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(a) Repeat experiment with (MeO)3Si-prefunctionalized alkyne as nucleophile (ref 6d 
in the manuscript. J. Am. Chem. Soc. 2020, 142, 12493). 

 

(b) Test of terminal alkyne as nucleophile using chiral bisoxazoline ligand 

 

Entry N-F reagent Base Yield of A (%) Yield of B (%) 
1 NFSI Na2CO3 0 0 
2 N-F-2 Na2CO3 0 0 
3 NFSI Cs2CO3 0 5% 
4 N-F-2 Cs2CO3 0 17% 

When Na2CO3 was used as base, both alkynylated product A and homo-coupling 
product B were not detected in the reaction mixture (entries 1 and 2). When Cs2CO3 
was used as base, only B was detected in 5% and 17% yield, respectively, while A was 
not detected in the reaction mixture (entries 3 and 4). 
Scheme S1 Result of benzylic C(sp3)-H alkynylation using terminal alkyne with 
Cu/chiral Box ligand catalytic system. 

 

 
Scheme S2. An initial attempt with CuI/N,N,P-ligand in intermolecular asymmetric 
oxidative C(sp3)–H/C(sp)–H cross-coupling 
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Scheme S3 Competition experiments between different types of C–H substrates 

 

Scheme S4 Sonogashira C(sp3)–C(sp) coupling reaction of cyclic benzylic halide and 
benzyl halide with p-OMe substituent with terminal alkyne under our previous 
Cu/chiral N.N.P-ligand catalytic system (refer 9c in the manuscript: Nat. Chem. 2019, 
11,1158) 
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Scheme S5 Asymmetric alkynylation of S44 with phosphine oxide ligand L7 
 

 

Scheme S6 Result of asymmetric alkynylation of substrates with other potentially 
reactive C–H bonds. 
 
4-(3-(naphthalen-2-yl)prop-1-yn-1-yl)benzonitrile 

 
1H NMR (400 MHz, CDCl3) δ 7.96-7.75 (m, 4H), 7.60 (d, J = 8.3 Hz, 2H), 7.54 (d, J 
= 8.3 Hz, 2H), 7.51-7.43 (m, 3H), 4.01 (s, 2H). 
13C NMR (101 MHz, CDCl3) δ 133.5, 133.4, 132.4, 132.2, 132.0, 128.6, 128.4, 127.7, 
127.6, 126.31, 126.30, 125.8, 118.6, 111.2, 92.6, 81.5, 26.1. 
 
(R)-4-(4-methyl-3-phenylpent-1-yn-1-yl)benzonitrile 
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1H NMR (400 MHz, CDCl3) δ 7.60-7.53 (m, 2H), 7.52-7.45 (m, 2H), 7.42-7.31 (m, 
4H), 7.30-7.21 (m, 1H), 3.90 (dd, J = 9.2, 6.2 Hz, 1H), 1.90-1.70 (m, 2H), 1.69-1.49 
(m, 1H), 0.98 (dd, J = 6.5, 5.2 Hz, 6H). 
13C NMR (101 MHz, CDCl3) δ 141.8, 132.2, 131.9, 128.8, 128.6, 127.3, 126.9, 118.6, 
111.0, 96.9, 81.6, 47.6, 36.6, 26.1, 22.9, 21.8. 
HPLC condition: Chiralcel AD-3, n-hexane/i-PrOH = 95/5, flow rate 0.8 mL/min. λ = 
254 nm, t(minor) = 8.2 min, t(major) = 12.4 min, 67% ee. 
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Scheme S7 Results of benzylic C(sp3)-H alkynylation using copper-phenylacetylide 
and chiral Box ligand system. 
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Test of stability of ligand L1 and L4 under different N-F reagents 

 

 

Figure S1: Test of stability of ligand L1 under different N-F reagents. 31P NMR 
spectrum of reaction system resulting from ligand L1 (1 equiv.) and different N-F 
reagents (1.2 equiv.) under the ultrasonic conditions in CDCl3 for 1h at rt. (a) 31P NMR 
of ligand L1; (b) 31P NMR of ligand L1 and N-F-1; (c) 31P NMR of ligand L1 and N-
F-2; (d) 31P NMR of ligand L1 and NFSI.  
In Figure S1b: No change in phosphine spectrum indicates L1 is stable under mild 
oxidant N-fluoroalkylamide (N-F-1)  
In Figure S1c: Partial changes in phosphine spectrum indicates L1 proceeds slow 
decomposition under relatively strong oxidant N-fluoroalkylsulfonamide (N-F-2).  
In Figure S1d: Complete change of phosphine spectrum indicates L1 is incompatible 
with strong oxidant NFSI. 
Conclusion: Order of ligand L1 tolerance to oxidants: N-F-1 > N-F-2 > NFSI 
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Figure S2: Test of stability of ligand L4 under different N-F reagents. 31P NMR 
spectrum of reaction system resulting from ligand L4 (1 equiv.) and different N-F 
reagents (1.2 equiv.) under the ultrasonic conditions in CDCl3 for 1h at rt. (a) 31P NMR 
of ligand L4; (b) 31P NMR of ligand L4 and N-F-1; (c) 31P NMR of ligand L4 and N-
F-2; (d) 31P NMR of ligand L4 and NFSI. (e) 31P NMR of ligand L5. 
In Figure S2b: No change in phosphine spectrum indicates L1 is stable under mild 
oxidant N-fluoroalkylamide (N-F-1).  
In Figure S2c: Partial changes in phosphine spectrum L4 proceeds slow decomposition 
under relatively strong oxidant N-fluoroalkylsulfonamide (N-F-2). Interestingly, new 
signals might be assigned to phosphine oxide L5 (30.2 ppm) and possible phosphine-
fluorine ligands[1-3] (-45.1 and -49.3). 
In Figure S2d: Complete change of phosphine spectrum indicates L4 is incompatible 
with strong oxidant NFSI. 
Conclusion: Order of ligand L4 tolerance to oxidants: N-F-1 > N-F-2 > NFSI.  
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Quantitative Analysis of Ligand L4 with N-F-2 

 

 
Figure S3-1. (a) 31P NMR of ligand L5; (b) 31P NMR of reaction mixture. 
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Figure S3-2. 31P NMR of reaction mixture shown in S3-1 after further reaction for 4 h 
under ultrasonic conditions under air using Ph3P(O) as internal standard. 
Conclusion: In the reaction system, complete conversion of phosphine ligand L4 into 
the possible phosphine-fluorine ligands[1-3] and ligand L5 was observed. Moreover, the 
possible phosphine-fluorine ligand could be finally converted to L5 under air 
conditions. Actually, the pentavalent phosphine oxide L5 is also active for catalyzing 
this transformation. 
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Figure S4. (a) 31P NMR of reaction mixture at different time. (b) Yield and ee of 3 at 
different time. 
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Table S1 Screening of reaction conditions for benzylic alkynylation[a]  

 

entry [Cu] L oxidant solvent yield(%)[b](conv.) ee(%)[c] 

1 
2 
3 
4 
5 
6 
7 
8 
9 

CuTc 
CuTc 
CuTc 
CuTc 
CuTc 
CuTc 
CuTc 
CuTc 
CuTc 

L4 
L4 
L4 
L4 
L4 
L4 
L4 
L4 
L4 

(tBuO)2 
tBuO2H 

PhCO3
tBu 

BPO 
Na2S2O8 

PhI(OAc)2 
DDQ 

Selectfluor 
N-F-2 

PhCl 
PhCl 
PhCl 
PhCl 
PhCl 
PhCl 
PhCl 
PhCl 
PhCl 

0 
0 
0 
0 
0 
0 
0 
0 

43 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
85 

10 CuI L4 N-F-2 PhCl 51 87 
11 Cu(MeCN)4PF6 L4 N-F-2 PhCl 45 88 
12 Cu(MeCN)4BF4 L4 N-F-2 Benzene 24(68) 86 
13 Cu(MeCN)4BF4 L4 N-F-2 PhCF3 27(81) 87 
14 Cu(MeCN)4BF4 L4 N-F-2 PhF 17(60) 86 
15 Cu(MeCN)4BF4 BOX NFSI PhCl trace(82) ND 
16 Cu(MeCN)4BF4 BOX N-F-2 PhCl trace ND 
17 – L4 N-F-2 PhCl trace ND 
18 Cu(MeCN)4BF4 – N-F-2 PhCl trace ND 

19[d] Cu(MeCN)4BF4 L4 N-F-4 PhCl trace ND 
[a] Reaction conditions: 1a (0.5 mmol), 2a (0.05 mmol), [Cu] (10 mol%), L (15 mol%), Cs2CO3 
(0.2 mmol) and oxidant (0.15 mmol) in dry PhCl (0.4 mL) at rt for 36 h. [b] Yield based on 1H NMR 
analysis of the crude product using Cl2CHCHCl2 as an internal standard. [c] Ee values based on 
HPLC analysis. [d] Without base. 
 
Note: In case that Selectfluor, (tBuO)2, PhCO3

tBu, and Na2S2O8 are used as the oxidant, the Glaser 
homocoupling product (5−20%) was observed. 
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Table S2 Screening of the effect of the amount of base for benzylic alkynylation[a]  
 

 

entry X (eq.) conv. of 
2a (%) 

yield of 3 
(%) ee (%) 

1 1.0 52 28 94 

2 2.0 71 42 93 

3 3.0 90 52 93 

4 4.0 98 68 93 

5 5.0 98 57 93 
[a] Reaction conditions: 1a (0.5 mmol), 2a (0.05 mmol), CuTc (10 mol%), L4 (15 mol%), Cs2CO3 
(x eq.) and N-F-2 (0.30 mmol) in dry PhCl (0.8 mL) at 0 °C for 5 d.  
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Table S3 Screening of reaction conditions for allylic alkynylation[a] 

 
entry L base (equiv.) T (°C) t Yield (%)[b](conv.) ee (%)[c] 

1 L4 Cs2CO3 (4.0) 0 5 d 3(70) ND 

2 L4 Cs2CO3 (4.0) rt 5 d 10 -17 

3 L8 Cs2CO3 (4.0) rt 5 d 16(80) 65 

4 L6 Cs2CO3 (4.0) rt 5 d 15(85) 77 

5 L6 Rb2CO3 (5.0) rt 5 d 51(95) 85 

6[d] L6 Rb2CO3 (5.0) rt 5 d 40(95) 84 

7[e] L6 Rb2CO3 (5.0) rt 5 d 38(98) 86 

8[f] L6 Rb2CO3 (5.0) rt 5 d 32 87 

9[g] L6 Rb2CO3 (5.0) rt 5 d 50(98) 88 

[a] Reaction conditions: 3a (0.5 mmol), 2a (0.05 mmol), CuTc (10 mol%), L (15 mol%), base (x 
eq.) and N-F-2 (0.15 mmol) in dry solvent. [b] Yield based on 1H NMR analysis of the crude product 
using Cl2CHCHCl2 as an internal standard. [c] Ee values based on HPLC analysis. [d] 3a (5 eq.). 
[e] PhCl/n-hex (v/v=2/1) as solvent. [f] CuTc (15 mol%) and L6 (20 mol%). [g] CuTc (10 mol%), 
L6 (18 mol%) and PhCl/n-hex (v/v=3/1) as solvent, 2a (0.1 mmol). 
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General information 
Most of reactions were carried out under argon atmosphere using Schlenk techniques. 
Reagents were purchased at the highest commercial quality and used without further 
purification, unless otherwise stated. CuTc and Cu(MeCN)4BF4 were purchased from 
TCI. Anhydrous chlorobenzene (PhCl) was purchased from Shanghai Energy-
Chemical Reagent Co. Ltd, which was directly used without further treatment. 
Analytical thin layer chromatography (TLC) was performed on precoated silica gel 60 
GF254 plates. Flash column chromatography was performed using Tsingdao silica gel 
(60, particle size 0.040–0.063 mm). Visualization on TLC was achieved by use of UV 
light (254 nm), iodine or basic KMnO4 indicator. NMR spectra were recorded on Bruker 
DRX-400 at 400 MHz for 1H NMR, 101 MHz for 13C NMR 376 MHz for 19F NMR 
and 162 MHz for 31P NMR respectively, in CDCl3 with tetramethylsilane (TMS) as 
internal standard. The chemical shifts are expressed in ppm and coupling constants are 
given in Hz. Data for 1H NMR are recorded as follows: chemical shift (ppm), 
multiplicity (s, singlet; d, doublet; t, triplet; q, quarter; p, pentet, m, multiplet; br, broad), 
coupling constant (Hz), integration. Data for 13C NMR are reported in terms of 
chemical shift (δ, ppm). Mass spectrometric data were obtained using Bruker Apex IV 
RTMS. Enantiomeric excess (ee) was determined using Agilent high-performance 
liquid chromatography (HPLC) with a Hatachi detector (at appropriate wavelength).  
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The synthesis of N-F reagents and ligands 
General Procedure for Synthesis of N-F reagents 

