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1. General Information 

NMR spectra: 1H NMR spectra were recorded on a 400 MHz spectrometer. Chemical shifts are reported in parts per 

million (ppm) and the spectra are calibrated to the resonance resulting from incomplete deuteration of the solvent (CDCl3: 

7.26 ppm). 13C NMR spectra were recorded on 400 MHz spectrometer with complete proton decoupling. Chemical shifts 

are reported in ppm with the solvent resonance as the internal standard (13CDCl3: 77.0 ppm, t). Data are reported as follows: 

chemical shift δ/ppm, integration (1H only), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet or 

combinations thereof; 13C signals are singlets unless otherwise stated), coupling constants J in Hz, assignment. 19F NMR 

spectra were recorded on the same Spectrometer. All air- and moisture-sensitive reactions were performed under an 

atmosphere of Ar in fire dried glassware. 

High Resolution Mass Spectrometry (HRMS): All were recorded on Bruker micrOTOF II ESI-TOF using a 

positive electrospray ionization (ESI+). Measured values are reported to 4 decimal places of the calculated value. The 

calculated values are based on the most abundant isotope. 

Chromatography: Analytical thin layer chromatography was performed using Qingdao Puke Parting Materials Co. 

silica gel plates (Silicagel 60 F254). Visualisation was by ultraviolet fluorescence (λ = 254 nm) and/or staining with 

Phosphomolybdic acid or potassium permanganate (KMnO4). Flash column chromatography was performed using 

200-300 mesh silica gel. Optical rotations were measured with a polarimeter. [α]D values are reported at a given 

temperature (° C) in degrees cm2۰g -1 with concentration in g/100 mL. 

Chiral HPLC analysis: Enantiomeric ratio (ee) values were determined by chiral HPLC with chiral IG, OD, OX, AZ 

and AD columns with hexane and i-PrOH as solvents. 

UV/Vis: Measurements were made with Agilent Cary 60 UV-Vis spectrophotometer. 

Stern-Volmer quenching studies: Fluorescence spectra was collected on Agilent Fluorescence Spectrophotometer 

G9800AS24. 

Photoreactor: The photoreactors used in this research were bought from GeAo Chem (Figure S1: purple LEDs, light 

intensity = 15.2 mw/cm2, 1 W for every light bulb; every two Schlenk tube was irradiated by 6 light bulbs from the side). 

Gram-scale reaction was performed under irradation of purple LEDs (Kessil PR160L-390 nm), which is bought from 

Anhui Kemi Machinery Technology Co., Ltd. (http://www.kemiyiqi.com/). 

  

Figure S1. Photoreactor used in this research (4 x 6 W purple LEDs) 

Note: All photos in this material were taken by the first author Guo-Qing Li. 
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2. Preparation of Materials 

Reagents, unless otherwise stated, were used as supplied from commercial sources without further purification. 

Anhydrous solvent (DMF, DCM, CH3CN, MeOH, toluene and THF) were taken from JC-Meyer solvent purification 

system. Anhydrous DMA, DCE, EtOAc and 1,4-dioxane were purchased from J&K reagent company. 

All 1,3-enynes were prepared from alkynes and vinyl bromideaccording to the reported literature.1 

Oxime esters 2a-2f were prepared from the corresponding ketones by following the literature report.2 

Ligands L1-L6, L8, L9 and L12-L16 were purchased from Bide Pharmatech. L73, L104, L114
 and L175 were 

prepared according to the reported literature. 

3. Details for Condition Optimizations 

Table S1 The effect of solvents[a] 

 

Entry Solvent Yield [%][b] ee [%][c] 

1 THF Trace - 

2 DCM  33 34 

3 MeOH  43 8 

4 CH3CN 53 31 

5 DMF  24 7 

6 Toluene Trace - 

7 EtOAc Trace - 

8 DME 13 0 

9 DCE 63 60 

[a] 1a (0.3 mmol), 2a (0.2 mmol), 3a (1.0 equiv, 0.1 mmol), Cu(CH3CN)4PF6 (0.001 mmol, 1.0 mol%) and chiral ligand 

L1 (0.0012 mmol, 1.2 mol%) in 2.0 mL solvent for 24h under the irradiation of 4 x 6 W purple LEDs. [b] NMR yield 

determined by using 1,3,5-trimethoxybenzene as an internal standard. [c] Determined by chiral HPLC.  

As shown in Table S1, among all the tested, DCE (2.0 mL) gave the best results (63% yield, 60% ee), and was thus 

selected for further optimization studies. 

Table S2. The effect of copper salts[a] 
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Entry Copper Salt Yield [%][b] ee [%][c] 

1 CuOAc  10 12 

2 CuCl 53 6 

3 CuBr 48 31 

4 CuOTf  5 29 

5 CuCN 8 0 

6 CuSCN 13 6 

7 CuTc 50 0 

8 Cu(OTf)2 54 58 

9 Cu(CH3CN)4PF6 63 60 

[a] 1a (0.3 mmol), 2a (0.2 mmol), 3a (1.0 equiv, 0.1 mmol), copper salt (0.001 mmol, 1.0 mol%) and chiral ligand L1 

(0.0012 mmol, 1.2 mol%) in 2.0 mL DCE for 8 h under the irradiation of 4 x 6 W purple LEDs. [b] NMR yield 

determined by using 1,3,5-trimethoxybenzene as an internal standard. [c] Determined by chiral HPLC.  

As shown in Table S2, among all the tested, Cu(CH3CN)4PF6 gave the best results (63% yield, 60% ee), and was thus 

selected for further optimization studies.. 

Table S3. The effect of temperature and catalyst loading[a]
 

 

Entry Conditions Yield [%][b] ee [%][c] 

1 with 1.0 mol% [Cu], 1.2 mol% L1 63 60 

2 with 2.0 mol% [Cu], 2.4 mol% L1 80 63 

3 with 5.0 mol% [Cu], 6.0 mol% L1 81 60 

[a] 1a (0.3 mmol), 2a (0.2 mmol), 3a (1.0 equiv, 0.1 mmol), Cu(CH3CN)4PF6 (0.00x mmol, x mol%) and chiral ligand L1 

(0.0012x mmol, 1.2x mol%) in 2.0 mL DCE for 24 h under the irradiation of 4 x 6 W purple LEDs. [b] NMR yield 

determined by using 1,3,5-trimethoxybenzene as an internal standard. [c] Determined by chiral HPLC. 

As shown in Table S3, among all the tested, a combination of Cu(CH3CN)4PF6 (2.0 mol%) and chiral ligand L1 (2.4 

mol%) gave the best results (80% yield, 63% ee), and was thus selected for further studies. 

Table S4. The effect of chiral ligands[a,b,c] 
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[a] 1a (0.3 mmol), 2a (0.2 mmol), 3a (1.0 equiv, 0.1 mmol), Cu(CH3CN)4PF6 (0.002 mmol, 2.0 mol%) and chiral ligand 

L (0.0024 mmol, 2.4 mol%) in 2.0 mL DCE for 24 h under the irradiation of 4 x 6 W purple LEDs. [b] NMR yield 

determined by using 1,3,5-trimethoxybenzene as an internal standard. [c] Determined by chiral HPLC.  

As shown in Table S4, among all the tested, chiral ligand L17 (2.4 mol%) gave the best results (91% yield, 95% ee), and 

was thus selected for further optimization studies. 

Table S5. Control experiments[a]
 

 

Entry hv Cu(CH3CN)4PF6 L17 Yield [%][b] ee [%][c] 

1[d] × √ √ 17 95 

2[e] √ × √ N.R. - 

3[f] √ √ × 11 - 

4 √ √ √ 91 (90) 95 

[a] 1a (0.3 mmol), 2a (0.2 mmol), 3a (1.0 equiv, 0.1 mmol), Cu(CH3CN)4PF6 (0.005 mmol, 2.0 mol%) and chiral ligand 

L17 (0.0024 mmol, 2.4 mol%) in 2.0 mL DCE for 24 h under the irradiation of 4 x 6 W purple LEDs. [b] NMR yield 

determined by using 1,3,5-trimethoxybenzene as an internal standard. Value in parentheses is isolated yield. [c] 

Determined by chiral HPLC. [d] Without the irradiation. [e] Without the copper salt. [f] Without the ligand. N.R. = no 

reaction. 

The results of Table S5 reveal that each component is essential for the reaction. 
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4. General Procedure and Characterization Data of Products 

4.1 General procedure (with product 4aa as an example) 

 

In a flame-dried 10 mL Schlenk tube equipped with a magnetic stirrer bar was charged sequentially with 

Cu(CH3CN)4PF6 (0.75 mg, 0.002 mmol) and chiral ligand L17 (1.64 mg, 0.0024 mmol), followed by the addition of 

DCE (2.0 mL). Then the mixture was stirred at room temperature for 30 min. To the resulting mixture, 3a (18.0 mg, 0.10 

mmol), 1a (38.4 mg, 0.30 mmol) and 2a (37.0 mg, 0.20 mmol) were added. Then, the resulting mixture was degassed (3 

times) under argon atmosphere. At last, the mixture was stirred at a distance of ~1 cm from 4 x 6 W purple LEDs at room 

temperature for 24 h. The product was purified by flash column chromatography on silica gel to afford the desired 

product with petroleum ether and ethyl acetate (7:1, v/v) in 90% yield and 95% ee. 

Note: The racemic samples were prepared according to the general procedure by replacing the chiral ligand with 

racemic ligand L1 (by mixing equal parts R-L1 and S-L1). 

4.2 Characterization data of products 

(S)-7-cyano-1-phenylhept-1-yn-3-yl methyl terephthalate 4aa 

90% isolated yield (33.8 mg), colorless oil, [α]D
25 = 63.44 (c = 0.5 in CHCl3); 95% ee, determined 

by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, λ = 

254 nm, 25 oC), tR (major) = 19.38 min, tR (minor) = 27.22 min. 1H NMR (400 MHz, CDCl3) δ 

(ppm) 8.16 – 8.10 (m, 4H), 7.47 – 7.44 (m, 2H), 7.34 – 7.29 (m, 3H), 5.89 (t, J = 6.3 Hz, 1H), 

3.94 (s, 3H), 2.44 – 2.38 (m, 2H), 2.06 – 2.04 (m, 2H), 1.82 – 1.76 (m, 4H). 13C NMR (100 MHz, 

CDCl3) δ (ppm) 166.1, 164.6, 134.1, 133.5, 131.8, 129.7, 129.5, 128.8, 128.2, 121.8, 119.3, 86.2, 

85.5, 65.0, 52.4, 34.0, 24.9, 24.2, 17.0. HRMS (EI): m/z [M + Na]+ calcd for C23H21NNaO4: 398.1363, found: 398.1364. 

(S)-7-cyano-1-(p-tolyl)hept-1-yn-3-yl methyl terephthalate 4ba 

78% isolated yield (30.4 mg), colorless oil, [α]D
25 = 25.73 (c = 0.5 in CHCl3); 85% ee, 

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 

mL/min, λ = 254 nm, 25 oC), tR (major) = 14.89 min, tR (minor) = 22.24 min. 1H NMR (400 

MHz, CDCl3) δ (ppm) 8.17 – 8.09 (m, 4H), 7.35 (d, J = 7.9 Hz, 2H), 7.11 (d, J = 7.9 Hz, 2H), 

5.88 (t, J = 6.3 Hz, 1H), 3.94 (s, 3H), 2.49 – 2.38 (m, 2H), 2.33 (s, 3H), 2.05 – 2.04 (m, 2H), 

1.83 – 1.75 (m, 4H). 13C NMR (100 MHz, CDCl3) δ (ppm) 166.1, 164.7, 139.0, 134.1, 133.5, 

131.8, 129.7, 129.5, 129.0, 119.3, 118.7, 86.3, 84.8, 65.1, 52.4, 34.1, 24.9, 24.2, 21.4, 17.1. HRMS (EI): m/z [M + Na]+ 

calcd for C24H23NNaO4: 412.1519, found: 412.1518. 

(S)-7-cyano-1-(4-methoxyphenyl)hept-1-yn-3-yl methyl terephthalate 4ca 

90% isolated yield (36.5 mg), colorless oil, [α]D
25 = 63.00 (c = 0.5 in CHCl3); 89% ee, 

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 

1.0 mL/min, λ = 254 nm, 25 oC), tR (major) = 29.83 min, tR (minor) = 35.90 min. 1H NMR 

(400 MHz, CDCl3) δ (ppm) 8.16 – 8.08 (m, 4H), 7.42 – 7.36 (m, 2H), 6.85 – 6.79 (m, 2H), 
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5.87 (t, J = 6.3 Hz, 1H), 3.94 (s, 3H), 3.79 (s, 3H), 2.42 – 2.39 (m, 2H), 2.09 – 1.99 (m, 2H), 1.83 – 1.73 (m, 4H). 13C 

NMR (100 MHz, CDCl3) δ (ppm) 166.1, 164.7, 159.9, 134.0, 133.5, 133.4, 129.7, 129.5, 119.3, 113.9, 113.8, 86.2, 84.1, 

65.1, 55.2, 52.4, 34.1, 24.9, 24.2, 17.1. HRMS (EI): m/z [M + Na]+ calcd for C24H23NNaO5: 428.1468, found: 428.1466. 

(S)-7-cyano-1-(4-propylphenyl)hept-1-yn-3-yl methyl terephthalate 4da 

89% isolated yield (37.5 mg), colorless oil, [α]D
25 = 21.47 (c = 0.5 in CHCl3); 90% ee, 

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 

mL/min, λ = 254 nm, 25 oC), tR (major) = 12.44 min, tR (minor) = 18.36 min. 1H NMR (400 

MHz, CDCl3) δ (ppm) 8.17 – 8.07 (m, 4H), 7.37 (d, J = 8.0 Hz, 2H), 7.11 (d, J = 7.9 Hz, 2H), 

5.88 (t, J = 6.3 Hz, 1H), 3.94 (s, 3H), 2.56 (t, J = 7.6 Hz, 2H), 2.40 - 2.39 (m, 2H), 2.07 – 2.02 

(m, 2H), 1.84 – 1.74 (m, 4H), 1.64 – 1.58 (m, 2H), 0.91 (t, J = 7.3 Hz, 3H). 13C NMR (100 

MHz, CDCl3) δ (ppm) 166.1, 164.7, 143.8, 134.1, 133.5, 131.8, 129.7, 129.5, 128.4, 119.3, 119.0, 86.4, 84.8, 65.1, 52.4, 

37.9, 34.1, 25.0, 24.2, 17.1, 13.7. HRMS (EI): m/z [M + Na]+ calcd for C26H27NNaO4: 440.1832, found: 440.1831. 

