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Scheme S1. Proposed model for asymmetric induction. 
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As for the copper-catalyzed radical C(sp3)–Nu bond formation, there are mainly three 
possible pathways between CuIINu and the alkyl radical intermediate: (1) the 
formation of a CuIII species between CuIINu and the alkyl radical intermediate, 
followed by subsequent reductive elimination (pathway A in Scheme S1A); (2) 
outer-sphere radical substitution (pathway B in Scheme S1A); (3) oxidation of the 
alkyl radical intermediate to a carbocation intermediate followed by nucleophilic 
trapping (pathway C in Scheme S1A). At this stage, we have no clear evidence 
favoring any of these three pathways. Nonetheless, we speculate that the reaction 
probably proceeds via the formation of CuIII species V and subsequent reductive 
elimination (Scheme S1B). Based on this assumption, we have deduced transition 
states (TS) that lead to the desired stereochemistry and its mirror image, respectively 
(Scheme S1B). The unfavored transition state leading to the S product involves the 
clash between the relatively large (hetero)aryl group in substrate and the bulky 
phosphine moiety in ligand and thus, is unfavored. This result is consistent with the 
observed stereochemistry (R product). The investigation on the proposed formation of 
CuIII species is still ongoing in our laboratory and the results will be disclosed in due 
report. 
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1. General information 

Reagents were used as received from commercial suppliers without further 

purification, unless otherwise stated. CuI was purchased from Sigma-Aldrich. 

Anhydrous trifluorotoluene (PhCF3) was purchased from Beijing J&K Scientific Ltd. 

and was used directly without further purification. NMR spectra were recorded for 1H 

NMR (400 MHz), 13C NMR (100 MHz) and 19F NMR (376 MHz) using TMS as an 

internal standard and Bruker AV 400 as an instrument. The following abbreviations 

were used to describe peak patterns where appropriate: singlet (s), doublet (d), triplet 

(t), multiplet (m). High-resolution mass spectroscopy (HRMS) were obtained using 

Bruker Apex IV RTMS. Enantiomeric excess (ee) was determined by Agilent 

high-performance liquid chromatography (HPLC) with a Hatachi detector (at 

appropriate wavelength).  
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2. Screening of reaction conditions 

Table S1 Screening of different solvents[a] 

 

Entry Solvent Yield of 3 Yield of 3' Yield of 3'' ee of 3 

1 DMF < 5% ~30% 9% NA 

2 MeCN 10% ~30% 6% 86% 

3 Et2O ND ~30% 8% NA 

4 THF 9% ~20% 9% 80% 

5 fluorobenzene 13% ~30% 16% 92% 

6 trifluorotoluene 20% ~30% 13% 92% 

7 hexafluorobenzene 5% ~20% 18% 46% 

8 EtOAc ND ~10% < 5% NA 

9 CH2Cl2 14% ~30% 11% 82% 

[a] Reaction conditions: ()-1aa (0.050 mmol), 2a (1.5 equiv.), CuI (10 mol%), L1 (12 mol%), and Cs2CO3 (2.0 

equiv.) in anhydrous solvent (0.50 mL) at rt under irradiation of blue LED (24 W) for 2 d under argon. Yields of 3 

and 3′′ were based on 1H NMR analysis of the crude product using CH2Br2 as an internal standard. Yield of 3′ was 

the isolated yield. Ee value was determined by HPLC analysis. [b] ND = not detected. [c] NA = not applicable. In 

most cases, 2-phenylpropanoic acid via the hydrolysis of 1aa could be detected. 
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Table S2 Screening of different bases[a] 

 

Entry Base Yield of 3 Yield of 3' Yield of 3'' ee of 3 

 1[b] Cs2CO3 20% ~30% 13% 92% 

2 Cs2CO3 21% ~30% 12% 92% 

3 K3PO4 13% ~10% 5% 92% 

4 K2HPO4 ND < 5% < 5% NA 

5 CsOAc ND < 5% < 5% NA 

6 Et3N ND < 5% < 5% NA 

7 pyridine ND < 5% < 5% NA 

[a] Reaction conditions: ()-1aa (0.050 mmol), 2a (1.5 equiv.), CuI (10 mol%), L1 (12 mol%), and base (2.0 

equiv.) in PhCF3 (0.50 mL) at rt under irradiation of blue LED (24 W) for 3 d under argon. Yields of 3 and 3′′ 

were based on 1H NMR analysis of the crude product using CH2Br2 as an internal standard. Yield of 3′ was the 

isolated yield. Ee value was determined by HPLC analysis. [b] Reaction time: 2 d.  
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Table S3 Screening of different ligands[a] 

HN

O

PAr2

L3, Ar = 3,5-tBu2C6H3

N

N

N

OMe

N

NH

O

PAr2

L2, Ar = 2,4,6-Me3C6H2

L4, Ar = 3,5-(C6H5)2C6H3

L5, Ar = 3,5-(MeO)2C6H3

L6, Ar = 2,4,6-iPr3C6H2

L7, Ar = 3,5-(CF3)2C6H3
N

OMe

N

NH

O

PPh2

Ph

N

N

NH

O

PPh2

OMe

O

O N

O

O
(±)-1aa

H

Ph

2a (1.5 equiv.)

CuI (10 mol%)
L (12 mol%)

Cs2CO3 (2 equiv.)

Blue LED (24 W)
PhCF3, rt, 3 d Ph

Ph

3'3

Ph

Ph

++

L8 L9

+ Ph
Ph

3''

 
 

Entry L Yield of 3 Yield of 3' Yield of 3'' ee of 3 

1 L1 21% ~30% 12% 92% 

2 L2 < 5% ~10% < 5% NA 

3 L3 21% ~20% 6% -72% 

4 L4 6% ~20% 7% 70% 

5 L5 15% ~30% 16% 76% 

6 L6 < 5% < 5% < 5% NA 

7 L7 < 5% ~10% < 5% NA 

8 L8 17% ~30% 14% 58% 

9 L9 18% ~10% < 5% -48% 

[a] Reaction conditions: ()-1aa (0.050 mmol), 2a (1.5 equiv.), CuI (10 mol%), L (12 mol%), and Cs2CO3 (2.0 

equiv.) in PhCF3 (0.50 mL) at rt under irradiation of blue LED (24 W) for 3 d under argon. Yields of 3 and 3′′ 

were based on 1H NMR analysis of the crude product using CH2Br2 as an internal standard. Yield of 3′ was the 

isolated yield. Ee value was determined by HPLC analysis. In most cases, 2-phenylpropanoic acid via the 

hydrolysis of 1aa could be detected. 
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Table S4. Screening of copper salts[a] 

 

Entry [Cu] salt Yield of 3 Yield of 3' Yield of 3'' ee of 3 

1 CuI 21% ~30% 12% 92% 

2 CuCl 18% ~20% 5% 92% 

3 CuSCN 19% ~20% 7% 92% 

4 Cu(MeCN)4PF6 17% ~20% 7% 92% 

5 CuTc 9% ~30% 14% 72% 

6 Cu(PPh3)Br ND ~10% 6% NA 

7 CuCl2 ND ~20% 13% NA 

[a] Reaction conditions: ()-1aa (0.050 mmol), 2a (1.5 equiv.), [Cu] salt (10 mol%), L1 (12 mol%), and Cs2CO3 

(2.0 equiv.) in PhCF3 (0.50 mL) at rt under irradiation of blue LED (24 W) for 3 d under argon. Yield of 3 and 3′′ 

were based on 1H NMR analysis of the crude product using CH2Br2 as an internal standard. Yield of 3′ was the 

isolated yield. Ee value was determined by HPLC analysis. In most cases, 2-phenylpropanoic acid via the 

hydrolysis of 1aa could be detected. 
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3. Control experiments 

Table S5. Variation of reaction parameters[a]  

 

Entry Variation Yield of 4 Yield of 3′ ee of 4 

1[b] No light 11% 0% 97% 

2 No CuI 0% 0% NA 

3 No L1 6% ~10% NA 

4 No Cs2CO3 0% 0% NA 

[a] Reaction conditions: 1b (0.050 mmol), 2a (1.5 equiv.), CuI (10 mol%), L1 (12 mol%), and Cs2CO3 (3.5 equiv.) 

in PhCF3 (1 mL) at rt under irradiation of blue LED (24 W) for 3 d under argon. Yield of 4 was based on 1H NMR 

analysis of the crude product using CH2Br2 as an internal standard. Yield of 3′ was the isolated yield. Ee value was 

determined by HPLC analysis. [b] The reaction was stirred at rt for 3 d. and then was stirred at reflux for 2 d. 
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4. Stern-Volmer luminescence quenching experiments 
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Figure S1a. Cu(I)-phenylacetylide emission quenching by 1b. 
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Figure S1b. Cu(I)-phenylacetylide emission quenching by ethynylbenzene (2a). 
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Figure S1c. Cu(I)-phenylacetylide emission quenching by 1aa. 
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Figure S1d. Cu(I)-phenylacetylide emission quenching by 1ab. 
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Figure S1e. Cu(I)-phenylacetylide emission quenching by 1ac. 
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Figure S1f. Cu(I)-phenylacetylide emission quenching by 1ad. 
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Figure S1g. Cu(I)-phenylacetylide emission quenching by 1ae.   
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Figure S1h. Cu(I)-phenylacetylide emission quenching by 1af. 
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Figure S1i. Cu(I)-phenylacetylide emission quenching by 1ag. 
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Figure S1j. Cu(I)-phenylacetylide emission quenching by 1ah. 

 

 

Figure S1k. Comparison of quenching efficiency with 1aa1ah. 
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5. Cyclic voltammetry experiments 

Cyclic voltammetry experiment was performed using a CH Instruments 

Electrochemical Workstation model PalmSens4. The electrochemical cell was 

equipped with a glassy carbon working electrode, a Pt mesh counter electrode, and a 

Ag/AgNO3 (10 mM AgNO3 in MeCN) reference electrode. A solution of 1b in MeCN 

(0.001 M) was tested with 0.1 M Bu4NPF6 as the supporting electrolyte and ferrocene 

was using as an internal standard. Scan rate = 0.1 V/s, 2 sweep segments, a sample 

interval of 0.001 V.  

 

Figure S1. Cyclic voltammogram of 1b in MeCN. Ep = 1.567 V vs. Fc/Fc+. Ep (vs. 

SCE) = 1.567 V + 0.393 V = 1.174 V. 
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6. The synthesis of N-hydroxyphthalimide esters 

General procedure 1 

 

To a solution of alkyl carboxylic acid (1.0 equiv.), N,N-dimethylpyridin-4-amine 

(DMAP, 10 mol%) and N-hydroxyphthalimide or its analogues (1.06 equiv.) in dry 

CH2Cl2 (0.1 M) was added a solution of N,N-dicyclohexylcarbodiimide (DCC, 1.1 

equiv.) in CH2Cl2 (0.4 M) under an ice-water bath. Then, the reaction mixture was 

stirred for 12 h at room temperature. After the completion of reaction, the organic 

solvent was removed by rotary evaporator under vacuum and the residue was purified 

by flash column chromatography on silica gel to afford the pure products.[1] 

1,3-Dioxoisoindolin-2-yl 2-phenylpropanoate (1aa) 

O

O

N

O

O  

According to General procedure 1 with  2-phenylpropanoic acid (300.4 mg, 2.0 

mmol, 1.0 equiv.) and 2-hydroxyisoindoline-1,3-dione (345.8 mg, 2.12 mmol, 1.06 

equiv.) for 12 h, the reaction mixture was purified by column chromatography on 

silica gel (dichloromethane/petroleum ether = 1/2) to yield the product 1aa as a 

colorless solid (442.9 mg, 75% yield). 

1H NMR (400 MHz, CDCl3) δ: 7.87-7.85 (m, 2H), 7.79-7.75 (m, 2H), 7.42-7.38 (m, 

4H), 7.36-7.31 (m, 1H), 4.13 (q, J = 7.2 Hz, 1H), 1.68 (d, J = 7.2 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ: 170.8, 161.8, 138.3, 134.7, 128.9, 128.7, 127.8, 127.5, 123.9, 

42.9, 19.0. The NMR spectra were in accord with that reported in literature.[1] 

 

5-Fluoro-1,3-dioxoisoindolin-2-yl 2-phenylpropanoate (1ab) 

O

O

N

O

O
F

 

According to General procedure 1 with  2-phenylpropanoic acid (412.2 mg, 2.7 
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mmol, 1.0 equiv.) and 5-fluoro-2-hydroxyisoindoline-1,3-dione (522.0 mg, 2.9 mmol, 

1.06 equiv.) for 12 h, the reaction mixture was purified by column chromatography on 

silica gel (dichloromethane/petroleum ether = 1/2) to yield the product 1ab as a 

colorless solid (609.0 mg, 72% yield). 

1H NMR (400 MHz, CDCl3) δ: 7.89-7.86 (m, 1H), 7.56-7.53 (m, 1H), 7.46-7.43 (m, 

1H), 7.42-7.38 (m, 4H), 7.36-7.31 (m, 1H), 4.12 (q, J = 7.2 Hz, 1H), 1.67 (d, J = 7.2 

Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 170.7, 166.6 (d, J = 257.2 Hz), 160.6, 138.2, 

131.7 (d, J = 9.5 Hz), 128.9, 127.8, 127.5, 126.6 (d, J = 9.4 Hz), 124.7 (d, J = 3.2 Hz), 

121.8 (d, J = 23.4 Hz), 111.9 (d, J = 25.0 Hz), 42.9, 18.9; HRMS (ESI): decomposed 

to C8H4FNO3, m/z calcd for C8H3FNO3 [M-H]-: 180.0102, found: 180.0095. 

 

5-Methyl-1,3-dioxoisoindolin-2-yl 2-phenylpropanoate (1ac) 

O

O

N

O

O
Me

 

According to General procedure 1 with  2-phenylpropanoic acid (300.4 mg, 2.0 

mmol, 1.0 equiv.) and 2-hydroxy-5-methylisoindoline-1,3-dione (375.6 mg, 2.12 

mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column 

chromatography on silica gel (dichloromethane/petroleum ether = 1/4) to yield the 

product 1ac as a colorless solid (494.9 mg, 80% yield). 

1H NMR (400 MHz, CDCl3) δ: 7.73 (d, J = 7.6 Hz, 1H), 7.66 (s, 1H), 7.55 (d, J = 7.6 

Hz, 1H), 7.42-7.37 (m, 4H), 7.36-7.30 (m, 1H), 4.12 (q J = 7.1 Hz, 1H), 2.51 (s, 3H), 

1.67 (d, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 170.8, 162.0, 146.2, 138.4, 

135.2, 129.2, 128.9, 127.8, 127.6, 126.2, 124.4, 123.9, 42.9, 22.1, 19.0; HRMS (ESI): 

m/z calcd for C18H16NO4 [M+H]+: 310.1074, found: 310.1071. 

 

5-Methoxy-1,3-dioxoisoindolin-2-yl 2-phenylpropanoate (1ad) 

O

O

N

O

O
OMe

 

According to General procedure 1 with  2-phenylpropanoic acid (300.4 mg, 2.0 

mmol, 1.0 equiv.) and 2-hydroxy-5-methoxyisoindoline-1,3-dione (409.5 mg, 2.12 



S21 
 

mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column 

chromatography on silica gel (dichloromethane/petroleum ether = 1/1) to yield the 

product 1ad as a colorless solid (455.4 mg, 70% yield). 

1H NMR (400 MHz, CDCl3) δ: 7.76 (d, J = 8.4 Hz, 1H), 7.42-7.37 (m, 4H), 7.35-7.30 

(m, 2H), 7.19 (dd, J = 8.4, 2.4 Hz, 1H), 4.11 (q, J = 7.2 Hz, 1H), 3.92 (s, 3H), 1.67 (d, 

J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 170.9, 165.1, 161.8, 138.4, 131.4, 

128.9, 127.7, 127.5, 125.8, 120.6, 120.2, 108.9, 56.1, 42.9, 19.0; HRMS (ESI): m/z 

calcd for C18H16NO5 [M+H]+: 326.1023, found: 326.1019. 

 

4,5,6,7-Tetrachloro-1,3-dioxoisoindolin-2-yl 2-phenylpropanoate (1ae) 

 

According to General procedure 1 with  2-phenylpropanoic acid (300.4 mg, 2.0 

mmol, 1.0 equiv.) and 4,5,6,7-tetrachloro-2-hydroxyisoindoline-1,3-dione (637.9 mg, 

2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column 

chromatography on silica gel (dichloromethane/petroleum ether = 1/1) to yield the 

product 1ae as a colorless solid (563.0 mg, 65% yield). 

1H NMR (400 MHz, CDCl3) δ: 7.42-7.37 (m, 4H), 7.35-7.31 (m, 1H), 4.12 (q, J = 7.2 

Hz, 1H), 1.67 (d, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 170.3, 157.4, 141.0, 

137.9, 130.4, 129.0, 127.9, 127.5, 124.7, 42.9, 18.9; HRMS (ESI): decomposed to 

C8HCl4NO3, m/z calcd for C8Cl4NO3 [M-H]-: 297.8638, found: 297.8639. 

 

1,3-Dioxo-4,5,6,7-tetraphenylisoindolin-2-yl 2-phenylpropanoate (1af) 

 

According to General procedure 1 with  2-phenylpropanoic acid (758.4 mg, 5.1 

mmol, 1.0 equiv.) and 2-hydroxy-4,5,6,7-tetraphenylisoindoline-1,3-dione (2.5 g, 5.4 

mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column 
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chromatography on silica gel (dichloromethane/petroleum ether = 1/1) to yield the 

product 1af as a colorless solid (2.2 g, 71% yield). 

1H NMR (400 MHz, CDCl3) δ: 7.32-7.31 (m, 4H), 7.27-7.24 (m, 1H), 7.19-7.18 (m, 

6H), 7.11 (s, 4H), 6.90-6.88 (m, 6H), 6.74 (s, 4H), 4.00 (q, J = 7.2 Hz, 1H), 1.60 (d, J 

= 7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 170.6, 148.5, 140.1, 138.2, 137.7, 

135.0, 130.6, 129.8, 128.8, 127.6, 127.59, 127.55, 127.4, 127.0, 126.4, 125.1, 42.9, 

19.0; HRMS (ESI): m/z calcd for C41H30NO4 [M+H]+: 600.2169, found: 600.2164. 