 
In a 250 mL round-bottomed flask, to a solution of N-(tert-butyl)-4-
(trifluoromethyl)benzamide[4] (7.35 g, 30 mmol, 1 equiv.) in anhydrous THF (60 mL) 
was slowly added n-BuLi (15 mL, 2.4 M in hexane, 36 mmol, 1.2 equiv.) at 0 oC under 
argon atmosphere. After stirring for 30 min, N-fluoro-benzenesulfonimide (NFSI, 18.6 
g, 60 mmol, 2 equiv.) was added. The reaction mixture was stirred for another 12 h, 
then quenched with 1 M HCl. The reaction mixture was extracted with CH2Cl2. The 
organic layers were combined and dried over anhydrous Na2SO4, and filtered through 
a pad of Celite. The organic solvent was removed under vaccum, and the residue was 
purified by flash column chromatography on silica gel with petroleum ether/ethyl 
acetate (20:1) to afford the product N-F-1 (4.02 g, 51% yield) as a white solid. 
 
N-(tert-butyl)-N-fluoro-4-(trifluoromethyl)benzamide 

 
1H NMR (400 MHz, CDCl3) δ 7.81 (d, J = 7.8 Hz, 2H), 7.68 (d, J = 8.2 Hz, 2H), 1.55 
(d, J = 2.0 Hz, 9H); 19F NMR (376 MHz, CDCl3) δ -63.11, -65.08. 
13C NMR (101 MHz, CDCl3) δ 173.1 (d, JC-F = 8.3 Hz), 137.4, 133.3 (q, JC-F = 32.6 
Hz), 129.22, 129.16, 125.0 (q, JC-F = 3.6 Hz), 123.5 (q, JC-F = 273.71 Hz), 64.4 (d, JC-F 
= 10.5 Hz), 26.8 (d, JC-F = 5.9 Hz). 
HRMS (ESI) m/z calcd. for C12H14F4NO [M + H]+ 264.1006, found 264.1003. 
 
N-(tert-butyl)-N-fluoro-4-(trifluoromethyl)benzenesulfonamide 

 
According to the general procedure with N-(tert-butyl)-4-(trifluoromethyl) benzene-
sulfonamide[5] (8.43 g, 30 mmol, 1.0 equiv) and N-fluoro-benzenesulfonimide (NFSI, 
18.6 g, 60 mmol, 2 equiv.) for 12 h, the reaction mixture was purified by column 
chromatography on silica gel to give the corresponding product N-F-2 (4.31 g) in 48% 
isolated yield. 
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1H NMR (400 MHz, CDCl3) δ 8.12 (d, J = 8.3 Hz, 2H), 7.83 (d, J = 8.3 Hz, 2H), 1.50 
(d, J = 2.1 Hz, 9H). 19F NMR (376 MHz, CDCl3) δ -61.78, -63.38. 
13C NMR (101 MHz, CDCl3) δ 140.9, 135.7 (q, JC-F = 33.1 Hz), 132.9, 129.6, 126.1 
(q, JC-F = 3.7 Hz), 123.1 (q, JC-F = 273.7 Hz), 67.1 (d, JC-F = 12.3 Hz), 27.2 (d, JC-F = 
6.0 Hz). 
HRMS (ESI) m/z calcd. for C11H13F4NNaO2S [M + Na]+ 322.0495, found 322.0493. 
 

N-(tert-butyl)-N-fluoro-4-methoxybenzenesulfonamide  

 
According to general procedure with N-(tert-butyl)-4-methoxybenzenesulfonamide[6] 
(7.29 g, 30 mmol, 1.0 equiv) and N-fluoro-benzenesulfonimide (NFSI, 18.6 g, 60 mmol, 
2 equiv.) for 12 h, the reaction mixture was purified by column chromatography on 
silica gel to give the corresponding product N-F-4 (2.90 g) in 37% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 8.9 Hz, 2H), 7.01 (d, J = 9.0 Hz, 2H), 3.88 
(s, 3H), 1.45 (d, J = 1.8 Hz, 9H). 19F NMR (376 MHz, CDCl3) δ -62.33. 
13C NMR (101 MHz, CDCl3) δ 164.2, 131.4 (d, JC-F = 1.3 Hz), 128.7, 114.2, 66.3 (d, 
JC-F = 12.1 Hz), 55.7, 27.1 (d, JC-F = 6.1 Hz). 
HRMS (ESI) m/z calcd. for C11H16FNNaO3S [M + Na]+ 284.0727, found 284.0724. 
 
General Procedure for Synthesis of chiral ligand (L2-L4) 

 
Under argon atmosphere, a dry 100mL Schlenk flask equipped with a magnetic stir bar 
was charged with substituted-2-aminobenzonitrile (10 mmol, 1 equiv.), (1R,2S)-1-
amino-2-indanol (1.79 g, 12 mmol, 1.2 equiv), dry ZnCl2 (2.05 g, 15 mmol, 1.5 equiv.), 
and 40 mL of chlorobenzene, then reflux the reaction mixture for 3-5 d, Upon 
completion (monitored by TLC), Dissolve the residue in H2O, EA and 2 mL 
ethylenediamine. Extract the mixture with EA. Remove the solvent under vacuum to 
obtain the crude red oil. Purify the crude red oil by silica gel. to obtain substituted-2-
((3aR,8aS)-3a,8a-dihydro-8H-indeno[1,2-d]oxazol-2-yl)aniline as a white solid. 
Under argon atmosphere, to a solution of substituted-2-((3aR,8aS)-3a,8a-dihydro-8H- 
indeno[1,2-d]oxazol-2-yl)aniline (10 mmol, 1 equiv.) in anhydrous DCM (30 mL) was 
added 2-(diphenylphosphino)benzoic acid (6.12 g, 20 mmol, 2 equiv.), 4-
dimethylaminopyridine (2.44 g, 20 mmol, 2 equiv.) and 1-(3-Dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (3.84 g, 20 mmol, 2 equiv.). The reaction mixture was 
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stirred at ambient temperature for 24 h, concentrated and purified by flash 
chromatography (PE/ EA = 4/1) to provide the chiral ligand as a white solid. 
N-(2-((3aR,8aS)-3a,8a-dihydro-8H-indeno[1,2-d]oxazol-2-yl)phenyl)-2-
(diphenylphosphanyl)benzamide (L2) 

 
According to the general procedure with 2-aminobenzonitrile (1.18 g, 10 mmol, 1.0 
equiv), (1R,2S)-1-amino-2-indanol (1.79 g, 12 mmol, 1.2 equiv) and 2-
(diphenylphosphino)benzoic acid (6.12 g, 20 mmol, 2 equiv.), the reaction mixture was 
purified by column chromatography on silica gel to give the corresponding product L2 
(2.72 g, 5.1 mmol) in 51% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 12.75 (s, 1H), 8.70 (dd, J = 8.5, 1.1 Hz, 1H), 7.87 (ddd, 
J = 7.8, 3.9, 1.3 Hz, 1H), 7.82 (dd, J = 7.9, 1.7 Hz, 1H), 7.54 (td, J = 7.5, 1.3 Hz, 1H), 
7.43 (td, J = 7.6, 1.3 Hz, 1H), 7.40-7.18 (m, 15H), 7.10 (ddd, J = 7.8, 3.9, 1.2 Hz, 1H), 
7.02 (td, J = 7.7, 1.2 Hz, 1H), 5.75 (d, J = 7.9 Hz, 1H), 5.42 (ddd, J = 8.2, 6.9, 1.7 Hz, 
1H), 3.52 (dd, J = 18.1, 6.9 Hz, 1H), 3.37 (dd, J = 17.9, 1.6 Hz, 1H). 
31P NMR (162 MHz, CDCl3) δ -7.84. 
13C NMR (101 MHz, CDCl3) δ 167.1, 163.9, 141.7, 141.5, 141.3, 139.9, 139.7, 139.1, 
138.8, 138.6, 138.5, 138.1, 138.0, 134.8, 134.1, 133.9, 133.8, 133.6, 132.5, 129.0, 128.7, 
128.4, 128.31, 128.27, 128.25, 128.22, 128.15, 127.49, 127.45, 127.41, 125.5, 125.0, 
122.3, 120.0, 113.3, 81.7, 76.6, 39.8. 
HRMS (ESI) m/z calcd. for C35H28N2O2P [M+H]+ 539.1883, found 539.1884. 
 
N-(2-((3aR,8aS)-3a,8a-dihydro-8H-indeno[1,2-d]oxazol-2-yl)-3-fluorophenyl)-2-
(diphenylphosphanyl)benzamide (L3) 

 
According to the general procedure with 2-amino-6-fluorobenzonitrile (1.36 g, 10 
mmol, 1.0 equiv), (1R,2S)-1-amino-2-indanol (1.79 g, 12 mmol, 1.2 equiv), and 2-
(diphenylphosphino)benzoic acid (6.12 g, 20 mmol, 2 equiv.), the reaction mixture was 
purified by column chromatography on silica gel to give the corresponding product L3 
(2.50 g, 4.5 mmol) in 45% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 12.53 (s, 1H), 8.38 (d, J = 8.4 Hz, 1H), 7.74 (ddd, J = 
7.7, 3.7, 1.3 Hz, 1H), 7.52 (td, J = 7.5, 1.3 Hz, 1H), 7.43 (td, J = 7.6, 1.3 Hz, 1H), 7.37-
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7.12 (m, 13H), 7.08 (ddd, J = 7.8, 4.0, 1.2 Hz, 1H), 7.07-6.94 (m, 2H), 6.75 (ddd, J = 
11.5, 8.3, 1.1 Hz, 1H), 5.65 (d, J = 8.0 Hz, 1H), 5.47 (ddd, J = 8.2, 6.7, 1.8 Hz, 1H), 
3.49 (dd, J = 18.1, 6.7 Hz, 1H), 3.39 (dd, J = 18.2, 1.7 Hz, 1H). 
19F NMR (376 MHz, CDCl3) δ -106.56; 31P NMR (162 MHz, CDCl3) δ -7.61. 
13C NMR (101 MHz, CDCl3) δ 167.1, 162.8, 162.3, 162.2, 160.2, 141.3, 141.2, 140.9, 
140.7, 140.6, 139.6, 138.8, 138.6, 137.9, 137.8, 137.7, 137.6, 134.6, 134.1, 133.88, 
133.85, 133.7, 133.0, 132.9, 130.3, 128.6, 128.5, 128.33, 128.31, 128.28, 128.2, 128.12, 
128.05, 127.4, 127.3, 127.20, 127.16, 125.5, 125.3, 125.2, 124.9, 115.99, 115.96, 110.6, 
110.3, 103.3, 103.2, 82.4, 75.0, 39.7. 
HRMS (ESI) m/z calcd. for C35H27FN2O2P [M+H]+ 557.1789, found 557.1788. 
 