(S)-1-(4-(tert-butyl)phenyl)-7-cyanohept-1-yn-3-yl methyl terephthalate 4ea 

85% isolated yield (36.7 mg), colorless oil, [α]D
25 = 50.01 (c = 0.5 in CHCl3); 92% ee, 

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 0.5 

mL/min, λ = 254 nm, 25 oC), tR (major) = 9.65 min, tR (minor) = 11.51 min. 1H NMR (400 

MHz, CDCl3) δ (ppm) 8.17 – 8.09 (m, 4H), 7.39 (d, J = 8.5 Hz, 2H), 7.35 – 7.30 (m, 2H), 5.88 

(t, J = 6.3 Hz, 1H), 3.95 (s, 3H), 2.40 (t, J = 4.4 Hz, 2H), 2.09 – 1.98 (m, 2H), 1.83 - 1.79 (m, 

4H), 1.29 (s, 9H). 13C NMR (100 MHz, CDCl3) δ (ppm) 166.2, 164.7, 152.1, 134.1, 133.5, 

131.6, 129.7, 129.5, 125.8, 119.5, 118.8, 86.4, 84.8, 65.1, 52.4, 34.8, 34.1, 31.1, 25.0, 24.2, 17.1. HRMS (EI): m/z [M + 

Na]+ calcd for C27H29NNaO4: 454.1989, found: 454.1986. 

(S)-1-([1,1'-biphenyl]-4-yl)-7-cyanohept-1-yn-3-yl methyl terephthalate 4fa 

81% isolated yield (36.5 mg), colorless oil, [α]D
25 = 77.30 (c = 0.5 in CHCl3); 95% ee, 

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 

1.0 mL/min, λ = 254 nm, 25 oC), tR (major) = 20.61 min, tR (minor) = 36.91 min. 1H NMR 

(400 MHz, CDCl3) δ (ppm) 8.18 - 8.12 (m, 4H), 7.58 (d, J = 8.3 Hz, 2H), 7.55 (s, 4H), 7.46 

– 7.42 (m, 2H), 7.36 (t, J = 7.4 Hz, 1H), 5.92 (t, J = 6.3 Hz, 1H), 3.95 (s, 3H), 2.43 – 2.41 

(m, 2H), 2.13 – 2.03 (m, 2H), 1.83-1.79 (m, 4H). 13C NMR (100 MHz, CDCl3) δ (ppm) 

166.1, 164.6, 141.5, 140.0, 134.1, 133.4, 132.3, 129.7, 129.5, 128.8, 127.7, 126.9, 126.9, 

120.7, 119.3, 86.1, 86.0, 65.0, 52.4, 34.0, 24.9, 24.2, 17.0. HRMS (EI): m/z [M + Na]+ calcd for C29H25NNaO4: 474.1676, 

found: 474.1673. 

(S)-7-cyano-1-(4-fluorophenyl)hept-1-yn-3-yl methyl terephthalate 4ga 

94% isolated yield (37.0 mg), colorless oil, [α]D
25 = 16.90 (c = 0.5 in CHCl3); 93% ee, 

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 

1.0 mL/min, λ = 254 nm, 25 oC), tR (major) = 13.06 min, tR (minor) = 22.43 min. 1H NMR 

(400 MHz, CDCl3) δ (ppm) 8.15 – 8.08 (m, 4H), 7.43 (m, 2H), 6.99 (t, J = 8.7 Hz, 2H), 5.85 

(t, J = 6.3 Hz, 1H), 3.93 (s, 3H), 2.41 (m, 2H), 2.07 – 1.96 (m, 2H), 1.81 – 1.75 (m, 4H). 13C 

NMR (100 MHz, CDCl3) δ (ppm) 166.1, 164.6, 162.7 (d, J = 250.2 Hz), 134.1, 133.8 (d, J = 

8.5 Hz), 133.4, 129.6 (d, J = 15.9 Hz), 119.3, 117.9, 117.9, 115.5 (d, J = 22.2 Hz), 85.2, 85.1, 64.9, 52.4, 33.9, 24.9, 24.1, 

17.0. 19F NMR (376 MHz, CDCl3) δ (ppm) -109.9. HRMS (EI): m/z [M + Na]+ calcd for C23H20ClNNaO4: 416.1269, 

found: 416.1266. 

(S)-1-(4-chlorophenyl)-7-cyanohept-1-yn-3-yl methyl terephthalate 4ha 

80% isolated yield (32.7 mg), colorless oil, [α]D
25 = 21.23 (c = 0.5 in CHCl3); 96% ee, determined by HPLC analysis 
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(Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, λ = 254 nm, 25 oC), 

tR (major) = 14.51 min, tR (minor) = 23.91 min. 1H NMR (400 MHz, CDCl3) δ (ppm) 8.18 – 

8.18 – 8.13 (m, 4H), 7.44 – 7.38 (m, 2H), 7.32 – 7.29 (m, 2H), 5.89 (t, J = 6.3 Hz, 1H), 3.97 (s, 

3H), 2.47 – 2.42 (m, 2H), 2.10-2.05 (m, 2H), 1.83 - 1.79 (m, 4H). 13C NMR (100 MHz, 

CDCl3) δ (ppm) 166.1, 164.6, 134.8, 134.1, 133.3, 133.1, 129.67, 129.5, 128.6, 120.3, 119.3, 

86.4, 85.0, 64.8, 52.4, 33.9, 24.9, 24.2, 17.1. HRMS (EI): m/z [M + Na]+ calcd for 

C23H20ClNNaO4: 432.0973, found: 432.0970. 

(S)-7-cyano-1-(4-(trifluoromethyl)phenyl)hept-1-yn-3-yl methyl terephthalate 4ia 

82% isolated yield (36.3 mg), colorless oil, [α]D
25 = 20.03 (c = 0.5 in CHCl3); 96% ee, 

determined by HPLC analysis (Chiralpak IG column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 

mL/min, λ = 220 nm, 25 oC), tR (minor) = 20.08 min, tR (major) = 26.69 min. 1H NMR (400 

MHz, CDCl3) δ (ppm) 8.18 – 8.10 (m, 4H), 7.57 (s, 4H), 5.88 (t, J = 6.4 Hz, 1H), 3.95 (s, 3H), 

2.44 – 2.41 (m, 2H), 2.10 -2.04 (m, 2H), 1.84 – 1.76 (m, 4H). 13C NMR (100 MHz, CDCl3) δ 

(ppm) 166.4, 164.7, 134.3, 133.3, 132.1, 130.5 (d, J = 32.7 Hz), 129.7 (d, J = 14.6 Hz), 125.7, 

125.2 (d, J = 4.0 Hz), 119.3, 87.9, 84.8, 64.7, 52.5, 33.9, 24.9, 24.2, 17.1. 19F NMR (376 MHz, 

CDCl3) δ (ppm) -62.89. HRMS (EI): m/z [M + Na]+ calcd for C24H20F3N2NaO4: 466.1237, found: 466.1235. 

(S)-7-cyano-1-(4-(trifluoromethoxy)phenyl)hept-1-yn-3-yl methyl terephthalate 4ja 

80% isolated yield (36.7 mg), colorless oil, [α]D
25 = 71.00 (c = 0.5 in CHCl3); 92% ee, 

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 

1.0 mL/min, λ = 254 nm, 25 oC), tR (major) = 10.28 min, tR (minor) = 16.12 min. 1H NMR 

(400 MHz, CDCl3) δ (ppm) δ 8.16 – 8.09 (m, 4H), 7.48 (d, J = 8.3 Hz, 2H), 7.15 (d, J = 8.3 

Hz, 2H), 5.87 (t, J = 6.3 Hz, 1H), 3.94 (s, 3H), 2.46 – 2.39 (m, 2H), 2.08 - 2.03 (m, 2H), 

1.81 – 1.77 (m, 4H). 13C NMR (100 MHz, CDCl3) δ (ppm) 166.1, 164.7, 149.3, 134.2, 

133.4 (d, J = 11.0 Hz), 129.7 (d, J = 14.5 Hz), 120.8, 120.6, 119.3, 86.4, 84.8, 64.8, 52.4, 33.9, 24.9, 24.2, 17.1. 19F NMR 

(376 MHz, CDCl3) δ (ppm) -57.80. HRMS (EI): m/z [M + Na]+ calcd for C24H20F3NNaO5: 482.1186, found: 482.1187. 

(S)-7-cyano-1-(4-(methoxycarbonyl)phenyl)hept-1-yn-3-yl methyl terephthalate 4ka 

83% isolated yield (35.9 mg), colorless oil, [α]D
25 = 17.77 (c = 0.5 in CHCl3); 90% ee, 

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 

1.0 mL/min, λ = 254 nm, 25 oC), tR (major) = 22.76 min, tR (minor) = 42.47 min. 1H NMR 

(400 MHz, CDCl3) δ (ppm) 8.17 – 8.09 (m, 4H), 7.97 (d, J = 8.1 Hz, 2H), 7.51 (d, J = 8.1 

Hz, 2H), 5.88 (t, J = 6.3 Hz, 1H), 3.95 (s, 3H), 3.90 (s, 3H), 2.45 – 2.38 (m, 2H), 2.08 – 

2.03 (m, 2H), 1.81 – 1.77 (m, 4H). 13C NMR (100 MHz, CDCl3) δ (ppm) 166.3, 166.1, 

164.6, 134.2, 133.3, 131.8, 130.1, 129.7, 129.6, 129.4, 126.5, 119.3, 88.3, 85.3, 64.8, 52.5, 52.2, 33.9, 24.9, 24.2, 17.1.  

HRMS (EI): m/z [M + Na]+ calcd for C25H23NNaO6: 456.1418, found: 456.1417. 

(S)-7-cyano-1-(m-tolyl)hept-1-yn-3-yl methyl terephthalate 4la 

90% isolated yield (26.5 mg), colorless oil, [α]D
25 = 15.47 (c = 0.5 in CHCl3); 93% ee, 

determined by HPLC analysis  (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 

1.0 mL/min, λ = 254 nm, 25 oC), tR (major) = 18.07min, tR (minor) = 22.99 min. 1H NMR (400 

MHz, CDCl3) δ (ppm) 8.22 – 8.14 (m, 4H), 7.33 (s, 1H), 7.30 (d, J = 3.3 Hz, 1H), 7.23 (d, J = 

7.5 Hz, 1H), 7.18 (d, J = 7.7 Hz, 1H), 5.93 (t, J = 6.3 Hz, 1H), 3.99 (s, 3H), 2.49 – 2.43 (m, 

2H), 2.36 (s, 3H), 2.14 – 2.04 (m, 2H), 1.85 – 1.82 (m, 4H). 13C NMR (100 MHz, CDCl3) δ 

(ppm) 166.1, 164.6, 138.0, 134.1, 133.5, 132.4, 129.7, 129.7, 129.5, 128.9, 128.1, 121.6, 119.3, 86.3, 85.1, 65.0,  52.4, 

34.0, 24.9, 24.2, 21.1, 17.1. HRMS (EI): m/z [M + Na]+ calcd for C24H23NNaO4: 412.1519, found: 412.1511. 
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(S)-7-cyano-1-(3-methoxyphenyl)hept-1-yn-3-yl methyl terephthalate 4ma 

88% isolated yield (35.6 mg), colorless oil, [α]D
25 = 14.53 (c = 0.5 in CHCl3); 96% ee, 

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 

1.0 mL/min, λ = 254 nm, 25 oC), tR (major) = 18.03 min, tR (minor) = 20.23 min. 1H NMR 

(400 MHz, CDCl3) δ (ppm) 8.16 – 8.08 (m, 4H), 7.20 (t, J = 8.0 Hz, 1H), 7.04 (d, J = 7.6 Hz, 

1H), 6.98 – 6.97 (m, 1H), 6.89 – 6.85 (m, 1H), 5.87 (t, J = 6.3 Hz, 1H), 3.93 (s, 3H), 3.77 (s, 

3H), 2.45 – 2.38 (m, 2H), 2.10 – 1.99 (m, 2H), 1.80 – 1.76 (m, 4H). 13C NMR (100 MHz, 

CDCl3) δ (ppm) 166.0, 164.6, 159.1, 134.1 133.4, 129.7, 129.5, 129.3, 124.3, 122.7, 119.3, 116.5, 115.4, 86.0, 85.2, 64.9, 

55.2, 52.4, 33.9, 24.9, 24.2, 17.0. HRMS (EI): m/z [M + Na]+ calcd for C24H23NNaO5: 428.1468, found: 428.1467. 

(S)-7-cyano-1-(3-fluorophenyl)hept-1-yn-3-yl methyl terephthalate 4na 

94% isolated yield (37.0 mg), colorless oil, [α]D
25 = 20.57 (c = 0.5 in CHCl3); 96% ee, 

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 

mL/min, λ = 250 nm, 25 oC), tR (major) = 14.13 min, tR (minor) = 24.50 min. 1H NMR (400 

MHz, CDCl3) δ (ppm) 8.18 – 8.11 (m, 4H), 7.29 (d, J = 6.1 Hz, 1H), 7.25 (d, J = 7.6 Hz, 1H), 

7.18 – 7.15 (m, 1H), 7.05 (t, J = 8.4 Hz, 1H), 5.88 (t, J = 6.3 Hz, 1H), 3.96 (s, 3H), 2.45 – 2.42 

(m, 2H), 2.10 – 2.04 (m, 2H), 1.83 – 1.78 (m, 4H). 13C NMR (100 MHz, CDCl3) δ (ppm) 166.1, 

164.6, 162.1 (d, J = 246.9 Hz), 134.2, 133.3, 129.9 (d, J = 8.6 Hz), 129.7, 129.5, 127.8, (d, J = 3.1 Hz), 123.6 (d, J = 9.3 

Hz), 119.3, 118.9 (d, J = 22.9 Hz), 116.2 (d, J = 21.1 Hz), 86.4, 84.9, 84.8, 64.7, 52.4, 33.9, 24.98, 24.2, 17.1. 19F NMR 

(376 MHz, CDCl3) δ (ppm) -113.93. HRMS (EI): m/z [M + Na]+ calcd for C23H20FNNaO4: 416.1269, found: 416.1265. 

