDCl3): δ 7.41-7.33 (m, 2H), 7.05-6.96 (m, 2H), 4.39 (dd, J = 10.0, 2.5 Hz, 

1H), 4.26 (q, J = 7.0 Hz, 2H), 4.04-3.96 (m, 2H), 3.73 (d, J = 10.0 Hz, 1H), 2.31 (d, J = 2.5 Hz, 1H), 

1.29 (t, J = 7.0 Hz, 3H), 1.06 (q, J = 7.0 Hz, 3H). 
13C NMR (125 MHz, CDCl3): δ 166.8, 166.5, 162.3 (d, J = 246 Hz), 133.3, 130.0 (d, J = 8.3 Hz), 115.5 

(d, J = 21.9 Hz), 82.6, 72.5, 61.9, 61.7, 59.1, 36.7, 14.0, 13.8. 

HRMS (ESI) calcd. for (C16H18FO4)
+ 293.1184, found 293.1189. 

[α]D
28 +6.95 (c 0.30, CHCl3). 

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 49 :1, Flow rate = 0.5 mL/min, λ = 220 nm): 

tR = 19.83 min (major enantiomer), tR = 21.88 min (minor enantiomer). 

 

EtO2C CO2Et

4aeCl
 

(S)-diethyl 2-(1-(4-chlorophenyl)prop-2-ynyl)malonate 4ae: faint yellow oil, actual mass 29 mg, yield 

96%. 1H NMR (500 MHz, CDCl3): δ 7.37-7.23 (m, 4H), 4.39 (dd, J = 10.0, 2.5 Hz, 1H), 4.30-4.18 (m, 

2H), 4.08-3.94 (m, 2H), 3.73 (d, J = 10.0 Hz, 1H), 2.31 (d, J = 2.5 Hz, 1H), 1.33-1.19 (m, 3H), 

1.09-1.02 (m, 3H). 
13C NMR (125 MHz, CDCl3): δ 166.8, 166.4, 136.0, 133.7, 129.7, 128.8, 82.3, 72.7, 62.0, 61.8, 58.9, 

36.8, 14.1, 13.8. 

HRMS (ESI) calcd. for (C16H18ClO4)
+ 309.0888, found 309.0897. 
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[α]D
28 +4.62 (c 0.29, CHCl3). 

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 49 :1, Flow rate = 0.5 mL/min, λ = 220 nm): 

tR = 17.94 min (major enantiomer), tR = 18.84 min (minor enantiomer). 

 

EtO2C CO2Et

4ak

MOMO

 

(S)-diethyl 2-(1-(3-(methoxymethoxy)phenyl)prop-2-ynyl)malonate 4ak: faint yellow oil, actual mass 

30 mg, yield 91%. 1H NMR (500 MHz, CDCl3): δ 7.25-7.20 (m, 1H), 7.09-7.00 (m, 2H), 6.99-6.90 (m, 

1H), 5.15 (s, 2H), 4.38 (dd, J = 10.0, 2.5 Hz, 1H), 4.25 (q, J = 7.0 Hz, 2H), 4.01 (q, J = 7.0 Hz, 2H), 

3.77 (d, J = 10.0 Hz, 1H), 3.47 (s, 3H), 2.30 (d, J = 2.5 Hz, 1H), 1.27 (t, J = 7.0 Hz, 3H), 1.06 (t, J = 

7.0 Hz, 3H). 
13C NMR (125 MHz, CDCl3): δ 166.9, 166.5, 157.4, 139.0, 129.6, 116.5, 115.5, 94.5, 82.6, 72.4, 61.9, 

61.7, 59.0, 56.0, 37.3, 14.0, 13.8. 

HRMS (ESI) calcd. for (C18H23O6)
+ 335.1489, found 335.1496. 

[α]D
28 –29.38 (c 0.32, CHCl3). 

HPLC (Phenomenex cellulose-1, Hexane : Isopropanol = 49 : 1, Flow rate = 0.6 mL/min, λ = 220 nm): 

tR = 14.61 (minor enantiomer), tR = 15.55 min (major enantiomer). 