N-(2-((3aR,8aS)-3a,8a-dihydro-8H-indeno[1,2-d]oxazol-2-yl)-3-
(trifluoromethyl)phenyl)-2-(diphenylphosphanyl)benzamide (L4) 

 
According to the general procedure with 2-amino-6-trifluoromethylbenzonitrile (1.86 
g, 20 mmol, 1.0 equiv), (1R,2S)-1-amino-2-indanol (1.79 g, 12 mmol, 1.2 equiv) and 
2-(diphenylphosphino)benzoic acid (6.12 g, 20 mmol, 2 equiv.), the reaction mixture 
was purified by column chromatography on silica gel to give the corresponding product 
L4 (2.55 g, 4.2 mmol) in 42% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 10.81 (s, 1H), 8.44-8.40 (m, 1H), 7.58 (ddd, J = 7.5, 
3.6, 1.6 Hz, 1H), 7.50-7.32 (m, 4H), 7.34-7.28 (m, 5H), 7.25-7.16 (m, 4H), 7.13-7.09 
(m, 2H), 7.06-7.01 (m, 1H), 6.94 (d, J = 7.6 Hz, 1H), 6.77 (td, J = 7.6, 1.2 Hz, 1H), 
5.72 (d, J = 7.8 Hz, 1H), 5.48 (ddd, J = 7.7, 5.6, 2.2 Hz, 1H), 3.49-3.39 (m, 2H). 
19F NMR (376 MHz, CDCl3): δ -58.86; 31P NMR (162MHz, CDCl3): δ -7.52. 
13C NMR (101 MHz, CDCl3) δ 167.0, 162.3, 141.0, 140.5, 140.3, 139.5, 138.7, 138.6, 
138.4, 137.6, 137.5, 137.4, 134.53, 134.51, 134.2, 134.1, 134.0, 133.9, 131.1, 130.6, 
130.0 (q, JC-F = 31.8 Hz), 128.8, 128.7, 128.6, 128.5, 128.5, 128.3, 128.2, 127.5, 127.3, 
127.2, 125.5, 124.7, 124.6, 123.6 (q, JC-F = 272.1 Hz), 121.7 (q, JC-F = 5.5 Hz), 114.3-
114.2 (m, 1C), 83.8, 76.4, 39.0. 
HRMS (ESI) m/z calcd. for C36H27F3N2O2P [M+H]+ 607.1757, found 607.1759. 
 
N-(2-((3aR,8aS)-3a,8a-dihydro-8H-indeno[1,2-d]oxazol-2-yl)-3-
(trifluoromethyl)phenyl)-2-(diphenylphosphoryl)benzamide (L5) 
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To a solution of L4 (303 mg, 0.5 mmol) in CH2Cl2 (2 mL) was added H2O2 (30 wt%, 
95 µL, 2.0 mmol). The reaction was kept at room temperature with stirring overnight. 
Water (20 mL) was added to the reaction mixture. The mixture was extracted with 
CH2Cl2 (20 × 5 mL). The organic layer was dried over Na2SO4 and filtered. The organic 
solvent was removed under vaccum, and the residue was purified by flash column 
chromatography on silica gel with petroleum ether/ethyl acetate (1:1) to afford the 
product L5 (283 mg, 91% yield) as a white solid. 

NH N

O

O

P(O)Ph2

CF3

L5  
1H NMR (400 MHz, CDCl3) δ 10.62 (s, 1H), 7.99-7.86 (m, 2H), 7.78-7.60 (m, 4H), 
7.52 (ddd, J = 7.3, 4.0, 1.5 Hz, 1H), 7.44-7.25 (m, 5H), 7.24-7.12 (m, 5H), 7.08 (td, J 
= 7.4, 3.1 Hz, 2H), 6.87 (dt, J = 8.2, 4.1 Hz, 1H), 6.80 (d, J = 7.6 Hz, 1H), 5.68 (d, J = 
7.6 Hz, 1H), 5.48 (ddd, J = 7.5, 5.0, 2.3 Hz, 1H), 3.46 (t, J = 3.3 Hz, 2H). 
19F NMR (376 MHz, CDCl3) δ -58.92; 31P NMR (162 MHz, CDCl3) δ 29.95. 
13C NMR (101 MHz, CDCl3) δ 166.3, 166.2, 161.6, 141.0, 140.5, 140.4, 139.3, 137.9, 
134.5, 134.4, 132.5, 132.4, 132.14, 132.11, 132.0, 131.9, 131.8, 131.6, 131.5, 131.39, 
131.37, 131.2, 131,1, 130.9, 130.5, 130.0, 129.90, 129.85, 129.5, 128.8, 128.2, 128.1, 
127.90, 127.86, 127.8, 127.6, 125.3, 124.6, 124.4, 122.0, 121.9-121.6 (m, 1C), 115.0, 
83.9, 76.2, 38.8. 
HRMS (ESI) m/z calcd. for C36H27F3N2O3P [M + H]+ 623.1708, found 623.1706. 

Under argon atmosphere, a dry 100mL Schlenk flask equipped with a magnetic stir bar 
was charged with 2-aminobenzonitrile (0.71 g, 6 mmol, 1 equiv.), (S)-2-amino-3,3-
diphenylpropan-1-ol (2.05 g, 9 mmol, 1.5 equiv), dry ZnCl2 (1.64 g, 12 mmol, 2 equiv.), 
and 20 mL of chlorobenzene, then reflux the reaction mixture for 3 d, Upon completion 
(monitored by TLC), Dissolve the residue in H2O, EA and 2 mL ethylenediamine. 
Extract the mixture with EA. Remove the solvent under vacuum to obtain the crude red 
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oil. Purify the crude red oil by silica gel. to obtain (S)-2-(4-benzhydryl-4,5-
dihydrooxazol-2-yl)aniline (1.41 g, 4.3 mmol) in 72% isolated yield. 
Under argon atmosphere, to a solution of (S)-2-(4-benzhydryl-4,5-dihydrooxazol-2-yl) 
aniline (0.492 g, 1.5 mmol, 1 equiv.) in anhydrous DCM (10 mL) was added 2-(bis(3,5-
di-tert-butylphenyl)phosphanyl) benzoic acid (0.83 g, 1.6 mmol, 1.1 equiv.), 4-
dimethylaminopyridine (0.55 g, 4.5 mmol, 3 equiv.) and 1-(3-dimethylaminopropyl) -
3-ethylcarbodiimide hydrochloride (0.89 g, 4.5 mmol, 3 equiv.). The reaction mixture 
was stirred at ambient temperature for 24 h, concentrated and purified by flash 
chromatography (PE/ EA 8/1) to provide the chiral ligand L6 (0.64 g, 0.77 mmol) as a 
white solid in 51% isolated yield. 
 
(S)-N-(2-(4-benzhydryl-4,5-dihydrooxazol-2-yl)phenyl)-2-(bis(3,5-di-tert-
butylphenyl)phosphanyl)benzamide (L6) 

 
1H NMR (400 MHz, CDCl3) δ 12.21 (s, 1H), 8.50 (dd, J = 8.6, 1.1 Hz, 1H), 7.77 (dd, 
J = 8.0, 1.6 Hz, 1H), 7.39 (ddd, J = 7.8, 3.7, 1.3 Hz, 1H), 7.33 (tq, J = 4.3, 1.8 Hz, 
3H), 7.28-7.11 (m, 12H), 7.05-6.91 (m, 6H), 5.14 (td, J = 9.3, 7.5 Hz, 1H), 4.30 (t, J = 
9.1 Hz, 1H), 4.05 (dd, J = 8.7, 7.5 Hz, 1H), 3.98 (d, J = 9.2 Hz, 1H), 1.20 (d, J = 8.4 
Hz, 36H). 31P NMR (162 MHz, CDCl3) δ -4.35. 
13C NMR (101 MHz, CDCl3) δ 167.5, 164.2, 150.08, 150.05, 150.02, 149.98, 141.8, 
141.5, 139.9, 134.2, 132.4, 129.6, 128.8, 128.7, 128.4, 128.31, 128.29, 128.2, 128.1, 
127.0, 126.7 126.4, 122.3, 122.2, 122.1, 120.3, 113.3, 70.1, 70.1, 56.7, 34.8, 34.7, 
31.33, 31.31. 
HRMS (ESI) m/z calcd. for C57H66N2O2P [M+H]+ 841.4856, found 841.4849. 
 
(S)-N-(2-(4-benzhydryl-4,5-dihydrooxazol-2-yl)phenyl)-2-(bis(3,5-di-tert-
butylphenyl)phosphoryl)benzamide (L7) 

 
The ligand L7 (77.1 mg, 0.09 mmol) from L6 (85.0 mg, 0.1 mmol) was obtained in 
90% isolated yield following the same procedure as the preparation of L5 
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1H NMR (400 MHz, CDCl3) δ 11.95 (s, 1H), 8.04-7.93 (m, 1H), 7.77-7.69 (m, 2H), 
7.61 (dd, J = 19.6, 13.1Hz, 4H), 7.46 (dd, J = 11.7, 8.5 Hz, 3H), 7.37-7.31 (m, 1H), 
7.30-7.26 (m, 1H), 7.25-7.13 (m, 9.6 H), 7.07-6.99 (m, 3H), 6.96 (t, J = 7.6 Hz, 1H), 
5.18 (q, J = 8.0 Hz, 1H), 4.31 (t, J = 9.1 Hz, 1H), 4.03 (t, J = 8.4 Hz, 1H), 3.96 (d, J = 
9.7 Hz, 1H), 1.20 (d, J = 2.1 Hz, 36H). 31P NMR (162 MHz, CDCl3) δ 32.34. 
13C NMR (101 MHz, CDCl3) δ 166.3, 166.28, 164.1, 150.3, 150.1, 142.0, 141.7, 140.5, 
140.4, 139.3, 135.1, 135.0, 133.3, 132.7, 132.5, 132.4, 132.1, 131.8, 131.8, 131.7, 131.5, 
129.7, 129.6, 128.8, 128.8, 128.4, 128.3, 128.2, 127.1, 127.0, 126.8, 126.6, 126.3, 126.3, 
126.2, 126.2, 125.5, 122.4, 120.4, 113.7, 70.3, 70.2, 56.8, 34.9, 31.3. 
HRMS (ESI) m/z calcd. for C57H66N2O3P [M+H]+ 857.4806, found 857.4795. 
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The synthesis of C(sp3)−H substrates 
6,7-dimethoxy-1,2,3,4-tetrahydronaphthalene (S5) 

 
In a 100 mL round-bottomed flask, to a solution of 6,7-dimethoxy-3,4-
dihydronaphthalen-1(2H)-one (1.03 g, 5 mmol) and aluminium trichloride (2.0 g, 15 
mmol) in THF (30 mL), sodium borohydride (0.95 g, 25 mmol) was added at 0 °C under 
Ar atmosphere. The resulting solution was heated to reflux overnight. The reaction was 
slowly quenched with saturated aqueous NH4Cl. The aqueous phase was extracted with 
ethyl acetate, then the combined organic layer was dried over MgSO4 and then 
concentrated under vacuum. The crude residue was purified by flash column 
chromatography on silica gel (PE:EA=20:1) to afford the target compound S5 (0.53 g, 
55% yield).  
1H NMR (400 MHz, CDCl3) δ 6.56 (s, 2H), 3.84 (s, 6H), 2.67-2.70 (m, 4H), 1.87-1.70 
(m, 4H);  
13C NMR (101 MHz, CDCl3) δ 146.9, 128.8, 112.0, 55.9, 29.0, 23.4. 
 
1-(3-ethylphenyl)-1H-pyrazole (S13) 

 

To an oven-dried flask were added Cu2O (143 mg, 1 mmol), Cs2CO3 (6.52 g, 20 mmol) 
and pyrazole (0.68 g, 10 mmol). Under argon atmosphere, 1-bromo-3-ethylbenzene 
(2.76 g, 15 mmol) was added followed by anhydrous DMF (20 mL). The flask was 
sealed and heated up to 110 °C with stirring. After 20 h, the reaction mixture was cooled 
to room temperature and diluted with dichloromethane. The resulting solution was 
filtered through a pad of silica gel and the solvent was removed under reduced pressure. 
The residue was then diluted with EtOAc and washed with water, and the organic phase 
was dried over MgSO4, filtered and concentrated in vaccum. The crude residue was 
purified by silica column chromatography to afford the target compound S13 (0.95 g, 
5.5 mmol, 55% yield).  
1H NMR (400 MHz, CDCl3) δ 7.91 (d, J = 2.4 Hz, 1H), 7.72 (d, J = 1.6 Hz, 1H), 7.57 
(d, J = 1.6 Hz, 1H), 7.46 (dd, J = 8.0, 1.3 Hz, 1H), 7.34 (t, J = 7.8 Hz, 1H), 7.17-7.05 
(m, 1H), 6.52-6.31 (m, 1H), 2.71 (q, J = 7.6 Hz, 2H), 1.27 (t, J = 7.6 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 145.8, 140.8, 140.2, 129.2, 126.7, 126.0, 118.9, 116.4, 
107.4, 28.8, 15.4. 
 