(S)-1-(3-bromophenyl)-7-cyanohept-1-yn-3-yl methyl terephthalate 4oa 

89% isolated yield (40.3 mg), colorless oil, [α]D
25 = 46.13 (c = 0.5 in CHCl3); 95% ee, 

determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 80:20 v/v, flow rate 

1.0 mL/min, λ = 254 nm, 25 oC), tR (minor) = 13.49 min, tR (major) = 16.18 min. 1H NMR 

(400 MHz, CDCl3) δ (ppm) 8.15 – 8.09 (m, 4H), 7.59 (t, J = 1.8 Hz, 1H), 7.46 – 7.43 (m, 

1H), 7.39 – 7.36 (m, 1H), 7.17 (t, J = 7.9 Hz, 1H), 5.85 (t, J = 6.3 Hz, 1H), 3.94 (s, 3H), 2.41 

(t, J = 6.4 Hz, 2H), 2.07 – 2.02 (m, 2H), 1.79 – 1.76 (m, 4H). 13C NMR (100 MHz, CDCl3) δ 

(ppm) 166.1, 164.6, 134.5, 134.1, 133.3 131.9, 130.4, 129.7, 129.5, 123.8, 122.0, 119.3, 86.8, 84.5, 64.7, 52.4, 33.9, 24.9, 

24.2, 17.1. HRMS (EI): m/z [M + Na]+ calcd for C23H20BrNNaO4: 476.0468, found: 476.0467. 

(S)-7-cyano-1-(2-methoxyphenyl)hept-1-yn-3-yl methyl terephthalate 4pa 

84% isolated yield (32.8 mg), colorless oil, [α]D
25 = 47.37 (c = 0.5 in CHCl3); 98% ee, determined 

by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, λ = 

254 nm, 25 oC), tR (major) = 14.09 min, tR (minor) = 23.35 min. 1H NMR (400 MHz, CDCl3) δ 

(ppm) 7.86 – 7.81 (m, 4H), 7.52 – 7.47 (m, 3H), 7.15 (d, J = 3.3 Hz, 1H), 6.14 – 6.10 (m, 2H), 

2.38 (s, 3H), 2.32 (t, J = 7.1 Hz, 2H), 2.19 – 2.12 (m, 1H), 2.05 – 1.97 (m, 1H) 1.76 – 1.61 (m, 

3H), 1.55 – 1.46 (m, 1H). 13C NMR (100 MHz, CDCl3) δ (ppm) 166.2, 164.7, 140.5, 134.1, 133.5, 

132.1, 129.7, 129.6, 129.4, 128.8, 125.5, 121.6, 119.3, 89.3, 85.3, 65.2, 52.5, 34.1, 25.0, 24.3, 20.6, 17.1.  HRMS (EI): 

m/z [M + Na]+ calcd for C24H23NNaO4: 412.1519, found: 412.1513. 

(S)-7-cyano-1-(2-methoxyphenyl)hept-1-yn-3-yl methyl terephthalate 4qa 

83% isolated yield (33.6 mg), colorless oil, [α]D
25 = 48.70 (c = 0.5 in CHCl3); 94% ee, 

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 

mL/min, λ = 254 nm, 25 oC), tR (major) = 36.75 min, tR (minor) = 46.26 min. 1H NMR (400 

MHz, CDCl3) δ (ppm) 8.16 – 8.10 (m, 4H), 7.43 – 7.40 (m, 1H), 7.33 – 7.27 (m, 1H), 6.92 – 

6.84 (m, 2H), 5.96 (t, J = 6.2 Hz, 1H), 3.95 (s, 3H), 3.87 (s, 3H), 2.44 – 2.36 (m, 2H), 2.09 – 
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2.04 (m, 2H), 1.83 – 1.79 (m, 4H). 13C NMR (100 MHz, CDCl3) δ (ppm) 166.3, 164.8, 160.3, 134.1, 133.9, 133.7, 130.4, 

129.8, 129.6, 120.4, 119.5, 111.1, 110.6, 65.4, 55.8, 52.5, 34.1, 25.1, 24.3, 17.2. HRMS (EI): m/z [M + Na]+ calcd for 

C24H23NNaO5: 428.1468, found: 428.1463. 

(S)-1-(2-chlorphenyl)-7-cyanohept-1-yn-3-yl methyl terephthalate 4ra 

90% isolated yield (36.8 mg), colorless oil, [α]D
25 = -4.00 (c = 0.5 in CHCl3); 95% ee, determined 

by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, λ = 

254 nm, 25 oC), tR (major) = 4.95 min, tR (minor) = 12.22 min. 1H NMR (400 MHz, CDCl3) δ 

(ppm) 8.17 – 8.08 (m, 4H), 7.50 – 7.47 (m, 1H), 7.39 (d, J = 8.1 Hz, 1H), 7.21 (m, 2H), 5.93 (t, J 

= 6.3 Hz, 1H), 3.95 (s, 3H), 2.42 (t, J = 6.3 Hz, 2H), 2.09 – 2.06 (m, 2H), 1.85 – 1.79 (m, 4H). 13C 

NMR (100 MHz, CDCl3) δ (ppm) 166.2, 164.7, 136.2, 134.2, 133.6, 133.4, 129.9, 129.8, 129.8, 

129.6, 129.3, 126.4, 121.8, 119.4, 90.6, 65.0, 52.5, 33.9, 25.0, 24.2, 17.1. HRMS (EI): m/z [M + Na]+ calcd for 

C23H20ClNNaO4: 432.0973, found: 432.0972. 

(S)-5-cyano-1-(naphthalen-2-yl)pentyl thiophene-3-arboxylate 4sa 

90% isolated yield (31.1 mg), colorless oil, [α]D
25 = 32.97 (c = 0.5 in CHCl3); 95% ee, 

determined by HPLC analysis (Chiralpak IC column, hexane/i-PrOH, 80:20 v/v, flow rate 

1.0 mL/min, λ = 254 nm, 25 oC), tR (minor) = 56.70 min, tR (major) = 63.79 min. 1H NMR 

(400 MHz, CDCl3) δ (ppm) 8.20 – 8.11 (m, 4H), 8.01 (d, J = 1.5 Hz, 1H), 7.81 – 7.75 (m, 

3H), 7.51 – 7.47 (m, 3H), 5.94 (t, J = 6.3 Hz, 1H), 3.95 (s, 3H), 2.45 – 2.39 (m, 2H), 2.12 – 

2.07 (m, 2H), 1.83 – 1.79 (m, 4H). 13C NMR (100 MHz, CDCl3) δ (ppm) 166.1, 164.7, 

134.1, 133.5, 132.9, 132.7, 132.0, 129.7, 129.5, 128.2, 127.9, 127.7, 127.7, 126.9, 126.6, 119.3, 119.1, 86.5, 85.7, 65.0, 

52.4, 34.0, 24.9, 24.3, 17.1. HRMS (EI): m/z [M + Na]+ calcd for C27H23NNaO4: 448.1519, found: 448.1513. 

(S)-7-cyano-1-(naphthalen-2-yl)hept-1-yn-3-yl methyl terephthalate 4ta 

89% isolated yield (37.8 mg), colorless oil, [α]D
25 = 12.10 (c = 0.5 in CHCl3); 91% ee, 

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 

1.0 mL/min, λ = 254 nm, 25 oC), tR (major) = 24.10 min, tR (minor) = 33.78 min. 1H NMR 

(400 MHz, CDCl3) δ (ppm) 8.28 (d, J = 8.3 Hz, 1H), 8.21 – 8.11 (m, 4H), 7.85 (d, J = 8.2 Hz, 

2H), 7.71 – 7.60 (m, 1H), 7.60 – 7.56 (m, 1H), 7.54 – 7.50 (m, 1H), 7.44 – 7.40 (m, 1H), 6.03 

(t, J = 6.3 Hz, 1H), 3.95 (s, 3H), 2.44 (t, J = 6.4 Hz, 2H), 2.18 – 2.14 (m, 2H), 1.89 – 1.83 (m, 

4H). 13C NMR (100 MHz, CDCl3) δ (ppm) 166.2, 164.8, 134.2, 133.5, 133.3, 133.0, 131.0, 129.8, 129.6, 129.4, 128.3, 

127.0, 126.5, 125.8, 125.1, 119.4, 119.4, 90.3, 84.4, 65.3, 52.5, 34.2, 25.0, 24.4 17.2. HRMS (EI): m/z [M + Na]+ calcd 

for C27H23NNaO4: 448.1519, found: 448.1520. 

(S)-7-cyano-1-(thiophen-2-yl)hept-1-yn-3-yl methyl terephthalate 4ua 

94% isolated yield (35.8 mg), colorless oil, [α]D
25 = 11.90 (c = 0.5 in CHCl3); 88% ee, determined 

by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, λ = 

254 nm, 25 oC), tR (major) = 20.34 min, tR (minor) = 32.20 min. 1H NMR (400 MHz, CDCl3) δ 

(ppm) 8.16 – 8.10 (m, 4H), 7.28 (d, J = 5.4 Hz, 1H), 7.26 (d, J = 3.8 Hz, 1H), 6.98 – 6.96 (m, 1H), 

5.90 (t, J = 6.3 Hz, 1H), 3.95 (s, 3H), 2.42 (t, J = 6.5 Hz, 2H), 2.09 – 2.03 (m, 2H), 1.82 – 1.75 (m, 

4H). 13C NMR (100 MHz, CDCl3) δ (ppm) 166.2, 164.7, 134.2, 133.4, 133.1, 129.8, 129.6, 127.9, 

127.0, 121.7, 119.3, 89.4, 79.6, 65.0, 52.5, 33.9, 25.0, 24.3, 17.1. HRMS (EI): m/z [M + Na]+ calcd for 

C21H19NNaO4S:404.0927, found: 404.0921. 

(S)-7-cyano-1-(thiophen-3-yl)hept-1-yn-3-yl methyl terephthalate 4va 

80% isolated yield (31.6 mg), colorless oil, [α]D
25 = 11.40 (c = 0.5 in CHCl3); 95% ee, determined by HPLC analysis 

(Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, λ = 254 nm, 25 oC), tR (major) = 20.37 min, tR 
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(minor) = 31.98 min. 1H NMR (400 MHz, CDCl3) δ (ppm) 8.18 – 8.10 (m, 4H), 7.52 – 7.51 (m, 

1H), 7.29 – 7.26 (m, 1H), 7.14 – 7.13 (m, 1H), 5.87 (t, J = 6.3 Hz, 1H), 3.96 (s, 3H), 2.42 (t, J = 

4.4 Hz, 2H), 2.08 – 2.03 (m, 2H), 1.82 – 1.77 (m, 4H). 13C NMR (100 MHz, CDCl3) δ (ppm) 

166.1, 164.6, 134.1, 133.4, 129.8, 129.7, 129.5, 125.4, 120.8, 119.3, 85.1, 81.3, 65.0, 52.4, 33.9, 

24.9, 24.2, 17.0. HRMS (EI): m/z [M + Na]+ calcd for C21H19NNaO4S:404.0927, found: 

404.0921. 

(S)-1-cyanotridec-6-yn-5-yl methyl terephthalate 4wa 

93% isolated yield (33.8 mg), colorless oil, [α]D
25 = 0.34 (c = 0.5 in CHCl3); 18% ee, 

determined by HPLC analysis (Chiralpak IG column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 

mL/min, λ = 254 nm, 25 oC), tR (minor) = 11.71 min, tR (major) = 13.34 min. 1H NMR (400 

MHz, CDCl3) δ (ppm) 8.10 (s, 4H), 5.66 – 5.59 (m, 1H), 3.94 (s, 3H), 2.38 (t, J = 6.7 Hz, 2H), 

2.23 - 2.19 (m, 2H), 1.92 (d, J = 6.9 Hz, 2H), 1.771- 1.69 (m, 4H), 1.53 – 1.46 (m, 2H), 1.39 – 

1.33 (m, 2H), 1.30 – 1.24 (m, 4H), 0.86 (t, J = 6.7 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 166.2, 164.7, 134.0, 

133.7, 129.7, 129.5, 119.4, 87.4, 65.0, 52.4, 34.2, 31.2, 28.4, 28.3, 25,0, 24.2, 22.5, 18.7, 17.1, 14.0.  HRMS (EI): m/z [M 

+ Na]+ calcd for C23H29NNaO4: 406.1989, found: 406.1994. 

(S)-9-cyano-1-methoxy-2-(methoxycarbonyl)-1-oxonon-3-yn-5-yl methyl terephthalate 4xa 

61% isolated yield (30.4 mg), colorless oil, [α]D
25 = 5.13 (c = 0.5 in CHCl3); 72% ee, 

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 

mL/min, λ = 254 nm, 25 oC), tR (major) = 40.29 min, tR (minor) = 52.71 min. 1H NMR (400 

MHz, CDCl3) δ (ppm) 8.07 (s, 4H), 5.57 – 5.53 (m, 1H), 3.92 (s, 3H), 3.71 (d, J = 3.6 Hz, 6H), 

3.57 (t, J = 7.7 Hz, 1H), 2.81 – 2.79 (m, 2H), 2.38 (t, J = 6.9 Hz, 2H), 1.89 – 1.87 (m, 2H), 

1.74 – 1.64 (m, 4H). 13C NMR (100 MHz, CDCl3) δ (ppm) 168.1, 168.0, 166.1, 164.5, 134.0, 

133.4, 129.6, 129.5, 129.5, 119.3, 82.4, 79.0, 64.5, 52.7, 52.4, 50.7, 33.8, 24.8, 24.0, 18.7, 17.0. HRMS (EI): m/z [M + 

Na]+ calcd for C22H23NNaO8: 452.1316, found: 452.1319. 