 

EtO2C CO2Et

4amBnO
 

(S)-diethyl 2-(1-(4-(benzyloxy)phenyl)prop-2-ynyl)malonate 4am: faint yellow oil, actual mass 36 mg, 

yield 94%. 1H NMR (500 MHz, CDCl3): δ 7.45-7.27 (m, 7H), 6.96-6.89 (m, 2H), 5.04 (s, 2H), 4.37 (dd, 

J = 10.0, 2.5 Hz, 1H), 4.26 (q, J = 7.0 Hz, 2H), 4.05-3.94 (m, 2H), 3.74 (d, J = 10.0 Hz, 1H), 2.30 d, J 

= 2.5 Hz, 1H), 1.30 (t, J = 7.0 Hz, 3H), 1.05 (t, J = 7.0 Hz, 3H). 
13C NMR (125 MHz, CDCl3): δ 167.0, 166.7, 158.3, 136.9, 129.7, 129.4, 128.6, 128.0, 127.5, 114.9, 

83.1, 72.2, 70.0, 61.9, 61.6, 59.3, 36.7, 14.1, 13.9. 

HRMS (ESI) calcd. for (C23H25O5)
+ 381.1697, found 381.1710. 

[α]D
28 +16.05 (c 0.73, CHCl3). 

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 49 : 1, Flow rate = 0. mL/min, λ = 220 nm): 

tR = 43.66 (minor enantiomer), tR = 54.93 min (major enantiomer). 

 

EtO2C CO2Et

4ap

O
Br

 

(S)-diethyl 2-(1-(4-(3-bromobenzyloxy)phenyl)prop-2-ynyl)malonate 4ap: faint yellow oil, actual mass 

43 mg, yield 94%. 1H NMR (500 MHz, CDCl3): δ 7.58 (s, 1H), 7.45 (d, J = 8.5 Hz, 1H), 7.36-7.28 (m, 

3H), 7.24 (t, J = 8.5 Hz, 1H), 6.93-6.86 (m, 2H), 5.01 (s, 2H), 4.36 (dd, J = 10.0, 2.5 Hz, 1H), 4.26 (q, J 

= 7.0 Hz, 2H), 4.02-3.95 (m, 2H), 3.74 (d, J = 10.0 Hz, 1H), 2.29 (d, J = 2.5 Hz, 1H), 1.29 (t, J = 7.0 

Hz, 3H), 1.05 (t, J = 7.0 Hz, 3H). 
13C NMR (125 MHz, CDCl3): δ 167.0, 166.6, 158.0, 139.2, 131.1, 130.3, 130.2, 130.1, 129.5, 125.8, 
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122.7, 114.9, 83.0, 72.2, 69.1, 61.9, 61.7, 59.2, 36.7, 14.1, 13.9. 

HRMS (ESI) calcd. for (C23H24BrO5)
+ 459.0802, found 459.0805. 

[α]D
28 +26.05 (c 0.24, CHCl3). 

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 49 : 1, Flow rate = 0.3 mL/min, λ = 220 nm): 

tR = 72.55 (minor enantiomer), tR = 91.64 min (major enantiomer). 

 

EtO2C CO2Et

4aq

O

F3C

 

Compound 4aq: faint yellow oil, actual mass 48 mg, yield 92%. 1H NMR (500 MHz, CDCl3): δ 

7.72-7.62 (m, 5H), 7.59-7.42 (m, 3H), 7.36-7.28 (m, 2H), 6.98-6.87 (m, 2H), 5.12 (s, 2H), 4.38 (dd, J = 

10.0, 2.5 Hz, 1H), 4.26 (q, J = 7.0 Hz, 2H), 4.03-3.93 (m, 2H), 3.75 (d, J = 7.0 Hz 1H), 2.29 (d, J = 2.5 

Hz, 1H), 1.29 (t, J = 7.0 Hz, 3H), 1.05 (t, J = 7.0 Hz, 3H). 
13C NMR (125 MHz, CDCl3): δ 167.0, 166.6, 158.2, 144.4, 140.2, 137.8, 131.1, 130.3, 129.9, 129.55 

(q, J = 31 Hz), 129.50, 129.3, 128.6, 127.5, 127.2, 127.0, 126.6 (q, J = 275 Hz), 126.3, 125.7 (q, J = 3.6 

Hz), 125.4, 123.2, 122.7, 114.9, 83.0, 72.2, 69.9, 61.9, 61.6, 59.2, 36.7, 14.1, 13.8. 