 

1,3-Dioxo-1H-benzo[de]isoquinolin-2(3H)-yl 2-phenylpropanoate (1ag) 

O

O

N

O

O

 

According to General procedure 1 with  2-phenylpropanoic acid (300.4 mg, 2.0 

mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[de]isoquinoline-1,3(2H)-dione (452.0 mg, 

2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column 

chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to yield the 

product 1ag as a colorless solid (497.3 mg, 72% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.61-8.55 (m, 2H), 8.25 (d, J = 8.0 Hz, 2H), 7.76 (q, J 

= 8.0 Hz, 2H), 7.51 (d, J = 7.6 Hz, 2H), 7.43 (t, J = 7.6 Hz, 2H), 7.34 (t, J = 7.2 Hz, 

1H), 4.24 (q, J = 7.2 Hz, 1H), 1.76 (d, J = 7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) 

δ: 170.6, 159.6, 159.4, 138.7, 135.0, 134.9, 131.9, 131.8, 128.8, 127.8, 127.7, 127.6, 

127.1, 122.3, 43.2, 19.0; HRMS (ESI): m/z calcd for C21H16NO4 [M+H]+: 346.1074, 

found: 346.1070. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylpropanoate (1ah) 

 

According to General procedure 1 with 2-phenylpropanoic acid (1.3 g, 8.8 mmol, 

1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (2.0 g, 9.3 mmol, 1.06 
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equiv.) for 12 h, the reaction mixture was purified by column chromatography on 

silica gel (dichloromethane/petroleum ether = 1/1) to yield the product 1ah as a 

colorless solid (2.1 g, 70% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.35 (s, 2H), 8.07-8.03 (m, 2H), 7.74-7.70 (m, 2H), 

7.46-7.39 (m, 4H), 7.36-7.32 (m, 1H), 4.16 (q, J = 7.1 Hz, 1H), 1.70 (d, J = 7.2 Hz, 

3H); 13C NMR (100 MHz, CDCl3) δ: 170.6, 161.4, 138.4, 135.4, 130.4, 129.6, 128.9, 

127.8, 127.6, 125.7, 124.4, 43.0, 19.0; HRMS (ESI): m/z calcd for C21H16NO4 

[M+H]+: 346.1074, found: 346.1070. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate (1b) 

 

According to General procedure 1 with 2-phenylbutanoic acid (328.4 mg, 2.0 mmol, 

1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg, 2.12 mmol, 

1.06 equiv.) for 12 h, the reaction mixture was purified by column chromatography on 

silica gel (dichloromethane/petroleum ether = 1/1) to yield the product 1b as a 

colorless solid (503.1 mg, 70% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.35 (s, 2H), 8.07-8.03 (m, 2H), 7.74-7.70 (m, 2H), 

7.44-7.38 (m, 4H), 7.36-7.31 (m, 1H), 3.89 (t, J = 7.6 Hz, 1H), 2.33-2.22 (m, 1H), 

2.04-1.93 (m, 1H), 1.06 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 170.1, 

161.4, 136.8, 135.4, 130.4, 129.6, 128.8, 128.1, 127.8, 125.7, 124.4, 50.5, 27.2, 11.9; 

HRMS (ESI): m/z calcd for C22H18NO4 [M+H]+: 360.1230, found: 360.1228. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 3-methyl-2-phenylbutanoate (S5) 

 

According to General procedure 1 with 3-methyl-2-phenylbutanoic acid (356.5 mg, 

2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg, 
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2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column 

chromatography on silica gel (dichloromethane/petroleum ether = 1/1) to yield the 

product S5 as a colorless solid (470.5 mg, 63% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.34 (s, 2H), 8.06-8.04 (m, 2H), 7.74-7.70 (m, 2H), 

7.43-7.31 (m, 5H), 3.61 (d, J = 9.6 Hz, 1H), 2.53-2.40 (m, 1H), 1.25 (d, J = 6.8 Hz, 

3H), 0.85 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 169.9, 161.4, 136.0, 

135.4, 130.4, 129.6, 128.7, 128.6, 127.9, 125.7, 124.4, 56.6, 32.4, 21.2, 20.2; HRMS 

(ESI): m/z calcd for C23H20NO4 [M+H]+: 374.1387, found: 374.1388. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-cyclohexyl-2-phenylacetate 

(S6) 

 

According to General procedure 1 with 2-cyclohexyl-2-phenylacetic acid (436.6 mg, 

2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg, 

2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column 

chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to yield the 

product S6 as a colorless solid (504.4 mg, 61% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.33 (s, 2H), 8.06-8.04 (m, 2H), 7.73-7.70 (m, 2H), 

7.42-7.31 (m, 5H), 3.67 (d, J = 9.6 Hz, 1H), 2.16-2.09 (m, 2H), 1.86-1.83 (m, 1H), 

1.68-1.66 (m, 2H), 1.47-1.44 (m, 1H), 1.37-1.17 (m, 4H), 0.93-0.85 (m, 1H); 13C 

NMR (100 MHz, CDCl3) δ: 169.9, 161.4, 135.6, 135.4, 130.4, 129.6, 128.7, 127.8, 

125.7, 124.4, 55.6, 41.5, 31.6, 30.4, 26.2, 26.0, 25.9; HRMS (ESI): m/z calcd for 

C26H24NO4 [M+H]+: 414.1700, found: 414.1701. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 5-chloro-2-phenylpentanoate (S7) 
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To a stirred solution of LiN(iPr)2 (LDA, 7.5 mL, 15 mmol, 2.5 equiv., 2.0 M in THF) 

in dry THF (20 mL) was added dropwise the solution of 2-phenylacetic acid (6 mmol, 

1 equiv.) in dry THF (15 mL) under Ar at -78 °C. The reaction mixture was stirred at 

0 °C for 1 h and cooled to -78 °C again. Then, 1-chloro-3-iodopropane (1.84 g, 9 

mmol) was added and the reaction mixture was stirred for 12 h at room temperature. 

After the completion of reaction, the reaction was quenched with aqueous HCl (1 M). 

The reaction mixture was extracted with CH2Cl2 (3 × 10 mL). The combined organic 

layers were washed with saturated brine (2 × 30 mL) and dried with over anhydrous 

MgSO4. The organic solvent was removed by rotary evaporator under vacuum to yield 

5-chloro-2-phenylpentanoic acid which was used directly without further purification. 

According to General procedure 1 with 5-chloro-2-phenylpentanoic acid (425.3 mg, 

2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg, 

2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column 

chromatography on silica gel (dichloromethane/petroleum ether = 1/1) to yield the 

product S7 as a colorless solid (571.0 mg, 70% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.34 (s, 2H), 8.06-8.03 (m, 2H), 7.74-7.70 (m, 2H), 

7.44-7.33 (m, 5H), 4.01 (t, J = 7.6 Hz, 1H), 3.65-3.54 (m, 2H), 2.41-2.32 (m, 1H), 

2.20-2.11 (m, 1H), 2.03-1.82 (m, 2H); 13C NMR (100 MHz, CDCl3) δ: 169.8, 161.3, 

136.4, 135.4, 130.4, 129.7, 129.0, 128.1, 128.0, 125.8, 124.3, 48.2, 44.3, 31.1, 30.0; 

HRMS (ESI): m/z calcd for C23H19ClNO4 [M+H]+: 408.0997, found: 408.0997. 

 

1-(1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl) 4-ethyl 2-phenylsuccinate 

(S8) 
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1) LDA (2.5 equiv.)

THF, -78 oC, 1 h

HO N

O

O
(1.06 equiv.)

DMAP (10 mol%)
DCC (1.1 equiv.)

CH2Cl2, rt, 12 h

O

O

N

O

O

CO2Et

2)
(1.5 equiv.)

rt, 12 h

COOH
COOH

CO2Et

S8

BrCH2CO2Et

 

The synthetic procedure of 4-ethoxy-4-oxo-2-phenylbutanoic acid is the same as that 

of 5-chloro-2-phenylpentanoic acid (see compound S7). 

According to General procedure 1 with  4-ethoxy-4-oxo-2-phenylbutanoic acid 

(444.5 mg, 2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione 

(452.0 mg, 2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by 

column chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to 

yield the product S8 as a colorless solid (542.6 mg, 65% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.34 (s, 2H), 8.05-8.04 (m, 2H), 7.72-7.70 (m, 2H), 

7.44-7.36 (m, 5H), 4.55 (t, J = 7.6 Hz, 1H), 4.20 (q, J = 6.8 Hz, 2H), 3.31-3.25 (m, 

1H), 2.90-2.85 (m, 1H), 1.26 (t, J = 7.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 

170.2, 169.4, 161.1, 135.6, 135.4, 130.4, 129.6, 129.1, 128.3 128.0, 125.7, 124.3, 61.2, 

45.0, 38.2, 14.1; HRMS (ESI): m/z calcd for C24H20NO6 [M+H]+: 418.1285, found: 

418.1285. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylhex-4-ynoate (S9) 

 

The synthetic procedure of 2-phenylhex-4-ynoic acid is the same as that of 

5-chloro-2-phenylpentanoic acid (see compound S7). 

According to General procedure 1 with  2-phenylhex-4-ynoic acid (376.5 mg, 2.0 

mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg, 

2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column 

chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to yield the 

product S9 as a colorless solid (460.1 mg, 60% yield). 
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1H NMR (400 MHz, CDCl3) δ: 8.35 (s, 2H), 8.07-8.03 (m, 2H), 7.74-7.70 (m, 2H), 

7.46-7.34 (m, 5H), 4.20 (t, J = 7.6 Hz, 1H), 3.05-2.97 (m, 1H), 2.77-2.69 (m, 1H), 

1.81 (t, J = 2.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 169.1, 161.2, 135.8, 135.4, 

130.4, 129.6, 128.9, 128.2, 127.9, 125.7, 124.3, 78.8, 74.8, 48.8, 24.0, 3.5; HRMS 

(ESI): m/z calcd for C24H18NO4 [M+H]+: 384.1230, found: 384.1230. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylpent-4-enoate (S10) 

 

The synthetic procedure of 2-phenylpent-4-enoic acid is the same as that of 

5-chloro-2-phenylpentanoic acid (see compound S7). 

According to General procedure 1 with 2-phenylpent-4-enoic acid (352.4 mg, 2.0 

mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg, 

2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column 

chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to yield the 

product S10 as a colorless solid (453.1 mg, 61% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.34 (s, 2H), 8.06-8.04 (m, 2H), 7.74-7.70 (m, 2H), 

7.44-7.32 (m, 5H), 5.89-5.78 (m, 1H), 5.20-5.12 (m, 2H), 4.07 (t, J = 7.6 Hz, 1H), 

3.02-2.95 (m, 1H), 2.74-2.67 (m, 1H); 13C NMR (100 MHz, CDCl3) δ: 169.6, 161.3, 

136.3, 135.4, 133.9, 130.4, 129.6, 128.9, 128.1, 128.0, 125.7, 124.4, 118.1, 48.7, 37.8; 

HRMS (ESI): m/z calcd for C23H18NO4 [M+H]+: 372.1230, found: 372.1231. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(4-chlorophenyl)butanoate 

(S11) 
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The synthetic procedure of 2-(4-chlorophenyl)butanoic acid is the same as that of 

5-chloro-2-phenylpentanoic acid (see compound S7). 

According to General procedure 1 with 2-(4-chlorophenyl)butanoic acid (397.2 mg, 

2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg, 

2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column 

chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to yield the 

product S11 as a colorless solid (590.7 mg, 75% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.35 (s, 2H), 8.06-8.04 (m, 2H), 7.74-7.71 (m, 2H), 

7.39-7.34 (m, 4H), 3.86 (t, J = 7.6 Hz, 1H), 2.31-2.20 (m, 1H), 2.01-1.90 (m, 1H), 

1.05 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 169.8, 161.3, 135.4, 135.3, 

133.8, 130.4, 129.7, 129.5, 129.0, 125.8, 124.3, 49.9, 27.2, 11.8; HRMS (ESI): m/z 

calcd for C22H17ClNO4 [M+H]+: 394.0841, found: 394.0839. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(3-chlorophenyl)butanoate 

(S12) 

 

The synthetic procedure of 2-(3-chlorophenyl)butanoic acid is the same as that of 

5-chloro-2-phenylpentanoic acid (see compound S7). 

According to General procedure 1 with 2-(3-chlorophenyl)butanoic acid (397.2 mg, 

2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg, 

2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column 

chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to yield the 

product S12 as a colorless solid (551.4 mg, 70% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.35 (s, 2H), 8.07-8.04 (m, 2H), 7.74-7.70 (m, 2H), 

7.43 (s, 1H), 7.36-7.30 (m, 3H), 3.86 (t, J = 7.6 Hz, 1H), 2.32-2.21 (m, 1H), 2.03-1.92 

(m, 1H), 1.07 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 169.6, 161.3, 138.7, 

135.5, 134.7, 130.4, 130.1, 129.7, 128.4, 128.1, 126.3, 125.8, 124.4, 50.2, 27.2, 11.8; 

HRMS (ESI): m/z calcd for C22H17ClNO4 [M+H]+: 394.0841, found: 394.0841. 
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1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(2-chlorophenyl)butanoate 

(S13) 

 

The synthetic procedure of  2-(2-chlorophenyl)butanoic acid is the same as that of 

5-chloro-2-phenylpentanoic acid (see compound S7). 

According to General procedure 1 with 2-(2-chlorophenyl)butanoic acid (397.2 mg, 

2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg, 

2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column 

chromatography on silica gel (dichloromethane/petroleum ether = 1/1) to yield the 

product S13 as a colorless solid (496.2 mg, 63% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.35 (s, 2H), 8.06-8.03 (m, 2H), 7.74-7.70 (m, 2H), 

7.52 (dd, J = 7.6, 1.6 Hz, 1H), 7.45 (dd, J = 8.0, 1.6 Hz, 1H), 7.34 (td, J = 7.6, 1.2 Hz, 

1H), 7.29-7.25 (m, 1H), 4.54 (t, J = 7.4 Hz, 1H), 2.30-2.19 (m, 1H), 2.05-1.94 (m, 

1H), 1.08 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 169.7, 161.3, 135.5, 

134.8, 134.1, 130.4, 129.8, 129.7, 129.0, 128.8, 127.3, 125.7, 124.4, 46.4, 26.5, 11.7; 

HRMS (ESI): m/z calcd for C22H17ClNO4 [M+H]+: 394.0841, found: 394.0840. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(4-bromophenyl)butanoate 

(S14) 

1) LDA (2.5 equiv.)

THF, -78 oC, 1 h

HO N

O

O
(1.06 equiv.)

DMAP (10 mol%)
DCC (1.1 equiv.)

CH2Cl2, rt, 12 h

O

O

N

O

O

2) EtI (1.5 equiv.)
rt, 12 h

COOH
COOH

S14

Br
Br Br

 

The synthetic procedure of  2-(4-bromophenyl)butanoic acid is the same as that of 

5-chloro-2-phenylpentanoic acid (see compound S7). 

According to General procedure 1 with 2-(4-bromophenyl)butanoic acid (486.1 mg, 

2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg, 
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2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column 

chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to yield the 

product S14 as a colorless solid (622.4 mg, 71% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.35 (s, 2H), 8.07-8.04 (m, 2H), 7.73-7.71 (m, 2H), 

7.53 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H), 3.85 (t, J = 7.6 Hz, 1H), 2.31-2.20 

(m, 1H), 2.01-1.90 (m, 1H), 1.05 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 

169.7, 161.3, 135.9, 135.5, 132.0, 130.4, 129.8, 129.7, 125.8, 124.3, 121.9, 50.0, 27.2, 

11.8; HRMS (ESI): m/z calcd for C22H17BrNO4 [M+H]+: 438.0335, found: 438.0335. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(p-tolyl)butanoate (S15) 

 

The synthetic procedure of  2-(p-tolyl)butanoic acid is the same as that of 

5-chloro-2-phenylpentanoic acid (see compound S7). 

According to General procedure 1 with  2-(p-tolyl)butanoic acid (356.3 mg, 2.0 

mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg, 

2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column 

chromatography on silica gel (dichloromethane/petroleum ether = 1/1) to yield the 

product S15 as a colorless solid (560.1 mg, 75% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.34 (s, 2H), 8.06-8.04 (m, 2H), 7.74-7.70 (m, 2H), 

7.31 (d, J = 8.0 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H), 3.85 (t, J = 7.6 Hz, 1H), 2.36 (s, 

3H), 2.31-2.20 (m, 1H), 2.02-1.91 (m, 1H), 1.05 (t, J = 7.4 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ: 170.3, 161.4, 137.5, 135.4, 133.9, 130.4, 129.6, 129.5, 127.9, 125.7, 

124.4, 50.1, 27.2, 21.1, 11.9; HRMS (ESI): m/z calcd for C23H20NO4 [M+H]+: 

374.1387, found: 374.1386. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(3-methoxyphenyl)butanoate 

(S16) 
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The synthetic procedure of 2-(3-methoxyphenyl)butanoic acid is the same as that of 

5-chloro-2-phenylpentanoic acid (see compound S7). 

According to General procedure 1 with  2-(3-methoxyphenyl)butanoic acid (388.5 

mg, 2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 

mg, 2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column 

chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to yield the 

product S16 as a colorless solid (599.7 mg, 77% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.35 (s, 2H), 8.07-8.03 (m, 2H), 7.74-7.70 (m, 2H), 

7.31 (t, J = 7.8 Hz, 1H), 7.01-6.99 (m, 2H), 6.89-6.86 (m, 1H), 3.89-3.85 (m, 4H), 

2.31-2.21 (m, 1H), 2.04-1.93 (m, 1H), 1.07 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, 

CDCl3) δ: 170.0, 161.4, 159.9, 138.3, 135.4, 130.4, 129.7, 129.6, 125.7, 124.4, 120.5, 

113.5, 55.3, 50.5, 27.2, 11.9; HRMS (ESI): m/z calcd for C23H20NO5 [M+H]+: 

390.1336, found: 390.1332. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(naphthalen-2-yl)butanoate 

(S17) 

 

The synthetic procedure of  2-(naphthalen-2-yl)butanoic acid is the same as that of 

5-chloro-2-phenylpentanoic acid (see compound S7). 

According to General procedure 1 with 2-(naphthalen-2-yl)butanoic acid (428.5 mg, 

2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg, 

2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column 

chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to yield the 

product S17 as a colorless solid (573.2 mg, 70% yield). 
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1H NMR (400 MHz, CDCl3) δ: 8.34 (s, 2H), 8.05-8.03 (m, 2H), 7.91-7.83 (m, 4H), 

7.73-7.69 (m, 2H), 7.57-7.47 (m, 3H), 4.07 (t, J = 7.6 Hz, 1H), 2.43-2.32 (m, 1H), 

2.15-2.04 (m, 1H), 1.10 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 170.1, 

161.4, 135.4, 134.3, 133.4, 132.9, 130.4, 129.6, 128.6, 128.0, 127.7, 127.3, 126.3, 

126.1, 125.71, 125.69, 124.4, 50.7, 27.2, 11.9; HRMS (ESI): m/z calcd for C26H20NO4 

[M+H]+: 410.1387, found: 410.1388. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(4-isobutylphenyl)propanoate 

(S18) 

 

According to General procedure 1 with ibuprofen (309.4 mg, 1.5 mmol, 1.0 equiv.) 

and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (339.0 mg, 1.59 mmol, 1.06 

equiv.) for 12 h, the reaction mixture was purified by column chromatography on 

silica gel (dichloromethane/petroleum ether = 1/2) to yield the product S18 as a 

colorless solid (439.6 mg, 73% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.35 (s, 2H), 8.06-8.03 (m, 2H), 7.74-7.70 (m, 2H), 

7.34 (d, J = 8.4 Hz, 2H), 7.18 (d, J = 8.0 Hz, 2H), 4.13 (q, J = 7.1 Hz, 1H), 2.49 (d, J 

= 7.2 Hz, 2H), 1.93-1.83 (m, 1H), 1.69 (d, J = 7.2 Hz, 3H), 0.92 (d, J = 6.8 Hz, 6H); 

13C NMR (100 MHz, CDCl3) δ: 170.8, 161.4, 141.2, 135.6, 135.4, 130.4, 129.62, 

129.60, 127.3, 125.7, 124.4, 45.1, 42.7, 30.1, 22.4, 19.0; HRMS (ESI): m/z calcd for 

C25H24NO4 [M+H]+: 402.1700, found: 402.1701. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 

2-(2-fluoro-[1,1'-biphenyl]-4-yl)propanoate (S19) 

 

According to General procedure 1 with flurbiprofen acid (488.5 mg, 2.0 mmol, 1.0 
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equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg, 2.12 mmol, 

1.06 equiv.) for 12 h, the reaction mixture was purified by column chromatography on 

silica gel (dichloromethane/petroleum ether = 1/1) to yield the product S19 as a 

colorless solid (536.1 mg, 61% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.37 (s, 2H), 8.08-8.05 (m, 2H), 7.75-7.71 (m, 2H), 

7.57 (d, J = 7.6 Hz, 2H), 7.51-7.44 (m, 3H), 7.40-7.36 (m, 1H), 7.32-7.29 (m, 2H), 

4.20 (q, J = 7.2 Hz, 1H), 1.75 (d, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 

170.2, 161.3, 159.8 (d, J = 247.4 Hz), 139.5 (d, J = 7.7 Hz), 135.4, 135.3, 131.2 (d, J 

= 3.9 Hz), 130.4, 129.7, 129.0 (d, J = 2.9 Hz), 128.6, 128.4, 127.7, 125.8, 124.3, 

123.6 (d, J = 3.4 Hz), 115.5 (d, J = 24.0 Hz), 42.5, 19.0; 19F NMR (376 MHz, CDCl3) 

δ: -116.9; HRMS (ESI): m/z calcd for C27H19FNO4 [M+H]+: 440.1293, found: 

440.1288. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 

2-(5H-chromeno[2,3-b]pyridin-7-yl)propanoate (S20) 

N O

O O

NO O

 

According to General procedure 1 with pranoprofen (510.5 mg, 2.0 mmol, 1.0 equiv.) 

and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg, 2.12 mmol, 1.06 

equiv.) for 12 h, the reaction mixture was purified by column chromatography on 

silica gel (ethyl acetate/dichloromethane = 1/30) to yield the product S20 as a 

colorless solid (504.5 mg, 56% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.36 (s, 2H), 8.18 (d, J = 4.0 Hz, 1H), 8.07-8.04 (m, 

2H), 7.74-7.70 (m, 2H), 7.55 (d, J = 6.4 Hz, 1H), 7.29-7.27 (m, 2H), 7.20 (d, J = 8.0 

Hz, 1H), 7.06-7.03 (m, 1H), 4.16-4.10 (m, 3H), 1.69 (d, J = 7.2 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ: 170.6, 161.4, 158.3, 151.2, 146.7, 138.4, 135.4, 133.7, 130.4, 
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129.7, 127.7, 127.4, 125.8, 124.3, 119.9, 119.86, 117.6, 115.3, 42.3, 28.1, 19.1; 

HRMS (ESI): m/z calcd for C27H19N2O5 [M+H]+: 451.1288, found: 451.1285. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 

2-(10-oxo-10,11-dihydrodibenzo[b,f]thiepin-2-yl)propanoate (S21) 

S

O

O
O

N

O

O

 

According to General procedure 1 with zaltoprofen (596.7 mg, 2.0 mmol, 1.0 equiv.) 

and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg, 2.12 mmol, 1.06 

equiv.) for 12 h, the reaction mixture was purified by column chromatography on 

silica gel (ethyl acetate/dichloromethane = 1/50) to yield the product S21 as a 

colorless solid (572.5 mg, 58% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.25 (s, 2H), 8.17 (d, J = 7.6 Hz, 1H), 7.97-7.95 (m, 