(S)-5-(1-(tert-butoxycarbonyl)-3-(cyanomethyl)azetidin-3-yl)-1-phenylpent-1-yn-3-yl methyl terephthalate 5ba 

93% isolated yield (47.0 mg), colorless oil, [α]D
25 = 11.3 (c = 0.5 in CHCl3); 91% ee, determined 

by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, λ = 

254 nm, 25 oC), tR (minor) = 15.96 min, tR (major) = 26.79 min. 1H NMR (400 MHz, CDCl3) δ 

(ppm) δ 8.14- 8.08 (m, 4H), 7.44 (d, J = 7.0 Hz, 2H), 7.29 (d, J = 6.8 Hz, 3H), 5.87 (t, J = 5.5 Hz, 

1H), 3.91 (d, J = 1.9 Hz, 3H), 3.80 – 3.72 (m, 4H), 2.68 (s, 2H), 2.02 (d, J = 9.7 Hz, 4H), 1.41 (s, 

9H). 13C NMR (100 MHz, CDCl3) δ (ppm) 166.1, 164.6, 156.0, 134.2, 133.2, 131.9, 129.8, 129.6, 

123.0, 128.3, 128.3, 128.2, 121.6, 116.7, 86.7, 84.9, 80.1, 64.8, 52.5, 42.6, 42.5, 35.1, 31.8, 31.6, 29.8, 28.3, 28.3, 27.7, 

25.1. HRMS (EI): m/z [M + Na]+ calcd for C30H32N2NaO6: 539.2153, found: 539.2157. 

(S)-5-(1-(tert-butoxycarbonyl)-4-(cyanomethyl)piperidin-4-yl)-1-phenylpent-1-yn-3-yl methyl terephthalate 5ca 

91% isolated yield (49.5 mg), colorless oil, [α]D
25 = 112.63 (c = 0.5 in CHCl3); 87% ee, 

determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 

mL/min, λ = 254 nm, 25 oC), tR (minor) = 13.38 min, tR (major) = 26.63 min. 1H NMR (400 MHz, 

CDCl3) δ (ppm) 8.17 – 8.10 (m, 4H), 7.49 – 7.43 (m, 2H), 7.34 – 7.29 (m, 3H), 5.86 (t, J = 6.0 Hz, 

1H), 3.94 (s, 3H), 3.49 – 3.36 (m, 4H), 2.42 (s, 2H), 1.98 (d, J = 4.0 Hz, 2H), 1.87 (d, J = 3.3 Hz, 

2H), 1.60 – 1.57 (m, 4H), 1.44 (s, 9H). 13C NMR (100 MHz, CDCl3) δ (ppm) 171.1, 166.2, 164.7, 

154.6, 134.2, 133.3, 131.9, 129.8, 129.6, 128.9, 128.3, 121.7, 117.1, 86.4, 85.2, 65.2, 60.4, 52.5, 34.9, 33.9, 31.7, 28.7, 

28.3, 25.9, 21.0, 14.2. HRMS (EI): m/z [M + Na]+ calcd for C32H36N2NaO6: 567.2466, found: 567.2460. 
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(2S)-1-(2-(cyanomethyl)cyclopent-3-en-1-yl)-4-phenylbut-3-yn-2-yl methyl terephthalate 5da 

83% isolated yield (34.3 mg), 1:1.2 d.r., colorless oil, [α]D
25 = 22.33 (c = 0.5 in CHCl3); 95% ee/53% 

ee, determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 90:10 v/v, flow rate 0.5 

mL/min, λ = 254 nm, 25 oC), tR (major) =49.34 min, tR (minor) = 74.87 min; tR (minor) = 56.83 min, 

tR (major) = 87.02 min. 1H NMR (400 MHz, CDCl3) δ (ppm) (major + minor) 8.19 – 8.10 (m, 4H), 

7.47 (m, 2H), 7.31 (d, J = 6.5 Hz, 3H), 5.96 – 5.91 (m, 1H), 5.88 – 5.85 (m, 1H), 5.67 – 5.64 (m, J 

1H), 3.94 (s, 3H), 2.87 – 2.75 (m, 2H), 2.57 – 2.42 (m, 2H), 2.35 – 2.30 (m, 2H), 2.27 – 2.21 (m, 1H), 

2.17 – 2.11 (m, 1H). 13C NMR (100 MHz, CDCl3) δ (ppm) (major + minor) 166.1, 164.7, 164.6, 134.2, 133.4, 133.4, 

132.5, 132.4, 131.9, 131.8, 130.6, 130.5, 129.7, 129.7, 129.6, 129.5, 128.8, 128.8, 128.3, 128.2, 121.8, 118.5, 118.4, 86.5, 

86.3, 85.7, 85.4, 64.5, 64.2, 52.4, 48.2, 48.0, 40.4, 40.4, 40.2, 39.9, 39.1, 39.0, 22.7, 22.6. HRMS (EI): m/z [M + Na]+ 

calcd for C26H23NNaO4: 436.1519, found: 436.1520. 

(S)-5-(2-cyanophenyl)-1-phenylpent-1-yn-3-yl methyl terephthalate 5ea 

80% isolated yield (33.9 mg), colorless oil, [α]D
25 = 55.40 (c = 0.5 in CHCl3); 95% ee, 

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 90:10 v/v, flow rate 0.5 

mL/min, λ = 254 nm, 25 oC), tR (major) = 39.14 min, tR (minor) = 61.61 min. 1H NMR (400 

MHz, CDCl3) δ (ppm) 8.15 – 8.09 (m, 4H), 7.64 – 7.62 (m, 1H), 7.55 – 7.47 (m, 3H), 7.40 (d, J 

= 7.4 Hz, 1H), 7.33 – 7.28 (m, 4H), 5.89 (t, J = 6.2 Hz, 1H), 3.95 (s, 3H), 3.20 (t, J = 7.9 Hz, 2H), 

2.47 – 2.38 (m, 2H). 13C NMR (100 MHz, CDCl3) δ (ppm) 166.1, 164.6, 144.5, 134.1, 133.4, 

133.0, 132.89, 131.9, 129.8, 129.6, 129.5, 128.8, 128.2, 126.9, 121.8, 117.7, 112.4, 86.6, 85.2, 64.7, 52.4, 35.5, 30.1. 

HRMS (EI): m/z [M + Na]+ calcd for C27H21NNaO4: 446.1363, found: 446.1367. 

(3S)-7-cyano-1,6-diphenylhept-1-yn-3-yl methyl terephthalate 5fa 

85% isolated yield (38.4 mg), 1:1.2 d.r., colorless oil, [α]D
25 = 21.50 (c = 0.5 in CHCl3); 98% 

ee/96% ee, determined by HPLC analysis (Chiralpak AZ column, hexane/i-PrOH, 90:10 v/v, flow 

rate 0.5 mL/min, λ = 254 nm, 25 oC), tR (minor) = 44.73 min, tR (major) = 62.35 min; tR (minor) = 

48.01 min, tR (major) = 56.66 min. 1H NMR (400 MHz, CDCl3) δ (ppm) (major + minor) 8.11 (d, 

J = 3.7 Hz, 4H), 7.46- 7.43 (m, 2H), 7.38 – 7.34 (m, 3H), 7.31 (d, J = 6.4 Hz, 4H), 7.24 (s, 1H), 

5.83 (t, J = 6.3 Hz, 1H), 3.93 (d, J = 1.2 Hz, 3H), 3.10 – 3.02 (m, 1H), 2.64 (d, J = 6.9 Hz, 2H), 

2.20 – 2.14 (m, 1H), 2.13 – 2.06 (m, 1H), 1.99 – 1.92 (m, 1H), 1.89 – 1.83 (m, 1H). 13C NMR (100 MHz, CDCl3) δ (ppm) 

(major + minor) 166.1, 164.5, 164.5, 140.7, 134.0, 134.0, 133.4, 131.8, 131.8, 129.7, 129.6, 129.5, 129.5, 129.0, 128.8, 

128.7, 128.2, 127.6, 127.1, 127.1, 121.7, 118.2, 86.2, 86.1, 85.4, 64.9, 64.9, 52.4, 41.7, 41.7, 32.5, 32.4, 30.1, 30.0, 25.3. 

HRMS (EI): m/z [M + Na]+ calcd for C29H25NNaO4: 474.1676, found: 474.1682. 

tert-butyl (S)-4-(cyanomethyl)-4-(3-((4-methylbenzoyl)oxy)-5-phenylpent-4-yn-1-yl)piperidine-1-carboxylate 5cc 

75% isolated yield (37.5 mg), white soild, [α]D
25 = 21.50 (c = 0.5 in CHCl3); 86% ee, determined 

by HPLC analysis (Chiralpak OX column, hexane/i-PrOH, 80:20 v/v, flow rate 0.5 mL/min, λ = 

254 nm, 25 oC), tR (major) = 59.62 min, tR (minor) = 64.01 min. 1H NMR (400 MHz, CDCl3) δ 

(ppm) 7.99 (d, J = 8.2 Hz, 2H), 7.48 – 7.44 (m, 2H), 7.31 (d, J = 5.7 Hz, 3H), 7.26 (d, J = 7.9 Hz, 

2H), 5.86 (t, J = 5.9 Hz, 1H), 3.42 (d, J = 6.1 Hz, 4H), 2.41 (d, J = 3.1 Hz, 5H), 2.00 – 1.94 (m, 

2H), 1.89 – 1.82 (m, 2H), 1.61 – 1.54 (m, 4H), 1.45 (s, 9H). 13C NMR (100 MHz, CDCl3) δ (ppm) 

165.4, 154.6, 144.0, 131.9, 129.8, 129.1, 128.7, 128.2, 126.8, 121.9, 117.1, 85.9, 85.7, 79.7, 64.4, 33.8, 31.5, 28.7, 28.3, 

26.0, 21.6. HRMS (EI): m/z [M + Na]+ calcd for C31H36N2NaO4: 523.2567, found: 523.2570. 

(S)-methyl (9-oxo-1,9-diphenylnon-1-yn-3-yl) terephthalate 5ga 

70% isolated yield (32.8 mg), colorless oil, [α]D
25 = 22.00 (c = 0.5 in CHCl3); 92% ee, determined by HPLC analysis 

(Chiralpak AZ column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, λ = 254 nm, 25 oC), tR (minor) = 31.67 min, tR 
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(major) = 38.19 min. 1H NMR (400 MHz, CDCl3) δ (ppm) 8.23 – 8.06 (m, 4H), 7.95 (d, J 

= 7.0 Hz, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.50 – 7.39 (m, 4H), 7.30 (d, J = 6.9 Hz, 3H), 5.87 

(t, J = 6.5 Hz, 1H), 3.95 (s, 3H), 2.99 (t, J = 7.3 Hz, 2H), 2.07 – 2.01 (m, 2H), 1.84 - 1.76 

(m, 2H), 1.70 – 1.62 (m, 2H), 1.54 – 1.47 (m, 2H). 13C NMR (100 MHz, CDCl3) δ (ppm) 

200.2, 166.3, 164.8, 136.9, 134.0, 133.7, 132.9, 131.9, 129.8, 129.5, 128.6, 128.6, 128.2, 

128.0, 122.1, 65.5, 52.5, 38.3, 34.8, 28.8, 25.0, 24.0. HRMS (EI): m/z [M + Na]+ calcd for 

C30H28NaO5: 491.1829, found: 491.1830. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl benzoate 7ab 

84% isolated yield (26.6 mg), colorless oil, [α]D
25 = -9.23 (c = 0.5 in CHCl3); 94% ee, determined 

by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, λ = 

254 nm, 25 oC), tR (minor) = 11.46 min, tR (major) = 12.80 min. 1H NMR (400 MHz, CDCl3) δ 

(ppm) 8.13 – 8.07 (m, 2H), 7.58 (t, J = 7.4 Hz, 1H), 7.48 – 7.44 (m, 4H), 7.36 – 7.29 (m, 3H), 

5.89 (t, J = 6.3 Hz, 1H), 2.45 – 2.37 (m, 2H), 2.10 – 1.99 (m, 2H), 1.80 – 1.77 (m, 4H). 13C NMR 

(100 MHz, CDCl3) δ (ppm) 165.4, 133.2, 131.8, 129.7, 128.7, 128.4, 128.2, 122.0, 119.3, 85.8, 

64.4, 34.0, 24.9, 24.2, 17.0. HRMS (EI): m/z [M + Na]+ calcd for C21H19NNaO2: 340.1308, found: 340.1306. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl 4-methylbenzoate 7ac 

89% isolated yield (29.5 mg), colorless oil, [α]D
25 = 7.03 (c = 0.5 in CHCl3); 95% ee, 

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 

mL/min, λ = 254 nm, 25 oC), tR (minor) = 10.87 min, tR (major) = 12.01 min. 1H NMR (400 

MHz, CDCl3) δ (ppm) 7.98 (d, J = 8.0 Hz, 2H), 7.48 – 7.44 (m, 2H), 7.36 – 7.29 (m, 3H), 7.27 

(s, 1H), 7.25 (s, 1H), 5.88 (t, J = 6.3 Hz, 1H), 2.41 (s, 3H), 2.41 – 2.37 (m, 2H), 2.09 – 1.98 (m, 

2H), 1.80 – 1.77 (m, 4H). 13C NMR (100 MHz, CDCl3) δ (ppm) 165.5, 143.9, 131.8, 129.8, 

129.7, 129.1, 129.0, 128.6, 128.2, 126.9, 122.0, 119.3, 86.0, 85.7, 64.2, 34.0, 24.9, 24.2, 21.6, 17.0.  HRMS (EI): m/z [M 

+ Na]+ calcd for C22H21NNaO2: 354.1465, found: 354.1458. 