HRMS (ESI) calcd. for (C30H28F3O5)
+ 525.1883, found 525.1888. 

[α]D
28 +11.52 (c 0.42, CHCl3). 

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 85 : 15, Flow rate = 1 mL/min, λ = 220 nm): 

tR = 8.94 (minor enantiomer), tR = 10.45 min (major enantiomer). 

 

EtO2C CO2Et

4ar

O

MeO

 

(S)-diethyl 2-(1-(3-(cyclopentyloxy)-4-methoxyphenyl)prop-2-ynyl)malonate 4ar: faint yellow oil, 

actual mass 37 mg, yield 95%. 1H NMR (500 MHz, CDCl3): δ 6.93-6.85 (m, 2H), 6.79-6.76 (m, 1H), 

4.78-4.72 (m, 1H), 4.32 (dd, J = 10.5, 2.5 Hz, 1H), 4.24 (q, J = 7.0 Hz, 2H), 4.02-3.93 (m, 2H), 3.80 (s, 

3H), 3.72 (d, J = 10.5 Hz, 1H), 2.29 (d, J = 2.5 Hz, 1H), 1.99-1.76 (m, 6H), 1.66-1.54 (m, 2H), 1.28 (t, 

J = 7.0 Hz, 3H), 1.04 (t, J = 7.0 Hz, 3H). 
13C NMR (125 MHz, CDCl3): δ 167.0, 166.6, 149.5, 147.6, 129.7, 120.4, 115.0, 111.8, 83.1, 80.4, 72.1, 

61.8, 61.6, 59.3, 56.0, 37.1, 32.8, 32.7, 24.1, 24.0, 14.1, 13.8. 

HRMS (ESI) calcd. for (C22H29O6)
+ 389.1959, found 389.1969. 

[α]D
29 +13.55 (c 0.70, CHCl3). 

HPLC (Daicel CHIRALPAK IA,  Hexane : Isopropanol = 19 : 1, Flow rate = 0.8 mL/min, λ = 220 

nm): tR = 10.71 (minor enantiomer), tR = 11.75 min (major enantiomer). 

 

Determination of absolute stereochemistry of 3ac by correlation 

Ph

EtO2C CO2Et
CO2Et

3ac

Pd/C, H2

MeOH Ph

EtO2C CO2Et
CO2Et

1) NaOH, CH3OH
   rt

2) AcOH, reflux Ph

CO2H

 

A solution of 3ac (100 mg, 0.29 mmol) in MeOH (5 mL) was stirred under hydrogen 

atmoasphere in the presence of 10% Pd/C (10 mg) at room temperature for 10 h. Then, the 
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reaction mixture was filtered through a short pad of silica gel eluting with EtOAc. The solvent was 

removed under reduced pressure. The residue was purified by flash chromatography on silica gel to 

afford pure triester (81 mg, 0.23 mmol) in a yield of 79%.  

A solution of the triester in MeOH (2 mL) was treated with a solution 3 N NaOH (0.6 mL, 2 

mmol) in water, the resulting mixture was stirred at room temperature and monitored by TLC. 

When no starting material remained, volatiles were removed in vacuo and the crude tris-acid was 

taken up in AcOH (2 mL) and heated to reflux. The reaction was monitored by TLC analysis, and 

when no starting material remained (12 hrs), solvent was concentrated in vacuo. The resultant 

crude acid was dissolved in water (3 mL), extracted with EtOAc (5 mL × 3), and the combined 

extracts were dried (Na2SO4) and concentrated in vacuo to give acid product (29 mg, 0.16 mmol) 

in a yield of 71%. 

 

Ph

EtO2C CO2Et
CO2Et

 

(R)-triethyl 2-phenylbutane-1,1,1-tricarboxylate: colourless oil, actual mass 81 mg, yield 79%.  1H 

NMR (500 MHz, CDCl3): δ 7.39-7.33 (m, 2H), 7.28-7.16 (m, 3H), 4.21-4.06 (m, 6H), 3.49-3.44 (m, 

1H), 2.03-1.92 (m, 1H), 1.89-1.76 (m, 1H), 1.18 (t, J = 7.0 Hz, 9H), 0.73 (t, J = 7.0 Hz, 3H). 