2H), 7.67-7.63 (m, 3H), 7.57-7.53 (m, 2H), 7.39 (td, J = 7.4, 0.8 Hz, 1H), 7.31-7.26 

(m, 2H), 4.40-4.34 (m, 2H), 4.16 (q, J = 7.2 Hz, 1H), 1.67 (d, J = 7.2 Hz, 3H); 13C 

NMR (100 MHz, CDCl3) δ: 191.0, 170.0, 161.1, 140.4, 139.8, 138.1, 135.9, 135.2, 

133.9, 132.4, 131.6, 131.4, 130.7, 130.2, 129.5, 128.6, 126.7, 126.3, 125.6, 124.0, 

50.9, 42.5, 18.9; HRMS (ESI): m/z calcd for C29H20NO5S [M+H]+: 494.1057, found: 

494.1057. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 

2-((8R,9S,13S,14S)-13-methyl-17-oxo-7,8,9,11,12,13,14,15,16,17-decahydro-6H-cy

clopenta[]phenanthren-3-yl)propanoate (S22) 
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To a mixture of Pd(OAc)2 (56 mg, 0.25 mmol, 5 mol%), 

tri[4-(trifluoromethyl)phenyl]phosphane (466 mg, 1.0 mmol, 0.2 equiv.), and toluene 

(5.0 mL) in a vial (50.0 mL) were added 

(8R,9S,13S,14S)-13-methyl-3-vinyl-6,7,8,9,11,12,13,14,15,16-decahydro-17H-cyclop

enta[]phenanthren-17-one S22-1 (1.40 g, 5.0 mmol, 1.0 equiv.) which was 

synthesized according to the literature[2], HCOOH (0.69 g, 15 mmol, 3.0 equiv.), and 

Ac2O (0.102 g, 1.0 mmol, 0.2 equiv.). The vial was purged with argon to remove the 

air and tightly sealed with a septum cap. The reaction mixture was stirred at 65 °C for 

48 h, and then cooled to room temperature. The reaction mixture was diluted with 

CH2Cl2 (30 mL), and transferred into a separatory funnel, followed by the addition of 

1 M NaOH (30 mL). The mixture was washed with CH2Cl2 (3 × 20 mL) with 

vigorous shaking. The aqueous layer was acidified with 3 M HCl (15 mL) and 

extracted with CH2Cl2 (3 × 30 mL). The combined organic layers were dried over 

Na2SO4 and the organic solvent was removed by rotary evaporator under vacuum. The 

residue was purified by flash column chromatography on silica gel to give the product 

S22-2 (0.65 g, 40% yield).[3] 

According to General procedure 1 with 

2-((8R,9S,13S,14S)-13-methyl-17-oxo-7,8,9,11,12,13,14,15,16,17-decahydro-6H-cycl

openta[]phenanthren-3-yl)propanoic acid S22-2 (650.0 mg, 2.0 mmol, 1.2 equiv.) 

and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (360.0 mg, 1.7 mmol, 1.0 equiv.) 

for 12 h, the reaction mixture was purified by column chromatography on silica gel 

(ethyl acetate/petroleum ether = 1/10) to yield the product S22 as a pale yellow 

colorless solid (720.0 mg, 69% yield). 
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1H NMR (400 MHz, CDCl3) δ: 8.36 (s, 2H), 8.12-7.99 (m, 2H), 7.78-7.68 (m, 2H), 

7.33 (d, J = 8.1 Hz, 1H), 7.21 (d, J = 8.4 Hz, 1H), 7.17 (s, 1H), 4.10 (q, J = 7.4 Hz, 

1H), 3.04-2.89 (m, 3H), 2.51 (dd, J = 18.7, 8.6 Hz, 1H), 2.48-2.39 (m, 1H), 2.37-2.26 

(m, 1H), 2.23-1.91 (m, 5H), 1.68 (d, J = 7.3 Hz, 4H), 1.57-1.40 (m, 3H), 0.92 (s, 3H); 

13C NMR (100 MHz, CDCl3) δ: 220.9, 170.7, 161.4, 139.3, 137.1, 135.8, 135.4, 130.4, 

129.7, 128.2, 128.1, 125.9, 125.7, 125.0, 124.8, 124.4, 50.5, 48.0, 44.3, 42.6, 38.0, 

35.8, 31.6, 29.4, 26.5, 25.6, 21.6, 19.1, 13.8; HRMS (ESI) m/z calcd. for C33H32NO5 

[M + H]+ 522.2275, found 522.2272.  

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 

2-(6-chloropyridin-3-yl)butanoate (S23) 

 

The synthetic procedure of 2-(6-chloropyridin-3-yl)butanoic acid is the same as that of 

5-chloro-2-phenylpentanoic acid (see compound S7). 

According to General procedure 1 with 2-(6-chloropyridin-3-yl)butanoic acid (399.2 

mg, 2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 

mg, 2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column 

chromatography on silica gel (dichloromethane/petroleum ether = 2/1) to yield the 

product S23 as a colorless solid (497.5 mg, 63% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.42 (d, J = 2.4 Hz, 1H), 8.36 (s, 2H), 8.07-8.04 (m, 

2H), 7.78 (dd, J = 8.4, 2.8 Hz, 1H), 7.75-7.71 (m, 2H), 7.39 (d, J = 8.4 Hz, 1H), 3.91 

(t, J = 7.6 Hz, 1H), 2.35-2.24 (m, 1H), 2.03-1.92 (m, 1H), 1.07 (t, J = 7.4 Hz, 3H); 13C 

NMR (100 MHz, CDCl3) δ: 169.3, 161.2, 151.2, 149.5, 138.1, 135.4, 131.6, 130.4, 

129.8, 125.9, 124.6, 124.2, 47.3, 27.3, 11.7; HRMS (ESI): m/z calcd for 

C21H16ClN2O4 [M+H]+: 395.0793, found: 395.0791. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(benzofuran-3-yl)butanoate 

(S24) 
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1) LDA (2.5 equiv.)

THF, -78 oC, 1 h

HO N

O

O
(1.06 equiv.)

DMAP (10 mol%)
DCC (1.1 equiv.)

CH2Cl2, rt, 12 h

2) EtI (1.5 equiv.)
rt, 12 h

S24
O

O

O

N

O

OO

OH

O

O

OH

O

 

The synthetic procedure of  2-(benzofuran-3-yl)butanoic acid is the same as that of 

5-chloro-2-phenylpentanoic acid (see compound S7). 

According to General procedure 1 with 2-(benzofuran-3-yl)butanoic acid (408.5 mg, 

2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg, 

2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column 

chromatography on silica gel (dichloromethane/petroleum ether = 1/1) to yield the 

product S24 as a colorless solid (519.2 mg, 65% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.36 (s, 2H), 8.07-8.05 (m, 2H), 7.77-7.71 (m, 4H), 

7.52 (d, J = 8.0 Hz, 1H), 7.36-7.28 (m, 2H), 4.16 (t, J = 7.2 Hz, 1H), 2.38-2.18 (m, 

2H), 1.17 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 169.6, 161.4, 155.4, 

142.8, 135.4, 130.4, 129.7, 126.5, 125.8, 124.7, 124.3, 122.8, 120.0, 116.3, 111.7, 

41.0, 25.9, 11.8; HRMS (ESI): m/z calcd for C24H18NO5 [M+H]+: 400.1179, found: 

400.1178. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 

2-(benzo[b]thiophen-3-yl)butanoate (S25) 

 

The synthetic procedure of 2-(benzo[b]thiophen-3-yl)butanoic acid is the same as that 

of 5-chloro-2-phenylpentanoic acid (see compound S7). 

According to General procedure 1 with  2-(benzo[b]thiophen-3-yl)butanoic acid 

(440.6 mg, 2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione 

(452.0 mg, 2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by 

column chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to 

yield the product S25 as a colorless solid (523.5 mg, 63% yield). 
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1H NMR (400 MHz, CDCl3) δ: 8.35 (s, 2H), 8.06-8.03 (m, 2H), 7.92-7.89 (m, 2H), 

7.74-7.70 (m, 2H), 7.58 (s, 1H), 7.49-7.45 (m, 1H), 7.43-7.38 (m, 1H), 4.39-4.35 (m, 

1H), 2.40-2.29 (m, 1H), 2.25-2.15 (m, 1H), 1.18 (t, J = 7.4 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ: 169.6, 161.4, 140.3, 137.8, 135.4, 131.0, 130.4, 129.7, 125.8, 124.6, 

124.34, 124.3, 124.2, 123.0, 121.5, 44.2, 26.4, 12.0; HRMS (ESI): m/z calcd for 

C24H18NO4S [M+H]+: 416.0951, found: 416.0950. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 

(E)-2-ethyl-5,5-dimethylhex-3-enoate (S26) 

 

Piperidine (25 µL, 0.25 mmol, 1 mol%) and acetic acid (15 µL, 0.25 mmol, 1 mol%) 

were added to a stirred solution of malonic acid (5 g, 50 mmol, 2 equiv.) and 

3,3-dimethylbutanal (2.5 g, 25 mmol, 1 equiv.) in DMSO (20 mL) at room 

temperature. The reaction mixture was stirred for 20 min at room temperature and 

then was heated for 2 h at 100 °C. The reaction mixture was cooled to room 

temperature and water (60 mL) was added. Subsequently, the reaction mixture was 

extracted with diethyl ether (3 × 30 mL). The combined organic layers were washed 

with saturated brine (2 × 30 mL) and dried with over anhydrous MgSO4. The organic 

solvent was removed by rotary evaporator under vacuum to afford the crude product 

S26-1 without further purification. 

The synthetic procedure of  (E)-2-ethyl-5,5-dimethylhex-3-enoic acid S26-2 is the 

same as that of 5-chloro-2-phenylpentanoic acid (see compound S7). 

According to General procedure 1 with  (E)-2-ethyl-5,5-dimethylhex-3-enoic acid 

S26-2 (510.6 mg, 3.0 mmol, 1.0 equiv.) and 

2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (678.0 mg, 3.18 mmol, 1.06 equiv.) 
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for 12 h, the reaction mixture was purified by column chromatography on silica gel 

(dichloromethane/petroleum ether = 1/1) to yield the product S26 as a colorless solid 

(745.5 mg, 68% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.36 (s, 2H), 8.07-8.04 (m, 2H), 7.74-7.70 (m, 2H), 

5.78 (d, J = 15.6 Hz, 1H), 5.43 (dd, J = 15.6, 8.4 Hz, 1H), 3.27 (q, J = 7.6 Hz, 1H), 

2.04-1.93 (m, 1H), 1.80-1.69 (m, 1H), 1.07-1.04 (m, 12H); 13C NMR (100 MHz, 

CDCl3) δ: 170.6, 161.5, 146.3, 135.4, 130.4, 129.6, 125.7, 124.5, 120.2, 47.9, 33.3, 

29.4, 26.2, 11.4; HRMS (ESI): m/z calcd for C22H24NO4 [M+H]+: 366.1700, found: 

366.1697. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 

2-(methyl(phenyl)carbamoyl)butanoate (S27/28) 

 

To a stirred solution of N-methylaniline (2.14 g, 20 mmol, 1 equiv.) and Et3N (5.06 g, 

50 mmol, 2.5 equiv.) in CH2Cl2 (80 mL) was added dropwise methyl 

3-chloro-3-oxopropanoate (2.9 g, 21.2 mmol, 1.06 equiv.) at 0 °C. The reaction 

mixture was stirred for 12 h at room temperature and then was extracted with ethyl 

acetate (3 × 50 mL). The combined organic layers were washed with saturated brine 

(2 × 30 mL) and dried with over anhydrous MgSO4. The organic solvent was removed 

by rotary evaporator under vacuum and the residue was purified by flash column 

chromatography on silica gel (ethyl acetate/petroleum ether = 1/2) to afford S27/28-1 

(3.15 g, 76% yield). 

To a stirred solution of methyl 3-(methyl(phenyl)amino)-3-oxopropanoate S27/28-1 

(1.04 g, 5 mmol, 1 equiv.) in THF/H2O (1/1 mL) was added LiOH (240 mg, 10 mmol, 
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2 equiv.) at room temperature. The reaction mixture was stirred for 1 h at room 

temperature and then was extracted with ethyl acetate (3 × 20 mL). The combined 

organic layers were washed with saturated brine (2 × 10 mL) and dried with over 

anhydrous MgSO4. The organic solvent was removed by rotary evaporator under 

vacuum and the residue was purified by flash column chromatography on silica gel 

(ethyl acetate/dichloromethane = 1/2) to afford S27/28-2 (656.9 mg, 68% yield).  

The synthetic procedure of 2-(methyl(phenyl)carbamoyl)butanoic acid S27/28-3 is the 

same as that of 5-chloro-2-phenylpentanoic acid (see compound S7). 

According to General procedure 1 with 2-(methyl(phenyl)carbamoyl)butanoic acid 

S27/28-3 (553.0 mg, 2.5 mmol, 1.0 equiv.) and 

2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (565.0 mg, 2.65 mmol, 1.06 equiv.) 

for 12 h, the reaction mixture was purified by column chromatography on silica gel 

(ethyl acetate/dichloromethane = 1/50) to yield the product S27/28 as a pale yellow 

solid (739.2 mg, 71% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.35 (s, 2H), 8.06-8.04 (m, 2H), 7.74-7.70 (m, 2H), 

7.51 (t, J = 7.6 Hz, 2H), 7.42 (t, J = 7.4 Hz, 1H), 7.36 (d, J = 7.2 Hz, 2H), 3.61-3.58 

(m, 1H), 3.39 (s, 3H), 2.22-2.13 (m, 1H), 2.10-2.01 (m, 1H), 0.98 (t, J = 7.4 Hz, 3H); 

13C NMR (100 MHz, CDCl3) δ: 166.3, 161.1, 142.9, 135.4, 130.4, 130.3, 129.7, 128.5, 

127.7, 125.7, 124.3, 48.4, 38.0, 23.7, 11.8; HRMS (ESI): m/z calcd for C24H21N2O5 

[M+H]+: 417.1445, found: 417.1441. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-methyl-3-phenylpropanoate 

(S29) 

 

According to General procedure 1 with 2-methyl-3-phenylpropanoic acid (328.4 mg, 

2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg, 

2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column 

chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to yield the 

product S29 as a colorless solid (524.7 mg, 73% yield). 
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1H NMR (400 MHz, CDCl3) δ: 8.37 (s, 2H), 8.08-8.04 (m, 2H), 7.75-7.71 (m, 2H), 

7.37-7.33 (m, 2H), 7.29-7.25 (m, 3H), 3.30 (dd, J = 13.6, 6.0 Hz, 1H), 3.19-3.11 (m, 

1H), 2.85 (dd, J = 13.6, 8.4 Hz, 1H), 1.36 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, 

CDCl3) δ: 172.0, 161.5, 138.0, 135.4, 130.4, 129.6, 129.2, 128.6, 126.7, 125.7, 124.4, 

39.2, 38.9, 16.3; HRMS (ESI): m/z calcd for C22H18NO4 [M+H]+: 360.1230, found: 

360.1228. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-methyl-2-phenylbutanoate 

(S30) 

 

According to General procedure 1 with 2-methyl-2-phenylbutanoic acid (445.6 mg, 

2.5 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (565.0 mg, 

2.65 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column 

chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to yield the 

product S30 as a colorless solid (653.5 mg, 70% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.35 (s, 2H), 8.08-8.04 (m, 2H), 7.74-7.70 (m, 2H), 

7.51 (d, J = 7.6 Hz, 2H), 7.44 (t, J = 7.6 Hz, 2H), 7.33 (t, J = 7.2 Hz, 1H), 2.36-2.27 

(m, 1H), 2.18-2.09 (m, 1H), 1.76 (s, 3H), 1.05 (t, J = 7.4 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ: 172.6, 161.5, 141.9, 135.4, 130.4, 129.6, 128.6, 127.3, 126.3, 125.6, 

124.5, 50.7, 32.2, 23.3, 9.0; HRMS (ESI): m/z calcd for C23H20NO4 [M+H]+: 

374.1387, found: 374.1387. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(2-bromophenyl)propanoate 

(S31) 
1) LDA (2.5 equiv.)

THF, -78 oC, 1 h

HO N

O

O
(1.06 equiv.)

DMAP (10 mol%)
DCC (1.1 equiv.)

CH2Cl2, rt, 12 h

O

O

N

O

O

2)MeI (1.5 equiv.)
rt, 12 h

COOHCOOH

S31

Br Br Br
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The synthetic procedure of 2-(2-bromophenyl)propanoic acid is the same as that of 

5-chloro-2-phenylpentanoic acid (see compound S7). 

According to General procedure 1 with 2-(2-bromophenyl)propanoic acid (458.0 mg, 

2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg, 

2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column 

chromatography on silica gel (dichloromethane/petroleum ether = 1/2) to yield the 

product S31 as a colorless solid (568.5 mg, 67% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.36 (s, 2H), 8.07-8.05 (m, 2H), 7.74-7.71 (m, 2H), 

7.63 (dd, J = 8.0, 0.8 Hz, 1H), 7.52 (dd, J = 8.0, 1.6 Hz, 1H), 7.41 (td, J = 7.6, 1.2 Hz, 

1H), 7.20 (td, J = 7.6, 1.6 Hz, 1H), 4.69 (q, J = 7.2 Hz, 1H), 1.67 (d, J = 6.8 Hz, 3H); 

13C NMR (100 MHz, CDCl3) δ: 170.2, 161.3, 138.1, 135.4, 133.1, 130.4, 129.7, 129.3, 

128.6, 128.1, 125.8, 124.3, 124.1, 42.6, 18.0; HRMS (ESI): m/z calcd for 

C21H15BrNO4 [M+H]+: 424.0179, found: 424.0178. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(o-tolyl)butanoate (S32) 

 

The synthetic procedure of  2-(o-tolyl)butanoic acid is the same as that of 

5-chloro-2-phenylpentanoic acid (see compound S7). 

According to General procedure 1 with  2-(o-tolyl)butanoic acid (356.3 mg, 2.0 

mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg, 

2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column 

chromatography on silica gel (dichloromethane/petroleum ether = 1/1) to yield the 

product S32 as a colorless solid (522.8 mg, 70% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.33 (s, 2H), 8.05-8.02 (m, 2H), 7.73-7.69 (m, 2H), 

7.41 (d, J = 7.2 Hz, 1H), 7.29-7.22 (m, 3H), 4.15 (t, J = 7.4 Hz, 1H), 2.48 (s, 3H), 

2.34-2.23 (m, 1H), 2.02-1.91 (m, 1H), 1.08 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, 

CDCl3) δ: 170.4, 161.4, 136.2, 135.4, 135.3, 130.7, 130.4, 129.6, 127.6, 127.2, 126.6, 

125.7, 124.4, 46.2, 26.5, 19.8, 12.0; HRMS (ESI): m/z calcd for C23H20NO4 [M+H]+: 
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374.1387, found: 374.1385. 

 

Methyl 

4-(1-((1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl)oxy)-1-oxobutan-2-yl)benz

oate (S33) 

 

The synthetic procedure of 2-(4-(methoxycarbonyl)phenyl)butanoic acid is the same 

as that of 5-chloro-2-phenylpentanoic acid (see compound S7). 

According to General procedure 1 with 2-(4-(methoxycarbonyl)phenyl)butanoic acid 

(444.5 mg, 2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione 

(452.0 mg, 2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by 

column chromatography on silica gel (dichloromethane/petroleum ether = 1/1) to 

yield the product S33 as a colorless solid (542.6 mg, 65% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.35 (s, 2H), 8.10-8.03 (m, 4H), 7.74-7.70 (m, 2H), 

7.50 (d, J = 8.4 Hz, 2H), 3.97-3.92 (m, 4H), 2.35-2.24 (m, 1H), 2.05-1.94 (m, 1H), 

1.06 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 169.6, 166.7, 161.3, 141.9, 

135.4, 130.4, 130.1, 129.74, 129.69, 128.2, 125.8, 124.3, 52.1, 50.4, 27.2, 11.8; 

HRMS (ESI): m/z calcd for C24H20NO6 [M+H]+: 418.1285, found: 418.1284. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(4-methoxyphenyl)butanoate 

(S34) 

 

The synthetic procedure of 2-(4-methoxyphenyl)butanoic acid is the same as that of 

5-chloro-2-phenylpentanoic acid (see compound S7). 

According to General procedure 1 with  2-(4-methoxyphenyl)butanoic acid (388.5 
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mg, 2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 

mg, 2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column 

chromatography on silica gel (dichloromethane/petroleum ether = 1/1) to yield the 

product S34 as a colorless solid (584.1 mg, 75% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.34 (s, 2H), 8.07-8.03 (m, 2H), 7.74-7.70 (m, 2H), 

7.35-7.32 (m, 2H), 6.95-6.91 (m, 2H), 3.86-3.82 (m, 4H), 2.30-2.19 (m, 1H), 

2.01-1.90 (m, 1H), 1.05 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 170.3, 

161.4, 159.2, 135.4, 130.4, 129.6, 129.1, 128.9, 125.7, 124.4, 114.2, 55.2, 49.7, 27.2, 

11.9; HRMS (ESI): m/z calcd for C23H20NO5 [M+H]+: 390.1336, found: 390.1333. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(4-acetoxyphenyl)propanoate 

(S35) 

1) LDA (2.5 equiv.)