 

(S)-7-cyano-1-phenylhept-1-yn-3-yl 4-methoxybenzoate 7ad 

89% isolated yield (30.9 mg), colorless oil, [α]D
25 = 20.53 (c = 0.5 in CHCl3); 96% ee, 

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0 

mL/min, λ = 254 nm, 25 oC), tR (minor) = 37.49 min, tR (major) = 40.04 min. 1H NMR (400 MHz, 

CDCl3) δ (ppm) 8.07 – 8.03 (m, 2H), 7.48 – 7.43 (m, 2H), 7.33 – 7.28 (m, 3H), 6.96 – 6.91 (m, 

2H), 5.86 (t, J = 6.3 Hz, 1H), 3.85 (s, 3H), 2.42 – 2.37 (m, 2H), 2.05 – 2.02 (m, 2H), 1.80 – 1.76 

(m, 4H). 13C NMR (100 MHz, CDCl3) δ (ppm) 165.1, 163.5, 131.8, 131.8, 131.8, 131.6, 128.6, 

128.2, 128.1, 122.0, 119.4, 113.6, 113.6, 86.1, 85.6, 64.0, 55.4, 34.1, 24.9, 24.2, 17.0. HRMS (EI): m/z [M + Na]+ calcd 

for C22H21NNaO3: 370.1414, found: 370.1409. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl 4-chlorobenzoate 7ae 

80% isolated yield (28.1 mg), colorless oil, [α]D
25 = 11.57 (c = 0.5 in CHCl3); 96% ee, determined 

by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0 mL/min, λ = 

254 nm, 25 oC), tR (minor) = 18.97 min, tR (major) = 21.72 min. 1H NMR (400 MHz, CDCl3) δ 

(ppm) 8.09 – 7.95 (m, 2H), 7.50 – 7.40 (m, 4H), 7.31 (d, J = 6.5 Hz, 3H), 5.87 (t, J = 6.3 Hz, 1H), 

2.45 – 2.35 (m, 2H), 2.06 – 2.01 (m, 2H), 1.80 – 1.76 (m, 4H). 13C NMR (100 MHz, CDCl3) δ 

(ppm) 164.6, 139.7, 131.8, 131.1, 128.7, 128.7, 128.2, 128.1, 121.9, 119.3, 86.0, 85.6, 64.7, 34.0, 

24.9, 24.2, 17.0. HRMS (EI): m/z [M + Na]+ calcd for C21H18ClNNaO2: 374.0918, found: 374.0913. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl 4-bromobenzoate 7af 
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80% isolated yield (31.6 mg), colorless oil, [α]D
25 = 46.74 (c = 0.5 in CHCl3); 95% ee, 

determined by HPLC analysis (Chiralpak IG column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0 

mL/min, λ = 254 nm, 25 oC), tR (minor) = 26.39 min, tR (major) = 29.01 min. 1H NMR (400 

MHz, CDCl3) δ (ppm) 7.94 (d, J = 8.2 Hz, 2H), 7.59 (d, J = 8.3 Hz, 2H), 7.47 – 7.44 (m, 2H), 

7.31 (d, J = 6.4 Hz, 3H), 5.86 (t, J = 6.3 Hz, 1H), 2.43 – 2.36 (m, 2H), 2.09 – 1.98 (m, 2H), 1.79 

– 1.75 (m, 4H). 13C NMR (100 MHz, CDCl3) δ (ppm) 164.7, 131.8, 131.7, 131.2, 128.7, 128.5, 

128.3, 128.2, 121.8, 119.3, 86.0, 85.5, 64.7, 33.9, 24.9, 24.1, 17.0. HRMS (EI): m/z [M + Na]+ calcd for C21H18BrNNaO2: 

418.0413, found: 418.0418. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl 4-(trifluoromethyl)benzoate 7ag 

81% isolated yield (31.2 mg), colorless oil, [α]D
25 = -12.70 (c = 0.5 in CHCl3); 96% ee, 

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 

mL/min, λ = 254 nm, 25 oC), tR (minor) = 10.95 min, tR (major) = 12.08 min. 1H NMR (400 MHz, 

CDCl3) δ (ppm) 8.02 (d, J = 8.5 Hz, 2H), 7.49 – 7.41 (m, 4H), 7.31 (d, J = 6.6 Hz, 3H), 5.87 (t, J 

= 6.3 Hz, 1H), 2.43 – 2.36 (m, 2H), 2.07 – 2.04 (m, 2H), 1.81 – 1.77 (m, 4H). 13C NMR (100 

MHz, CDCl3) δ (ppm) 164.2, 134.6 (q, J = 32.6 Hz), 132.9, 131.8, 130.1, 128.8, 128.3, 125.4 (q, J 

= 3.7 Hz), 124.9, 122.0 (d, J = 37.8 Hz), 119.3, 86.2, 85.3, 65.1, 34.0, 24.9, 24.2, 17.0. 19F NMR (376 MHz, CDCl3) δ 

(ppm) -63.09. HRMS (EI): m/z [M + Na]+ calcd for C22H18F3NNaO2: 408.1182, found: 408.1180. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl [1,1'-biphenyl]-4-carboxylate 7ah 

75% isolated yield (29.5 mg), colorless oil, [α]D
25 =17.20 (c = 0.5 in CHCl3); 96% ee, determined 

by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, λ = 

254 nm, 25 oC), tR (minor) = 16.69 min, tR (major) = 20.28 min. 1H NMR (400 MHz, CDCl3) δ 

(ppm) 8.19 (d, J = 8.1 Hz, 2H), 7.70 (d, J = 8.2 Hz, 2H), 7.66 – 7.63 (m, 2H), 7.49 (t, J = 7.8 Hz, 

4H), 7.42 (d, J = 7.2 Hz, 1H), 7.35 – 7.31 (m, 3H), 5.94 (t, J = 6.3 Hz, 1H), 2.44 – 2.38 (m, 2H), 

2.11 – 2.05 (m, 2H), 1.86 – 1.78 (m, 4H). 13C NMR (100 MHz, CDCl3) δ (ppm) 165.6, 138.2, 

134.0, 131.8, 130.2, 129.6, 128.7, 128.3, 128.2, 126.9, 122.0, 119.3, 85.9, 85.8, 64.3, 34.0, 25.0, 24.2, 21.2, 17.0. HRMS 

(EI): m/z [M + Na]+ calcd for C27H23NNaO2: 416.1621, found: 416.1617. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl 3-methylbenzoate 7ai 

95% isolated yield (31.4 mg), colorless oil, [α]D
25 = -25.83 (c = 0.5 in CHCl3); 96% ee, 

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 

mL/min, λ = 254 nm, 25 oC), tR (minor) = 10.35 min, tR (major) = 11.56 min. 1H NMR (400 MHz, 

CDCl3) δ (ppm) 7.90 (d, J = 7.4 Hz, 2H), 7.48 – 7.45 (m, 2H), 7.39 (d, J = 7.6 Hz, 1H), 7.36 (d, J 

= 7.4 Hz, 1H), 7.34 – 7.30 (m, 3H), 5.89 (t, J = 6.3 Hz, 1H), 2.42 (s, 3H), 2.40 – 2.38 (m, 2H), 

2.07 – 2.02 (m, 2H), 1.81 – 1.77 (m, 4H). 13C NMR (100 MHz, CDCl3) δ (ppm) 174.4, 141.5, 141.5, 137.5, 133.1, 128.5, 

128.0, 127.7, 126.6, 126.3, 126.2, 125.6, 124.3, 123.9, 119.4, 75.7, 43.8, 36.2, 36.1, 35.4, 25.1, 24.6, 17.0. HRMS (EI): 

m/z [M + Na]+ calcd for C22H21NNaO2: 354.1465, found: 354.1470. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl 3-methoxybenzoate 7aj 

90% isolated yield (31.2 mg), colorless oil, [α]D
25 = -21.53 (c = 0.5 in CHCl3); 96% ee, 

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0 

mL/min, λ = 254 nm, 25 oC), tR (minor) = 26.55 min, tR (major) = 31.17 min. 1H NMR (400 MHz, 

CDCl3) δ (ppm) 7.70 – 7.68 (m, 1H), 7.60 (t, J = 1.9 Hz, 1H), 7.47 – 7.45 (m, 2H), 7.37 (t, J = 8.0 

Hz, 1H), 7.34 – 7.29 (m, 3H), 7.14 – 7.11 (m, 1H), 5.88 (t, J = 6.3 Hz, 1H), 3.86 (s, 3H), 2.43 – 

2.41 – 2.38 (m, 2H), 2.07 – 2.02 (m, 2H), 1.81 – 1.77 (m, 4H). 13C NMR (100 MHz, CDCl3) δ (ppm) 165.3, 159.5, 131.8, 

131.0, 129.4, 128.7, 128.2, 122.1, 122.0, 119.6, 119.3, 114.2, 85.9, 85.8, 64.5, 55.4, 34.0, 24.9, 24.2, 17.0.  HRMS (EI): 



S15 

m/z [M + Na]+ calcd for C22H21NNaO3: 370.1414, found: 370.1412. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl 3-bromobenzoate 7ak 

80% isolated yield (31.6 mg), colorless oil, [α]D
25 = -23.10 (c = 0.5 in CHCl3); 95% ee, determined 

by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, λ = 

254 nm, 25 oC), tR (minor) = 11.62 min, tR (major) = 14.67 min. 1H NMR (400 MHz, CDCl3) δ 

(ppm) 8.21 (d, J = 1.8 Hz, 1H), 8.02 (d, J = 7.8 Hz, 1H), 7.74 – 7.67 (m, 1H), 7.47 – 7.45 (m, , 2H), 

7.36 – 7.30 (m, 4H), 5.87 (t, J = 6.3 Hz, 1H), 2.44 – 2.38 (m, 2H), 2.10 – 2.00 (m, 2H), 1.80 – 1.75 

(m, 4H). 13C NMR (100 MHz, CDCl3) δ (ppm) 164.1, 136.1, 132.6, 131.8, 131.6, 130.0, 128.8, 128.3, 128.2, 122.4, 

121.8, 119.3, 86.2, 85.4, 65.0, 34.0, 24.9, 24.2, 17.0. HRMS (EI): m/z [M + Na]+ calcd for C21H18BrNNaO2: 418.0413, 

found: 418.0412. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl 3-(methylthio)benzoate 7al 

90% isolated yield (32.7 mg), colorless oil, [α]D
25 = -21.13 (c = 0.5 in CHCl3); 95% ee, 

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 

mL/min, λ = 254 nm, 25 oC), tR (minor) = 15.28 min, tR (major) = 18.08 min. 1H NMR (400 MHz, 

CDCl3) δ (ppm) 7.95 (d, J = 1.9 Hz, 1H), 7.84 (d, J = 7.6 Hz, 1H), 7.47 – 7.44 (m, 3H), 7.38 (d, J 

= 7.7 Hz, 1H), 7.34 – 7.29 (m, 3H), 5.87 (t, J = 6.3 Hz, 1H), 2.53 (s, 3H), 2.40 (t, J = 4.4 Hz, 2H), 

2.07 – 2.02 (m, 2H), 1.80 – 1.77 (m, 4H). 13C NMR (100 MHz, CDCl3) δ (ppm) 165.1, 139.4, 131.8, 131.0, 130.3, 128.7, 

128.7, 128.2, 127.3, 126.2, 121.9, 119.3, 86.0, 85.7, 64.6, 34.0, 25.0, 24.2, 17.1, 15.6. HRMS (EI): m/z [M + Na]+ calcd 

for C22H21N2NaO2S: 386.1185, found: 386.1183. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl 3-((tert-butoxycarbonyl)amino)benzoate 7am 

88% isolated yield (38.0 mg), colorless oil, [α]D
25 = 9.37 (c = 0.5 in CHCl3); 96% ee, 

determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 

mL/min, λ = 254 nm, 25 oC), tR (major) = 10.47 min, tR (minor) = 12.51 min. 1H NMR (400 

MHz, CDCl3) δ (ppm) 7.93 (t, J = 1.9 Hz, 1H), 7.76 (t, J = 8.9 Hz, 2H), 7.46 – 7.44 (m, 2H), 

7.39 (t, J = 8.0 Hz, 1H), 7.33 – 7.29 (m, 3H), 6.70 (s, 1H), 5.86 (t, J = 6.2 Hz, 1H), 2.45 – 2.38 

(m, 2H), 2.06 – 2.01 (m, 2H), 1.81 – 1.78 (m, 4H), 1.52 (s, 9H). 13C NMR (100 MHz, CDCl3) δ (ppm) 165.2, 152.6, 

138.8, 131.9, 130.5, 129.2, 128.8, 128.3, 124.3, 123.3, 122.1, 119.6, 119.5, 86.0, 85.8, 80.9, 64.6, 34.0, 28.3, 25.0, 24.2, 

17.1. HRMS (EI): m/z [M + Na]+ calcd for C26H28NNaO4: 455.1941, found: 455.1936. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl 2-methylbenzoate 7an 

88% isolated yield (29.1 mg), colorless oil, [α]D
25 = -29.17 (c = 0.5 in CHCl3); 94% ee, 

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0 

mL/min, λ = 254 nm, 25 oC), tR (minor) = 18.76 min, tR (major) = 20.65 min. 1H NMR (400 MHz, 

CDCl3) δ (ppm) 7.97 (d, J = 7.3 Hz, 1H), 7.48 (d, J = 2.0 Hz, 1H), 7.45 (t, J = 2.4 Hz, 1H), 7.42 

(d, J = 7.6 Hz, 1H), 7.37 – 7.31 (m, 3H), 7.27 (d, J = 4.9 Hz, 2H), 5.88 (t, J = 6.3 Hz, 1H), 2.65 (s, 

3H), 2.44 – 2.38 (m, 2H), 2.04 (t, J = 7.0 Hz, 2H), 1.82 – 1.78 (m, 4H). 13C NMR (100 MHz, CDCl3) δ (ppm) 166.4, 

140.4, 132.2, 131.8, 131.7, 130.7, 129.1, 128.7, 128.2, 128.1, 125.7, 122.1, 119.4, 86.0, 85.8, 64.1, 34.1, 25.0, 24.3, 21.8, 

17.1. HRMS (EI): m/z [M + Na]+ calcd for C22H21NNaO2: 354.1465, found: 354.1461. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl 2-chlorobenzoate 7ao 

80% isolated yield (28.1mg), colorless oil, [α]D
25 = -33.17 (c = 0.5 in CHCl3); 93% ee, determined 

by HPLC analysis (Chiralpak IG column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, λ = 

254 nm, 25 oC), tR (minor) = 30.91 min, tR (major) = 34.11 min. 1H NMR (400 MHz, CDCl3) δ 

(ppm) 7.89 – 7.87 (m, 1H), 7.51 – 7.42 (m, 4H), 7.36 – 7.29 (m, 4H), 5.89 (t, J = 6.3 Hz, 1H), 