 

Ph

CO2H

 

(S)-3-phenylpentanoic acid: colourless oil, actual mass 29 mg, yield 71%. 1H NMR (500 MHz, 

CDCl3): δ 7.33-7.15 (m, 5H), 3.02-2.95 (m, 1H), 2.72-2.52 (m, 2H), 1.85-1.55 (m, 2H), 0.82-0.75 (m, 

3H). 

[α]D
25

 +34.55 (c 0.33, CHCl3), {literature data: [α]D
20

 –41.7 (c 0.30, CHCl3)} for R-isomer (J. Org. 

Chem. 2006, 71, 7763). 

 

General procedure for preparation of propargylic alcohol derivatives: 

O

+
TMS

n-BuLi, THF

-78 oC

OH

TMS

MeOH

K2CO3, rt

OH

PivCl, TEA

DMAP, DCM

0 oC

OPiv

2c
 

n-BuLi (19.7 mL, 31.5 mmol; 1.60 M solution in hexane) was added to a solution of 

trimethylsilylacetylene (4.67 mL, 33 mmol) in anhydrous THF (60 mL) at -70 °C and the mixture 

was stirred for 25 min. Benzaldehyde (3.18 g, 30 mmol) was then added dropwise, and the 

resulting solution was stirred for 0.5 h at -70 °C. After the reaction was warmed up to room 

temperature, water (30 mL) was added to quench the reaction. The organic materials were 

extracted with Et2O (30 mL × 3). The organic layer was dried over MgSO4, filtered, and 

concentrated under vacuum. The residue was dissolved in MeOH (50 mL), then K2CO3 (4.14 g, 30 

mmol) was added while stirring. The reaction was allowed to stir at room temperature for 2 h. The 

solid was removed by filtration through a pad of celite and washed with DCM. The filtrate was 

washed with aqueous ammonium chloride and brine successively, and dried over Na2SO4. After 

evaporation of the solvent, the residue was purified by column chromatography on silica gel ( PE : 

EA = 10 : 1 ) to afford the corresponding propargylic alcohol (3.3 g, 25 mmol) in 85% yield over 2 

steps. 
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  To a solution of propargylic alcohol (1.06 g, 8 mmol) in anhydrous DCM (20 mL), Et3N (1.22 

mL, 8.8 mmol) and DMAP (97 mg, 0.8 mmol) were added successively. The reaction mixture was 

cooled with an ice bath for 5 min. Then PivCl (1.03 mL, 8.4 mmol) was added dropwise. The 

reaction was gradually warmed to room temperature and stirred for 3 h at this temperature. After 

complete consumption of 1-phenylprop-2-yn-1-ol as followed by TLC, water (20 mL) was added 

to quench the reaction. The organic phase was isolated, and the aqueous phase was extracted with 

DCM (15 mL × 2). The combined organic layers were washed with brine, dried over MgSO4, filtered 

and evaporated under reduced pressure. The residue was purified by flash chromatography on silica 

gel to afford pure 2c (1.50 g, 6.94 mmol) as a pale yellow oil in a yield of 87%. 

 

OPiv

2c  

1-Phenylprop-2-ynyl pivalate 2c (known compound: Angew. Chem. Int. Ed. 2013, 52, 5880): a pale 

yellow oil. 1H NMR (500 MHz, CDCl3): δ 7.55-7.48 (m, 2H), 7.43-7.32 (m, 3H), 6.44 (d, J = 2.5 Hz, 

1H), 2.63 (d, J = 2.5 Hz, 1H), 1.23 (s, 9H). 

 

OPiv

2dF  

1-(4-Fluorophenyl)prop-2-ynyl pivalate 2d: a pale yellow oil. 1H NMR (500 MHz, CDCl3): δ 7.53-7.46 

(m, 2H), 7.11-7.02 (m, 2H), 6.40 (d, J = 2.5 Hz, 1H), 2.63 (d, J = 2.5 Hz, 1H), 1.23 (s, 9H). 
13C NMR (125 MHz, CDCl3): δ 177.1, 162.9 (d, J = 246 Hz), 132.8 (d, J = 2.5 Hz), 129.3 (d, J = 7.5 

Hz), 115.6 (d, J = 22.5 Hz), 80.2, 75.3, 64.4, 38.7, 26.9. 