THF, -78 oC, 1 h

HO N

O

O
(1.06 equiv.)

DMAP (10 mol%)
DCC (1.1 equiv.)

CH2Cl2, rt, 12 h

O

O

N

O

O

2)MeI (1.5 equiv.)
rt, 12 h

COOH
COOH

S35

AcO
AcO AcO

 

The synthetic procedure of 2-(4-acetoxyphenyl)propanoic acid is the same as that of 

5-chloro-2-phenylpentanoic acid (see compound S7). 

According to General procedure 1 with 2-(4-acetoxyphenyl)propanoic acid (416.4 

mg, 2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 

mg, 2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by column 

chromatography on silica gel (dichloromethane/petroleum ether = 1/1) to yield the 

product S35 as a colorless solid (492.1 mg, 61% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.34 (s, 2H), 8.06-8.04 (m, 2H), 7.74-7.71 (m, 2H), 

7.45 (d, J = 8.8 Hz, 2H), 7.14 (d, J = 8.8 Hz, 2H), 4.16 (q, J = 7.2 Hz, 1H), 2.31 (s, 

3H), 1.70 (d, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 170.4, 169.3, 161.3, 

150.2, 135.8, 135.4, 130.4, 129.7, 128.7, 125.7, 124.3, 122.0, 42.5, 21.1, 19.1; HRMS 

(ESI): m/z calcd for C23H18NO6 [M+H]+: 404.1129, found: 404.1125. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 
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2-(4-(((trifluoromethyl)sulfonyl)oxy)phenyl)propanoate (S36) 

 

The synthetic procedure of  2-(4-(((trifluoromethyl)sulfonyl)oxy)phenyl)propanoic 

acid is the same as that of 5-chloro-2-phenylpentanoic acid (see compound S7). 

According to General procedure 1 with 

2-(4-(((trifluoromethyl)sulfonyl)oxy)phenyl)propanoic acid (596.5 mg, 2.0 mmol, 1.0 

equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg, 2.12 mmol, 

1.06 equiv.) for 12 h, the reaction mixture was purified by column chromatography on 

silica gel (dichloromethane/petroleum ether = 1/2) to yield the product S36 as a 

colorless solid (542.8 mg, 55% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.36 (s, 2H), 8.07-8.05 (m, 2H), 7.75-7.72 (m, 2H), 

7.54 (d, J = 8.8 Hz, 2H), 7.33 (d, J = 8.8 Hz, 2H), 4.20 (q, J = 7.2 Hz, 1H), 1.71 (d, J 

= 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 170.0, 161.3, 149.0, 138.9, 135.4, 

130.4, 129.7, 129.6, 125.8, 124.2, 121.8, 118.7 (q, J = 318.8 Hz), 42.4, 19.0; 19F NMR 

(376 MHz, CDCl3) δ: -72.8; HRMS (ESI): m/z calcd for C22H15F3NO7S [M+H]+: 

494.0516, found: 494.0516. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 

2,3-dihydro-1H-indene-1-carboxylate (S37) 

O
O

N
O

O

 

According to General procedure 1 with  2,3-dihydro-1H-indene-1-carboxylic acid 

(324.4 mg, 2.0 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione 
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(452.0 mg, 2.12 mmol, 1.06 equiv.) for 12 h, the reaction mixture was purified by 

column chromatography on silica gel (dichloromethane/petroleum ether = 1/1) to 

yield the product S37 as a colorless solid (464.6 mg, 65% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.37 (s, 2H), 8.07-8.05 (m, 2H), 7.74-7.72 (m, 2H), 

7.68-7.66 (m, 1H), 7.32-7.29 (m, 3H), 4.46 (t, J = 7.8 Hz, 1H), 3.22-3.15 (m, 1H), 

3.07-2.99 (m, 1H), 2.65-2.58 (m, 2H); 13C NMR (100 MHz, CDCl3) δ: 170.2, 161.5, 

143.9, 138.7, 135.4, 130.4, 129.7, 128.2, 126.9, 125.8, 125.1, 124.7, 124.4, 47.5, 31.7, 

29.3; HRMS (ESI): m/z calcd for C22H16NO4 [M+H]+: 358.1074, found: 358.1072. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 

1,2,3,4-tetrahydronaphthalene-1-carboxylate (S38) 

O O

NO O

 

According to General procedure 1 with 1,2,3,4-tetrahydronaphthalene-1-carboxylic 

acid (352.4 mg, 2.0 mmol, 1.0 equiv.) and 

2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (452.0 mg, 2.12 mmol, 1.06 equiv.) 

for 12 h, the reaction mixture was purified by column chromatography on silica gel 

(dichloromethane/petroleum ether = 1/1) to yield the product S38 as a colorless solid 

(445.7 mg, 60% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.35 (s, 2H), 8.06-8.04 (m, 2H), 7.74-7.70 (m, 2H), 

7.44-7.41 (m, 1H), 7.25-7.20 (m, 2H), 7.15-7.13 (m, 1H), 4.25 (t, J = 6.4 Hz, 1H), 

2.95-2.78 (m, 2H), 2.41-2.25 (m, 2H), 2.15-2.06 (m, 1H), 1.93-1.84 (m, 1H); 13C 

NMR (100 MHz, CDCl3) δ: 171.0, 161.5, 137.2, 135.4, 131.1, 130.4, 129.6, 129.5, 

127.5, 126.2, 125.7, 124.4, 42.6, 28.9, 27.1, 20.5; HRMS (ESI): m/z calcd for 

C23H18NO4 [M+H]+: 372.1230, found: 372.1228. 
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1-(1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl) 4-ethyl 

2-(4-((4'-(trifluoromethyl)-[1,1'-biphenyl]-3-yl)methoxy)phenyl)succinate (S64) 

 

To a stirred solution of 2-(4-hydroxyphenyl)acetic acid (228.2 mg, 1.5 mmol, 1.5 

equiv.), KOH (160 mg, 2.8 mmol, 2.8 equiv.) and NaI (4.5 mg, 0.03 mmol, 3 mol%) 

in EtOH (10 mL) was added dropwise the solution of 

3-(bromomethyl)-4'-(trifluoromethyl)-1,1'-biphenyl (315 mg, 1 mmol, 1 equiv.) in 

EtOH (10 mL). The reaction mixture was stirred at 90 °C for 10 h and then the pH of 

the reaction mixture was adjusted to 1~2 with 3.0 M HCl. The aqueous phase was 

extracted with CH2Cl2 (3 × 10 mL). The organic solvent was removed by rotary 

evaporator under vacuum and the residue was purified by flash column 

chromatography (ethyl acetate/dichloromethane = 1/2) on silica gel to afford the 

desired product S64-1 (355.5 mg, 92% yield). 

The synthetic procedure of 

2-(4-((4'-(trifluoromethyl)-[1,1'-biphenyl]-3-yl)methoxy)phenyl)acetic acid S64-2 

(colorless oil, 84 mg, 46% yield) is the same as that of 5-chloro-2-phenylpentanoic 

acid (see compound S7). 

According to General procedure 1 with 

4-ethoxy-4-oxo-2-(4-((4'-(trifluoromethyl)-[1,1'-biphenyl]-3-yl)methoxy)phenyl)buta

noic acid S64-2 (68.4 mg, 0.15 mmol, 1.0 equiv.) and 

2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (33 mg, 0.16 mmol, 1.06 equiv.) for 

12 h, the reaction mixture was purified by column chromatography on silica gel 

(dichloromethane/petroleum ether = 4/1) to yield the product S64 as a colorless solid 

(49.3 mg, 51% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.34 (s, 2H), 8.06-8.04 (m, 2H), 7.74-7.68 (m, 7H), 

7.58-7.56 (m, 1H), 7.53-7.45 (m, 2H), 7.38 (d, J = 8.4 Hz, 2H), 7.05 (d, J = 8.4 Hz, 



S48 
 

2H), 5.15 (s, 2H), 4.53-4.49 (m, 1H), 4.23-4.16 (m, 2H), 3.29-3.23 (m, 1H), 2.89-2.83 

(m, 1H), 1.26 (t, J = 7.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 170.3, 169.5, 161.2, 

158.6, 144.4, 140.1, 137.7, 135.4, 130.4, 129.7, 129.3, 129.2, 128.1, 127.5, 127.2, 

126.9, 126.3, 125.7 (q, J = 4.6 Hz), 124.3, 122.9 (q, J = 271.3 Hz), 115.4, 69.8, 61.2, 

44.2, 38.3, 14.1; 19F NMR (376 MHz, CDCl3) δ: -62.4; HRMS (ESI): m/z calcd for 

C38H28F3NO7Na [M+Na]+: 690.1710, found: 690.1707. 

 

1,3-Dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-cyclopropyl-2-phenylacetate 

(1c) 

O

O

N

O

O

 

According to General procedure 1 with  2-cyclopropyl-2-phenylacetic acid which 

was synthesized according to reference[4] (529.0 mg, 3.0 mmol, 1.0 equiv.,) and 

2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione (678.0 mg, 3.18 mmol, 1.06 equiv.) 

for 12 h, the reaction mixture was purified by column chromatography on silica gel 

(dichloromethane/petroleum ether = 1/1) to yield the product 1c as a colorless solid 

(791.1 mg, 71% yield). 

1H NMR (400 MHz, CDCl3) δ: 8.36 (s, 2H), 8.07-8.05 (m, 2H), 7.74-7.71 (m, 2H), 

7.50 (d, J = 7.2 Hz, 2H), 7.42 (t, J = 7.4 Hz, 2H), 7.35 (t, J = 7.2 Hz, 1H), 3.33 (d, J = 

9.6 Hz, 1H), 1.58-1.51 (m, 1H), 0.88-0.81 (m, 1H), 0.74-0.59 (m, 2H), 0.43-0.37 (m, 

1H); 13C NMR (100 MHz, CDCl3) δ: 169.7, 161.4, 136.7, 135.4, 130.4, 129.6, 128.8, 

128.0, 127.9, 125.7, 124.4, 53.3, 14.5, 4.8; HRMS (ESI): m/z calcd for C23H18NO4 

[M+H]+: 372.1230, found: 372.1227. 
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7. Asymmetric decarboxylative alkynylation: Scope of NHP-type esters 

General procedure 2: 

 

CuI (3.8 mg, 0.02 mmol, 10 mol%), L1 (20.1 mg, 0.024 mmol, 12 mol%), Cs2CO3 

(228.1 mg, 0.70 mmol, 3.5 equiv.), N-hydroxyphthalimide esters 1 (0.20 mmol, 1.0 

equiv.) and anhydrous PhCF3 (4.0 mL) were sequentially added to an oven-dried 

Schlenk tube equipped with a magnetic stir bar under argon atmosphere. Then, 

ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 equiv.) was added to the mixture. The 

reaction mixture was stirred under the irradiation of a 24 W blue LED for 3 to 4 d at 

room temperature. After the completion of reaction, the reaction mixture was filtered 

and the precipitate was washed by EtOAc. The filtrate was removed by rotary 

evaporator under vacuum and the residue was purified by flash column 

chromatography on silica gel to afford the alkynylation product. 

(R)-But-1-yne-1,3-diyldibenzene (3) 

 

According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylpropanoate 1ah (69.1 mg, 

0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 equiv.) for 3 

d, the reaction mixture was purified by column chromatography on silica gel 

(petroleum ether) to yield the product 3 as a colorless oil (27.6 mg, 67% yield, 93% 

ee). 

HPLC analysis: Chiralcel OJH (hexane/i-PrOH = 97/3, flow rate 0.8 mL/min, λ = 254 

nm), tR (minor) = 11.49 min, tR (major) = 17.02 min. 

1H NMR (400 MHz, CDCl3) δ: 7.46-7.43 (m, 4H), 7.36-7.32 (m, 2H), 7.30-7.22 (m, 

4H), 3.98 (q, J = 7.2 Hz, 1H), 1.58 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) 
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δ: 143.3, 131.6, 128.5, 128.2, 127.7, 126.9, 126.6, 123.7, 92.6, 82.4, 32.5, 24.5. The 

NMR spectra were in accord with that reported in literature.[5] 

 

1,4-Diphenylbuta-1,3-diyne (3′) 

 

Colorless solid. 1H NMR (400 MHz, CDCl3) δ: 7.54-7.52 (m, 4H), 7.40-7.32 (m, 6H); 

13C NMR (100 MHz, CDCl3) δ: 132.5, 129.2, 128.4, 121.8, 81.5, 73.9. The NMR 

spectra were in accord with that reported in literature.[6]   

 

Butane-2,3-diyldibenzene (3′′) 

 

Colorless solid. 1H NMR (400 MHz, CDCl3) δ: 7.32-7.29 (m, 2H), 7.21 (d, J = 7.2 Hz, 

3H), 7.17-7.14 (m, 2H), 7.10-7.06 (m, 1H), 7.01-6.99 (m, 2H), 2.96-2.91 (m, 1H), 

2.81-2.78 (m, 1H), 1.27 (d, J = 6.8 Hz, 3H), 1.02 (d, J = 6.0 Hz, 3H). The NMR 

spectra were in accord with that reported in literature.[7] 

 

(R)-Pent-1-yne-1,3-diyldibenzene (4) 

 

According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (71.9 mg, 0.20 

mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 equiv.) for 3 d, the 

reaction mixture was purified by column chromatography on silica gel (petroleum 

ether) to yield the product 4 as a colorless oil (33.9 mg, 77% yield, 97% ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 1.0 mL/min, λ = 
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254 nm), tR (minor) = 11.58 min, tR (major) = 17.07 min. 

1H NMR (400 MHz, CDCl3) δ: 7.46-7.41 (m, 4H), 7.35-7.22 (m, 6H), 3.79 (t, J = 7.0 

Hz, 1H), 1.90-1.82 (m, 2H), 1.06 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 

142.0, 131.6, 128.4, 128.2, 127.7, 127.5, 126.6, 123.8, 91.4, 83.4, 39.9, 31.7, 11.8. 

The NMR spectra were in accord with that reported in literature.[5] 

 

(R)-(4-Methylpent-1-yne-1,3-diyl)dibenzene (5) 

 

According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 3-methyl-2-phenylbutanoate S5 (74.7 

mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 equiv.) 

for 3.5 d, the reaction mixture was purified by column chromatography on silica gel 

(petroleum ether) to yield the product 5 as a colorless oil (29.1 mg, 62% yield, 99% 

ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, λ = 

254 nm), tR (minor) = 8.39 min, tR (major) = 9.02 min. 

1H NMR (400 MHz, CDCl3) δ: 7.47-7.45 (m, 2H), 7.40 (d, J = 7.2 Hz, 2H), 7.34-7.22 

(m, 6H), 3.73 (d, J = 6.0 Hz, 1H), 2.09-2.01 (m, 1H), 1.04 (d, J = 6.4 Hz, 3H), 0.99 (d, 

J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 141.0, 131.6, 128.19, 128.16, 127.7, 

126.6, 123.9, 90.2, 84.2, 45.7, 35.2, 21.3, 18.7. The NMR spectra were in accord with 

that reported in literature.[5] 

 

(R)-(3-Cyclohexylprop-1-yne-1,3-diyl)dibenzene (6) 

 

According to General procedure 2 with 
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1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-cyclohexyl-2-phenylacetate S6 

(82.7 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 

equiv.) for 3.5 d, the reaction mixture was purified by column chromatography on 

silica gel (petroleum ether) to yield the product 6 as a colorless oil (35.7 mg, 65% 

yield, 99% ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, λ = 

254 nm), tR (minor) = 9.88 min, tR (major) = 11.73 min. 

1H NMR (400 MHz, CDCl3) δ: 7.46-7.44 (m, 2H), 7.38 (d, J = 7.2 Hz, 2H), 7.34-7.22 

(m, 6H), 3.69 (d, J = 6.4 Hz, 1H), 1.88-1.86 (m, 1H), 1.73-1.65 (m, 5H), 1.21-1.14 (m, 

5H); 13C NMR (100 MHz, CDCl3) δ: 140.8, 131.6, 128.3,128.2, 128.1, 127.6, 126.5, 

124.0, 90.8, 84.0, 45.1, 44.6, 31.7, 29.5, 26.4, 26.3, 26.2. The NMR spectra were in 

accord with that reported in literature.[5] 

 

(R)-(6-Chlorohex-1-yne-1,3-diyl)dibenzene (7) 

Cl

 

According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 5-chloro-2-phenylpentanoate S7 

(81.6 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 

equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether) to yield the product 7 as a colorless oil (33.3 mg, 62% yield, 

96% ee). 

HPLC analysis: Chiralcel OJH (hexane/i-PrOH = 99/1, flow rate 0.7 mL/min, λ = 254 

nm), tR (major) = 15.48 min, tR (minor) = 20.72 min. 

1H NMR (400 MHz, CDCl3) δ: 7.46-7.42 (m, 4H), 7.37-7.24 (m, 6H), 3.89 (s, 1H), 

3.58 (s, 2H), 2.03-1.96 (m, 4H); 13C NMR (100 MHz, CDCl3) δ: 141.5, 131.6, 128.6, 

128.2, 127.9, 127.4, 126.9, 123.5, 90.6, 83.8, 44.7, 37.7, 35.7, 30.3; HRMS (ESI): m/z 

calcd for C18H18Cl [M+H]+: 269.1092, found: 269.1091. 
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Ethyl (R)-3,5-diphenylpent-4-ynoate (8) 

 

According to General procedure 2 with 

1-(1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl) 4-ethyl 2-phenylsuccinate S8 

(83.5 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 

equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica 

gel (dichloromethane/petroleum ether = 1/2) to yield the product 8 as a colorless oil 

(17.8 mg, 32% yield, 93% ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 97/3, flow rate 0.7 mL/min, λ = 

240 nm), tR (major) = 8.01 min, tR (minor) = 12.96 min. 

1H NMR (400 MHz, CDCl3) δ: 7.47-7.41 (m, 4H), 7.35 (t, J = 7.6 Hz, 2H), 7.29-7.25 

(m, 4H), 4.38 (t, J = 7.6 Hz, 1H), 4.18-4.13 (m, 2H), 2.90 (dd, J = 15.2, 8.4 Hz, 1H), 

2.80 (dd, J = 15.2, 7.2 Hz, 1H), 1.23 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) 

δ: 170.9, 140.5, 131.7, 128.7, 128.2, 128.0, 127.5, 127.2, 123.3, 89.8, 83.5, 60.7, 43.4, 

34.8, 14.2. The NMR spectra were in accord with that reported in literature.[5] 

 

(R)-Hepta-1,5-diyne-1,3-diyldibenzene (9) 

 

According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylhex-4-ynoate S9 (76.7 mg, 

0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 equiv.) for 3 

d, the reaction mixture was purified by column chromatography on silica gel 

(petroleum ether) to yield the product 9 as a colorless oil (24.9 mg, 51% yield, 90% 

ee). 
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HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99/1, flow rate 0.7 mL/min, λ = 

254 nm), tR (major) = 6.53 min, tR (minor) = 7.43 min. 

1H NMR (400 MHz, CDCl3) δ: 7.47-7.46 (m, 4H), 7.35 (t, J = 7.4 Hz, 2H), 7.30-7.25 

(m, 4H), 4.01 (t, J = 7.0 Hz, 1H), 2.75-2.61 (m, 2H), 1.78 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ: 140.7, 131.7, 128.4, 128.2, 127.9, 127.6, 127.1, 123.5, 90.5, 83.6, 

77.9, 76.3, 38.4, 28.8, 3.5; HRMS (ESI): m/z calcd for C19H17 [M+H]+: 245.1325, 

found: 245.1323. 

 

(R)-Hex-5-en-1-yne-1,3-diyldibenzene (10) 

 

According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylpent-4-enoate S10 (74.3 mg, 

0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 equiv.) for 3 

d, the reaction mixture was purified by column chromatography on silica gel 

(petroleum ether) to yield the product 10 as a colorless oil (24.6 mg, 53% yield, 96% 

ee). 

HPLC analysis: Chiralcel ADH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, λ = 

254 nm), tR (minor) = 7.16 min, tR (major) = 7.89 min. 

1H NMR (400 MHz, CDCl3) δ: 7.45-7.42 (m, 4H), 7.34 (t, J = 7.4 Hz, 2H), 7.30-7.23 

(m, 4H), 5.97-5.87 (m, 1H), 5.13-5.06 (m, 2H), 3.92 (t, J = 7.0 Hz, 1H), 2.59 (t, J = 

7.0 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ: 141.4, 135.4, 131.6, 128.5, 128.2, 127.8, 

127.6, 126.8, 123.7, 117.1, 90.9, 83.8, 42.8, 38.5. The NMR spectra were in accord 

with that reported in literature.[5] 

 

(R)-1-Chloro-4-(1-phenylpent-1-yn-3-yl)benzene (11) 
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According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(4-chlorophenyl)butanoate S11 

(78.8 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 

equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether) to yield the product 11 as a colorless oil (32.6 mg, 64% yield, 

96% ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, λ = 

230 nm), tR (minor) = 7.79 min, tR (major) = 11.23 min. 