2.47 – 2.37 (m, 2H), 2.12 – 2.00 (m, 2H), 1.87 – 1.76 (m, 4H). 13C NMR (100 MHz, CDCl3) δ 
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(ppm) 164.6, 133.8, 132.8, 131.8, 131.5, 131.1, 129.6, 128.7, 128.2, 126.6, 121.9, 119.4, 86.1, 85.4, 65.1, 33.9, 24.9, 24.2, 

17.1. HRMS (EI): m/z [M + Na]+ calcd for C21H18ClNNaO2: 374.0918, found: 374.0915. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl benzo[d][1,3]dioxole-4-carboxylate 7ap 

83% isolated yield (30.0 mg), colorless oil, [α]D
25 = -55.60 (c = 0.5 in CHCl3); 95% ee, 

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 

mL/min, λ = 254 nm, 25 oC), tR (minor) = 21.69 min, tR (major) = 24.78 min. 1H NMR (400 MHz, 

CDCl3) δ (ppm) 7.71 – 7.69 (m, 1H), 7.53 – 7.48 (m, 1H), 7.47 – 7.43 (m, 2H), 7.35 – 7.28 (m, 

3H), 6.85 (d, J = 8.2 Hz, 1H), 6.03 (s, 2H), 5.84 (t, J = 6.3 Hz, 1H), 2.38 (d, J = 6.5 Hz, 2H), 2.04 

– 1.99 (m, 2H), 1.79 – 1.75 (m, 4H). 13C NMR (100 MHz, CDCl3) δ (ppm) 164.7, 151.8, 147.7, 

131.8, 128.6, 128.2, 125.6, 123.6, 122.0, 119.3, 109.5, 108.0, 101.8, 85.9, 85.8, 64.3, 34.0, 24.9, 24.2, 17.0. HRMS (EI): 

m/z [M + Na]+ calcd for C22H19NNaO4: 384.1206, found: 384.1204. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl 1-naphthoate 7aq 

85% isolated yield (31.2 mg), colorless oil, [α]D
25 = -58.20 (c = 0.5 in CHCl3); 99% ee, 

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0 

mL/min, λ = 254 nm, 25 oC), tR (minor) = 39.13 min, tR (major) = 43.33 min. 1H NMR (400 MHz, 

CDCl3) δ (ppm) 8.98 (d, J = 8.7 Hz, 1H), 8.26 (d, J = 7.2 Hz, 1H), 8.05 (d, J = 8.2 Hz, 1H), 7.90 

(d, J = 8.1 Hz, 1H), 7.67 – 7.63 (m, 1H), 7.58 – 7.55 (m, 1H), 7.54 – 7.48 (m, 3H), 7.35 – 7.31 

(m, 3H), 6.00 (t, J = 6.3 Hz, 1H), 2.44 – 2.38 (m, 2H), 2.16 – 2.07 (m, 2H), 1.85 – 1.81 (m, 4H). 13C NMR (100 MHz, 

CDCl3) δ (ppm) 166.3, 133.8, 133.7, 131.9, 131.4, 130.5, 128.7, 128.6, 128.3, 127.9, 126.5, 126.3, 125.6, 124.5, 122.0, 

119.4, 86.0, 86.0, 64.5, 34.1, 25.0, 24.4, 17.1. HRMS (EI): m/z [M + Na]+ calcd for C25H21NNaO2: 390.1465, found: 

390.1462. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl 1-methyl-1H-indole-2-carboxylate 7ar 

80% isolated yield (29.6 mg), colorless oil, [α]D
25 = 78.17 (c = 0.5 in CHCl3); 89% ee, 

determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 

mL/min, λ = 254 nm, 25 oC), tR (minor) = 9.59 min, tR (major) = 13.02 min. 1H NMR (400 MHz, 

CDCl3) δ (ppm) 7.70 (d, J = 7.9 Hz, 1H), 7.51 – 7.46 (m, 2H), 7.41 – 7.37 (m, 3H), 7.35 – 7.30 

(m, 3H), 7.19 – 7.15 (m, 1H), 5.88 (t, J = 6.3 Hz, 1H), 4.11 (s, 3H), 2.45 – 2.39 (m, 2H), 2.10 – 

2.01 (m, 2H), 1.83 – 1.80 (m, 4H). 13C NMR (100 MHz, CDCl3) δ (ppm) 161.0, 139.8, 131.9, 

128.7, 128.2, 127.1, 125.7, 125.2, 122.6, 122.0, 120.6, 119.4, 110.8, 110.2, 85.9, 63.9, 34.1, 31.6, 25.0, 24.3, 17.1. 

HRMS (EI): m/z [M + Na]+ calcd for C24H22N2NaO2: 393.1573, found: 393.1572. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl 5-methylfuran-2-carboxylate 7as 

80% isolated yield (25.7mg), colorless oil, [α]D
25 = 9.17 (c = 0.5 in CHCl3); 86% ee, determined 

by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, λ = 

254 nm, 25 oC), tR (minor) = 12.28 min, tR (major) = 15.64 min. 1H NMR (400 MHz, CDCl3) δ 

(ppm) 7.46 – 7.43 (m, 2H), 7.30 (d, J = 6.6 Hz, 3H), 7.15 (d, J = 3.4 Hz, 1H), 6.13 (d, J = 3.4 Hz, 

1H), 5.83 (t, J = 6.3 Hz, 1H), 2.38 (s, 5H), 2.03 – 1.98 (m, 2H), 1.80 – 1.70 (m, 4H). 13C NMR 

(100 MHz, CDCl3) δ (ppm) 157.7, 157.6, 142.4, 131.8, 128.7, 128.2, 122.0, 120.1, 119.4, 108.5, 

86.0, 85.6, 64.1, 34.0, 24.9, 24.2, 17.0, 14.0. HRMS (EI): m/z [M + Na]+ calcd for C20H19NNaO3: 344,1257, found: 

344,1253. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl 5-methylthiophene-2-carboxylate 7at 

77% isolated yield (25.9 mg), colorless oil, [α]D
25 = 20.53 (c = 0.5 in CHCl3); 91% ee, determined 

by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, λ = 

254 nm, 25 oC), tR (minor) = 13.86 min, tR (major) = 15.86 min. 1H NMR (400 MHz, CDCl3) δ 
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(ppm) 7.67 (d, J = 3.7 Hz, 1H), 7.46 – 7.44 (m, 2H), 7.33 – 7.28 (m, 3H), 6.81 – 6.76 (m, 1H), 5.81 (t, J = 6.2 Hz, 1H), 

2.53 (s, 3H), 2.39 (t, J = 6.6 Hz, 2H), 2.03 - 1.98 (m,), 1.80 – 1.74 (m, 4H). 13C NMR (100 MHz, CDCl3) δ (ppm) 161.1, 

148.6, 134.4, 131.9, 130.4, 128.7, 128.2, 126.4, 122.0, 119.4, 85.9, 85.8, 64.4, 34.0, 25.0, 24.2, 17.1, 15.8.  HRMS (EI): 

m/z [M + Na]+ calcd for C20H19NNaO2S: 360,1029, found: 360,1028. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl 3,3-dimethylbutanoate 8aa 

84% isolated yield (26.1 mg), colorless oil, [α]D
25 = -20.23 (c = 0.5 in CHCl3); 88% ee, 

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0 

mL/min, λ = 254 nm, 25 oC), tR (major) = 11.74 min, tR (minor) = 13.20 min. 1H NMR (400 MHz, 

CDCl3) δ (ppm) 7.43 – 7.41 (m, 2H), 7.33 – 7.28 (m, 3H), 5.61 (t, J = 6.3 Hz, 1H), 2.38 (t, J = 6.7 

Hz, 2H), 2.25 (d, J = 3.2 Hz, 2H), 1.94 – 1.83 (m, 2H), 1.78 – 1.67 (m, 4H), 1.06 (s, 9H). 13C 

NMR (100 MHz, CDCl3) δ (ppm) 171.2, 131.7, 128.6, 128.2, 122.0, 119.4, 86.0, 85.4, 63.3, 47.8, 33.8, 31.0, 29.6, 24.9, 

24.2, 17.0. HRMS (EI): m/z [M + Na]+ calcd for C20H25NNaO2: 334.1778, found: 334.1776. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl pent-4-enoate 8ab 

83% isolated yield (24.5 mg), colorless oil, [α]D
25 = -30.60 (c = 0.5 in CHCl3); 96% ee, 

determined by HPLC analysis (Chiralpak IG column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0 

mL/min, λ = 254 nm, 25 oC), tR (minor) = 12.94 min, tR (major) = 14.93 min. 1H NMR (400 MHz, 

CDCl3) δ (ppm) 7.44 – 7.42 (m, 2H), 7.34 – 7.27 (m, 3H), 5.89 – 5.76 (m, 1H), 5.64 (t, J = 6.4 Hz, 

1H), 5.13 – 4.99 (m, 2H), 2.52 – 2.45 (m, 2H), 2.43 – 2.35 (m, 4H), 1.91 – 1.86 (m, , 2H), 1.78 – 

1.67 (m, 4H). 13C NMR (100 MHz, CDCl3) δ (ppm) 171.9, 136.3, 131.8, 128.7, 128.2, 121.9, 119.4, 115.6, 85.8, 85.6, 

63.7, 33.9, 33.4, 28.7, 24.9, 24.1, 17.0. HRMS (EI): m/z [M + Na]+ calcd for C19H21NNaO2: 318.1465, found: 318.1466. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl hept-6-ynoate 8ac 

83% isolated yield (26.7 mg), colorless oil, [α]D
25 = -40.83 (c = 0.5 in CHCl3); 95% ee, 

determined by HPLC analysis (Chiralpak IG column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0 

mL/min, λ = 254 nm, 25 oC), tR (minor) =17.82 min, tR (major) = 22.11 min. 1H NMR (400 MHz, 

CDCl3) δ (ppm) 7.45 – 7.42 (m, 2H), 7.31 (d, J = 6.6 Hz, 3H), 5.63 (t, J = 6.4 Hz, 1H), 2.41 – 2.37 

(m, 4H), 2.24 – 2.20 (m, 2H), 1.95 (t, J = 2.7 Hz, 1H), 1.92 – 1.86 (m, 2H), 1.80 -1.68 (m, 6H), 1.62 – 1.55 (m, 2H). 13C 

NMR (100 MHz, CDCl3) δ (ppm) 172.3, 131.8, 128.7, 128.2, 121.9, 119.4, 85.8, 85.6, 83.8, 77.3, 77.0, 76.7, 68.6, 63.7, 

33.9, 33.7, 27.7, 24.9, 24.2, 23.9, 18.1, 17.1. HRMS (EI): m/z [M + Na]+ calcd for C21H23N2NaO2: 344.1621, found: 

344.1618. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl 3-phenylpropanoate 8ad 

75% isolated yield (35.4 mg), colorless oil, [α]D
25 = -60.73 (c = 0.5 in CHCl3); 90% ee, 

determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 

mL/min, λ = 254 nm, 25 oC), tR (minor) = 7.92 min, tR (major) = 8.64 min. 1H NMR (400 MHz, 

CDCl3) δ (ppm) 7.37 – 7.35 (m, 2H), 7.26 -7.22 (m, 3H), 7.21 -7.20 (m, 1H), 7.19 (d, J = 2.3 Hz, 

1H), 7.17 – 7.10 (m, 3H), 5.55 (t, J = 6.3 Hz, 1H), 2.91 (t, J = 7.7 Hz, 2H), 2.65 -2.60 (m, 2H), 2.26 (t, J = 7.0 Hz, 2H), 

1.79 -1.74 (m, 2H), 1.65 – 1.58 (m, 2H), 1.57 – 1.50 (m, 2H). 13C NMR (100 MHz, CDCl3) δ (ppm) 171.8, 140.2, 131.8, 

128.7, 128.4, 128.3, 128.2, 126.2, 121.9, 119.4, 85.8, 85.7, 63.8, 35.8, 33.9, 30.8, 24.9, 24.1, 17.0. HRMS (EI): m/z [M + 

Na]+ calcd for C23H23NNaO2: 368.1621, found: 368.1620. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl cyclobutanecarboxylate 8ae 

85% isolated yield (25.1 mg), colorless oil, [α]D
25 = -22.30 (c = 0.5 in CHCl3); 98% ee, 

determined by HPLC analysis (Chiralpak IG column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 

mL/min, λ = 254 nm, 25 oC), tR (minor) = 8.63 min, tR (major) = 9.37 min. 1H NMR (400 MHz, 
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CDCl3) δ (ppm) 7.45 - 7.42 (m, 2H), 7.33 – 7.28 (m, 3H), 5.62 (t, J = 6.4 Hz, 1H), 3.23 – 3.13 (m, 1H), 2.38 (t, J = 6.8 

Hz, 2H), 2.35 – 2.27 (m, 2H), 2.25 – 2.20 (m, 2H), 2.00 – 1.86 (m, 4H), 1.79 – 1.67 (m, 4H). 13C NMR (100 MHz, 

CDCl3) δ (ppm) 174.3, 131.8, 128.6, 128.2, 122.0, 119.4, 86.0, 85.5, 63.6, 37.9, 33.9, 25.2, 25.0, 24.9, 24.1, 18.3,  17.0. 