Methyl 3-(3,4-dimethoxyphenyl)propanoate (S15) 
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To a solution of substituted 3-(3,4-dimethoxyphenyl)propanoic acid (2.10 g, 10 mmol) 
in methanol (30 mL) was added thionyl chloride (3.6 mL, 50 mmol) dropwise. After 
completion of addition, the reaction mixture was stirred for another 2 h under reflux 
condition. After completion of reaction, the reaction mixture was poured into water, 
extracted with ethyl acetate. The extract was washed with water, brine solution, dried 
over MgSO4 and concentrated. The crude compound was subjected to column 
chromatography on silica gel to afford methyl 3-(3,4-dimethoxyphenyl)propanoate 
(S15) with 80% yield. 
1H NMR (400 MHz, CDCl3) δ 6.79 (m, 1H), 6.74 (m, 2H), 3.86 (d, J = 6.2 Hz, 6H), 
3.67 (s, 3H), 2.90 (t, J = 7.8 Hz, 2H), 2.61 (t, J = 8.3 Hz, 2H).  

13C NMR (101 MHz, CDCl3) δ 173.2, 148.7, 147.4, 133.0, 120.0, 111.5, 111.2, 55.8, 
55.7, 51.5, 35.9, 30.5. 
 
4-(3-chloropropyl)-1,2-dimethoxybenzene (S16) 

 
LiAlH4 (3.0 g, 80 mmol) was added slowly to the THF (80 ml) solution of 3-(3,4-
dimethoxyphenyl)propanoic acid (8.4 g, 40 mmol) at 0 oC and then the solution was 
stirred for 2 h at room temperature. After that, a solution of NaOH (10% in water) was 
added carefully until a white solid precipitated. After filtration over MgSO4 and 
evaporation of the solvent the crude 3-(3,4-dimethoxyphenyl)propan-1-ol was obtained 
in quantitative yields. 
To a stirred solution of 3-(3,4-dimethoxyphenyl)propan-1-ol (3.92 g, 10 mmol) in dry 
CH2Cl2 (20 mL) was added Et3N (2.76 ml, 20 mmol). The mixture was cooled to 0 ºC, 
and mesyl chloride (0.98 ml, 12 mmol) was slowly added. The mixture was stirred 
overnight at rt. The reaction mixture was then concentrated to remove MsCl, and then 
LiCl (2.1 g, 50 mmol) and acetone (30 ml) were added. The resulting mixture was 
stirred at 50 oC for 4 h. The residue was purified by flash column chromatography on 
silica gel to afford S16 (52% yield for two steps, 1.11 g). 
1H NMR (400 MHz, CDCl3) δ 6.85-6.75 (m, 1H), 6.75-6.65 (m, 2H), 3.85 (d, J = 8.6 
Hz, 6H), 3.26 (t, J = 6.8 Hz, 2H), 2.64 (dd, J = 8.2, 6.8 Hz, 2H), 1.93-1.82 (m, 2H).  

13C NMR (101 MHz, CDCl3) δ 148.6, 147.1, 133.1, 120.0, 111.2, 111.0, 55.6, 55.5, 
50.3, 32.0, 30.3. 
 
4-(3-azidopropyl)-1,2-dimethoxybenzene (S17) 
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The product S16 (48% yield two steps) was obtained following the same procedure as 
S15. The reaction mixture was then concentrated to remove MsCl, and then NaN3 (3.2 
g, 50 mmol) and DMF (30 ml) were added. The resulting mixture was stirred at rt for 4 
h. The residue was purified by flash column chromatography on silica gel to afford S17 
(48% yield two steps). 
1H NMR (400 MHz, CDCl3) δ 6.85-6.78 (m, 1H), 6.74 (d, J = 7.2 Hz, 2H), 3.87 (d, J 
= 7.5 Hz, 6H), 3.53 (t, J = 6.5 Hz, 2H), 2.79-2.67 (m, 2H), 2.13-2.01 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 148.7, 147.2, 133.1, 120.2, 111.7, 111.2, 55.8, 55.7, 
44.1, 34.0, 32.2. 
 
9-ethylphenanthrene (S22) 

  
In a 100 mL round-bottomed flask, to a suspension of methyltriphenylphosphonium 
bromide (4.29 g, 12 mmol) in THF (20 mL) were added n-BuLi (2.4 M in n-hexane) (5 
mL, 12 mmol) at 0 °C, and the resulting mixture was stirred at ambient temperature for 
1 h. Then 9-phenanthrenecarbaldehyde (2.06 g, 10 mmol) was added and stirred for 5 
h at rt. The mixture was quenched with saturated aqueous NH4Cl and extracted with 
ethyl acetate. The combined organic layer was dried over anhydrous MgSO4 and 
concentrated under reduced pressure. The residue was purified by flash column 
chromatography on silica gel to afford olefin (82% yield, 1.38 g). 
The olefin (1.38 g, 8.2 mmol) and 10 % Pd/C (138 mg, 10 wt % of the substrate) in 
MeOH (20 mL) in a 100 mL flask was stirred under atmospheric (balloon) H2 pressure 
at 25 °C for 6 h. Filter the catalyst on filter paper and wash the catalyst with ethanol. 
The residue was purified by flash column chromatography on silica gel to afford S22 
(99% yield, 1.38 g). 
1H NMR (400 MHz, CDCl3) δ 8.78-8.70 (m, 1H), 8.65 (dd, J = 7.4, 1.9 Hz, 1H), 8.17-
8.08 (m, 1H), 7.87-7.80 (m, 1H), 7.69-7.53 (m, 5H), 3.16 (q, J = 7.5 Hz, 2H), 1.45 (t, J 
= 7.5 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 138.2, 132.0, 131.3, 130.6, 129.6, 128.0, 126.5, 126.5, 
126.1, 125.8, 124.9, 124.3, 123.2, 122.4, 26.1, 14.5. 
 
1-isopentyl-4-methoxybenzene (S52) 
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The substrate S52 (64% yield two steps) was obtained following the same procedure as 
S22.  
1H NMR (400 MHz, CDCl3) δ 7.09 (d, J = 8.6 Hz, 2H), 6.82 (d, J = 8.6 Hz, 2H), 3.78 
(s, 3H), 2.61-2.50 (m, 2H), 1.57 (dp, J = 13.1, 6.6 Hz, 1H), 1.52-1.43 (m, 2H), 0.92 (d, 
J = 6.5 Hz, 6H). 
13C NMR (101 MHz, CDCl3) δ 157.6, 135.2, 129.2, 113.7, 55.2, 41.1, 32.8, 27.6, 22.5. 
 
2-(pent-1-en-1-yl)naphthalene (S38) (E:Z = 2:1) 

 
In a 250 mL round-bottomed flask, to a suspension of butyltriphenylphosphonium 
bromide (9.65 g, 24 mmol) in THF (40 mL) were added n-BuLi (2.4 M in n-hexane) 
(10 mL, 24 mmol) at 0 °C, and the resulting mixture was stirred at ambient temperature 
for 1 h. Then, 2-naphthaldehyde (3.12 g, 20 mmol) was added and stirred for 5 h in 
room temperature. The mixture was quenched with saturated aqueous NH4Cl and 
extracted with ethyl acetate. The combined organic layer was dried over anhydrous 
MgSO4 and concentrated under reduced pressure. The residue was purified by flash 
column chromatography on silica gel to afford S38 (68% yield, 2.66 g). 
1H NMR (400 MHz, CDCl3) δ 7.83-7.72 (m, 3.36H), 7.69 (s, 1H), 7.57 (dd, J = 8.5, 
1.8 Hz, 0.67H), 7.48-7.36 (m, 2.33H), 6.63-6.46 (m, 1H), 6.41 (dt, J = 15.8, 6.9 Hz, 
0.66H), 5.81 (dt, J = 11.6, 7.2 Hz, 0.33H)., 2.39 (qd, J = 7.3, 1.9 Hz, 0.69H), 2.24 (qd, 
J = 7.1, 1.4 Hz, 1.31H), 1.52 (m, 2H), 0.96 (m, 3H). 
13C NMR (101 MHz, CDCl3) δ 33.7, 133.5, 132.6, 131.5, 123.0, 128.9, 128.0, 127.9, 
127.8, 127.59, 127.55, 127.50, 127.4, 127.3, 126.1, 126.0, 125.6, 125.4, 125.2, 123.6, 
35.3, 30.8, 23.2, 22.6, 13.9, 13.8. 
 
9-(pent-1-en-1-yl)phenanthrene (S39) (E:Z = 1:3) 

 
The product S39 (71% yield) was obtained following the same procedure as S38. 
1H NMR (400 MHz, CDCl3) δ 8.82-8.65 (m, 2H), 8.25-8.22 (m, 0.25H), 8.15-8.13 (m, 
0.75H), 7.93-7.90 (m, 1H), 7.83 (s, 0.25H), 7.74-7.60 (m, 4.75H), 7.16 (dq, J = 11.6, 
1.6 Hz, 0.25H), 6.94 (dq, J = 11.6, 1.6 Hz, 0.75H), 6.37 (dt, J = 15.6, 6.8 Hz, 0.25H), 
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6.05 (dt, J = 15.6, 6.8 Hz, 0.75H), 2.40 (qd, J = 7.4, 1.6 Hz, 0.5H), 2.26 (qd, J = 7.4, 
1.6 Hz, 1.5H), 1.72-1.62 (m, 0.5H), 1.60-1.43 (m, 1.5H), 1.10 (t, J = 7.4 Hz, 0.75H), 
0.92 (t, J = 7.4 Hz, 2.25H).  
13C NMR (101 MHz, CDCl3) δ 134.8(1), 134.8(0), 134.7, 133.5, 132.1, 131.7, 131.5, 
130.9, 130.4, 129.9(9), 129.9, 128.52, 128.50, 127.7, 127.3, 126.9, 126.7, 126.6(6), 
126.5, 126.5, 126.4, 126.3(6), 126.3(1), 126.2, 125.8, 124.9, 124.3, 123.0, 122.9, 
122.5(4), 122.5(1), 35.5, 30.8, 23.0, 22.6, 13.8(8), 13.8(6). 
 
1-chloro-3-(pent-1-en-1-yl)benzene (S41) (E/Z = 1/1.3) 

 
The product S41(71% yield) was obtained following the same procedure as S38. 
1H NMR (400 MHz, CDCl3) δ 7.34-7.21 (m, 1.6H), 7.21-7.11 (m, 2.4H), 6.39-6.28 (m, 
1H), 6.23 (dt, J = 15.8, 6.5 Hz, 0.41H), 5.70 (dt, J = 11.7, 7.3 Hz, 0.52H), 2.28 (qd, J = 
7.3, 1.9 Hz, 1.12H), 2.18 (q, J = 7.1 Hz, 0.86H), 1.53-1.44 (m, 2H), 0.96-0.91 (m, 3H). 
13C NMR (101 MHz, CDCl3) δ 139.8, 139.6, 134.4, 133.9, 132.6, 129.6, 129.3, 128.7, 
128.6, 127.6, 126.9, 126.7, 126.4, 125.8, 124.1, 30.6, 23.0, 22.4, 13.8, 13.7. 
 