1H NMR (400 MHz, CDCl3) δ: 7.47-7.43 (m, 2H), 7.37-7.35 (m, 2H), 7.32-7.29 (m, 

5H), 3.78 (t, J = 6.8 Hz, 1H), 1.91-1.80 (m, 2H), 1.05 (t, J = 7.2 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ: 140.5, 132.4, 131.6, 128.9, 128.5, 128.2, 127.9, 123.6, 90.8, 

83.7, 39.4, 31.5, 11.7; HRMS (ESI): m/z calcd for C17H16Cl [M+H]+: 255.0935, found: 

255.0935. 

 

(R)-1-Chloro-3-(1-phenylpent-1-yn-3-yl)benzene (12) 

 

According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(3-chlorophenyl)butanoate S12 

(78.8 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 

equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether) to yield the product 12 as a colorless oil (33.1 mg, 65% yield, 

95% ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, λ = 

254 nm), tR (minor) = 8.10 min, tR (major) = 9.62 min. 
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1H NMR (400 MHz, CDCl3) δ: 7.46-7.41 (m, 3H), 7.31-7.28 (m, 4H), 7.26-7.20 (m, 

2H), 3.77 (t, J = 7.0 Hz, 1H), 1.91-1.80 (m, 2H), 1.05 (t, J = 7.4 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ: 144.0, 134.2, 131.7, 129.6, 128.2, 127.9, 127.7, 126.9, 125.8, 

123.5, 90.5, 83.8, 39.6, 31.5, 11.7; HRMS (ESI): m/z calcd for C17H16Cl [M+H]+: 

255.0935, found: 255.0933. 

 

(S)-1-Chloro-2-(1-phenylpent-1-yn-3-yl)benzene (13) 

Cl

 

According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(2-chlorophenyl)butanoate S13 

(78.8 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 

equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether) to yield the product 13 as a colorless oil (31.1 mg, 61% yield, 

98% ee). 

HPLC analysis: Chiralcel OJH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, λ = 

254 nm), tR (major) = 14.63 min, tR (minor) = 17.31 min. 

1H NMR (400 MHz, CDCl3) δ: 7.70 (dd, J = 7.6, 1.6 Hz, 1H), 7.47-7.44 (m, 2H), 

7.36-7.25 (m, 5H), 7.18 (td, J = 7.6, 1.6 Hz, 1H), 4.33-4.29 (m, 1H), 1.97-1.87 (m, 

1H), 1.82-1.71 (m, 1H), 1.10 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 

139.5, 132.8, 131.7, 129.5, 129.4, 128.2, 127.9, 127.8, 127.0, 123.6, 90.7, 83.4, 36.7, 

29.8, 11.8; HRMS (ESI): m/z calcd for C17H16Cl [M+H]+: 255.0935, found: 255.0933. 

 

(R)-1-Bromo-4-(1-phenylpent-1-yn-3-yl)benzene (14) 

Br  

According to General procedure 2 with 
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1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(4-bromophenyl)butanoate S14 

(87.7 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 

equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether) to yield the product 14 as a colorless oil (37.7 mg, 63% yield, 

96% ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, λ = 

254 nm), tR (minor) = 8.71 min, tR (major) = 13.70 min. 

1H NMR (400 MHz, CDCl3) δ: 7.49-7.43 (m, 4H), 7.34-7.28 (m, 5H), 3.76 (t, J = 7.0 

Hz, 1H), 1.91-1.80 (m, 2H), 1.06 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 

141.0, 131.6, 131.5, 129.3, 128.2, 127.9, 123.5, 120.4, 90.7, 83.7, 39.4, 31.5, 11.7. 

The NMR spectra were in accord with that reported in literature.[5] 

 

(R)-1-Methyl-4-(1-phenylpent-1-yn-3-yl)benzene (15) 

Me  

According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(p-tolyl)butanoate S15 (74.7 mg, 

0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 equiv.) for 3 

d, the reaction mixture was purified by column chromatography on silica gel 

(petroleum ether) to yield the product 15 as a colorless oil (38.0 mg, 81% yield, 94% 

ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, λ = 

254 nm), tR (minor) = 6.69 min, tR (major) = 8.58 min. 

1H NMR (400 MHz, CDCl3) δ: 7.48-7.45 (m, 2H), 7.34-7.28 (m, 5H), 7.17 (d, J = 8.0 

Hz, 2H), 3.77 (t, J = 7.0 Hz, 1H), 2.36 (s, 3H), 1.93-1.82 (m, 2H), 1.08 (t, J = 7.2 Hz, 

3H); 13C NMR (100 MHz, CDCl3) δ: 139.0, 136.2, 131.6, 129.1, 128.2, 127.6, 127.4, 

123.9, 91.7, 83.2, 39.6, 31.7, 21.0, 11.8. The NMR spectra were in accord with that 

reported in literature.[5] 
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(R)-1-Methoxy-3-(1-phenylpent-1-yn-3-yl)benzene (16) 

MeO
 

According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(3-methoxyphenyl)butanoate S16 

(77.9 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 

equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether) to yield the product 16 as a colorless oil (35.0 mg, 70% yield, 

96% ee). 

HPLC analysis: Chiralcel AD (hexane/i-PrOH = 97/3, flow rate 0.7 mL/min, λ = 254 

nm), tR (minor) = 10.55 min, tR (major) = 11.78 min. 

1H NMR (400 MHz, CDCl3) δ: 7.45-7.43 (m, 2H), 7.30-7.23 (m, 4H), 7.00 (d, J = 6.8 

Hz, 2H), 6.80-6.77 (m, 1H), 3.81 (s, 3H), 3.76 (t, J = 6.8 Hz, 1H), 1.92-1.81 (m, 2H), 

1.06 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 159.7, 143.6, 131.6, 129.3, 

128.2, 127.7, 123.8, 120.0, 113.5, 111.9, 91.3, 83.4, 55.2, 40.0, 31.5, 11.8. The NMR 

spectra were in accord with that reported in literature.[5] 

 

(R)-2-(1-Phenylpent-1-yn-3-yl)naphthalene (17) 

 

According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(naphthalen-2-yl)butanoate S17 

(81.9 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 

equiv.) for 3.5 d, the reaction mixture was purified by column chromatography on 

silica gel (petroleum ether) to yield the product 17 as a colorless oil (32.4 mg, 60% 

yield, 95% ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99/1, flow rate 0.5 mL/min, λ = 
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254 nm), tR (minor) = 11.11 min, tR (major) = 12.40 min. 

1H NMR (400 MHz, CDCl3) δ: 7.89-7.84 (m, 4H), 7.58-7.45 (m, 5H), 7.36-7.31 (m, 

3H), 3.98 (t, J = 7.0 Hz, 1H), 2.04-1.93 (m, 2H), 1.11 (t, J = 7.4 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ: 139.4, 133.5, 132.5, 131.7, 128.2, 128.1, 127.8, 127.7, 127.6, 

126.0, 125.97, 125.5, 123.8, 91.4, 83.6, 40.1, 31.4, 11.9. HRMS (ESI): m/z calcd for 

C21H19 [M+H]+: 271.1481, found: 271.1478. 

 

(R)-1-Isobutyl-4-(4-phenylbut-3-yn-2-yl)benzene (18) 

 

According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(4-isobutylphenyl)propanoate S18 

(80.3 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.3 mmol, 1.5 

equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether) to yield the product 18 as a colorless oil (36.2 mg, 69% yield, 

91% ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, λ = 

254 nm), tR (minor) = 8.05 min, tR (major) = 10.63 min. 

1H NMR (400 MHz, CDCl3) δ: 7.47-7.45 (m, 2H), 7.37 (d, J = 8.0 Hz, 2H), 7.33-7.29 

(m, 3H), 7.13 (d, J = 7.6 Hz, 2H), 3.98 (q, J = 7.1 Hz, 1H), 2.48 (d, J = 7.2 Hz, 2H), 

1.93-1.83 (m, 1H), 1.59 (d, J = 7.2 Hz, 3H), 0.93 (d, J = 6.8 Hz, 6H); 13C NMR (100 

MHz, CDCl3) δ: 140.5, 140.0, 131.6, 129.3, 128.2, 127.7, 126.6, 123.8, 92.9, 82.2, 

45.0, 32.1, 30.2, 24.5, 22.4; HRMS (ESI): m/z calcd for C20H23 [M+H]+: 263.1794, 

found: 263.1792. 

 

(R)-2-Fluoro-4-(4-phenylbut-3-yn-2-yl)-1,1'-biphenyl (19) 

F
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According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 

2-(2-fluoro-[1,1'-biphenyl]-4-yl)propanoate S19 (87.9 mg, 0.20 mmol, 1.0 equiv.) and 

ethynylbenzene 2a (30.6 mg, 0.3 mmol, 1.5 equiv.) for 3 d, the reaction mixture was 

purified by column chromatography on silica gel (petroleum ether) to yield the 

product 19 as a colorless oil (30.6 mg, 51% yield, 90% ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 95/5, flow rate 0.7 mL/min, λ = 

254 nm), tR (minor) = 6.85 min, tR (major) = 7.42 min. 

1H NMR (400 MHz, CDCl3) δ: 7.55 (d, J = 7.6 Hz, 2H), 7.48-7.41 (m, 5H), 7.39-7.27 

(m, 6H), 4.02 (q, J = 7.1 Hz, 1H), 1.62 (d, J = 7.2 Hz, 3H); 13C NMR (100 MHz, 

CDCl3) δ: 159.7 (d, J = 246.5 Hz), 144.8 (d, J = 7.5 Hz), 135.7, 131.6, 130.8 (d, J = 

3.9 Hz), 129.0 (d, J = 2.7 Hz), 128.4, 128.2, 127.9, 127.6, 123.4, 122.9 (d, J = 3.1 Hz), 

114.8, 114.6, 91.7, 82.9, 32.0, 24.2; 19F NMR (376 MHz, CDCl3) δ: -117.8; HRMS 

(ESI): m/z calcd for C22H18F [M+H]+: 301.1387, found: 301.1385. 

 

(R)-7-(4-Phenylbut-3-yn-2-yl)-5H-chromeno[2,3-b]pyridine (20) 

 

According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 

2-(5H-chromeno[2,3-b]pyridin-7-yl)propanoate S20 (90.1 mg, 0.20 mmol, 1.0 equiv.) 

and ethynylbenzene 2a (30.6 mg, 0.3 mmol, 1.5 equiv.) for 3 d, the reaction mixture 

was purified by column chromatography on silica gel (dichloromethane/petroleum 

ether = 4/1) to yield the product 20 as a colorless oil (39.2 mg, 63% yield, 98% ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, λ = 

254 nm), tR (minor) = 7.13 min, tR (major) = 8.24 min. 

1H NMR (400 MHz, CDCl3) δ: 8.16 (d, J = 4.0 Hz, 1H), 7.53 (d, J = 7.2 Hz, 1H), 

7.46-7.43 (m, 2H), 7.31-7.27 (m, 4H), 7.25 (s, 1H), 7.13 (d, J = 8.4 Hz, 1H), 

7.03-7.00 (m, 1H), 4.11 (s, 2H), 3.95 (q, J = 7.2 Hz, 1H), 1.57 (d, J = 7.2 Hz, 3H); 13C 

NMR (100 MHz, CDCl3) δ: 158.4, 150.3, 146.6, 138.7, 138.4, 131.6, 128.2, 127.8, 
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126.8, 126.6, 123.6, 119.7, 119.4, 117.2, 115.4, 92.4, 82.5, 31.8, 28.2, 24.5; HRMS 

(ESI): m/z calcd for C22H18NO [M+H]+: 312.1383, found: 312.1381. 

 

(R)-2-(4-Phenylbut-3-yn-2-yl)dibenzo[b,f]thiepin-10(11H)-one (21) 

 

According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 

2-(10-oxo-10,11-dihydrodibenzo[b,f]thiepin-2-yl)propanoate S21 (98.7 mg, 0.20 

mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.3 mmol, 1.5 equiv.) for 3 d, the 

reaction mixture was purified by column chromatography on silica gel (ethyl 

acetate/petroleum ether = 1/50) to yield the product 21 as a colorless oil (28.4 mg, 

40% yield, 88% ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99/1, flow rate 0.7 mL/min, λ = 

240 nm), tR (major) = 16.74 min, tR (minor) = 19.45 min. 

1H NMR (400 MHz, CDCl3) δ: 8.21 (d, J = 8.0 Hz, 1H), 7.63-7.60 (m, 2H), 7.52 (s, 

1H), 7.44-7.41 (m, 3H), 7.33-7.29 (m, 5H), 4.43-4.35 (m, 2H), 3.98 (q, J = 7.2 Hz, 

1H), 1.56 (d, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 191.5, 145.6, 140.4, 

137.8, 136.2, 132.7, 132.5, 131.6, 131.5, 131.45, 130.8, 128.2, 128.0, 127.9, 126.8, 

125.9, 123.4, 91.7, 82.9, 51.1, 32.2, 24.3; HRMS (ESI): m/z calcd for C24H19OS 

[M+H]+: 355.1151, found: 355.1149. 

 

(8R,9S,13S,14S)-13-Methyl-3-((R)-4-phenylbut-3-yn-2-yl)-6,7,8,9,11,12,13,14,15,1

6-decahydro-17H-cyclopenta[]phenanthren-17-one (22) 
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According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 

(S)-2-((8R,9S,13S,14S)-13-methyl-17-oxo-7,8,9,11,12,13,14,15,16,17-decahydro-6H-

cyclopenta[]phenanthren-3-yl)propanoate S22 (78.2 mg, 0.15 mmol, 1.0 equiv.), 

ethynylbenzene 2a (23.0 mg, 0.225 mmol, 1.5 equiv.), CuI (5.7 mg, 0.03 mmol, 20 

mol%) and L1 (30.1 mg, 0.036 mmol, 24 mol%) for 3 d, the reaction mixture was 

purified by column chromatography on silica gel (ethyl acetate/petroleum ether = 1/2) 

to yield the product 22 as a colorless oil (24.7 mg, 43% yield, dr > 20:1). The 

diastereomeric ratio was determined by crude 1H NMR spectroscopy. 

1H NMR (400 MHz, CDCl3) δ: 7.44-7.42 (m, 2H), 7.30-7.22 (m, 6H), 7.18 (s, 1H), 

3.92 (q, J = 7.1 Hz, 1H), 2.95-2.92 (m, 2H), 2.54-2.41 (m, 2H), 2.32-2.27 (m, 1H), 

2.17-1.94 (m, 4H), 1.66-1.45 (m, 9H), 0.91 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 

220.9, 140.8, 138.1, 136.6, 131.6, 128.2, 127.7, 127.5, 125.6, 124.4, 123.8, 92.8, 82.1, 

50.5, 48.0, 44.3, 38.1, 35.8, 32.0, 31.6, 29.5, 26.5, 25.7, 24.4, 21.6, 13.8. The NMR 

spectra were in accord with that reported in literature.[5] 

 

(S)-2-Chloro-5-(1-phenylpent-1-yn-3-yl)pyridine (23) 

 

According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(6-chloropyridin-3-yl)butanoate 

S23 (79.0 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 

1.5 equiv.) for 3 d, the reaction mixture was purified by column chromatography on 

silica gel (dichloromethane/petroleum ether = 1/2) to yield the product 23 as a 

colorless oil (29.7 mg, 58% yield, 96% ee). 

HPLC analysis: Chiralcel ASH (hexane/i-PrOH = 97/3, flow rate 0.7 mL/min, λ = 240 

nm), tR (minor) = 9.53 min, tR (major) = 12.47 min. 

1H NMR (400 MHz, CDCl3) δ: 8.41 (d, J = 2.4 Hz, 1H), 7.74 (dd, J = 8.4, 2.8 Hz, 1H), 

7.45-7.41 (m, 2H), 7.32-7.30 (m, 4H), 3.82 (t, J = 7.0 Hz, 1H), 1.90-1.82 (m, 2H), 

1.07 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 149.8, 148.9, 138.0, 136.5, 
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131.6, 128.3, 128.1, 124.0, 123.1, 89.3, 84.3, 36.8, 31.3, 11.6; HRMS (ESI): m/z calcd 

for C16H15ClN [M+H]+: 256.0888, found: 256.0886. 

 

(S)-3-(1-Phenylpent-1-yn-3-yl)benzofuran (24) 

 

According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(benzofuran-3-yl)butanoate S24 

(79.9 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 

equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether) to yield the product 24 as a colorless oil (35.4 mg, 68% yield, 

97% ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, λ = 

254 nm), tR (minor) = 10.86 min, tR (major) = 12.59 min. 

1H NMR (400 MHz, CDCl3) δ: 7.73 (d, J = 7.2 Hz, 1H), 7.61 (s, 1H), 7.50-7.43 (m, 

3H), 7.32-7.23 (m, 5H), 4.00 (t, J = 6.8 Hz, 1H), 2.10-1.92 (m, 2H), 1.12 (t, J = 7.4 

Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 155.7, 141.8, 131.6, 128.2, 127.9, 126.7, 

124.2, 123.5, 122.4, 120.8 120.1, 111.6, 90.0, 82.5, 30.0, 28.6, 11.7; HRMS (ESI): m/z 

calcd for C19H17O [M+H]+: 261.1274, found: 261.1272. 

 

(S)-3-(1-Phenylpent-1-yn-3-yl)benzo[b]thiophene (25) 

 

According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(benzo[b]thiophen-3-yl)butanoate 

S25 (83.1 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 

1.5 equiv.) for 3 d, the reaction mixture was purified by column chromatography on 

silica gel (petroleum ether) to yield the product 25 as a colorless oil (35.9 mg, 65% 
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yield, 97% ee). 

HPLC analysis: Chiralcel OJH (hexane/i-PrOH = 99/1, flow rate 0.7 mL/min, λ = 254 

nm), tR (minor) = 18.24 min, tR (major) = 20.50 min. 

1H NMR (400 MHz, CDCl3) δ: 7.92-7.86 (m, 2H), 7.44-7.24 (m, 8H), 4.19 (t, J = 6.6 

Hz, 1H), 2.12-1.92 (m, 2H), 1.13 (td, J = 7.2, 1.2 Hz, 3H); 13C NMR (100 MHz, 

CDCl3) δ: 140.9, 137.5, 136.0, 131.6, 128.2, 127.8, 124.2, 123.9, 123.6, 123.0, 122.7, 

121.9, 90.5, 83.0, 34.1, 28.9, 11.9; HRMS (ESI): m/z calcd for C19H17S [M+H]+: 

277.1045, found: 277.1046. 

 

(R,E)-(3-Ethyl-6,6-dimethylhept-4-en-1-yn-1-yl)benzene (26) 

 

According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 

(E)-2-ethyl-5,5-dimethylhex-3-enoate S26 (36.5 mg, 0.10 mmol, 1.0 equiv.), 

ethynylbenzene 2a (15.3 mg, 0.15 mmol, 1.5 equiv.), CuI (3.8 mg, 0.02 mmol, 20 

mol%) and L1 (20.1 mg, 0.024 mmol, 24 mol%) in Et2O (2 mL) for 3 d, the reaction 

mixture was purified by column chromatography on silica gel (petroleum ether) to 

yield the product 26 as a colorless oil (9.5 mg, 42% yield, 77% ee). 

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 100/0, flow rate 0.5 mL/min, λ = 

254 nm), tR (minor) = 10.90 min, tR (major) = 12.01 min. 

1H NMR (400 MHz, CDCl3) δ: 7.43-7.42 (m, 2H), 7.31-7.26 (m, 3H), 5.73 (d, J = 

15.6 Hz, 1H), 5.32 (dd, J = 15.6, 6.8 Hz, 1H), 3.14 (q, J = 6.7 Hz, 1H), 1.66-1.60 (m, 

2H), 1.04-1.00 (m, 12H); 13C NMR (100 MHz, CDCl3) δ: 142.4, 131.6, 128.1, 127.5, 

124.3, 124.1, 91.7, 83.0, 36.6, 32.8, 29.7, 29.2, 11.4; HRMS (ESI): m/z calcd for 

C17H23 [M+H]+: 227.1794, found: 227.1796. 

 

(S)-2-Ethyl-4-(3-methoxyphenyl)-N-methyl-N-phenylbut-3-ynamide (27) 
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According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 

2-(methyl(phenyl)carbamoyl)butanoate S27/28 (41.6 mg, 0.10 mmol, 1.0 equiv.), 

1-ethynyl-3-methoxybenzene 2b (19.8 mg, 0.15 mmol, 1.5 equiv.), CuI (2.9 mg, 0.015 

mmol, 15 mol%) and L1 (15.1 mg, 0.018 mmol, 18 mol%) for 3 d, the reaction 

mixture was purified by column chromatography on silica gel (ethyl 

acetate/petroleum ether = 1:10) to yield the product 27 as a colorless oil (11.4 mg, 

37% yield, 70% ee). 

HPLC analysis: Chiralcel IG (hexane/i-PrOH = 95/5, flow rate 0.9 mL/min, λ = 254 

nm), tR (major) = 39.44 min, tR (minor) = 46.02 min. 