HRMS (ESI) calcd. for (C14H15FNaO2)
+ 257.0948, found 257.0956. 

 

OPiv

2eCl  

1-(4-Chlorophenyl)prop-2-ynyl pivalate 2e: a pale yellow oil. 1H NMR (500 MHz, CDCl3): δ 7.49-7.41 

(m, 2H), 7.39-7.32 (m, 2H), 6.39 (d, J = 2.5 Hz, 1H), 2.64 (d, J = 2.5 Hz, 1H), 1.21 (s, 9H).  
13C NMR (125 MHz, CDCl3): δ 177.0, 135.4, 134.8, 128.9, 128.8, 80.0, 75.5, 64.4, 38.7, 26.9. 

HRMS (ESI) calcd. for (C14H15ClNaO2)
+ 273.0653, found 273.0662. 

 

OPiv

2fBr  

1-(4-Bromophenyl)prop-2-ynyl pivalate 2f: a pale yellow oil. 1H NMR (500 MHz, CDCl3): δ 7.50 (d, J 

= 8.5 Hz, 2H), 7.38 (d, J = 8.5 Hz, 2H), 6.37 (d, J = 2.5 Hz, 1H), 2.63 (d, J = 2.5 Hz, 1H), 1.21 (s, 9H). 
13C NMR (125 MHz, CDCl3): δ 177.0, 135.9, 131.8, 129.1, 123.0, 79.9, 75.5, 64.4, 38.7, 26.9. 

HRMS (ESI) calcd. for (C14H15BrNaO2)
+ 317.0148, found 317.0160. 
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OPiv

2gF3C  

1-(4-(Trifluoromethyl)phenyl)prop-2-ynyl pivalate 2g: a pale yellow oil. 1H NMR (500 MHz, CDCl3): 

δ 7.68-7.60 (m, 4H), 6.46 (d, J = 2.5 Hz, 1H), 2.66 (d, J = 2.5 Hz, 1H), 1.23 (s, 9H). 
13C NMR (125 MHz, CDCl3): δ 176.9, 140.7, 131.0 (q, J = 32.7 Hz), 127.6, 127.1, 125.7 (q, J = 3.6 

Hz), 123.9 (q, J = 270.8 Hz), 79.7, 75.8, 64.3, 38.8, 26.9. 

HRMS (ESI) calcd. for (C15H15F3NaO2)
+ 307.0916, found 307.0924. 

 

OPiv

2hH3C  

1-p-Tolylprop-2-ynyl pivalate 2h: a pale yellow oil. 1H NMR (500 MHz, CDCl3): δ 7.40 (d, J = 8.0 Hz, 

2 H), 7.19 (d, J = 8.0 Hz, 2 H), 6.39 (d, J = 2.5 Hz, 1H), 2.61 (d, J = 2.5 Hz, 1H), 2.36 (s, 3H), 1.22 (s, 

9H). 
13C NMR (125 MHz, CDCl3): δ 177.2, 138.7, 134.0, 129.3, 127.3, 80.7, 74.9, 65.0, 38.7, 27.0, 21.2. 

HRMS (ESI) calcd. for (C15H18NaO2)
+ 253.1199, found 253.1205. 

 

OPiv

2iMeO  

1-(4-Methoxyphenyl)prop-2-ynyl pivalate 2i: a pale yellow oil. 1H NMR (500 MHz, CDCl3): δ 7.44 (d, 

J = 8.5 Hz, 2H), 6.90 (d, J = 8.5 Hz, 2H), 6.38 (d, J = 2.0 Hz, 1H), 3.81 (s, 3H), 2.62 (d, J = 2.0 Hz, 

1H), 1.20 (s, 9H). 
13C NMR (125 MHz, CDCl3): δ 177.2, 160.0, 129.0, 128.9, 113.4, 80.7, 74.9, 64.8, 55.3, 38.7, 27.0. 

HRMS (ESI) calcd. for (C15H18NaO3)
+ 269.1148, found 269.1158. 