HRMS (EI): m/z [M + Na]+ calcd for C19H21NNaO2: 318.1465, found: 318.1466. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl cyclopentanecarboxylate 8af 

87% isolated yield (26.9 mg), colorless oil, [α]D
25 = -16.50 (c = 0.5 in CHCl3); 92% ee, 

determined by HPLC analysis (Chiralpak IG column, hexane/i-PrOH, 80:20 v/v, flow rate 0.5 

mL/min, λ = 254 nm, 25 oC), tR (minor) = 17.67 min, tR (major) = 19.57 min. 1H NMR (400 

MHz, CDCl3) δ (ppm) 7.44 – 7.42 (m, 2H), 7.35 – 7.28 (m, 3H), 5.62 (t, J = 6.4 Hz, 1H), 2.82 – 

2.74 (m, 1H), 2.38 (t, J = 6.8 Hz, 2H), 1.93 – 1.83 (m, 6H), 1.76 – 1.67 (m, 6H), 1.60 – 1.56 (m, 

2H). 13C NMR (100 MHz, CDCl3) δ (ppm) 175.6, 131.8, 128.6, 128.2, 122.0, 119.4, 86.0, 85.4, 77.3, 77.0, 76.7, 63.5, 

43.6, 33.9, 30.0, 29.8, 25.8, 25.7, 24.9, 24.1, 17.0. HRMS (EI): m/z [M + Na]+ calcd for C20H23NNaO2: 332.1621, found: 

332.1615. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl cyclohexanecarboxylate 8ag 

82% isolated yield (26.5 mg), colorless oil, [α]D
25 = -22.43 (c = 0.5 in CHCl3); 96% ee, 

determined by HPLC analysis (Chiralpak IG column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0 

mL/min, λ = 254 nm, 25 oC), tR (minor) = 12.40 min, tR (major) = 14.28 min. 1H NMR (400 MHz, 

CDCl3) δ (ppm) δ 7.44 – 7.42 (m, 2H), 7.33 – 7.28 (m, 3H), 5.62 (t, J = 6.3 Hz, 1H), 2.38 (t, J = 

6.8 Hz, 3H), 1.96 – 1.85 (m, 4H), 1.80 – 1.73 (m, 3H), 1.73 – 1.68 (m, 2H), 1.68 – 1.61 (m, 2H), 

1.52 – 1.42 (m, 2H), 1.35 – 1.22 (m, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 174.9, 131.8, 128.6, 128.2, 122.0, 119.4, 

86.0, 85.4, 63.3, 43.0, 33.9, 28.9, 28.7, 25.6, 25.3, 25.2, 24.9, 24.1, 17.0. HRMS (EI): m/z [M + Na]+ calcd for 

C21H25NNaO2: 346.1778, found: 346.1780. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl (3S,5S,7S)-adamantane-1-carboxylate 8ah 

81% isolated yield (30.4 mg), colorless oil, [α]D
25 = 25.14 (c = 0.5 in CHCl3); 90% ee, determined 

by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 80:20 v/v, flow rate 0.5 mL/min, λ = 

254 nm, 25 oC), tR (minor) = 19.24 min, tR (major) = 20.78min. 1H NMR (400 MHz, CDCl3) δ 

(ppm) 7.45 – 7.42 (m, 2H), 7.32 – 7.30 (m, 3H), 5.61 (t, J = 6.3 Hz, 1H), 2.38 (t, J = 6.8 Hz, 2H), 

2.04 – 2.01 (m, 3H), 1.93 (d, J = 2.9 Hz, 6H), 1.79 – 1.63 (m, 12H). 13C NMR (100 MHz, CDCl3) δ (ppm) 176.4, 131.8, 

128.6, 128.2, 128.1, 128.1, 122.1, 119.4, 86.2, 85.2, 77.3, 77.0, 76.7, 63.2, 40.7, 38.6, 36.4, 33.8, 27.8, 24.9, 24.1, 17.1. 

HRMS (EI): m/z [M + Na]+ calcd for C25H29N2NaO2: 398.2091, found: 398.2098. 

3-((S)-7-cyano-1-phenylhept-1-yn-3-yl) 5-methyl tricyclo[3.1.0.01,3]hexane-3,5-dicarboxylate 8ai 

85% isolated yield (32.0 mg), colorless oil, [α]D
25 = -31.90 (c = 0.5 in CHCl3); 96% ee, 

determined by HPLC analysis (Chiralpak IG column, hexane/i-PrOH, 80:20 v/v, flow rate 0.5 

mL/min, λ = 254 nm, 25 oC), tR (minor) = 25.09 min, tR (major) = 32.21min. 1H NMR (400 MHz, 

CDCl3) δ (ppm) 7.45 – 7.42 (m, 2H), 7.35 – 7.27 (m, 3H), 5.60 (t, J = 6.4 Hz, 1H), 3.68 (s, 3H), 

2.40 – 2.35 (m, 8H), 1.90 (d, J = 7.5 Hz, 2H), 1.76 – 1.68 (m, 4H). 13C NMR (100 MHz, CDCl3) δ 

(ppm) 169.5, 168.1, 131.8, 128.8, 128.2, 121.8, 119.3, 85.9, 85.4, 64.3, 52.8, 51.8, 37.6, 37.5, 33.8, 29.6, 24.8, 24.1, 17.0. 

HRMS (EI): m/z [M + Na]+ calcd for C23H23NNaO4: 400.1519, found: 400.1517. 

(S)-1-(7-cyano-1-phenylhept-1-yn-3-yl) 4-methyl bicyclo[2.2.2]octane-1,4-dicarboxylate 8aj 

88% isolated yield (35.8 mg), colorless oil, [α]D
25 = -34.87 (c = 0.5 in CHCl3); 98% ee, 

determined by HPLC analysis (Chiralpak OD column, hexane/i-PrOH, 90:10 v/v, flow rate 1.0 

mL/min, λ = 254 nm, 25 oC), tR (minor) = 38.77 min, tR (major) = 41.71 min. 1H NMR (400 

MHz, CDCl3) δ (ppm) 7.45 – 7.43 (m, 2H), 7.33 – 7.30 (m, 3H), 5.60 (t, J = 6.4 Hz, 1H), 3.69 (s, 



S19 

3H), 2.37 (d, J = 13.9 Hz, 8H), 1.93 – 1.87 (m, 2H), 1.79 – 1.63 (m, 5H), 1.25 (s, 2H), 0.89 – 0.85 (m, 1H). 13C NMR 

(100 MHz, CDCl3) δ (ppm) 169.6, 168.1, 131.9, 128.8, 128.3, 121.9, 119.3, 86.0, 85.4, 64.3, 52.8, 51.8, 37.6, 37.5, 33.8, 

24.8, 24.1, 17.1. HRMS (EI): m/z [M + Na]+ calcd for C25H29NNaO4: 430.1989, found: 430.1985. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl methyl isophthalate 8ak 

81% isolated yield, (30.4 mg), colorless oil, [α]D
25 = -31.90 (c = 0.5 in CHCl3); 92% ee, 

determined by HPLC analysis (Chiralpak IG column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 

mL/min, λ = 254 nm, 25 oC), tR (major) = 18.05 min, tR (minor) = 20.90 min. 1H NMR (400 

MHz, CDCl3) δ (ppm) 8.08 – 8.06 (m, 1H), 7.61 – 7.56 (m, 1H), 7.47 – 7.45 (m, 2H), 7.36 – 

7.31 (m, 4H), 7.13 – 7.31 (m, 1H), 5.86 (t, J = 6.3 Hz, 1H), 2.41 – 2.37 (m, 5H), 2.02 – 1.97 (m, 

2H), 1.80 – 1.72 (m, 4H). 13C NMR (100 MHz, CDCl3) δ (ppm) 169.6, 163.4, 150.6, 134.1, 

131.9, 131.8, 128.8, 128.3, 126.1, 123.8, 122.9, 121.9, 119.4, 86.1, 85.5, 64.6, 34.0, 24.9, 24.1, 21.1, 17.1. HRMS (EI): 

m/z [M + Na]+ calcd for C23H21NNaO4: 398.1363, found: 398.1372. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl 2-(1-(4-chlorobenzoyl)-5-methoxy-1H-indol-3-yl)acetate 8al 

85% isolated yield (40.4 mg), colorless oil, [α]D
25 = -54.34 (c = 0.5 in CHCl3); 96% ee, 

determined by HPLC analysis (Chiralpak AD column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 

mL/min, λ = 254 nm, 25 oC), tR (major) = 33.42 min, tR (minor) = 37.61 min. 1H NMR (400 

MHz, CDCl3) δ (ppm) 7.66 – 7.61 (m, 2H), 7.45 – 7.43 (m, 2H), 7.39 – 7.37 (m, 2H), 7.33 – 

7.27 (m, 3H), 7.00 (d, J = 2.5 Hz, 1H), 6.90 (d, J = 8.9 Hz, 1H), 6.69 – 6.66 (m, 1H), 5.63 (t, J 

= 6.3 Hz, 1H), 3.80 (s, 3H), 3.73 (d, J = 1.5 Hz, 2H), 2.40 (s, 3H), 2.27 (t, J = 6.7 Hz, 2H), 1.90 

– 1.85 (m, 2H), 1.68 – 1.56 (m, 4H). 13C NMR (100 MHz, CDCl3) δ (ppm) 169.7, 168.2, 155.9, 139.2, 135.9, 133.7, 

131.7, 131.1, 130.7, 130.4, 129.0, 128.7, 128.2, 121.8, 119.3, 114.9, 112.2, 111.5, 101.3, 85.8, 85.5, 64.5, 55.5, 33.8, 

30.4, 26.8, 24.8, 24.0, 16.9, 13.3. HRMS (EI): m/z [M + Na]+ calcd for C32H27ClNNaO4:561.1552, found: 561.1553. 

(S)-7-cyano-1-phenylhept-1-yn-3-yl 5-(2,5-dimethylphenoxy)-2,2-dimethylpentanoate 8am 

86% isolated yield (33.6 mg), colorless oil, [α]D
25 = -29.37 (c = 0.5 in CHCl3); 90% ee, 

determined by HPLC analysis (Chiralpak IG column, hexane/i-PrOH, 80:20 v/v, flow rate 0.5 

mL/min, λ = 254 nm, 25 oC), tR (minor) = 15.97 min, tR (major) = 18.50 min. 1H NMR (400 

MHz, CDCl3) δ (ppm) 7.45 – 7.40 (m, 2H), 7.32 – 7.26 (m, 3H), 7.01 (d, J = 7.5 Hz, 1H), 6.67 (d, 

J = 7.5 Hz, 1H), 6.60 (s, 1H), 5.63 (t, J = 6.4 Hz, 1H), 3.95 – 3.91 (m, 2H), 2.37 (t, J = 6.7 Hz, 

2H), 2.31 (s, 3H), 2.17 (s, 3H), 1.94 – 1.89 (m, 2H), 1.83 – 1.68 (m, 8H), 1.28 (s, 6H). 13C NMR 

(100 MHz, CDCl3) δ (ppm) 176.6, 156.8, 136.4, 131.7, 130.2, 128.6, 128.2, 123.4, 122.1, 120.6, 

119.3, 111.8, 86.0, 85.5, 67.8, 63.7, 42.1, 37.1, 33.8, 25.2, 25.1, 24.9, 24.8, 24.2, 21.3, 17.0, 15.7.  HRMS (EI): m/z [M + 

Na]+ calcd for C29H35NNaO3: 468.2509, found: 468.2505.
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5. Synthetic Applications of the Reaction 

5.1 Gram-scale reaction 

 

 

Figure S2. Photographs of the apparatus used for irradiation of the reaction system.  

In a flame-dried 100 mL Shrek bottle equipped with a magnetic stirrer bar was charged sequentially with 

Cu(CH3CN)4PF6 (37.3 mg, 0.10 mmol) and chiral ligand L17 (81.9 mg, 0.12 mmol), followed by the addition of DCE 

(50.0 mL). Then the mixture was stirred at room temperature for 30 min. To the resulting mixture, 3a (900 mg, 5.0 

mmol), 1a (1.92 g, 15.0 mmol) and 2a (1.85g, 10.0 mmol) were added. Then, the resulting mixture was degassed (3 

times) under argon atmosphere. At last, the mixture was stirred at a distance of ~4 cm from a 20 W Kessil purple LEDs at 

room temperature for 36 h. The product was purified by flash column chromatography on silica gel to afford the desired 

product 4aa (1.69 g, 90% yield, 93% ee) with petroleum ether and ethyl acetate (7:1, v/v). 

 

6. Mechanistic Investigation 

6.1 Radical trapping experiments 

 

In a flame-dried 10 mL Schlenk tube equipped with a magnetic stirrer bar was charged sequentially with 

Cu(CH3CN)4PF6 (0.75mg, 0.0020 mmol) and chiral ligand L17 (1.64 mg, 0.0024 mmol), followed by the addition of 

DCE (2.0 mL). Then the mixture was stirred at room temperature for 30 min. To the resulting mixture, 3a (18.0 mg, 0.10 
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mmol), 1a (30.4 mg, 0.30 mmol), 2a (37.0 mg, 0.20 mmol) and TEMPO (46.9 mg, 0.3 mmol) were added. Then, the 

resulting mixture was degassed (3 times) under argon atmosphere. At last, the mixture was stirred at a distance of ~1 cm 

from 4 x 6 W purple LEDs at room temperature for 24 h. 

 

6.2 Non-linear effect experiments 

 

In a flame-dried 10 mL Schlenk tube equipped with a magnetic stirrer bar was charged sequentially with 

Cu(CH3CN)4PF6 (0.75mg, 0.0020 mmol) and chiral ligand L14 (1.64 mg, 0.0024 mmol), followed by the addition of 

DCE (2.0 mL). Then the mixture was stirred at room temperature for 30 min. To the resulting mixture, 3a (18.0 mg, 0.10 

mmol), 1a (30.4 mg, 0.30 mmol) and 2a (37.0 mg, 0.20 mmol) were added. Then, the resulting mixture was degassed (3 

times) under argon atmosphere. At last, the mixture was stirred at a distance of ~1 cm from 4 x 6 W purple LEDs at 0 oC 

for 24 h. The product was purified by flash column chromatography on silica gel to afford the desired product with 

petroleum ether and ethyl acetate (7:1, v/v). 

 

Figure S3. Relationship between ee values of ligand and product 4aa 
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6.3 UV-Vis absorption spectra of the reaction components 

UV vis absorption studies were conducted to probe the role of the copper salt, chiral ligand and acid under this 

photocatalytic system. Absorption experiments were performed on a Agilent Cary 60 UV-Vis spectrophotometer.  

 

Figure S4. UV-Vis spectra of substrate Cu(CH3CN)4PF6, chiral ligand L17, chiral copper complexes [Cu(CH3CN)4PF6 + 

p-COOMeC6H4COOH] (1:2), [Cu(CH3CN)4PF6+L17] (1:1), [Cu(CH3CN)4PF6 + L17 + p-COOMeC6H4COOH] (1:1:2) in 

DCE. All the samples were prepared as a 1.0 mM solution and used freshly for the measurement. All solutions were 

scanned from 200 to 800 nm. 