2-(but-1-en-1-yl)naphthalene (S42) (E:Z = 2:1) 

 
The product S42 (77% yield) was obtained following the same procedure as S38. 
1H NMR (400 MHz, CDCl3) δ 7.78 (m, 3H), 7.69 (d, J = 14.9 Hz, 1H), 7.62-7.53 (m, 
1H), 7.49-7.37 (m, 2H), 6.54 (d, J = 16.2 Hz, 1H), 6.40 (dt, J = 16.0, 6.4 Hz, 0.68H), 
5.74 (dt, J = 11.7, 7.2 Hz, 0.32H), 2.43 (tt, J = 9.4, 6.7 Hz, 0.67H), 2.29 (tt, J = 7.4, 1.4 
Hz, 1.33H), 1.12 (dt, J = 14.1, 7.5 Hz, 3H).  

13C NMR (101 MHz, CDCl3) δ 135.4, 135.2, 133.7, 133.1, 132.6, 128.9, 128.3, 128.0, 
127.9, 127.8, 127.6, 127.54, 127.52, 127.3, 127.2, 126.1, 126.0, 125.6, 125.4, 125.3, 
123.6, 26.2, 22.1, 14.5, 13.7. 
 
1-(but-1-en-1-yl)-3-methoxybenzene (S43) (E:Z = 1:1) 

 
The product S43 (83% yield) was obtained following the same procedure as S38. 
1H NMR (400 MHz, CDCl3) δ 7.24 (dd, J = 15.3, 7.7 Hz, 1H), 6.97 (d, J = 7.7 Hz, 
0.5H), 6.94-6.88 (m, 1H), 6.84 (s, 0.5H), 6.83-6.74 (m, 1H), 6.36 (m, 1H), 6.29 (dt, J = 
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15.8, 6.1 Hz, 0.5H), 5.68 (dt, J = 11.6, 7.3 Hz, 0.5H), 3.84 (s, 3H), 2.38 (pd, J = 7.5, 
1.8 Hz, 1H), 2.26 (qd, J = 7.4, 6.0 Hz, 1H), 1.10 (dt, J = 12.0, 7.5 Hz, 3H).  

13C NMR (101 MHz, CDCl3) δ 159.8, 159.4, 139.4, 139.1, 135.0, 133.0, 129.4, 129.1, 
128.7, 128.1, 121.3, 118.6, 114.3, 112.4, 112.0, 111.2, 55.2, 26.0, 22.0, 14.5, 13.6. 
 
1-(but-1-en-1-yl)-3-methoxybenzene (S44) (E:Z = 1.2:1) 

 
The product S44 (86% yield) was obtained following the same procedure as S38. 
1H NMR (400 MHz, CDCl3) δ 7.45 (d, J = 7.7 Hz, 1H), 7.28-7.16 (m, 1H), 6.99-6.85 
(m, 2H), 6.77-6.68 (d, J = 15.9 Hz, 0.55H), 6.52 (d, J = 11.6 Hz, 0.45H), 6.28 (dt, J = 
15.9, 6.6 Hz, 0.55H), 5.74 (dt, J = 11.5, 7.3 Hz, 0.45H), 3.87 (d, J = 3.4 Hz, 3H), 2.36-
2.23 (m, 2H), 1.10 (dt, J = 22.0, 7.4 Hz, 3H).  

13C NMR (101 MHz, CDCl3) δ 157.0, 156.3, 134.6, 133.4, 130.0, 128.0, 127.8, 127.0, 
126.5, 126.4, 123.6, 123.3, 120.6, 120.0, 110.8, 110.4, 55.44, 55.42, 26.5, 22.0, 14.4, 
13.8. 
 
3-(pent-1-en-1-yl)furan (S45) (E:Z = 1:1.5) 

 
The product S45 (58% yield) was obtained following the same procedure as S38. 
1H NMR (400 MHz, CDCl3) δ 7.48-7.28 (m, 2H), 6.48 (d, J = 18.8, Hz, 1H), 6.28-
6.08 (m, 1H), 5.94 (dt, J = 15.7, 6.9 Hz, 0.38H), 5.57 (dt, J = 11.4, 7.1 Hz, 0.62H), 2.25 
(qd, J = 7.2, 1.8 Hz, 1.27H), 2.13 (qd, J = 7.2, 1.5 Hz, 0.73H), 1.48 (m, 2H), 0.95 (m, 
3H).  

13C NMR (101 MHz, CDCl3) δ 143.2, 142.6, 140.8, 139.3, 132.0, 130.6, 119.3, 118.7, 
111.0, 107.6, 35.0, 31.3, 22.7, 22.5, 13.9, 13.7. 
 
2-(pent-1-en-1-yl)thiophene (S46) (E:Z = 1:2) 

 
The product S46 (61% yield) was obtained following the same procedure as S38. 
1H NMR (400 MHz, CDCl3) δ 7.27 (dd, J = 4.9, 2.9 Hz, 0.57H), 7.24 (dd, J = 5.0, 2.9 
Hz, 0.37H), 7.18 (dd, J = 5.0, 1.3 Hz, 0.33H), 7.15 (m 0.60H), 7.10 (dd, J = 4.9, 1.3 Hz, 
0.62H), 7.04 (dd, J = 3.0, 1.2 Hz, 0.33H), 6.43–6.28 (m, 1H), 6.08 (dt, J = 15.9, 7.0 Hz, 
0.33H), 5.61 (dt, J = 11.5, 7.1 Hz, 0.68H), 2.33 (qd, J = 7.2, 1.9 Hz, 1.27H), 2.15 (qd, 
J = 7.2, 1.5 Hz, 0.73H), 1.48 (m, 2H), 0.95 (q, J = 7.4 Hz, 3H).  
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13C NMR (101 MHz, CDCl3) δ 132.2, 131.0, 128.6, 125.7, 125.0, 124.8, 124.2, 123.0, 
122.5, 120.3, 35.0, 31.2, 22.9, 22.5, 13.9, 13.7. 
 
2-methoxy-6-(pent-1-en-1-yl)naphthalene (S48) (E:Z = 1.5:1) 

 
The product S48 (91% yield) was obtained following the same procedure as S38. 
1H NMR (400 MHz, CDCl3) δ 7.77-7.65 (m, 3H), 7.61 (dd, J = 8.6, 1.7 Hz, 0.6H), 
7.47 (dd, J = 8.6, 1.7 Hz, 0.33H), 7.23-7.12 (m, 2H), 6.65-6.52 (m, 1H), 6.36 (dt, J = 
15.4, 6.9Hz, 0.62H), 5.77 (dt, J = 11.7, 7.3Hz, 0.38H), 3.96 (d, J = 4.0 Hz, 3H), 2.46 
(qd, J = 7.3, 1.8 Hz, 1H), 2.30 (qd, J = 7.3, 1.4 Hz, 1H), 1.59 (m, 2H), 1.04 (m, 3H).  

13C NMR (101 MHz, CDCl3) δ 157.6, 157.4, 133.7, 133.3, 133.2, 132.8, 130.3, 123.0, 
129.4, 129.3, 129.1, 128.9, 128.8, 127.8, 127.2, 126.9, 126.4, 125.1, 124.1, 118.80, 
118.76, 105.8, 105.6, 55.24, 55.21, 35.2, 30.8, 23.2, 22.6, 13.9, 13.8. 
 
1-(but-1-en-1-yl)-3-methylbenzene (S56) (E:Z = 2:1) 

 
The product S56 (71% yield) was obtained following the same procedure as S38. 
1H NMR (400 MHz, CDCl3) δ 7.24-7.12 (m, 2.33H), 7.10-7.05 (m, 0.67H), 7.05-6.97 
(m, 1H), 6.38-6.30 (m, 1H), 6.25 (dt, J = 15.8, 6.2 Hz, 0.67H), 5.63 (dt, J = 11.6, 7.3 
Hz, 0.33H), 2.34 (d, J = 6.8 Hz, 3.5H), 2.26-2.18 (m, 1.5H), 1.07 (dt, J = 11.6, 7.5 Hz, 
3H).  

13C NMR (101 MHz, CDCl3) δ 138.0, 137.9, 137.7, 137.6, 134.6, 132.4, 129.5, 128.8, 
128.4, 128.3, 128.0, 127.5, 127.2, 126.6, 125.8, 123.1, 26.1, 22.0, 21.4, 21.4, 14.5, 13.7. 
 
1-(but-1-en-1-yl)-4-isopropylbenzene (S57) (E:Z = 1.5:1) 

 
The product S57 (73% yield) was obtained following the same procedure as S38. 
1H NMR (400 MHz, CDCl3) δ 7.38-7.32 (m, 1H), 7.32-7.24 (m, 2H), 7.24-7.20 (m, 
1H), 6.43 (d, J = 14.2 Hz, 1H), 6.29 (dt, J = 15.8, 6.4 Hz, 0.6H), 5.68 (dt, J = 11.6, 7.2 
Hz, 0.4H), 2.95 (dq, J = 14.1, 6.9 Hz, 1H), 2.43 (pd, J = 7.4, 1.8 Hz, 1H), 2.35-2.23 (m, 
1H), 1.32 (dd, J = 6.9, 6.2 Hz, 6H), 1.14 (q, J = 7.6 Hz, 3H).  
13C NMR (101 MHz, CDCl3) δ 147.5, 147.1, 135.6, 135.3, 134.0, 131.7, 128.7, 128.6, 
128.1, 126.5, 126.1, 125.8, 33.8, 33.8, 26.1, 24.0, 22.0, 14.5, 13.7. 
 
1-(but-1-en-1-yl)-4-ethylbenzene (S58) (E:Z = 1.5:1) 
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The product S58 (62% yield) was obtained following the same procedure as S38. 
1H NMR (400 MHz, CDCl3) δ 7.33-7.21 (m, 2.2H), 7.17 (dt, J = 3.8, 1.7 Hz, 0.8H), 
7.11 (m, 1H), 6.48-6.39 (m, 1H), 6.32 (dt, J = 15.8, 6.3 Hz, 0.6H), 5.70 (dt, J = 11.6, 
7.3 Hz, 0.4H), 2.70 (p, J = 7.4 Hz, 2H), 2.42 (pd, J = 7.5, 1.8 Hz, 1.2H), 2.29 (m, 0.8H), 
1.30 (dt, J = 7.6, 3.0 Hz, 3H), 1.14 (dt, J = 11.3, 7.5 Hz, 3H).  

13C NMR (101 MHz, CDCl3) δ 144.4, 144.0, 137.9, 137.7, 134.5, 132.4, 128.9, 128.42, 
128.38, 128.32, 128.0, 126.4, 126.02, 126.01, 125.5, 123.3, 28.9, 26.1, 22.0, 15.7, 15.6, 
14.5, 13.7. 
 
4-ethylbenzyl acetate (S54) 

 

 
A mixture of substituted (4-ethylphenyl)methanol (1.0 g, 7.34 mmol) and 
trimethylamine (3.18 mL, 23 mmol) in dichloromethane (20 mL) was treated slowly 
with acetyl chloride (0.57 mL, 8 mmol) drop wise at 0 oC. After completion of addition, 
the reaction mixture was stirred for another 2 h at rt. After completion of reaction, the 
reaction mixture was poured into water (50 mL), extract with DCM. The extract was 
washed with water, brine solution, dried over MgSO4 and concentrated. The crude 
compound was subjected to column chromatography on silica gel to obtained 4-
ethylbenzyl acetate S54 with 74% yield. 
1H NMR (400 MHz, CDCl3) δ 7.31-7.26 (d, J = 8.1 Hz, 2H), 7.20 (d, J = 8.1 Hz, 2H), 
2.65 (q, J = 7.6 Hz, 2H), 2.09 (s, 3H), 1.23 (t, J = 7.6 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 171.0, 144.5, 133.1, 128.5, 128.1, 66.3, 28.6, 21.0, 
15.5. 
 