 

OPiv

2j

MOMO

 

1-(2-(Methoxymethoxy)phenyl)prop-2-ynyl pivalate 2j: a pale yellow oil. 1H NMR (500 MHz, CDCl3): 

δ 7.68-7.63 (m, 1H), 7.35-7.28 (m, 1H), 7.13 (d, J = 8.0 Hz, 1H), 7.05 (t, J = 8.0 Hz, 1H), 6.76 (d, J = 

2.0 Hz, 1H), 5.25-5.15 (m, 2H), 3.47 (s, 3H), 2.57 (d, J = 2.0 Hz, 1H), 1.22 (s, 9H). 
13C NMR (125 MHz, CDCl3): δ 177.0, 154.3, 130.2, 128.3, 125.8, 121.8, 114.2, 94.4, 80.6, 74.32, 74.3, 

60.2, 56.2, 38.7, 27.0. 

HRMS (ESI) calcd. for (C16H20NaO4)
+ 299.1254, found 299.1255. 

 

OPiv

2k

MOMO

 

1-(3-(Methoxymethoxy)phenyl)prop-2-ynyl pivalate 2k: a pale yellow oil. 1H NMR (500 MHz, CDCl3): 

δ 7.29 (t, J = 7.9 Hz, 1H), 7.21-7.11 (m, 2H), 7.05-7.00 (m, 1H), 6.39 (d, J = 2.0 Hz, 1H), 5.20-5.13 (m, 

2H), 3.46 (s, 3H), 2.63 (d, J = 2.0 Hz, 1H), 1.23 (s, 9H). 
13C NMR (125 MHz, CDCl3): δ 176.9, 157.4, 138.3, 129.6, 120.6, 116.4, 115.1, 94.4, 80.3, 75.1, 64.7, 
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55.9, 38.7, 26.9. 

HRMS (ESI) calcd. for (C16H20NaO4)
+ 299.1254, found 299.1259. 

 

OPiv

2l
MOMO

 

1-(4-(Methoxymethoxy)phenyl)prop-2-ynyl pivalate 2l: a pale yellow oil liquid. 1H NMR (500 MHz, 

DCl3): δ 7.65 (dd, J = 8.0, 2.0 Hz, 1H), 7.33-7.28 (m, 1H), 7.12 (d, J = 8.0 Hz, 1H), 7.04 (t, J = 8.0 Hz, 

1H), 6.76 (d, J = 2.0 Hz, 1H), 5.24-5.15 (m, 2H), 3.46 (s, 3H), 2.56 (d, J = 2.0 Hz, 1H), 1.21 (s, 9H). 
13C NMR (125 MHz, CDCl3): δ 177.0, 154.3, 130.2, 128.3, 125.7, 121.8, 114.2, 94.4, 80.5, 74.4, 60.2, 

56.1, 38.7, 27.0. 

HRMS (ESI) calcd. for (C16H20NaO4)
+ 299.1254, found 299.1260. 

 

OPiv

2mBnO  

1-(4-(Benzyloxy)phenyl)prop-2-ynyl pivalate 2m: a pale yellow oil. 1H NMR (500 MHz, CDCl3): δ 

7.50-7.31 (m, 7H), 7.03-6.96 (m, 2H), 6.40 (d, J = 2.0 Hz, 1H), 5.08 (s, 2H), 2.63 (d, J = 2.0 Hz, 1H), 

1.23 (s, 9H). 
13C NMR (125 MHz, CDCl3): δ 177.2, 159.2, 136.8, 129.3, 128.9, 128.7, 128.1, 127.5, 114.9, 80.7, 

74.9, 70.1, 64.8, 38.7, 27.0. 

HRMS (ESI) calcd. for (C21H22NaO3)
+ 345.1461, found 345.1466. 

 

OPiv

2n  

1-(Naphthalen-1-yl)prop-2-ynyl pivalate 2n: a pale yellow oil. 1H NMR (500 MHz, CDCl3): δ 

8.25-8.19 (m, 1H), 7.94-7.84 (m, 3H), 7.64-7.47 (m, 3H), 7.10 (d, J = 2.5 Hz, 1H), 2.73 (d, J = 2.5 Hz, 

1H), 1.27 (s, 9H). 
13C NMR (125 MHz, CDCl3): δ 177.2, 134.1, 132.1, 130.6, 130.0, 128.9, 126.6, 126.4, 126.1, 125.2, 

123.8, 80.4, 75.9, 63.9, 39.0. 