1H NMR (400 MHz, CDCl3) δ: 7.45 (t, J = 7.4 Hz, 2H), 7.37 (t, J = 7.4 Hz, 1H), 7.31 

(d, J = 7.6 Hz, 2H), 7.18 (t, J = 8.0 Hz, 1H), 6.98 (d, J = 7.6 Hz, 1H), 6.92 (s, 1H), 

6.84 (dd, J = 8.4, 2.4 Hz, 1H), 3.79 (s, 3H), 3.32-3.26 (m, 4H), 1.95-1.78 (m, 2H), 

0.93 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 170.1, 159.2, 143.5, 129.8, 

129.1, 128.0, 127.5, 124.4, 124.3, 116.5, 114.5, 87.6, 82.3, 55.3, 37.9, 37.8, 26.1, 11.9; 

HRMS (ESI): m/z calcd for C20H22NO2 [M+H]+: 308.1645, found: 308.1641. 

 

(S)-2-Ethyl-N-methyl-N-phenyl-4-(thiophen-3-yl)but-3-ynamide (28) 

N

O

S  

According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 

2-(methyl(phenyl)carbamoyl)butanoate S27/28 (41.6 mg, 0.10 mmol, 1.0 equiv.), 

3-ethynylthiophene 2c (16.2 mg, 0.15 mmol, 1.5 equiv.), CuI (2.9 mg, 0.015 mmol, 15 

mol%) and L1 (15.1 mg, 0.018 mmol, 18 mol%) for 3 d, the reaction mixture was 

purified by column chromatography on silica gel (ethyl acetate/petroleum ether = 1:10) 
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to yield the product 28 as a colorless oil (8.8 mg, 31% yield, 76% ee). 

HPLC analysis: Chiralcel IG (hexane/i-PrOH = 97/3, flow rate 0.9 mL/min, λ = 240 

nm), tR (minor) = 43.68 min, tR (major) = 48.32 min. 

1H NMR (400 MHz, CDCl3) δ: 7.45 (t, J = 7.4 Hz, 2H), 7.39-7.37 (m, 2H), 7.30 (d, J 

= 7.6 Hz, 2H), 7.23-7.21 (m, 1H), 7.06 (d, J = 5.2 Hz, 1H), 3.32-3.26 (m, 4H), 

1.93-1.77 (m, 2H), 0.91 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 170.1, 

143.6, 130.0, 129.8, 128.3, 128.0, 127.5, 124.9, 122.3, 87.3, 77.5, 37.9, 37.8, 26.1, 

11.9; HRMS (ESI): m/z calcd for C17H18NOS [M+H]+: 284.1104, found: 284.1101. 

 

(R)-(3-Methylbut-1-yne-1,4-diyl)dibenzene (29) 

 

According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-methyl-3-phenylpropanoate S29 

(71.9 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 

equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether) to yield the product 29 as a colorless oil (22.5 mg, 51% yield, 

<5% ee). 

HPLC analysis: Chiralcel OJH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, λ = 

254 nm), tR (minor) = 11.18 min, tR (major) = 11.95 min. 

1H NMR (400 MHz, CDCl3) δ: 7.36-7.20 (m, 10H), 2.95-2.87 (m, 2H), 2.81-2.74 (m, 

1H), 1.26 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 139.6, 131.5, 129.3, 

128.1, 127.5, 126.3, 123.9, 94.1, 81.6, 43.2, 28.6, 20.6. The NMR spectra were in 

accord with that reported in literature.[8] 

 

(S)-1-Bromo-2-(4-phenylbut-3-yn-2-yl)benzene (31) 

 

According to General procedure 2 with 
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1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(2-bromophenyl)propanoate S31 

(84.9 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 

equiv.) for 4 d, the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether) to yield the product 31 as a colorless oil (29.7 mg, 52% yield, 

97% ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, λ = 

240 nm), tR (major) = 8.66 min, tR (minor) = 9.32 min. 

1H NMR (400 MHz, CDCl3) δ: 7.76 (dd, J = 7.6, 1.6 Hz, 1H), 7.55 (dd, J = 8.0, 1.2 

Hz, 1H), 7.47-7.44 (m, 2H), 7.36-7.29 (m, 4H), 7.12 (td, J = 7.6, 1.6 Hz, 1H), 4.43 (q, 

J = 6.9 Hz, 1H), 1.56 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 142.4, 

132.8, 131.6, 128.8, 128.3, 128.2, 127.9, 127.9, 123.5, 123.0, 91.9, 82.5, 32.4, 23.1. 

The NMR spectra were in accord with that reported in literature.[5] 

 

(S)-1-Methyl-2-(1-phenylpent-1-yn-3-yl)benzene (32) 

Me

 

According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(o-tolyl)butanoate S32 (74.7 mg, 

0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 equiv.) for 4 

d, the reaction mixture was purified by column chromatography on silica gel 

(petroleum ether) to yield the product 32 as a colorless oil (30.5 mg, 65% yield, 96% 

ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, λ = 

254 nm), tR (major) = 8.12 min, tR (minor) = 8.74 min. 

1H NMR (400 MHz, CDCl3) δ: 7.58 (d, J = 7.2 Hz, 1H), 7.46-7.43 (m, 2H), 7.32-7.28 

(m, 3H), 7.24-7.20 (m, 1H), 7.16-7.15 (m, 2H), 3.99-3.96 (m, 1H), 2.40 (s, 3H), 

1.89-1.77 (m, 2H), 1.12 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 140.2, 

134.9, 131.6, 130.4, 128.2, 127.6, 126.6, 126.2, 123.9, 91.9, 82.7, 36.5, 30.1, 19.2, 

12.2. The NMR spectra were in accord with that reported in literature.[5] 
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Methyl (R)-4-(1-phenylpent-1-yn-3-yl)benzoate (33) 

 

According to General procedure 2 with  methyl 

4-(1-((1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl)oxy)-1-oxobutan-2-yl)benzoat

e S33 (83.5 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 

1.5 equiv.) for 3 d, the reaction mixture was purified by column chromatography on 

silica gel (dichloromethane/petroleum ether = 1/2) to yield the product 33 as a 

colorless oil (26.2 mg, 47% yield, 87% ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 97/3, flow rate 0.7 mL/min, λ = 

240 nm), tR (minor) = 7.64 min, tR (major) = 9.22 min. 

1H NMR (400 MHz, CDCl3) δ: 8.01 (d, J = 8.4 Hz, 2H), 7.49 (d, J = 8.4 Hz, 2H), 

7.47-7.43 (m, 2H), 7.34-7.29 (m, 3H), 3.92 (s, 3H), 3.85 (t, J = 7.0 Hz, 1H), 1.93-1.82 

(m, 2H), 1.05 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 167.0, 147.3, 131.6, 

129.8, 128.6, 128.2, 127.9, 127.6, 123.5, 90.4, 83.9, 52.0, 39.9, 31.4, 11.7; HRMS 

(ESI): m/z calcd for C19H19O2 [M+H]+: 279.1380, found: 279.1380. 

 

(R)-1-Methoxy-4-(1-phenylpent-1-yn-3-yl)benzene (34) 

MeO  

According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(4-methoxyphenyl)butanoate S34 

(77.9 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 

equiv.) for 4 d, the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether) to yield the product 34 as a colorless oil (35.5 mg, 71% yield, 

88% ee). 

HPLC analysis: Chiralcel AD (hexane/i-PrOH = 97/3, flow rate 0.7 mL/min, λ = 254 
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nm), tR (minor) = 11.02 min, tR (major) = 12.23 min. 

1H NMR (400 MHz, CDCl3) δ: 7.45-7.43 (m, 2H), 7.35-7.27 (m, 5H), 6.89-6.86 (m, 

2H), 3.80 (s, 3H), 3.74 (t, J = 7.0 Hz, 1H), 1.87-1.79 (m, 2H), 1.04 (t, J = 7.2 Hz, 3H); 

13C NMR (100 MHz, CDCl3) δ: 158.3, 134.1, 131.6, 128.5, 128.2, 127.6, 123.9, 113.8, 

91.81, 83.2, 55.3, 39.1, 31.7, 11.8; HRMS (ESI): m/z calcd for C18H19O [M+H]+: 

251.1430, found: 251.1429. 

 

(R)-4-(4-Phenylbut-3-yn-2-yl)phenyl acetate (35) 

AcO  

According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(4-acetoxyphenyl)propanoate S35 

(80.7 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 

equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica 

gel (dichloromethane/petroleum ether = 1/2) to yield the product 35 as a colorless oil 

(18.5 mg, 35% yield, 93% ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 97/3, flow rate 0.7 mL/min, λ = 

254 nm), tR (minor) = 9.43 min, tR (major) = 10.12 min. 

1H NMR (400 MHz, CDCl3) δ: 7.47-7.41 (m, 4H), 7.31-7.27 (m, 3H), 7.07-7.04 (m, 

2H), 3.98 (q, J = 7.1 Hz, 1H), 2.30 (s, 3H), 1.57 (d, J = 7.2 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ: 169.6, 149.3, 140.8, 131.6, 128.2, 128.0, 127.8, 123.6, 121.5, 92.3, 

82.6, 32.0, 24.4, 21.1; HRMS (ESI): m/z calcd for C18H16NaO2 [M+Na]+: 287.1043, 

found: 287.1041. 

 

(R)-4-(4-Phenylbut-3-yn-2-yl)phenyl trifluoromethanesulfonate (36) 

TfO  

According to General procedure 2 with 
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1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 

2-(4-(((trifluoromethyl)sulfonyl)oxy)phenyl)propanoate S36 (98.7 mg, 0.20 mmol, 1.0 

equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 equiv.) for 3 d, the reaction 

mixture was purified by column chromatography on silica gel (petroleum ether) to 

yield the product 36 as a colorless oil (21.3 mg, 30% yield, 93% ee). 

HPLC analysis: Chiralcel IA (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, λ = 

254 nm), tR (minor) = 38.88 min, tR (major) = 46.45 min. 

1H NMR (400 MHz, CDCl3) δ: 7.55-7.52 (m, 2H), 7.45-7.43 (m, 2H), 7.31-7.30 (m, 

3H), 7.26-7.24 (m, 2H), 4.02 (q, J = 7.1 Hz, 1H), 1.59 (d, J = 7.2 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ: 148.2, 143.8, 131.6, 128.8, 128.3, 128.0, 123.2, 121.4, 118.7 (q, 

J = 318.8 Hz), 91.3, 83.2, 32.0, 24.4; 19F NMR (376 MHz, CDCl3) δ: -72.8; HRMS 

(ESI): m/z calcd for C17H14F3O3S [M+H]+: 355.0610, found: 355.0609. 

 

(S)-1-(Phenylethynyl)-2,3-dihydro-1H-indene (37) 

 

According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2,3-dihydro-1H-indene-1-carboxylate 

S37 (71.5 mg, 0.20 mmol, 1.0 equiv.), ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 

equiv.) and L2 (16.7 mg, 0.024 mmol, 12 mol%) in Et2O (4 mL) for 3 d, the reaction 

mixture was purified by column chromatography on silica gel (petroleum ether) to 

yield the product 37 as a colorless oil (17.5 mg, 40% yield, 82% ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, λ = 

254 nm), tR (minor) = 20.24 min, tR (major) = 30.71 min. 

1H NMR (400 MHz, CDCl3) δ: 7.48-7.41 (m, 3H), 7.30-7.19 (m, 7H), 4.20 (t, J = 8.4 

Hz, 1H), 3.06-2.99 (m, 1H), 2.95-2.87 (m, 1H), 2.62-2.55 (m, 1H), 2.25-2.15 (m, 1H); 

13C NMR (100 MHz, CDCl3) δ: 143.6, 143.0, 131.7, 128.2, 127.7, 127.1, 126.6, 124.5, 

124.3, 123.7, 91.5, 81.6, 36.8, 34.4, 31.5; HRMS (ESI): m/z calcd for C17H15 [M+H]+: 

219.1168, found: 219.1168. 
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(S)-1-(Phenylethynyl)-1,2,3,4-tetrahydronaphthalene (38) 

 

According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 

1,2,3,4-tetrahydronaphthalene-1-carboxylate S38 (74.3 mg, 0.20 mmol, 1.0 equiv.), 

ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 equiv.) and L2 (16.7 mg, 0.024 mmol, 

12 mol%) in Et2O (4 mL) for 3 d, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether) to yield the product 38 as a colorless 

oil (19.1 mg, 41% yield, 67% ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, λ = 

254 nm), tR (minor) = 15.28 min, tR (major) = 18.84 min. 

1H NMR (400 MHz, CDCl3) δ: 7.55-7.53 (m, 1H), 7.43-7.39 (m, 2H), 7.29-7.25 (m, 

3H), 7.20-7.13 (m, 2H), 7.10-7.08 (m, 1H), 4.01 (t, J = 6.6 Hz, 1H), 2.91-2.75 (m, 

2H), 2.22-2.16 (m, 1H), 2.11-1.96 (m, 2H), 1.86-1.77 (m, 1H); 13C NMR (100 MHz, 

CDCl3) δ: 136.3, 136.2, 131.6, 129.2, 129.1, 128.1, 127.6, 126.5, 126.0, 123.8, 93.0, 

81.4, 32.1, 30.3, 29.1, 21.3; HRMS (ESI): m/z calcd for C18H17 [M+H]+: 233.1325, 

found: 233.1323. 



S72 
 

8. Asymmetric decarboxylative alkynylation: Scope of alkynes 

General procedure 3: 

+
R

H

CuI (10 mol%)
L1 (12 mol%)

Cs2CO3 (3.5 equiv.)

PhCF3, rt, 3 d
blue LED

21 (1.5 equiv.)

O

O
N

O

O R2

R1
R N

OMe

N

NH

O

PAr2

L1 (Ar = 3,5-tBu2C6H3)
 

CuI (3.8 mg, 0.02 mmol, 10 mol%), L1 (20.1 mg, 0.024 mmol, 12 mol%), Cs2CO3 

(228.1 mg, 0.70 mmol, 3.5 equiv.), N-hydroxyphthalimide esters 1 (0.30 mmol, 1.5 

equiv.) and anhydrous PhCF3 (4.0 mL) were sequentially added to an oven-dried 

Schlenk tube equipped with a magnetic stir bar under argon atmosphere. Then, alkyne 

2 (0.20 mmol, 1.0 equiv.) was added to the mixture. The reaction mixture was stirred 

under the irradiation of a 24 W blue LED for 3 to 4 d at room temperature. After the 

completion of reaction, the reaction mixture was filtered and the precipitate was 

washed by EtOAc. The filtrate was removed by rotary evaporator under vacuum and 

the residue was purified by flash column chromatography on silica gel to afford  the 

alkynylation product. 

 

(R)-1-Methoxy-3-(3-phenylpent-1-yn-1-yl)benzene (39) 

 

According to General procedure 3 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg, 

0.30 mmol, 1.5 equiv.) and 1-ethynyl-3-methoxybenzene 2b (26.4 mg, 0.20 mmol, 1.0 

equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether) to yield the product 39 as a colorless oil (36.1 mg, 72% yield, 

97% ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, λ = 

254 nm), tR (minor) = 26.49 min, tR (major) = 33.84 min. 

1H NMR (400 MHz, CDCl3) δ: 7.43-7.41 (m, 2H), 7.36-7.32 (m, 2H), 7.27-7.18 (m, 
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2H), 7.06-7.04 (m, 1H), 6.98-6.97 (m, 1H), 6.86-6.83 (m, 1H), 3.79-3.77 (m, 4H), 

1.92-1.81 (m, 2H), 1.05 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 159.3, 

141.9, 129.2, 128.4, 127.5, 126.6, 124.8, 124.2, 116.5, 114.3, 91.3, 83.2, 55.2, 39.9, 

31.6, 11.9. The NMR spectra were in accord with that reported in literature.[5] 

 

(R)-1-Methyl-4-(3-phenylpent-1-yn-1-yl)benzene (40) 

Me

 

According to General procedure 3 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg, 

0.30 mmol, 1.5 equiv.) and 1-ethynyl-4-methylbenzene 2d (23.2 mg, 0.20 mmol, 1.0 

equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether) to yield the product 40 as a colorless oil (35.2 mg, 75% yield, 

97% ee). 

[α]D
25 = - 10.9 (c 0.73, CH2Cl2). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, λ = 

254 nm), tR (minor) = 14.83 min, tR (major) = 18.13 min. 

1H NMR (400 MHz, CDCl3) δ: 7.43-7.41 (m, 2H), 7.35-7.31 (m, 4H), 7.26-7.21 (m, 

1H), 7.10 (d, J = 7.6 Hz, 2H), 3.78 (t, J = 7.0 Hz, 1H), 2.33 (s, 3H), 1.91-1.80 (m, 2H), 

1.05 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 142.1, 137.7, 131.5, 128.9, 

128.4, 127.5, 126.6, 120.7, 90.6, 83.4, 39.9, 31.7, 21.4, 11.8. The NMR spectra were 

in accord with that reported in literature.[5] 

 

(R)-1-Chloro-4-(3-phenylpent-1-yn-1-yl)benzene (41) 

Cl

 

According to General procedure 3 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg, 
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0.30 mmol, 1.5 equiv.) and 1-chloro-4-ethynylbenzene 2e (27.3 mg, 0.20 mmol, 1.0 

equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether) to yield the product 41 as a colorless oil (35.7 mg, 70% yield, 

93% ee). 

HPLC analysis: Chiralcel AD (hexane/i-PrOH = 100/0, flow rate 0.5 mL/min, λ = 254 

nm), tR (minor) = 12.33 min, tR (major) = 13.79 min. 

1H NMR (400 MHz, CDCl3) δ: 7.41-7.32 (m, 6H), 7.29-7.23 (m, 3H), 3.77 (t, J = 7.0 

Hz, 1H), 1.90-1.82 (m, 2H), 1.04 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 

141.7, 133.6, 132.9, 128.49, 128.45, 127.5, 126.7, 122.3, 92.6, 82.2, 40.0, 31.5, 11.8. 

The NMR spectra were in accord with that reported in literature.[5] 

 

(R)-1-Chloro-3-(3-phenylpent-1-yn-1-yl)benzene (42) 

Cl

 

According to General procedure 3 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg, 

0.30 mmol, 1.5 equiv.) and 1-chloro-3-ethynylbenzene 2f (27.3 mg, 0.20 mmol, 1.0 

equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether) to yield the product 42 as a colorless oil (38.7 mg, 76% yield, 

95% ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, λ = 

254 nm), tR (minor) = 12.21 min, tR (major) = 13.06 min. 

1H NMR (400 MHz, CDCl3) δ: 7.44-7.38 (m, 3H), 7.36-7.30 (m, 3H), 7.28-7.20 (m, 

3H), 3.78 (t, J = 7.0 Hz, 1H), 1.92-1.81 (m, 2H), 1.05 (t, J = 7.2 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ: 141.6, 134.0, 131.5, 129.8, 129.4, 128.5, 128.0, 127.5, 126.8, 

125.5, 92.9, 82.0, 39.9, 31.5, 11.8. The NMR spectra were in accord with that reported 

in literature.[5] 

 

(R)-1-Chloro-2-(3-phenylpent-1-yn-1-yl)benzene (43) 
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Cl

 

According to General procedure 3 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg, 

0.30 mmol, 1.5 equiv.) and 1-chloro-2-ethynylbenzene 2g (27.3 mg, 0.20 mmol, 1.0 

equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether) to yield the product 43 as a colorless oil (36.7 mg, 72% yield, 

95% ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, λ = 

254 nm), tR (minor) = 16.70 min, tR (major) = 18.58 min. 

1H NMR (400 MHz, CDCl3) δ: 7.48-7.45 (m, 3H), 7.40-7.32 (m, 3H), 7.26-7.16 (m, 

3H), 3.88-3.84 (m, 1H), 1.95-1.84 (m, 2H), 1.09 (t, J = 7.2 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ: 141.6, 136.0, 133.3, 129.1, 128.7, 128.4, 127.6, 126.7, 126.3, 123.7, 

97.0, 80.3, 40.2, 31.7, 11.8. The NMR spectra were in accord with that reported in 

literature.[5] 

 

(R)-1-Bromo-3-(3-phenylpent-1-yn-1-yl)benzene (44) 

 

According to General procedure 3 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg, 

0.30 mmol, 1.5 equiv.) and 1-bromo-3-ethynylbenzene 2h (36.2 mg, 0.20 mmol, 1.0 

equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether) to yield the product 44 as a colorless oil (41.9 mg, 70% yield, 

93% ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, λ = 

254 nm), tR (minor) = 12.76 min, tR (major) = 13.61 min. 