1-(but-3-en-1-yl)-4-methoxybenzene (S55) 
 

 
In a 50 mL round-bottomed flask, to a suspension of 1-(chloromethyl)-4-
methoxybenzene (1.57 g, 10 mmol, 1.0 equiv.) in THF (10 mL) were added 
allylmagnesium bromide (1.0 M in Et2O) (20 mL, 2.0 equiv.) at -78 °C, and the resulting 
mixture was stirred at low temperature for 1 h. Then, stir overnight at room temperature. 
The mixture was quenched with saturated aqueous NH4Cl and extracted with ethyl 
acetate. The combined organic layer was dried over anhydrous MgSO4 and 



31 
 

concentrated under reduced pressure. The residue was purified by flash column 
chromatography on silica gel to afford S55 (61% yield, 1.0 g). 
1H NMR (400 MHz, CDCl3) δ 7.17-7.06 (m, 2H), 6.89-6.77 (m, 2H), 5.85 (m, 1H), 
5.10-4.91 (m, 2H), 3.78 (s, 3H), 2.65 (t, J = 8.9 Hz, 2H), 2.34 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 157.7, 138.2, 134.0, 129.3, 114.8, 113.7, 55.2, 35.8, 
34.5. 
 
5-isopropyl-2-methylphenyl-3-(3,4-dimethoxyphenyl)propanoate (S61) 

 
A 100 mL round-bottom flask was charged with 3-(3,4-dimethoxyphenyl)propanoic 
acid (1.05 g, 5 mmol), dry DCM (30 mL) and catalytic amount of DMF. The reaction 
mixture was cooled to 0 oC and stirred for 5 minutes. And then (COCl)2 (0.85 mL, 10 
mmol) was added dropwise to the reaction mixture and stirred at room temperature for 
4 h. then concentrated to obtain the acyl chloride crude product. 
A mixture of carvacrol (0.75 g, 5 mmol) and trimethylamine (1.4 mL, 10 mmol) in 
DCM (20 mL) was treated slowly with the acyl chloride crude product at 0 oC. After 
completion of addition, the reaction mixture was stirred for another 2 h at rt. After 
completion of reaction, the reaction mixture was poured into water, extract with DCM. 
The extract was washed with water, brine solution, dried over MgSO4 and concentrated. 
The crude compound was subjected to column chromatography on silica gel to obtained 
S61 (1.40 g, 4.1 mmol) in 82% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.04 (d, J = 7.8 Hz, 1H), 6.92 (dd, J = 7.8, 1.8 Hz, 1H), 
6.75 (d, J = 1.0 Hz, 2H), 6.73 (d, J = 1.2 Hz, 1H), 6.69 (d, J = 1.8 Hz, 1H), 3.80 (s, 3H), 
3.79 (s, 3H), 2.97 (t, J = 7.4 Hz, 2H), 2.88-2.67 (m, 3H), 1.97 (s, 3H), 1.14 (d, J = 6.9 
Hz, 6H). 
13C NMR (101 MHz, CDCl3) δ 171.2, 149.1, 148.9, 148.0, 147.6, 132.8, 130.8, 127.1, 
124.1, 120.2, 119.6, 111.7, 111.3, 55.9, 55.8, 36.0, 33.5, 30.6, 23.8, 15.6. 
 
(1R,2R,5S)-2-isopropyl-5-methylcyclohexyl 3-(3,4-dimethoxyphenyl) propanoate 
(S62) 

 
The product S62 (2.85 g, 8.2 mmol, 82% yield) was obtained from 3-(3,4-dim
ethoxyphenyl)propanoic acid (2.10 g, 10 mmol) and L-menthol (1.56 g, 10 mm
ol) following the same procedure as S61. 
1H NMR (400 MHz, CDCl3) δ 6.82-6.70 (m, 3H), 4.67 (td, J = 10.9, 4.4 Hz, 1H), 3.86 
(d, J = 6.0 Hz, 6H), 2.90 (t, J = 7.7 Hz, 2H), 2.59 (dd, J = 8.4, 7.0 Hz, 2H), 1.97-1.91 
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(m, 1H), 1.78-1.61 (m, 3H), 1.37-1.29 (m, 1H), 1.03 (qd, J = 13.3, 12.6 Hz, 1H), 0.98-
0.81 (m, 8H), 0.70 (d, J = 6.9 Hz, 3H).  
13C NMR (101 MHz, CDCl3) δ 172.5, 133.2, 120.1, 111.6, 111.2, 74.2, 55.9, 55.80, 
47.0, 41.0, 36.5, 34.3, 31.4, 30.7, 26.2, 23.4, 22.0, 20.8, 16.3. 
 
(1R,2R,4S)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl-5-ethyl-2-methoxybenzoate 
(S63) 

 
The product S63 (0.39 g, 1.23 mmol, 85% yield) was obtained from 5-ethyl-2-
methoxybenzoic acid (0.271 g, 1.5 mmol) and (+)-Borneol (0.23 g, 1.5 mmol) 
following the same procedure as S61. 
1H NMR (400 MHz, CDCl3) δ 7.62 (d, J = 2.4 Hz, 1H), 7.39-7.12 (m, 1H), 6.90 (d, J 
= 8.5 Hz, 1H), 5.10 (ddd, J = 9.9, 3.5, 2.1 Hz, 1H), 3.87 (s, 3H), 2.62 (q, J = 7.6 Hz, 
2H), 2.52-2.36 (m, 1H), 2.15 (ddd, J = 12.5, 9.0, 4.4 Hz, 1H), 1.85-1.64 (m, 2H), 1.41-
1.26 (m, 2H), 1.23 (t, J = 7.6 Hz, 3H), 1.13 (dd, J = 13.8, 3.5 Hz, 1H), 0.96 (s, 3H), 
0.92 (s, 3H), 0.91 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 167.0, 157.3, 135.8, 132.5, 130.6, 120.6, 112.1, 80.4, 
56.0, 48.9, 47.8, 45.0, 36.9, 28.0, 27.7, 27.3, 19.7, 18.9, 15.6, 13.6. 
 
2-(4-ethyl-2-methoxyphenoxy)-6-fluoropyridine (S64) 
 

 
 
A mixture of substituted 4-ethyl-2-methoxyphenol (1.62 mL, 10 mmol) and KOH (560 
mg, 10 mmol) in DMF (5 mL) was treated slowly with 2,6-difluoropyridine (1.0 mL, 
10 mmol) drop wise. After completion of addition, the reaction mixture was stirred for 
another 20 h at 110 oC. After completion of reaction, , the reaction mixture was poured 
into water, extract with ethyl acetate. The extract was washed with water, brine solution, 
dried over MgSO4 and concentrated. The crude compound was subjected to column 
chromatography on silica gel to obtained 2-(4-ethyl-2-methoxyphenoxy)-6-
fluoropyridine (S64) in 35% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.69 (q, J = 8.0 Hz, 1H), 7.03 (d, J = 8.0 Hz, 1H), 6.89-
6.75 (m, 2H), 6.68 (dd, J = 8.0, 1.7 Hz, 1H), 6.54 (dd, J = 7.8, 2.7 Hz, 1H), 3.76 (s, 3H), 
2.66 (q, J = 7.6 Hz, 2H), 1.27 (t, J = 7.6 Hz, 3H). 
19F NMR (376 MHz, CDCl3) δ -68.59. 
13C NMR (101 MHz, CDCl3) δ 162.2 (d, JC-F = 240.3 Hz), 162.8 (d, JC-F = 67.6 Hz), 
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151.3, 143.1 (d, JC-F = 7.9 Hz), 142.7, 139.8, 122.6, 120.2, 112.7, 106.4 (d, JC-F = 5.1 
Hz), 102.0, 101.7, 55.9, 28.8, 15.5. 
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Asymmetric oxidative radical C(sp3)-H/C(sp)-H cross-coupling 

 
General procedure A: 
To a flame-dried Schlenk tube equipped with a magnetic stir bar was charged with CuTc 
(1.9 mg, 0.010 mmol, 10 mol%), L4 (9.2 mg, 0.015 mmol, 15 mol%), alkyne (0.10 
mmol, 1.0 equiv., if solid), C(sp3)-H substrate (1.0 mmol, 10 equiv., if solid), N-F-2 
(90.0 mg, 0.3 mmol, 3.0 equiv.) and Cs2CO3 (130.4 mg, 0.40 mmol, 4.0 equiv.), The 
tube was evacuated and backfilled with argon for three times, anhydrous PhCl (0.8 mL), 
alkyne (0.10 mmol, 1.0 equiv., if liquid) and C(sp3)-H substrate (1.0 mmol, 10 equiv., 
if liquid) were added into the mixture and the reaction mixture was stirred at 0 oC for 
5-7 d. Upon alkyne completion (monitored by TLC), the precipitate was filtered off and 
washed by EtOAc. The filtrate was evaporated and the residue was purified by column 
chromatography on silica gel to afford the desired product. 
 
General procedure B: 
To a flame-dried Schlenk tube equipped with a magnetic stir bar was charged with CuTc 
(1.9 mg, 0.010 mmol, 10 mol%), L4 (9.2 mg, 0.015 mmol, 15 mol%), alkyne (0.10 
mmol, 1.0 equiv., if solid), C(sp3)-H substrate (1.0 mmol, 10 equiv., if solid), N-F-2 
(90.0 mg, 0.3 mmol, 3.0 equiv.) and Cs2CO3 (130.4 mg, 0.40 mmol, 4.0 equiv.), The 
tube was evacuated and backfilled with argon for three times, anhydrous PhCl (0.8 mL), 
alkyne (0.10 mmol, 1.0 equiv., if liquid) and C(sp3)-H substrate (1.0 mmol, 10 equiv., 
if liquid) were added into the mixture and the reaction mixture was stirred at -15 oC 
under irradiation of blue LED (24 W) for 10 d. Upon alkyne completion (monitored by 
TLC), the precipitate was filtered off and washed by EtOAc. The filtrate was evaporated 
and the residue was purified by column chromatography on silica gel to afford the 
desired product. 
 

 
General procedure C: 
To a flame-dried Schlenk tube equipped with a magnetic stir bar was charged with 
Cu(MeCN)4BF4 (3.2 mg, 0.010 mmol, 10 mol%), L4 (9.2 mg, 0.015 mmol, 15 mol%), 
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alkyne (0.10 mmol, 1.0 equiv., if solid), C(sp3)-H substrate (1.0 mmol, 10 equiv., if 
solid), N-F-2 (90.0 mg, 0.3 mmol, 3.0 equiv.) and Cs2CO3 (130.4 mg, 0.40 mmol, 4.0 
equiv.), The tube was evacuated and backfilled with argon for three times, anhydrous 
PhCl (0.8 mL), alkyne (0.10 mmol, 1.0 equiv., if liquid) and C(sp3)-H substrate (1.0 
mmol, 10 equiv., if liquid) were added into the mixture and the reaction mixture was 
stirred at 0 oC for 5−7 d. Upon alkyne completion (monitored by TLC), the precipitate 
was filtered off and washed by EtOAc. The filtrate was evaporated and the residue was 
purified by column chromatography on silica gel to afford the desired product. 
 

 
General procedure D: 
To a flame-dried Schlenk tube equipped with a magnetic stir bar were added CuTc (1.9 
mg 10 mol%), L6 (15.1 mg, 18 mol%), alkyne (0.10 mmol, 1.0 equiv., if solid), C(sp3)-
H substrate (1.0 mmol, 10 equiv., if solid), N-F-2 (90 mg, 0.3 mmol), and Rb2CO3 (116 
mg, 0.5 mmol). The tube was evacuated and backfilled with argon for three times, 
alkyne (0.10 mmol, 1.0 equiv., if liquid) and C(sp3)-H substrate (1.0 mmol, 10 equiv., 
if liquid) and dry PhCl (0.6 mL), n-hexane (0.2 mL) were added via syringe. The tube 
was stirred at rt for 5-7 d, the reaction stopped and the reaction mixture was filtered 
through a short celite. The filtrate solvent was removed under reduced pressure, and the 
residue was purified by column chromatography to afford the desired product. 

 
(S)-4-((1,2,3,4-tetrahydronaphthalen-1-yl)ethynyl)benzonitrile (3) 

 

According to General Procedure A with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and 1,2,3,4-tetrahydronaphthalene (136 μL, 1 mmol, 10 equiv) for 7 
d, the reaction mixture was purified by column chromatography on silica gel to give 
the corresponding product 3 (17.2 mg) in 62% isolated yield. 
 