HRMS (ESI) calcd. for (C18H18NaO2)
+ 289.1199, found 289.1209. 

 

OPiv

2o  

Hept-1-yn-3-yl pivalate 2o: a pale yellow oil. 1H NMR (500 MHz, CDCl3): δ 5.33-5.26 (m, 1H), 2.40 

(d, J = 2.5 Hz, 1H), 1.82-1.70 (m, 2H), 1.46-1.28 (m, 4H), 1.20 (s, 9H), 0.89 (t, J = 7.0 Hz, 3H). 
13C NMR (125 MHz, CDCl3): δ 177.4, 81.5, 73.0, 63.5, 38.7, 34.2, 27.0, 26.5, 22.2, 13.9. 

HRMS (ESI) calcd. for (C12H20NaO2)
+ 219.1356, found 219.1363. 

 

O

OPiv

2p

Br
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Compound 2p: a pale yellow oil. 1H NMR (500 MHz, CDCl3): δ 7.60 (s, 1H), 7.48-7.43 (m, 3H), 

7.37-7.33 (m, 1H), 7.28-7.23 (m 1H), 6.96 (d, J = 8.5 Hz, 2H), 6.38 (d, J = 2.0 Hz, 1H), 5.04 (s, 2H), 

2.62 (d, J = 2.0 Hz, 1H), 1.21 (s, 9H). 
13C NMR (125 MHz, CDCl3): δ 177.2, 158.9, 139.1, 131.1, 130.3, 130.2, 129.6, 129.0, 125.9, 122.7, 

114.9, 80.6, 75.0, 69.1, 64.8, 38.7, 27.0. 

HRMS (ESI) calcd. for (C21H21BrNaO3)
+ 423.0566, found 423.0571. 

 

O

F3C

OPiv

2q  

Compound 2q: a pale yellow oil. 1H NMR (500 MHz, CDCl3): δ 7.70-7.48 (m,10H), 7.42-6.94 (m, 2H), 

6.9 (d, J = 2.0 Hz, 1H), 5.19-4.98 (m, 2H), 2.62 (d, J = 2.0 Hz, 1H), 1.22 (s, 9H). 
13C NMR (125 MHz, CDCl3): δ 177.2, 159.1, 158.9, 144.4, 140.2, 139.1, 137.6, 131.5, 130.4, 130.2, 

130.19, 129.7, 129.6, 129.5, 129.43, 129.35, 129.0, 128.8 (q, J = 36.5 Hz), 128.1, 127.53, 127.48, 

127.3, 127.1, 126.4, 125.86, 125.80 (q, J = 3.6 Hz), 124.3 (q, J = 269.7 Hz), 122.8, 114.91, 114.88, 

80.63, 80.61, 74.9, 69.9, 69.2, 64.80, 38.7, 27.0. 

HRMS (ESI) calcd. for (C28H25F3NaO3)
+ 489.1648, found 489.1656. 

 

O

OPiv

O

2r
 

1-(3-(Cyclopentyloxy)-4-methoxyphenyl)prop-2-ynyl pivalate 2r: a pale yellow oil. 1H NMR (500 

MHz, CDCl3): δ 7.08-6.99 (m, 2H), 6.83 (d, J = 8.0 Hz, 1H), 6.36 (d, J = 2.5 Hz, 1H), 4.81-4.74 (m, 

1H), 3.83 (s, 3H), 2.62 (d, J = 2.5 Hz, 1H), 1.99-1.77 (m, 6H), 1.66-1.54 (m, 2H), 1.20 (s, 9H). 
13C NMR (125 MHz, CDCl3): δ 177.2, 150.4, 147.6, 129.2, 119.9, 114.0, 111.5, 80.7, 74.9, 65.0, 56.0, 

38.7, 32.8, 27.0, 24.1. 

HRMS (ESI) calcd. for (C20H26NaO4)
+ 353.1723, found 353.1732. 
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