1H NMR (400 MHz, CDCl3) δ: 7.60-7.59 (m, 1H), 7.43-7.32 (m, 6H), 7.27-7.23 (m, 
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1H), 7.16 (t, J = 8.0 Hz, 1H), 3.77 (t, J = 7.0 Hz, 1H), 1.92-1.81 (m, 2H), 1.05 (t, J = 

7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 141.6, 134.4, 130.9, 130.2, 129.6, 128.5, 

127.5, 126.8, 125.8, 122.0, 93.1, 81.9, 39.9, 31.5, 11.8. The NMR spectra were in 

accord with that reported in literature.[5] 

 

(R)-1-Fluoro-4-(3-phenylpent-1-yn-1-yl)benzene (45) 

 

According to General procedure 3 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg, 

0.30 mmol, 1.5 equiv.) and 1-ethynyl-4-fluorobenzene 2i (24.0 mg, 0.20 mmol, 1.0 

equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether) to yield the product 45 as a colorless oil (35.7 mg, 75% yield, 

94% ee). 

HPLC analysis: Chiralcel OJH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, λ = 

254 nm), tR (minor) = 24.35 min, tR (major) = 27.92 min. 

1H NMR (400 MHz, CDCl3) δ: 7.44-7.39 (m, 4H), 7.36-7.32 (m, 2H), 7.27-7.23 (m, 

1H), 7.01-6.96 (m, 2H), 3.77 (t, J = 7.0 Hz, 1H), 1.91-1.80 (m, 2H), 1.05 (t, J = 7.4 

Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 162.2 (d, J = 247.0 Hz), 141.9, 133.4 (d, J = 

8.1 Hz), 128.4, 127.5, 126.7, 119.9 (d, J = 3.5 Hz), 115.4 (d, J = 21.9 Hz), 91.1, 82.2, 

39.9, 31.6, 11.8; 19F NMR (376 MHz, CDCl3) δ: -112.1. The NMR spectra were in 

accord with that reported in literature.[5] 

 

(R)-1-(3-Phenylpent-1-yn-1-yl)-4-(trifluoromethyl)benzene (46) 

CF3

 

According to General procedure 3 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg, 
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0.30 mmol, 1.5 equiv.) and 1-ethynyl-4-(trifluoromethyl)benzene 2j (34.0 mg, 0.20 

mmol, 1.0 equiv.) for 3 d, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether) to yield the product 46 as a colorless 

oil (46.1 mg, 80% yield, 96% ee). 

HPLC analysis: Chiralcel IA (hexane/i-PrOH = 100/0, flow rate 0.7 mL/min, λ = 254 

nm), tR (minor) = 25.67 min, tR (major) = 27.61 min. 

1H NMR (400 MHz, CDCl3) δ: 7.56-7.52 (m, 4H), 7.41-7.39 (m, 2H), 7.36-7.33 (m, 

2H), 7.28-7.24 (m, 1H), 3.80 (t, J = 7.2 Hz, 1H), 1.93-1.83 (m, 2H), 1.06 (t, J = 7.4 

Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 141.5, 131.9, 129.5 (q, J = 32.3 Hz), 128.5, 

127.7 (d, J = 1.4 Hz), 127.5, 126.8, 125.1 (q, J = 3.8 Hz), 124.0 (q, J = 270.5 Hz), 

94.3, 82.2, 40.0, 31.5, 11.8; 19F NMR (376 MHz, CDCl3) δ: -62.7. The NMR spectra 

were in accord with that reported in literature.[5] 

 

(R)-4-(3-Phenylpent-1-yn-1-yl)benzonitrile (47) 

CN

 

According to General procedure 3 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg, 

0.30 mmol, 1.5 equiv.) and 4-ethynylbenzonitrile 2k (25.4 mg, 0.20 mmol, 1.0 equiv.) 

for 3 d, the reaction mixture was purified by column chromatography on silica gel 

(petroleum ether) to yield the product 47 as a colorless oil (34.8 mg, 71% yield, 95% 

ee). 

HPLC analysis: Chiralcel ASH (hexane/i-PrOH = 95/5, flow rate 0.8 mL/min, λ = 254 

nm), tR (minor) = 9.30 min, tR (major) = 11.43 min. 

1H NMR (400 MHz, CDCl3) δ: 7.58 (d, J = 8.4 Hz, 2H), 7.51 (d, J = 8.8 Hz, 2H), 

7.40-7.33 (m, 4H), 7.28-7.25 (m, 1H), 3.80 (t, J = 7.0 Hz, 1H), 1.94-1.83 (m, 2H), 

1.05 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 141.2, 132.2, 131.9, 128.8, 

128.5, 127.4, 126.9, 118.6, 111.0, 96.6, 82.0, 40.0, 31.4, 11.8. The NMR spectra were 

in accord with that reported in literature.[5] 
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(R)-4-(3-Phenylpent-1-yn-1-yl)benzaldehyde (48) 

CHO

 

According to General procedure 3 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg, 

0.30 mmol, 1.5 equiv.) and 4-ethynylbenzaldehyde 2l (26.0 mg, 0.20 mmol, 1.0 equiv.) 

for 3 d, the reaction mixture was purified by column chromatography on silica gel 

(petroleum ether) to yield the product 48 as a colorless oil (32.8 mg, 66% yield, 96% 

ee). 

HPLC analysis: Chiralcel ASH (hexane/i-PrOH = 99.5/0.5, flow rate 0.3 mL/min, λ = 

290 nm), tR (minor) = 28.29 min, tR (major) = 31.21 min. 

1H NMR (400 MHz, CDCl3) δ: 9.99 (s, 1H), 7.81 (d, J = 8.4 Hz, 2H), 7.58 (d, J = 8.4 

Hz, 2H), 7.42-7.40 (m, 2H), 7.35 (t, J = 7.6 Hz, 2H), 7.28-7.24 (m, 1H), 3.82 (t, J = 

7.0 Hz, 1H), 1.95-1.84 (m, 2H), 1.06 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) 

δ: 191.5, 141.4, 135.1, 132.2, 130.2, 129.5, 128.5, 127.5, 126.9, 96.2, 82.7, 40.1, 31.4, 

11.8. The NMR spectra were in accord with that reported in literature.[5] 

 

Methyl (R)-4-(3-phenylpent-1-yn-1-yl)benzoate (49) 

CO2Me

 

According to General procedure 3 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg, 

0.30 mmol, 1.5 equiv.) and methyl 4-ethynylbenzoate 2m (32.0 mg, 0.20 mmol, 1.0 

equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether) to yield the product 49 as a colorless oil (39.0 mg, 70% yield, 

93% ee). 

HPLC analysis: Chiralcel IA (hexane/i-PrOH = 97/3, flow rate 0.5 mL/min, λ = 254 

nm), tR (minor) = 10.10 min, tR (major) = 11.31 min. 
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1H NMR (400 MHz, CDCl3) δ: 7.98-7.96 (m, 2H), 7.51-7.49 (m, 2H), 7.42-7.40 (m, 

2H), 7.36-7.33 (m, 2H), 7.28-7.23 (m, 1H), 3.91 (s, 3H), 3.80 (t, J = 7.0 Hz, 1H), 

1.92-1.84 (m, 2H), 1.06 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 166.7, 

141.5, 131.6, 129.4, 129.0, 128.6, 128.5, 127.5, 126.8, 94.9, 82.7, 52.2, 40.1, 31.5, 

11.8. The NMR spectra were in accord with that reported in literature.[5] 

 

(R)-4,4,5,5-Tetramethyl-2-(4-(3-phenylpent-1-yn-1-yl)phenyl)-1,3,2-dioxaborolan

e (50) 

B
O

O

 

According to General procedure 3 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg, 

0.30 mmol, 1.5 equiv.) and 

2-(4-ethynylphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 2n (45.6 mg, 0.20 mmol, 

1.0 equiv.) for 3 d, the reaction mixture was purified by column chromatography on 

silica gel (ethyl acetate/petroleum ether = 1/100) to yield the product 50 as a colorless 

oil (43.6 mg, 63% yield, 96% ee). 

HPLC analysis: Chiralcel IA (hexane/i-PrOH = 99.5/0.5, flow rate 0.2 mL/min, λ = 

254 nm), tR (minor) = 24.78 min, tR (major) = 29.18 min. 

1H NMR (400 MHz, CDCl3) δ: 7.73 (d, J = 8.0 Hz, 2H), 7.45-7.40 (m, 4H), 7.35-7.32 

(m, 2H), 7.26-7.22 (m, 1H), 3.79 (t, J = 7.0 Hz, 1H), 1.92-1.81 (m, 2H), 1.34 (s, 12H), 

1.05 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 141.9, 134.5, 130.8, 128.4, 

127.5, 126.7, 126.6, 92.9, 83.9, 83.5, 40.0, 31.6, 24.9, 11.8. The NMR spectra were in 

accord with that reported in literature.[5] 

 

(R)-1-Ethynyl-4-(3-phenylpent-1-yn-1-yl)benzene (51) 
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According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (71.9 mg, 0.20 

mmol, 1.0 equiv.) and 1,4-diethynylbenzene 2o (37.8 mg, 0.30 mmol, 1.5 equiv.) for 3 

d, the reaction mixture was purified by column chromatography on silica gel 

(petroleum ether) to yield the product 51 as a colorless oil (31.8 mg, 65% yield, 95% 

ee). 

HPLC analysis: Chiralcel AD (hexane/i-PrOH = 97/3, flow rate 0.7 mL/min, λ = 254 

nm), tR (minor) = 6.16 min, tR (major) = 7.61 min. 

1H NMR (400 MHz, CDCl3) δ: 7.43-7.37 (m, 6H), 7.35-7.32 (m, 2H), 7.27-7.23 (m, 

1H), 3.79 (t, J = 7.0 Hz, 1H), 3.13 (s, 1H), 1.92-1.81 (m, 2H), 1.05 (t, J = 7.2 Hz, 3H); 

13C NMR (100 MHz, CDCl3) δ: 141.7, 131.9, 131.5, 128.5, 127.5, 126.7, 124.4, 121.3, 

93.7, 83.3, 82.9, 78.5, 40.0, 31.5, 11.8. The NMR spectra were in accord with that 

reported in literature.[5] 

 

(R)-2-Methoxy-6-(3-phenylpent-1-yn-1-yl)naphthalene (52) 

 

According to General procedure 3 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg, 

0.30 mmol, 1.5 equiv.) and 2-ethynyl-6-methoxynaphthalene 2p (36.4 mg, 0.20 mmol, 

1.0 equiv.) for 3 d, the reaction mixture was purified by column chromatography on 

silica gel (petroleum ether) to yield the product 52 as a colorless oil (43.9 mg, 73% 

yield, 95% ee). 

HPLC analysis: Chiralcel OJH (hexane/i-PrOH = 97/3, flow rate 0.8 mL/min, λ = 254 

nm), tR (major) = 21.20 min, tR (minor) = 31.44 min. 

1H NMR (400 MHz, CDCl3) δ: 7.88 (s, 1H), 7.65 (t, J = 8.6 Hz, 2H), 7.48-7.44 (m, 

3H), 7.35 (t, J = 7.6 Hz, 2H), 7.27-7.23 (m, 1H), 7.14-7.08 (m, 2H), 3.90 (s, 3H), 3.82 

(t, J = 7.0 Hz, 1H), 1.95-1.84 (m, 2H), 1.09 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, 

CDCl3) δ: 158.0, 142.1, 133.8, 131.0, 129.3, 129.1, 128.5, 128.4, 127.6, 126.6, 119.2, 

118.8, 105.8, 91.0, 83.8, 55.3, 40.1, 31.7, 11.9. The NMR spectra were in accord with 
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that reported in literature.[5] 

 

(R)-2-(3-Phenylpent-1-yn-1-yl)thiophene (53) 

 

According to General procedure 3 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg, 

0.30 mmol, 1.5 equiv.) and 2-ethynylthiophene 2q (21.6 mg, 0.20 mmol, 1.0 equiv.) 

for 3 d, the reaction mixture was purified by column chromatography on silica gel 

(petroleum ether) to yield the product 53 as a colorless oil (27.6 mg, 61% yield, 96% 

ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, λ = 

254 nm), tR (minor) = 12.52 min, tR (major) = 13.82 min. 

1H NMR (400 MHz, CDCl3) δ: 7.40-7.38 (m, 2H), 7.36-7.32 (m, 2H), 7.27-7.23 (m, 

1H), 7.20-7.16 (m, 2H), 6.96-6.94 (m, 1H), 3.80 (t, J = 7.0 Hz, 1H), 1.92-1.81 (m, 

2H), 1.04 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 141.6, 131.2, 128.4, 

127.5, 126.8, 126.7, 126.2, 123.9, 95.4, 76.4, 40.2, 31.5, 11.9. The NMR spectra were 

in accord with that reported in literature.[5] 

 

(R)-3-(3-Phenylpent-1-yn-1-yl)thiophene (54) 

 

According to General procedure 3 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg, 

0.30 mmol, 1.5 equiv.) and 3-ethynylthiophene 2c (21.6 mg, 0.20 mmol, 1.0 equiv.) 

for 3 d, the reaction mixture was purified by column chromatography on silica gel 

(petroleum ether) to yield the product 54 as a colorless oil (28.1 mg, 62% yield, 97% 

ee). 
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HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, λ = 

214 nm), tR (minor) = 17.63 min, tR (major) = 19.77 min. 

1H NMR (400 MHz, CDCl3) δ: 7.41-7.39 (m, 3H), 7.35-7.31 (m, 2H), 7.26-7.22 (m, 

2H), 7.12-7.10 (m, 1H), 3.76 (t, J = 7.0 Hz, 1H), 1.91-1.80 (m, 2H), 1.04 (t, J = 7.2 

Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 141.9, 130.1, 128.4, 127.8, 127.5, 126.6, 

125.0, 122.8, 91.0, 78.3, 40.0, 31.6, 11.8; HRMS (ESI): m/z calcd for C15H15S 

[M+H]+: 227.0889, found: 227.0888. 

 

(R)-4-(3-Phenylpent-1-yn-1-yl)pyridine (55) 

 

According to General procedure 3 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg, 

0.30 mmol, 1.5 equiv.) and 3-ethynylpyridine 2r (20.6 mg, 0.20 mmol, 1.0 equiv.) for 

3 d, the reaction mixture was purified by column chromatography on silica gel (ethyl 

acetate/petroleum ether = 1/100) to yield the product 55 as a colorless oil (31.4 mg, 

71% yield, 96% ee). 

HPLC analysis: Chiralcel IA (hexane/i-PrOH = 97/3, flow rate 0.5 mL/min, λ = 254 

nm), tR (minor) = 12.91 min, tR (major) = 14.98 min. 

1H NMR (400 MHz, CDCl3) δ: 8.68 (s, 1H), 8.51 (s, 1H), 7.73-7.70 (m, 1H), 

7.42-7.39 (m, 2H), 7.37-7.33 (m, 2H), 7.28-7.21 (m, 2H), 3.80 (t, J = 7.0 Hz, 1H), 

1.94-1.83 (m, 2H), 1.06 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 152.4, 

148.1, 141.4, 138.5, 128.5, 127.5, 126.8, 122.9, 120.9 95.2, 80.0, 40.0, 31.4, 11.8; 

HRMS (ESI): m/z calcd for C16H16N [M+H]+: 222.1277, found: 222.1277. 

 

(R)-4-(3-Phenylpent-1-yn-1-yl)quinoline (56) 
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According to General procedure 3 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (107.8 mg, 

0.30 mmol, 1.5 equiv.) and 4-ethynylquinoline 2s (30.6 mg, 0.20 mmol, 1.0 equiv.) for 

3 d, the reaction mixture was purified by column chromatography on silica gel (ethyl 

acetate/petroleum ether = 1/30) to yield the product 56 as a colorless oil (35.3 mg, 

65% yield, 95% ee). 

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 98/2, flow rate 0.3 mL/min, λ = 254 

nm), tR (major) = 30.42 min, tR (minor) = 32.10 min. 

1H NMR (400 MHz, CDCl3) δ: 8.85 (d, J = 4.4 Hz, 1H), 8.29 (dd, J = 8.4, 0.8 Hz, 1H), 

8.11 (d, J = 8.4 Hz, 1H), 7.76-7.71 (m, 1H), 7.62-7.58 (m, 1H), 7.50-7.47 (m, 3H), 

7.41-7.37 (m, 2H), 7.32-7.27 (m, 1H), 3.97 (t, J = 7.0 Hz, 1H), 2.05-1.96 (m, 2H), 

1.14 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 149.7, 148.0, 141.1, 130.3, 

129.7, 128.6, 128.1, 127.5, 127.04, 126.96, 126.0, 123.8, 101.7, 79.3, 40.4, 31.5, 11.9. 

The NMR spectra were in accord with that reported in literature.[5] 

 

(R)-5-(3-Phenylbut-1-yn-1-yl)pyrazolo[1,5-]pyrimidine (57) 

N

N

N  

According to General procedure 3 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylpropanoate 1ah (51.8 mg, 

0.15 mmol, 1.5 equiv.), 5-ethynylpyrazolo[1,5-]pyrimidine 2t which was 

synthesized according to the reference[3] (14.3 mg, 0.1 mmol, 1.0 equiv.), CuI (4.3 mg, 

0.0225 mmol, 15 mol%) and L1 (22.6 mg, 0.027 mmol, 18 mol%) for 4 d, the 

reaction mixture was purified by column chromatography on silica gel (ethyl 

acetate/petroleum ether = 1/2) to yield the product 57 as a colorless oil (11.1 mg, 45% 

yield, 93% ee). 

HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/5, flow rate 0.3 mL/min, λ = 254 

nm), tR (minor) = 48.41 min, tR (major) = 51.19 min. 

1H NMR (400 MHz, CDCl3) δ: 8.58 (d, J = 7.2 Hz, 1H), 8.12 (s, 1H), 7.44 (d, J = 7.6 
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Hz, 2H), 7.36 (t, J = 7.4 Hz, 2H), 7.27 (t, J = 7.2 Hz, 1H), 6.85 (d, J = 7.2 Hz, 1H), 

6.68 (s, 1H), 4.05 (q, J = 7.2 Hz, 1H), 1.64 (d, J = 7.2 Hz, 3H); 13C NMR (100 MHz, 

CDCl3) δ: 148.1, 145.6, 142.4, 141.8, 134.4, 128.7, 127.0, 126.9, 110.7, 97.2, 96.9, 

81.0, 32.4, 23.7. The NMR spectra were in accord with that reported in literature.[5] 

 

General procedure 4: 

 

CuI (5.7 mg, 0.03 mmol, 15 mol%), L1 (20.1 mg, 0.024 mmol, 12 mol%), Cs2CO3 

(228.1 mg, 0.70 mmol, 3.5 equiv.), N-hydroxyphthalimide esters 1 (0.20 mmol, 1.0 

equiv.) and anhydrous PhCF3 (4.0 mL) were sequentially added to an oven-dried 

Schlenk tube equipped with a magnetic stir bar under argon atmosphere. Then, alkyne 

2 (0.24 mmol, 1.2 equiv.) was added to the mixture. The reaction mixture was stirred 

under the irradiation of a 24 W blue LED for 4 d at room temperature. After the 

completion of reaction, the reaction mixture was filtered and the precipitate was 

washed by EtOAc. The filtrate was removed by rotary evaporator under vacuum and 

the residue was purified by flash column chromatography on silica gel to afford  the 

alkynylation product. 

 

(R)-(1-(Cyclohex-1-en-1-yl)pent-1-yn-3-yl)benzene (58) 

 

According to General procedure 4 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (71.9 mg, 0.20 

mmol, 1.0 equiv.) and 1-ethynylcyclohex-1-ene 2u (25.5 mg, 0.24 mmol, 1.2 equiv.) 

for 4 d, the reaction mixture was purified by column chromatography on silica gel 

(petroleum ether) to yield the product 58 as a colorless oil (14.8 mg, 33% yield, 97% 
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ee). 

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 100/0, flow rate 0.2 mL/min, λ = 

214 nm), tR (minor) = 31.14 min, tR (major) = 38.85 min. 

1H NMR (400 MHz, CDCl3) δ: 7.37-7.30 (m, 4H), 7.22 (t, J = 7.0 Hz, 1H), 6.10-6.08 

(m, 1H), 3.68 (t, J = 7.0 Hz, 1H), 2.17-2.15 (m, 2H), 2.12-2.09 (m, 2H), 1.84-1.72 (m, 

2H), 1.68-1.56 (m, 4H), 1.00 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 

142.4, 133.5, 128.3, 127.5, 126.4, 120.9, 88.5, 85.2, 39.8, 31.8, 29.6, 25.6, 22.4, 21.6, 

11.8. The NMR spectra were in accord with that reported in literature.[5] 

 

(R)-(6,6-Diethoxyhex-4-yn-3-yl)benzene (59) 

 

According to General procedure 4 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (71.9 mg, 0.20 

mmol, 1.0 equiv.) and 3,3-diethoxyprop-1-yne 2v (30.8 mg, 0.24 mmol, 1.2 equiv.) 

for 4 d, the reaction mixture was purified by column chromatography on silica gel 

(ethyl acetate/petroleum ether = 1/50) to yield the product 59 as a colorless oil (24.1 

mg, 49% yield, 97% ee). 

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 99/1, flow rate 0.3 mL/min, λ = 214 

nm), tR (major) = 20.31 min, tR (minor) = 25.24 min. 