Procedure for large-scale synthesis:  
To a flame-dried Schlenk tube equipped with a magnetic stir bar were charged with 
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CuTc (152 mg, 0.8 mmol, 10 mol%), L4 (736 mg, 1.2 mmol, 15 mol%), 4-
cyanophenylacetylene (1.0160 g, 8 mmol, 1.0 equiv.), N-F-2 (7.21 g, 24 mmol, 3.0 
equiv.) and Cs2CO3 (10.4 g, 32 mmol, 4.0 equiv.), The tube was evacuated and 
backfilled with argon for three times, anhydrous PhCl (64 mL) and 1,2,3,4-
tetrahydronaphthalene (10.9 mL, 80 mmol, 10 equiv.) were added into the mixture and 
the reaction mixture was stirred at 0 oC for 12 d. Upon alkyne completion (monitored 
by TLC), the precipitate was filtered off and washed by EtOAc. The filtrate was 
evaporated and the residue was purified by column chromatography on silica gel to 
afford the desired product 3 (1.52 g, 5.92 mmol) in 74% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.58-7.54 (m, 2H), 7.50-7.45 (m, 3H), 7.21-7.15 (m, 
2H), 7.14-7.08 (m, 1H), 4.04 (t, J = 6.4 Hz, 1H), 2.87-2.78 (m, 2H), 2.26-2.13 (m, 
1H), 2.13-1.94 (m, 2H), 1.87-1.78 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 136.3, 135.5, 132.2, 131.9, 129.4, 129.0, 128.9, 
126.8, 126.1, 118.6, 111.0, 98.1, 80.2, 32.1, 30.0, 29.1, 21.2. 
HRMS (ESI) m/z calcd. for C19H16N [M + H]+ 258.1277, found 258.1275. 
HPLC condition: Chiralcel OJ-H, n-hexane/i-PrOH = 98/2, flow rate 1.0 mL/min. λ = 
254 nm, t(minor) = 19.0 min, t(major) = 24.4 min, 93% ee (96.5:3.5 er). 
 
(S)-4-((2,3-dihydro-1H-inden-1-yl)ethynyl)benzonitrile (4) 

 
According to General Procedure B with 4-cyanophenylacetylene (12.8 mg, 0.10 mmol, 
1.0 equiv) and 1,2-hydrindene (124 μL, 1 mmol, 10 equiv) for 10 d, the reaction mixture 
was purified by column chromatography on silica gel to give the corresponding product 
4 (17.2 mg) in 71% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.59-7.52 (m, 2H), 7.52-7.46 (m, 2H), 7.43 (dd, J = 4.3, 
3.9 Hz, 1H), 7.30-7.20 (m, 3H), 4.21 (t, J = 8.4 Hz, 1H), 3.13-2.82 (m, 2H), 2.59-2.57 
(m, 1H), 2.23-2-17 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 142.9, 142.8, 132.2, 131.9, 128.7, 127.3, 126.7, 124.6, 
124.1, 118.5, 111.0, 96.6, 80.3, 77.3, 77.0, 76.7, 36.8, 34.1, 31.5. 
HRMS (ESI) m/z calcd. for C18H14N [M + H]+ 244.1121, found 244.1119. 
HPLC condition: Chiralcel OJ-H, n-hexane/i-PrOH = 98/2, flow rate 1.0 mL/min. λ = 
254 nm, t(minor) = 20.5 min, t(major) = 29.2 min, 72% ee (86.1:13.9 er). 
 
(S)-4-((6,7-dimethoxy-1,2,3,4-tetrahydronaphthalen-1-yl)ethynyl)benzonitrile (5) 
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According to General Procedure B with 4-cyanophenylacetylene (12.8 mg, 0.10 mmol, 
1.0 equiv) and 6,7-dimethoxy-1,2,3,4-tetrahydronaphthalene (96.2 mg, 0.5 mmol, 5 
equiv) for 10 d, the reaction mixture was purified by column chromatography on silica 
gel to give the corresponding product 5 (20.8 mg) in 66% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.62-7.52 (m, 2H), 7.52-7.39 (m, 2H), 6.94 (s, 1H), 
6.59 (s, 1H), 3.98 (t, J = 6.3 Hz, 1H), 3.87 (s, 3H), 3.86 (s, 3H), 2.93-2.61 (m, 2H), 
2.26-2.09 (m, 1H), 2.07-1.96 (m, 2H), 1.89-1.71 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 147.9, 147.32, 132.1, 131.9, 128.8, 128.3, 127.0, 118.6, 
111.8, 110.9, 98.3, 80.1, 56.0, 55.9, 31.7, 30.0, 28.7, 21.2. 
HRMS (ESI) m/z calcd. for C21H20N [M + H]+ 318.1489, found 318.1485. 
HPLC condition: Chiralcel OJ-H, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min. λ 
= 254 nm, t(minor) = 25.3 min, t(major) = 36.1 min, 92% ee (95.8:4.2 er). 
 
(S)-4-((1,2,3,6,7,8-hexahydropyren-1-yl)ethynyl)benzonitrile (6) 

 
According to General Procedure A, while Cu(MeCN)4BF4 (3.2 mg, 10 mol%) was 
used with 4-cyanophenylacetylene (12.8 mg, 0.10 mmol, 1.0 equiv) and 1,2,3,6,7,8-
hexahydropyrene (208 mg, 1 mmol, 10 equiv) for 7 d, the reaction mixture was purified 
by column chromatography on silica gel to give the corresponding product 6 (18.2 mg) 
in 54% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.59-7.54 (m, 2H), 7.53-7.46 (m, 3H), 7.24-7.14 (m, 
3H), 4.33 (dd, J = 7.9, 4.3 Hz, 1H), 3.32 (ddd, J = 16.1, 7.7, 4.2 Hz, 1H), 3.19-2.98 (m, 
5H), 2.36 (ddt, J = 12.1, 8.2, 4.3 Hz, 1H), 2.25 (dtd, J = 12.4, 8.2, 4.2 Hz, 1H), 2.14-
1.99 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 135.8, 134.5, 132.5, 132.2, 131.9, 131.7, 130.2, 128.8, 
124.0, 123.8, 123.7, 123.6, 118.6, 111.0, 96.9, 81.5, 33.7, 31.5, 31.4, 29.4, 29.0, 23.2. 
HRMS (ESI) m/z calcd. for C25H20N [M + H]+ 334.1590, found 334.1585. 
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HPLC condition: Chiralcel OJ-H, n-hexane/i-PrOH = 95/5, flow rate 1.0 mL/min. λ = 
254 nm, t(minor) = 25.0 min, t(major) = 32.4 min, 84% ee (92.0:8.0 er). 
 
(S)-4-((1,2-dihydroacenaphthylen-1-yl)ethynyl)benzonitrile (7) 

 
According to General Procedure A, while Cu(MeCN)4BF4 (3.2 mg, 10 mol%) was 
used with 4-cyanophenylacetylene (12.8 mg, 0.10 mmol, 1.0 equiv) and 1,2-
dihydroacenaphthylene (154 mg, 1 mmol, 10 equiv) for 7 d, the reaction mixture was 
purified by column chromatography on silica gel to give the corresponding product 7 
(14.1 mg) in 50% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.78-7.64 (m, 2H), 7.60-7.57 (m, 3H), 7.56-7.48 (m, 
4H), 7.35 (dd, J = 6.9, 1.6 Hz, 1H), 4.83-4.79 (m, 1H), 3.99-3.92 (m, 1H), 3.66-3.61 
(m, 1H). 
13C NMR (101 MHz, CDCl3) δ 144.3, 142.4, 137.6, 132.2, 131.9, 131.6, 128.6, 128.2, 
128.1, 123.7, 122.9, 119.6, 119.5, 118.5, 111.2, 96.2, 80.3, 39.4, 34.7. 
HRMS (ESI) m/z calcd. for C21H14N [M + H]+ 280.1121, found 280.1119. 
HPLC condition: Chiralcel OJ-H, n-hexane/i-PrOH = 95/5, flow rate 1.0 mL/min. λ = 
254 nm, t(minor) = 29.2 min, t(major) = 32.0 min, 75% ee (87.7:12.3 er). 
 
(S)-4-((2,3-dihydrobenzofuran-3-yl)ethynyl)benzonitrile (8) 

 
According to General Procedure A, while Cu(MeCN)4BF4 (3.2 mg, 10 mol%) was 
used with 4-cyanophenylacetylene (12.8 mg, 0.10 mmol, 1.0 equiv) and 2,3-
dihydrobenzofuran (113 μL, 1 mmol, 10 equiv) for 7 d, the reaction mixture was 
purified by column chromatography on silica gel to give the corresponding product 8 
(11.2 mg) in 45% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.62-7.56 (m, 2H), 7.52-7.46 (m, 2H), 7.41-7.34 (m, 
1H), 7.24-7.17 (m, 1H), 6.95 (td, J = 7.5, 1.0 Hz, 1H), 6.86 (d, J = 8.1 Hz, 1H), 4.84 
(dd, J = 9.1, 8.1 Hz, 1H), 4.61 (t, J = 8.8 Hz, 1H), 4.52 (t, J = 8.3 Hz, 1H). 
13C NMR (101 MHz, CDCl3) δ 159.4, 132.2, 132.0, 129.2, 127.9, 126.6, 124.7, 121.2, 
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118.4, 111.6, 110.1, 92.7, 81.4, 76.2, 34.5. 
HRMS (ESI) m/z calcd. for C17H12NO [M + H]+ 246.0913, found 246.0912. 
HPLC condition: Chiralcel OJ-H, n-hexane/i-PrOH = 95/5, flow rate 1.0 mL/min. λ = 
254 nm, t(minor) = 31.1 min, t(major) = 42.0 min, 83% ee (91.5:8.5 er). 
 
(S)-4-(chroman-4-ylethynyl)benzonitrile (9) 

 
According to General Procedure A, while Cu(MeCN)4BF4 (3.2 mg, 10 mol%) was 
used with 4-cyanophenylacetylene (12.8 mg, 0.10 mmol, 1.0 equiv) and chromane (125 
μL, 1 mmol, 10 equiv) for 7 d, the reaction mixture was purified by column 
chromatography on silica gel to give the corresponding product 9 (15.5 mg) in 59% 
isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.65-7.53 (m, 2H), 7.53-7.45 (m, 2H), 7.37 (dt, J = 7.6, 
1.3 Hz, 1H), 7.17 (td, J = 7.7, 1.7 Hz, 1H), 6.92 (td, J = 7.5, 1.3 Hz, 1H), 6.84 (dd, J = 
8.2, 1.3 Hz, 1H), 4.39 (ddd, J = 10.8, 7.5, 3.0 Hz, 1H), 4.24 (ddd, J = 10.7, 7.2, 3.0 Hz, 
1H), 4.10 (t, J = 6.1 Hz, 1H), 2.45-2.27 (m, 1H), 2.25-2.21 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 153.9, 132.2, 131.9, 129.6, 128.7, 128.3, 120.9, 120.7, 
118.5, 117.2, 111.3, 96.0, 80.8, 64.2, 28.8, 28.1. 
HRMS (ESI) m/z calcd. for C18H14NO [M + H]+ 260.1070, found 260.1067. 
HPLC condition: Chiralcel OJ-H, n-hexane/i-PrOH = 95/5, flow rate 1.0 mL/min. λ = 
254 nm, t(minor) = 32.1 min, t(major) = 37.9 min, 86% ee (92.8:7.2 er). 
 
(R)-4-(3-(4-methoxyphenyl)but-1-yn-1-yl)benzonitrile (10) 

 

According to General Procedure A with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and 1-ethyl-4-methoxybenzene (142 μL, 1 mmol, 10 equiv) for 7 d, 
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the reaction mixture was purified by column chromatography on silica gel to give the 
corresponding product 10 (16.6 mg) in 63% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.57 (d, J = 8.6 Hz, 2H), 7.49 (d, J = 8.5 Hz, 2H), 7.43-
7.22 (m, 2H), 6.89 (d, J = 8.7 Hz, 1H), 3.95 (q, J = 7.1 Hz, 1H), 3.80 (s, 3H), 1.56 (d, J 
= 7.2 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 158.5, 134.6, 132.1, 131.9, 128.8, 127.8, 118.6, 114.0, 
111.0, 98.0, 80.9, 55.3, 31.7, 24.1. 
HRMS (ESI) m/z calcd. for C18H16NO [M + H]+ 262.1226, found 262.1223. 
HPLC condition: Chiralcel OJ-H, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min. λ 
= 280 nm, t(major) = 25.8 min, t(minor) = 27.6 min, 85% ee (92.4:7.6 er). 
 