Preparation of the samples for UV-Vis spectra measurement (All the samples were used freshly for UV-Vis spectra 

measurement): 

Cu(CH3CN)4PF6 in DCE (1.0 mM): Cu(CH3CN)4PF6 (2.68 mg, 0.0072 mmol) was dissolved in anhydrous DCE (6.0 

mL). 

chiral ligand L17 in DCE (1.0 mM): chiral ligand L17 (4.91 mg, 0.0072 mmol) was dissolved in anhydrous DCE (6.0 

mL). 

[Cu(CH3CN)4PF6 + p-COOMeC6H4COOH] (1:2) in DCE (1.0 mM): Cu(CH3CN)4PF6 (2.68 mg, 0.0072 mmol), 

p-COOMeC6H4COOH (2.59 mg, 0.0144 mmol) was dissolved in anhydrous DCE (6.0 mL) and stirred at room 

temperature for 1 h. 

copper complexes [Cu(CH3CN)4PF6 + L17] (1:1) in DCE (1.0 mM): Cu(CH3CN)4PF6 (2.68 mg, 0.0072 mmol) and 

chiral ligand L17 (4.91 mg, 0.0072 mmol) was dissolved in anhydrous DCE (6.0 mL) and stirred at room temperature for 

1 h. 

[Cu(CH3CN)4PF6 + L17 + p-COOMeC6H4COOH] (1:1:2) in DCE (1.0 mM): Cu(CH3CN)4PF6 (2.68 mg, 0.0072 

mmol), chiral ligand L17 (4.91 mg, 0.0072 mmol) and p-COOMeC6H4COOH (2.59 mg, 0.0144 mmol) was dissolved in 

anhydrous DCE (6.0 mL) and stirred at room temperature for 1 h. 

Remarks: All of the individual p-COOMeC6H4COOH, Cu(CH3CN)4PF6, chiral ligand L17 showed no spectra feature 

in the visible light region. However, in situ generated chiral copper complex with acid ([Cu(CH3CN)4PF6 + L17] (1:1) 

and [Cu(CH3CN)4PF6 + L17 + p-COOMeC6H4COOH](1:1:2))exhibited significant absorption enhancement in the range 

of 350-450 nm. 

 

7. Determination of the Absolute Configuration of Product 5cc 

Single crystals of C31H36N2O4 (5cc). A suitable crystal was selected on a Bruker APEX-II CCD diffractometer. The 

crystal was kept at 100 K during data collection. 
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Figure S5. X-ray crystal structure of 5cc 

Crystal Data for C31H36N2O4 (M =500.62 g/mol): monoclinic, space group P21 (no. 4), a = 15.3918(2) Å, b = 5.81640(10) 

Å, c = 15.5214(2) Å, β = 94.6890(10)°, V = 1384.90(3) Å3, Z = 2, T = 108(12) K, μ(Cu Kα) = 0.631 mm-1, Dcalc = 1.201 

g/cm3, 6414 reflections measured (5.714° ≤ 2Θ ≤ 143.062°), 3681 unique (Rint = 0.0296, Rsigma = 0.0467) which were 

used in all calculations. The final R1 was 0.0340 (I > 2σ(I)) and wR2 was 0.0892 (all data). 
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8. Copies of NMR Spectra 

1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product L17 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 4aa 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 4ba 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 4ca 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 4da 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 4ea 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 4fa 
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1H NMR (400 MHz, CDCl3), 13C NMR (100 MHz, CDCl3) and 19F (376 MHz) spectra of product 

4ga 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 4ha 
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1H NMR (400 MHz, CDCl3), 13C NMR (100 MHz, CDCl3) and 19F (376 MHz) spectra of product 

4ia 
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1H NMR (400 MHz, CDCl3), 13C NMR (100 MHz, CDCl3) and 19F (376 MHz) spectra of product 

4ja 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 4ka 

 

 

 

 

 

 

 

 

 

 



S39 

1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 4la 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 4ma 
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1H NMR (400 MHz, CDCl3), 13C NMR (100 MHz, CDCl3) and 19F NMR (376 MHz, CDCl3) of 

product 4na 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 4oa 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 4pa 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 4qa 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 4ra 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 4sa 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 4ta 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 4ua 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 4va 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 4wa 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 4xa 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 5ba 

 

 

 

 

 

 



S78 

1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 5ca 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 5da 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 5ea 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 5fa 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 5cc 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 5ga 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 7ab 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 7ac 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 7ad 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 7ae 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 7af 
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1H NMR (400 MHz, CDCl3), 13C NMR (100 MHz, CDCl3) and 19F (376 MHz) spectra of product 7ag 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 7ah 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 7ai 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) of product 7aj 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 7ak 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 7al 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 7am 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 7an 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 7ao 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 7ap 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 7aq 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 7ar 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 7as 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 7at 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 8aa 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 8ab 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 8ac 

 

 

 

 

 

 



S83 

1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 8ad 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 8ae 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 8af 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 8ag 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 8ah 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 8ai 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 8aj 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 8ak 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 8al 
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1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) spectra of product 8am 
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9. Copies of HPLC chromatograms 

Chiral HPLC chromatogram of racemic 4aa 

 

 

 

 

 
Chiral HPLC chromatogram of 4aa 

 

 

 

 

 

 
 

Chiral HPLC chromatogram of racemic 4ba 

 

 

 

 

 
Chiral HPLC chromatogram of racemic 4ba 
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Chiral HPLC chromatogram of racemic 4ca 

 

 
 

 

 

 

Chiral HPLC chromatogram of 4ca 

 

 
  

 

 

 

Chiral HPLC chromatogram of racemic 4da 

 

 
 

 

 

Chiral HPLC chromatogram of 4da 

 

 
 

 

 



S95 

 

Chiral HPLC chromatogram of racemic 4ea 

 

 

 

 

 

Chiral HPLC chromatogram of 4ea 

 

 

 

 

 

 

Chiral HPLC chromatogram of racemic 4fa 

 

 
 

 

 

Chiral HPLC chromatogram of 4fa 
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Chiral HPLC chromatogram of racemic 4ga 

 

 

 

 

 

Chiral HPLC chromatogram of 4ga 

 

 
 

 

 

 

Chiral HPLC chromatogram of racemic 4ha 

 

 
 

 

 
Chiral HPLC chromatogram of 4ha 
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Chiral HPLC chromatogram of racemic 4ia 

 

 

 

 

 

 
Chiral HPLC chromatogram of 4ia 

 

 
 

 

 

 

 

Chiral HPLC chromatogram of racemic 4ja 

 

 

 

 

 

 

Chiral HPLC chromatogram of 4ja 

 

 

 

 

 

 



S98 

 

Chiral HPLC chromatogram of racemic 4ka 

 

 

 

 

 

 

Chiral HPLC chromatogram of 4ka 

 

  

 

 
 

Chiral HPLC chromatogram of racemic 4la 

 

 
 

 

 

Chiral HPLC chromatogram of 4la 
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Chiral HPLC chromatogram of racemic 4ma 

 

 

 

 

 

 

Chiral HPLC chromatogram of 4ma 

 

  

 

 

 

Chiral HPLC chromatogram of racemic 4na 

 

 
 

 

 

Chiral HPLC chromatogram of 4na 
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Chiral HPLC chromatogram of racemic 4oa 

 

 

 

 

 

Chiral HPLC chromatogram of 4oa 

 

 
 

 

 

 

Chiral HPLC chromatogram of racemic 4pa 

 

 
 

 

 

Chiral HPLC chromatogram of 4pa 
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Chiral HPLC chromatogram of racemic 4qa 

 

 

 

 

 

Chiral HPLC chromatogram of 4qa 

 

 

 

 

 

 

Chiral HPLC chromatogram of racemic 4ra 

 

  

 

 

Chiral HPLC chromatogram of 4ra 
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Chiral HPLC chromatogram of racemic 4sa 

 

 

 

 

 

Chiral HPLC chromatogram of 4sa 

 

 
 

 

 

 

Chiral HPLC chromatogram of racemic 4ta 

 

  

 

 

Chiral HPLC chromatogram of 4ta 
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Chiral HPLC chromatogram of racemic 4ua 

 

  

 

 

Chiral HPLC chromatogram of 4ua 

 

  

 

 

 

Chiral HPLC chromatogram of racemic 4va 

 

 

 

 

 

Chiral HPLC chromatogram of 4va 
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Chiral HPLC chromatogram of racemic 4wa 

 

 
 

 

 

Chiral HPLC chromatogram of 4wa 

 

  

 

 

Chiral HPLC chromatogram of racemic 4xa 

 

 
 

 

 

Chiral HPLC chromatogram of 4xa 
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Chiral HPLC chromatogram of racemic 5ba 

 

 
 

 

 

Chiral HPLC chromatogram of 7a 

 

 

 

 

 
 

Chiral HPLC chromatogram of racemic 5ca 

 

 

 

 

 

 

Chiral HPLC chromatogram of 5ca 
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Chiral HPLC chromatogram of racemic 5da 

 

  

 

 
Chiral HPLC chromatogram of 5da 

 

 
 

 

 

 

 

 

Chiral HPLC chromatogram of racemic 5ea 

 

 

 

 

 

 

Chiral HPLC chromatogram of 5ea 
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Chiral HPLC chromatogram of racemic 5fa 

 

 
 

 

 

 

 

Chiral HPLC chromatogram of 5fa 

 

 

 

 

 

 

 
 

Chiral HPLC chromatogram of racemic 5cc 

 

 
 

 

 

 
Chiral HPLC chromatogram of 5cc 
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Chiral HPLC chromatogram of racemic 5ga 

 

 

 

 

 

Chiral HPLC chromatogram of 5ga 
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Chiral HPLC chromatogram of racemic 7ab 

 

 

 

 

 

Chiral HPLC chromatogram of 7ab 

 

 

 

 

 

 

Chiral HPLC chromatogram of racemic7ac 

 

 

 

 

 

Chiral HPLC chromatogram of 7ac 
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Chiral HPLC chromatogram of racemic 7ad 

 

 
 

 

 

Chiral HPLC chromatogram of 7ad 

 

 
 

 

 

 

Chiral HPLC chromatogram of racemic 7ae 

 

 

 

 

 

 

Chiral HPLC chromatogram of 7ae 
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Chiral HPLC chromatogram of racemic 7af 

 

 
 

 

 

 

Chiral HPLC chromatogram of 7af 

 

 

 

 

 

 

 

Chiral HPLC chromatogram of racemic 7ag 

 

  

 

 

Chiral HPLC chromatogram of 7ag 
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Chiral HPLC chromatogram of racemic 7ah 

 

  

 

 

Chiral HPLC chromatogram of 7ah 

 

 
 

 

 

Chiral HPLC chromatogram of racemic 7ai 

 

  

 

 

Chiral HPLC chromatogram of 7ai 
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Chiral HPLC chromatogram of racemic 7aj 

 

  

 

 

Chiral HPLC chromatogram of 7aj 

 

  

 

 

 

Chiral HPLC chromatogram of racemic 7ak 

 

  

 

 

Chiral HPLC chromatogram of 7ak 
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Chiral HPLC chromatogram of racemic 7al 

 

  

 

 

Chiral HPLC chromatogram of 7al 

 

  

 

 

 

Chiral HPLC chromatogram of racemic 7am 

 

  

 

 

Chiral HPLC chromatogram of 7am 
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Chiral HPLC chromatogram of racemic 7an 

 

 
 

 

 

Chiral HPLC chromatogram of 7an 

 

  

 

 

 

Chiral HPLC chromatogram of racemic 7ao 

 

  

 

 

Chiral HPLC chromatogram of 7ao 
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Chiral HPLC chromatogram of racemic 7ap 

 

 
 

 

 

Chiral HPLC chromatogram of 7ap 

 

 

 

 

 

 

Chiral HPLC chromatogram of racemic 7aq 

 

 

 

 

 

Chiral HPLC chromatogram of 7aq 
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Chiral HPLC chromatogram of racemic 7ar 

 

  

 

 

Chiral HPLC chromatogram of 7ar 

 

 

 

 

 

 

 

Chiral HPLC chromatogram of racemic 7as 

 

  

 

 

Chiral HPLC chromatogram of 7as 
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Chiral HPLC chromatogram of racemic 7at 

 

 
 

 

 

Chiral HPLC chromatogram of 7at 

 

 
 

 

 

 

Chiral HPLC chromatogram of racemic 8aa 

 

 
 

 

 

Chiral HPLC chromatogram of 8aa 
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Chiral HPLC chromatogram of racemic 8ab 

 

 

 

 

 

 

Chiral HPLC chromatogram of 8ab 

 

 

 

 

 

 
 

Chiral HPLC chromatogram of racemic 8ac 

 

 

 

 

 
Chiral HPLC chromatogram of 8ac 
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Chiral HPLC chromatogram of racemic 8ad 

 

 

 

 

 

Chiral HPLC chromatogram of 8ad 

 

 

 

 

 

 

 

Chiral HPLC chromatogram of racemic 8ae 

 

 

 

 

 

Chiral HPLC chromatogram of 8ae 
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Chiral HPLC chromatogram of racemic 8af 

 

 
 

 

 

 
Chiral HPLC chromatogram of 8af 

 

 

 

 

 

 

 

Chiral HPLC chromatogram of racemic 8ag 

 

 

 

 

 

 

Chiral HPLC chromatogram of 8ag 

 

 

 

 

 

 

 

 



S122 

 

Chiral HPLC chromatogram of racemic 8ah 

 

 
 

 

 

Chiral HPLC chromatogram of 8ah 

 

 

 

 

 

 

Chiral HPLC chromatogram of racemic 8ai 

 

 

 

 

 

 

Chiral HPLC chromatogram of 8ai 
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Chiral HPLC chromatogram of racemic 8aj 

 

 

 

 

 

 

Chiral HPLC chromatogram of 8aj 

 

  

 

 

 

Chiral HPLC chromatogram of racemic 8ak 

 

 

 

 

 

Chiral HPLC chromatogram of 8ak 
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Chiral HPLC chromatogram of racemic 8al 

 

  

 

 
Chiral HPLC chromatogram of 8al 

 

  

 

 

 

Chiral HPLC chromatogram of racemic 8am 

 

 

 

 

 

 

Chiral HPLC chromatogram of 8am 

 

 

 

 

 

 

 