1H NMR (400 MHz, CDCl3) δ: 7.35-7.29 (m, 4H), 7.23 (t, J = 6.6 Hz, 1H), 5.34 (s, 

1H), 3.81-3.72 (m, 2H), 3.65-3.56 (m, 3H), 1.84-1.77 (m, 2H), 1.26-1.22 (m, 6H), 

0.99 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 141.2, 128.3, 127.5, 126.7, 

91.5, 87.4, 78.5, 60.7, 60.6, 39.2, 31.2, 15.1, 11.7. The NMR spectra were in accord 

with that reported in literature.[5] 

 

(R)-4-Phenylhex-2-yn-1-yl acetate (60) 
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According to General procedure 4 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (71.9 mg, 0.20 

mmol, 1.0 equiv.) and prop-2-yn-1-yl acetate 2w (23.5 mg, 0.24 mmol, 1.2 equiv.) for 

4 d, the reaction mixture was purified by column chromatography on silica gel (ethyl 

acetate/petroleum ether = 1/50) to yield the product 60 as a colorless oil (22.1 mg, 

51% yield, 95% ee). 

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 99/1, flow rate 0.3 mL/min, λ = 214 

nm), tR (major) = 29.92 min, tR (minor) = 34.28 min. 

1H NMR (400 MHz, CDCl3) δ: 7.33-7.29 (m, 4H), 7.26-7.21 (m, 1H), 4.74 (d, J = 2.0 

Hz, 2H), 3.62-3.58 (m, 1H), 2.10 (s, 3H), 1.82-1.75 (m, 2H), 0.97 (t, J = 7.4 Hz, 3H); 

13C NMR (100 MHz, CDCl3) δ: 170.4, 141.3, 128.4, 127.4, 126.7, 88.8, 52.8, 39.3, 

31.2, 20.8, 11.7. The NMR spectra were in accord with that reported in literature.[5] 

 

(R)-5-Phenylhept-3-yn-1-ol (61) 

 

According to General procedure 4 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-phenylbutanoate 1b (71.9 mg, 0.20 

mmol, 1.0 equiv.) and but-3-yn-1-ol 2x (16.8 mg, 0.24 mmol, 1.2 equiv.) for 4 d, the 

reaction mixture was purified by column chromatography on silica gel (ethyl 

acetate/petroleum ether = 1/10) to yield the product 61 as a colorless oil (11.3 mg, 

30% yield, 97% ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 95/5, flow rate 0.7 mL/min, λ = 

214 nm), tR (major) = 11.42 min, tR (minor) = 12.69 min. 

1H NMR (400 MHz, CDCl3) δ: 7.35-7.30 (m, 4H), 7.23 (t, J = 6.6 Hz, 1H), 3.72 (t, J 

= 5.8 Hz, 2H), 3.56 (t, J = 7.0 Hz, 1H), 2.52 (td, J = 6.2, 1.6 Hz, 2H), 1.87 (s, 1H), 
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1.82-1.70 (m, 2H), 0.98 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 142.3, 

128.4, 127.4, 126.6, 84.1, 79.2, 61.4, 39.4, 31.6, 23.3, 11.8. The NMR spectra were in 

accord with that reported in literature.[5] 

 

(R)-(3-(4-Isobutylphenyl)but-1-yn-1-yl)trimethylsilane (62) 

TMS

 

According to General procedure 4 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(4-isobutylphenyl)propanoate 1b 

(80.3 mg, 0.20 mmol, 1.0 equiv.) and ethynyltrimethylsilane 2y (23.6 mg, 0.24 mmol, 

1.2 equiv.) for 4 d, the reaction mixture was purified by column chromatography on 

silica gel (petroleum ether) to yield the product 62 as a colorless oil (25.8 mg, 50% 

yield). 

1H NMR (400 MHz, CDCl3) δ: 7.28 (d, J = 8.0 Hz, 2H), 7.10 (d, J = 8.0 Hz, 2H), 3.77 

(q, J = 7.2 Hz, 1H), 2.46 (d, J = 7.2 Hz, 2H), 1.91-1.80 (m, 1H), 1.47 (d, J = 7.2 Hz, 

3H), 0.91 (d, J = 6.4 Hz, 6H), 0.19 (s, 9H); 13C NMR (100 MHz, CDCl3) δ: 140.2, 

139.9, 129.2, 126.5, 109.8, 86.0, 45.0, 32.4, 30.2, 24.7, 22.40, 22.38, 0.2. The NMR 

spectra were in accord with that reported in literature.[5] 

 

(S)-1-(But-3-yn-2-yl)-4-isobutylbenzene (62’) 

 

To a stirred solution of 62 (24.4 mg, 0.094 mmol, 1.0 equiv.) in MeOH (1.5 mL) was 

added K2CO3 (26 mg, 0.189 mmol, 2.0 equiv.) and the reaction mixture was stirred for 

4 h. After completion of reaction, the mixture was concentrated under reduced 

pressure and purified by column chromatography (petroleum ether) to yield the 

desired product 62’ as a colorless oil (15.6 mg, 89% yield, 94% ee). 
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HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 100/0, flow rate 0.3 mL/min, λ = 

214 nm), tR (major) = 17.64 min, tR (minor) = 22.26 min. 

1H NMR (400 MHz, CDCl3) δ: 7.30 (d, J = 8.0 Hz, 2H), 7.11 (d, J = 8.0 Hz, 2H), 

3.78-3.72 (m, 1H), 2.46 (d, J = 7.2 Hz, 2H), 2.26 (d, J = 2.4 Hz, 1H), 1.90-1.80 (m, 

1H), 1.51 (d, J = 7.2 Hz, 3H), 0.91 (d, J = 6.4 Hz, 6H); 13C NMR (100 MHz, CDCl3) 

δ: 140.1, 139.8, 129.3, 126.5, 87.4, 69.9, 45.0, 31.2, 30.2, 24.2, 22.4. The NMR 

spectra were in accord with that reported in literature.[5] 

 

(R)-1-(Hex-4-yn-3-yl)-4-methoxybenzene (63) 

 

According to General procedure 4 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-(4-methoxyphenyl)butanoate S34 

(39.0 mg, 0.10 mmol, 1.0 equiv.) and prop-1-yne 2z (0.5 mL, 0.50 mmol, 5.0 equiv., 

1.0 M in THF) for 4 d, the reaction mixture was purified by column chromatography 

on silica gel (petroleum ether) to yield the product 63 as a colorless oil (10.9 mg, 58% 

yield, 93% ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, λ = 

230 nm), tR (minor) = 11.31 min, tR (major) = 17.02 min. 

1H NMR (400 MHz, CDCl3) δ: 7.26-7.24 (m, 2H), 6.85 (d, J = 8.4 Hz, 2H), 3.79 (s, 

3H), 3.45 (t, J = 6.4 Hz, 1H), 1.86 (s, 3H), 1.74-1.67 (m, 2H), 0.95 (t, J = 7.4 Hz, 3H); 

13C NMR (100 MHz, CDCl3) δ: 158.2, 134.9, 128.4, 113.7, 81.1, 78.1, 55.3, 38.6, 

31.7, 11.8, 3.6; HRMS (ESI): m/z calcd for C13H17O [M+H]+: 189.1274, found: 

189.1273. 

 

Ethyl 

(S)-3-(4-((4'-(trifluoromethyl)-[1,1'-biphenyl]-3-yl)methoxy)phenyl)hex-4-ynoate 

(64) 
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According to General procedure 2 with 

1-(1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl) 4-ethyl 

2-(4-((4'-(trifluoromethyl)-[1,1'-biphenyl]-3-yl)methoxy)phenyl)succinate S64 (66.8 

mg, 0.1 mmol, 1.0 equiv.), prop-1-yne 2z (0.5 mL, 0.5 mmol, 5.0 equiv., 1.0 M in 

THF), CuI (3.8 mg, 0.02 mmol, 20 mol%) and L3 (19.3 mg, 0.024 mmol, 24 mol%) 

for 3 d, the reaction mixture was purified by column chromatography on silica gel 

(dichloromethane/petroleum ether = 1/1.5) to yield the product 64 as a colorless oil 

(12.6 mg, 27% yield, 76% ee). 

HPLC analysis: Chiralcel IB (hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 10.55 min, tR (major) = 11.62 min. 

1H NMR (400 MHz, CDCl3) δ: 7.70 (s, 4H), 7.65 (s, 1H), 7.56 (d, J = 7.2 Hz, 1H), 

7.48 (d, J = 7.6 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H), 6.94 (d, J = 8.4 Hz, 2H), 5.12 (s, 

2H), 4.16-4.06 (m, 3H), 2.77-2.71 (m, 1H), 2.67-2.61 (m, 1H), 1.82 (d, J = 2.4 Hz, 

3H), 1.21 (t, J = 7.0 Hz, 3H); 19F NMR (376 MHz, CDCl3) δ: -62.4. The NMR spectra 

were in accord with that reported in literature.[5] 

 

(S,Z)-1-Methoxy-3-(3-phenylpent-1-en-1-yl)benzene (65) 

 

To a solution of IPrCuCl (7.3 mg, 0.015 mmol, 10 mol%), Pd(OAc)2 (1.7 mg, 0.0075 

mmol, 5 mol%), L (5.7 mg, 0.015 mmol, 10 mol%), NaOtBu (28.8 mg, 0.3 mmol, 2 

equiv.), MeOH (24.0 mg, 0.75 mmol, 5 equiv.) and 39 (37.6 mg, 0.15 mmol, 1.0 

equiv., 97% ee) in toluene (1.5 mL) was added TMDSO 

(1,1,3,3-tetramethyldisiloxane) (40.3 mg, 0.3 mmol, 2 equiv.) under argon atmosphere. 

Then, the reaction mixture was stirred at 60 °C for 4 h. Subsequently, the reaction 

mixture was filtered through a short plug of silica gel with EtOAc (3 × 10 mL). The 
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organic solvent was removed by rotary evaporator under vacuum and the residue was 

purified by flash column chromatography (petroleum ether) on silica gel to afford the 

product 65 as a colorless oil (30.7 mg, 81% yield, 97% ee).[9] 

HPLC analysis: Chiralcel OJH (hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, λ = 240 

nm), tR (minor) = 10.92 min, tR (major) = 22.96 min. 

1H NMR (400 MHz, CDCl3) δ: 7.31 (t, J = 7.4 Hz, 2H), 7.25-7.18 (m, 4H), 6.83 (d, J 

= 7.6 Hz, 1H), 6.80-6.77 (m, 2H), 6.51 (d, J = 11.6 Hz, 1H), 5.88-5.82 (m, 1H), 3.75 

(s, 3H), 3.73-3.68 (m, 1H), 1.80-1.66 (m, 2H), 0.84 (t, J = 7.4 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ: 159.4, 145.2, 138.9, 136.0, 129.1, 128.8, 128.5, 127.4, 126.1, 121.2, 

113.9, 112.5, 55.1, 45.5, 30.7, 12.0; HRMS (ESI): m/z calcd for C18H21O [M+H]+: 

253.1587, found: 253.1585. 

 

(S)-1-Methoxy-3-(3-phenylpentyl)benzene (66) 

 

To a solution of 39 (37.6 mg, 0.15 mmol, 1.0 equiv., 97% ee) in THF (2.5 mL) was 

added Pd/C (10.0 mg, 10% w/w Pd on carbon) under argon atmosphere. Subsequently, 

the reaction flask was evacuated and refilled with hydrogen through a balloon. The 

reaction mixture was stirred at room temperature under the hydrogen atmosphere for 4 

h. Then, the reaction mixture was filtered and rinsed with EtOAc (3 × 20 mL). The 

filtrate was concentrated by rotary evaporator under vacuum and the residue was 

purified by column chromatography on silica gel (petroleum ether) to give the product 

66 as a colorless oil (31.7 mg, 83% yield, 96% ee). 

HPLC analysis: Chiralcel OJH (hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, λ = 214 

nm), tR (minor) = 10.65 min, tR (major) = 13.23 min. 

1H NMR (400 MHz, CDCl3) δ: 7.31 (t, J = 7.4 Hz, 2H), 7.24-7.14 (m, 4H), 6.71-6.69 

(m, 2H), 6.65 (s, 1H), 3.77 (s, 3H), 2.48-2.38 (m, 3H), 2.02-1.83 (m, 2H), 1.74-1.66 

(m, 1H), 1.61-1.54 (m, 1H), 0.76 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 

159.5, 145.4, 144.3, 129.1, 128.3, 127.8, 125.9, 120.8, 114.1, 110.9, 55.1, 47.3, 38.0, 

33.9, 29.8, 12.1; HRMS (ESI): m/z calcd for C18H23O [M+H]+: 255.1743, found: 
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255.1740. 
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9. Synthetic applications 

9.1 One-pot synthesis  

 

Step 1: According to General procedure 1 with alkyl carboxylic acids 67a and 67b 

(0.20 mmol, 1.0 equiv.) and 2-hydroxy-1H-benzo[f]isoindole-1,3(2H)-dione 68 (42.6 

mg, 0.20 mmol, 1.0 equiv.) for 24 h, the reaction mixture was filtrated through a pad 

of diatomite. The precipitate was washed with CH2Cl2 (3 × 50 mL). The filtrate was 

removed by rotary evaporator under vacuum to give the crude ester without further 

purification. 

Step 2: According to General procedure 2 with the crude ester (0.20 mmol, 1.0 

equiv.) and ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 equiv.) for 3 d, the reaction 

mixture was purified by column chromatography on silica gel (petroleum ether) to 

yield the product 4 (colorless oil, 26.9 mg, 61% yield, 97% ee) and 18 (colorless oil, 

28.9 mg, 55% yield, 90% ee), respectively. 

HPLC analysis of 4: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 1.0 mL/min, 

λ = 254 nm), tR (minor) = 11.48 min, tR (major) = 16.96 min. 

HPLC analysis of 18: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 

mL/min, λ = 254 nm), tR (minor) = 15.97 min, tR (major) = 26.49 min. 

 

9.2 Large-scale synthesis  

 

CuI (95.2 mg, 0.5 mmol, 10 mol%), L1 (502 mg, 0.6 mmol, 12 mol%), Cs2CO3 (5.7 g, 

17.5 mmol, 3.5 equiv.), 1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 

2-phenylbutanoate 1b (1.8 g, 5.0 mmol, 1.0 equiv.) and anhydrous PhCF3 (100 mL) 

were sequentially added to an oven-dried flask equipped with a magnetic stir bar 
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under argon atmosphere. Then, ethynylbenzene 2a (766.1 mg, 7.5 mmol, 1.5 equiv.) 

was added to the mixture. The reaction mixture was stirred under the irradiation of a 

24 W blue LED for 5 d at room temperature. After the completion of reaction, the 

reaction mixture was filtered and the precipitate was washed by EtOAc (3 × 30 mL). 

The filtrate was removed by rotary evaporator under vacuum and the residue was 

purified by flash column chromatography on silica gel with petroleum ether to afford 

the product 4 as a colorless oil (638.9 mg, 58% yield, 98% ee). 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 1.0 mL/min, λ = 

254 nm), tR (minor) = 11.16 min, tR (major) = 16.35 min. 
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10. Mechanistic Study 

10.1 Radical-trapping experiment 

 

 

CuI (3.8 mg, 0.02 mmol, 10 mol%), L1 (20.1 mg, 0.024 mmol, 12 mol%), Cs2CO3 

(228.1 mg, 0.70 mmol, 3.5 equiv.), 1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 

2-phenylbutanoate 1b (71.9 mg, 0.20 mmol, 1.0 equiv.), TEMPO (31.2 mg, 0.20 

mmol 1.0 equiv.) and anhydrous PhCF3 (4.0 mL) were sequentially added to an 

oven-dried Schlenk tube equipped with a magnetic stir bar under argon atmosphere. 

Then, ethynylbenzene 2a (30.6 mg, 0.30 mmol, 1.5 equiv.) was added to the mixture. 

The reaction mixture was stirred under the irradiation of a 24 W blue LED for 3 d at 

room temperature. After the completion of reaction, the reaction mixture was filtered 

and the precipitate was washed by EtOAc. The filtrate was removed by rotary 

evaporator under vacuum and the residue was analyzed by 1H NMR. 4 was not 

detected in the reaction mixture. Furthermore, 3’ was isolated as a colorless solid (9.1 

mg, 30% yield) and 2-phenylbutanoic acid via the hydrolysis of 1b could be detected.  

 

10.2 Radical clock experiments 

 

 

According to General procedure 2 with 

1,3-dioxo-1,3-dihydro-2H-benzo[f]isoindol-2-yl 2-cyclopropyl-2-phenylacetate 1c 

(74.3 mg, 0.20 mmol, 1.0 equiv.) and ethynylbenzene 2a (30.6 mg, 0.3 mmol, 1.5 

equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether). 

(E)-Hex-1-en-5-yne-1,6-diyldibenzene (69) 
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69 was isolated as a colorless oil (4.6 mg, 10% yield). 1H NMR (400 MHz, CDCl3) δ: 

7.41-7.36 (m, 4H), 7.32-7.26 (m, 5H), 7.21 (t, J = 7.2 Hz, 1H), 6.50 (d, J = 16.0 Hz, 

1H), 6.36-6.29 (m, 1H), 2.60-2.52 (m, 4H); 13C NMR (100 MHz, CDCl3) δ: 137.5, 

131.6, 131.1, 128.8, 128.5, 128.2, 127.6, 127.1, 126.1, 123.9, 89.4, 81.2, 32.3, 19.8; 

HRMS (ESI): m/z calcd for C18H17 [M+H]+: 233.1325, found: 233.1324. 

 

(R)-(3-Cyclopropylprop-1-yne-1,3-diyl)dibenzene (70) 

 

70 was isolated as a colorless oil (24.6 mg, 53% yield, 87% ee). HPLC analysis: 

Chiralcel OJH (hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min, λ = 254 nm), tR 

(minor) = 22.39 min, tR (major) = 26.84 min; 1H NMR (400 MHz, CDCl3) δ: 

7.51-7.49 (m, 2H), 7.46-7.43 (m, 2H), 7.38-7.35 (m, 2H), 7.31-7.27 (m, 4H), 3.70 (d, 

J = 6.4 Hz, 1H), 1.28-1.20 (m, 1H), 0.63-0.52 (m, 4H); 13C NMR (100 MHz, CDCl3) 

δ: 142.0, 131.7, 128.4, 128.2, 127.8, 127.5, 126.8, 123.6, 89.6, 83.2, 41.3, 17.5, 4.1, 

3.1. The NMR spectra were in accord with that reported in literature.[3] 

 

10.3 Stern-Volmer luminescence quenching experiments 

Emission intensities were recorded using FLS-980 Spectrofluorometer equipped with 

MCP-PMT detector from Edinburgh Instruments for all experiments. The solution 

was prepared by adding Cu(I)-phenylacetylide, an appropriate amount of quencher, 

and PhCF3 to a 5.0 mL of quartz cuvette. The concentration of Cu(I)-phenylacetylide 

was 5.0 × 10–3 M. The cuvette was sealed with a septum. After degassing with 

nitrogen for 30 min, the solution was irradiated at 466 nm, and emission was detected 

at 582 nm.  
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Figure S1a. Cu(I)-phenylacetylide emission quenching by 1b. 
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Figure S1b. Cu(I)-phenylacetylide emission quenching by ethynylbenzene (2a).  
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Figure S1c. Cu(I)-phenylacetylide emission quenching by 1aa. 

 

500 550 600 650 700 750 800
0

100000

200000

300000

400000

In
te

n
si

ty
 (

a.
u

.)

Wavelength (nm)

 0 M
 0.001 M
 0.002 M
 0.003 M
 0.004 M
 0.005 M

   



S97 
 

Figure S1d. Cu(I)-phenylacetylide emission quenching by 1ab. 
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Figure S1e. Cu(I)-phenylacetylide emission quenching by 1ac. 
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Figure S1f. Cu(I)-phenylacetylide emission quenching by 1ad. 
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Figure S1g. Cu(I)-phenylacetylide emission quenching by 1ae.   
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Figure S1h. Cu(I)-phenylacetylide emission quenching by 1af. 
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Figure S1i. Cu(I)-phenylacetylide emission quenching by 1ag. 
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Figure S1j. Cu(I)-phenylacetylide emission quenching by 1ah. 

 

10.4 Cyclic voltammetry experiments 

Cyclic voltammetry experiment was performed using a CH Instruments 

Electrochemical Workstation model PalmSens4. The electrochemical cell was 

equipped with a glassy carbon working electrode, a Pt mesh counter electrode, and a 

Ag/AgNO3 (10 mM AgNO3 in MeCN) reference electrode. A solution of 1b in MeCN 

(0.001 M) was tested with 0.1 M Bu4NPF6 as the supporting electrolyte and ferrocene 

was using as an internal standard. Scan rate = 0.1 V/s, 2 sweep segments, a sample 
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interval of 0.001 V.  

 

Figure S1. Cyclic voltammogram of 1b in MeCN. Ep = 1.567 V vs. Fc/Fc+. Ep (vs. 

SCE) = 1.567 V + 0.393 V = 1.174 V. 
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12. NMR Spectra 
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13. HPLC spectra 
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