(R)-4-(3-(4-bromophenyl)but-1-yn-1-yl)benzonitrile (11) 

 

According to General Procedure A with 4-cyanophenylacetylene (12.8 mg, 0.10 mmol, 
1.0 equiv) and 1-bromo-4-ethylbenzene (185.1 mg, 1.0 mmol, 10 equiv) for 7 d, the 
reaction mixture was purified by column chromatography on silica gel to give the 
corresponding product 11 (12.4 mg) in 47% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.62-7.55 (m, 2H), 7.53-7.42 (m, 4H), 7.33-7.26 (m, 
2H), 3.96 (q, J = 7.1 Hz, 1H), 1.57 (d, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 141.5, 132.2, 131.9, 131.8, 128.6, 128.4, 120.7, 118.5, 
111.3, 96.8, 81.4, 32.1, 23.9. 
HRMS (ESI) m/z calcd. for C17H12BrNNa [M + Na]+ 332.0045, found 332.0042. 
HPLC condition: Chiralcel AD-3, n-hexane/i-PrOH = 97/3, flow rate 0.8 mL/min. λ = 
230 nm, t(minor) = 16.2 min, t(major) = 17.9 min, 78% ee (10.9:89.1 er). 
 
(R)-4-(3-([1,1'-biphenyl]-4-yl)but-1-yn-1-yl)benzonitrile (12) 
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According to General Procedure A with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and 4-ethyl-1,1'-biphenyl (182 mg, 1 mmol, 10 equiv) for 7 d, the 
reaction mixture was purified by column chromatography on silica gel to give the 
corresponding product 12 (20.2 mg) in 65% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.63-7.56 (m, 6H), 7.50 (dd, J = 12.7, 8.3 Hz, 4H), 7.44 
(t, J = 7.7 Hz, 2H), 7.38-7.31 (m, 1H), 4.05 (q, J = 7.1 Hz, 1H), 1.63 (d, J = 7.1 Hz, 
3H). 
13C NMR (101 MHz, CDCl3) δ 141.5, 140.7, 140.0, 132.2, 131.9, 128.8, 128.7, 127.4, 
127.3, 127.0, 118.6, 111.1, 97.5, 81.1, 32.2, 24.0. 
HRMS (ESI) m/z calcd. for C23H18N [M + H]+ 308.1434, found 308.1438. 
HPLC condition: Chiralcel OJ-H, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min. λ 
= 254 nm, t(minor) = 39.9 min, t(major) = 51.0 min, 90% ee (95.1:4.9 er). 
 
(R)-4-(3-(3-(1H-pyrazol-1-yl)phenyl)but-1-yn-1-yl)benzonitrile (13) 

 

According to General Procedure A with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and 1-(3-ethylphenyl)-1H-pyrazole (172 mg, 1 mmol, 10 equiv) for 
7 d, the reaction mixture was purified by column chromatography on silica gel to give 
the corresponding product 13 (25.1 mg) in 84% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.94 (d, J = 2.4 Hz, 1H), 7.81 (t, J = 2.0 Hz, 1H), 7.74 
(d, J = 1.8 Hz, 1H), 7.63-7.56 (m, 2H), 7.56 (ddd, J = 8.0, 2.2, 1.1 Hz, 1H), 7.54-7.50 
(m, 2H), 7.44 (t, J = 7.8 Hz, 1H), 7.36 (dt, J = 7.7, 1.4 Hz, 1H), 6.48 (t, J = 2.2 Hz, 1H), 
4.08 (q, J = 7.2 Hz, 1H), 1.64 (d, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 144.2, 141.2, 140.5, 132.2, 131.9, 129.7, 128.5, 126.8, 
124.9, 118.5, 118.1, 117.6, 111.2, 107.7, 96.9, 81.4, 32.6, 23.9. 
HRMS (ESI) m/z calcd. for C20H16N3 [M + H]+ 298.1339, found 298.1336. 
HPLC condition: Chiralcel AD-3, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min. λ 
= 254 nm, t(minor) = 15.2 min, t(major) = 24.0 min, 81% ee (90.5:9.5 er). 
 
(R)-4-(3-(3,4-dimethoxyphenyl)but-1-yn-1-yl)benzonitrile (14) 
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According to General Procedure A with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and 4-ethyl-1,2-dimethoxybenzene (83 mg, 0.5 mmol, 5 equiv) for 7 
d, the reaction mixture was purified by column chromatography on silica gel to give 
the corresponding product 14 (17.6 mg) in 61% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.64-7.57 (m, 2H), 7.52 (d, J = 8.5 Hz, 2H), 7.03-6.93 
(m, 2H), 6.88 (d, J = 8.1 Hz, 1H), 3.98 (q, J = 7.2 Hz, 1H), 3.93 (s, 3H), 3.90 (s, 3H), 
1.61 (d, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 149.1, 148.0, 135.1, 132.1, 131.9, 128.7, 118.8, 118.5, 
111.3, 111.1, 110.3, 97.8, 81.0, 56.0, 55.9, 32.1, 24.1. 
HRMS (ESI) m/z calcd. for C19H18NO2 [M + H]+ 292.1332, found 292.1329. 
HPLC condition: Chiralcel OD-H, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min. λ 
= 254 nm, t(minor) = 12.8 min, t(major) = 15.1 min, 88% ee (94.0:6.0 er). 
 
methyl (R)-5-(4-cyanophenyl)-3-(3,4-dimethoxyphenyl)pent-4-ynoate (15) 

 
According to General Procedure A with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and methyl 3-(3,4-dimethoxyphenyl)propanoate (224 mg, 1 mmol, 
10 equiv) for 7 d, the reaction mixture was purified by column chromatography on silica 
gel to give the corresponding product 15 (14.9 mg) in 42% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.58 (d, J = 8.4 Hz, 2H), 7.49 (d, J = 8.3 Hz, 2H), 7.01-
6.90 (m, 2H), 6.85 (d, J = 8.3 Hz, 1H), 4.36 (dd, J = 8.2, 6.9 Hz, 1H), 3.90 (s, 3H), 3.88 
(s, 3H), 3.70 (s, 3H), 2.92 (dd, J = 15.4, 8.3 Hz, 1H), 2.82 (dd, J = 15.4, 6.9 Hz, 1H). 
13C NMR (101 MHz, CDCl3) δ 171.1, 149.1, 148.4, 132.2, 132.1, 131.9, 131.5, 129.2, 
128.2, 119.4, 118.5, 111.40, 111.35, 110.6, 94.9, 82.0, 77.2, 55.9, 51.9, 42.8, 34.4. 
HRMS (ESI) m/z calcd. for C21H20NO4 [M + H]+ 350.1387, found 350.1383. 
HPLC condition: Chiralcel OD-3, n-hexane/i-PrOH = 97/3, flow rate 0.7 mL/min. λ = 
254 nm, t(minor) = 84.0 min, t(major) = 88.0 min, 82% ee (91.1:8.9 er). 
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(R)-4-(5-chloro-3-(3,4-dimethoxyphenyl)pent-1-yn-1-yl)benzonitrile (16) 

 
According to General Procedure A with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and 4-(3-chloropropyl)-1,2-dimethoxybenzene (214 mg, 1 mmol, 10 
equiv) for 7 d, the reaction mixture was purified by column chromatography on silica 
gel to give the corresponding product 16 (14.1 mg) in 41% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.63-7.57 (m, 2H), 7.54-7.48 (m, 2H), 6.96 (dd, J = 8.2, 
2.1 Hz, 1H), 6.91 (d, J = 2.1 Hz, 1H), 6.86 (d, J = 8.3 Hz, 1H), 4.12 (dd, J = 8.2, 6.6 
Hz, 1H), 3.91 (s, 3H), 3.88 (s, 3H), 3.74 (ddd, J = 11.0, 7.6, 5.7 Hz, 1H), 3.58 (dt, J = 
11.1, 6.1 Hz, 1H), 2.40-2.17 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 149.2, 148.4, 132.2, 132.0, 128.2, 119.5, 118.4, 111.4, 
110.7, 95.1, 82.3, 56.0, 42.4, 40.6, 35.2. 
HRMS (ESI) m/z calcd. for C20H19ClNO2 [M + H]+ 340.1099, found 340.1095. 
HPLC condition: Chiralcel OD-H, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min. λ 
= 254 nm, t(minor) = 15.7 min, t(major) = 18.9 min, 93% ee (96.3:3.7 er). 
 
(R)-4-(5-azido-3-(3,4-dimethoxyphenyl)pent-1-yn-1-yl)benzonitrile (17) 

 
According to General Procedure A with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and 4-(3-azidopropyl)-1,2-dimethoxybenzene (221 mg, 1 mmol, 10 
equiv) for 7 d, the reaction mixture was purified by column chromatography on silica 
gel to give the corresponding product 17 (12.0 mg) in 35% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.60 (dd, J = 8.3, 1.8 Hz, 2H), 7.56-7.49 (m, 2H), 6.95 
(dd, J = 8.2, 2.1 Hz, 1H), 6.93-6.83 (m, 2H), 4.05-3.97 (m, 1H), 3.91 (s, 3H), 3.89 (s, 
1H), 3.55-3.49 (m, 1H), 3.43-3.37 (m, 1H), 2.16-2.04 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 149.2, 148.3, 132.4, 132.2, 132.0, 128.2, 119.5, 118.4, 
111.43, 111.41, 110.6, 95.1, 82.4, 56.0, 49.2, 37.1, 35.2. 
HRMS (ESI) m/z calcd. for C20H19N4O2 [M + H]+ 347.1503, found 347.1498. 
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HPLC condition: Chiralcel OD-H, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min. λ 
= 254 nm, t(minor) = 18.2 min, t(major) = 21.2 min, 94% ee (97.0:3.0 er). 
 
(R)-4-(3-(naphthalen-2-yl)but-1-yn-1-yl)benzonitrile (18) 

 

According to General Procedure A, while Cu(MeCN)4BF4 (3.2 mg, 10 mol%) was 
used with 4-cyanophenylacetylene (12.8 mg, 0.10 mmol, 1.0 equiv) and 2-
ethylnaphthalene (157 μL, 1 mmol, 10 equiv) for 7 d, the reaction mixture was purified 
by column chromatography on silica gel to give the corresponding product 18 (16.0 mg) 
in 62% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.90-7.77 (m, 4H), 7.60-7.49 (m, 5H), 7.48-7.44 (m, 
2H), 4.16 (q, J = 7.2 Hz, 1H), 1.67 (dd, J = 7.2, 1.5 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 139.8, 133.5, 132.5, 132.2, 131.9, 128.6, 128.5, 127.7, 
127.6, 126.2, 125.8, 125.3, 125.1, 118.5, 111.1, 97.5, 81.3, 32.7, 23.9. 
HRMS (ESI) m/z calcd. for C21H16N [M + H]+ 282.1277, found 282.1275. 
HPLC condition: Chiralcel OJ-H, n-hexane/i-PrOH = 95/5, flow rate 1.0 mL/min. λ = 
254 nm, t(minor) = 31.4 min, t(major) = 44.4 min, 83% ee (91.6:8.4 er). 
 
(R)-4-(3-(6-methoxynaphthalen-2-yl)but-1-yn-1-yl)benzonitrile (19) 

 

According to General Procedure A, while Cu(MeCN)4BF4 (3.2 mg, 10 mol%) was 
used with 4-cyanophenylacetylene (12.8 mg, 0.10 mmol, 1.0 equiv) and 2-ethyl-6-
methoxynaphthalene (186 mg, 1 mmol, 10 equiv) for 7 d, the reaction mixture was 
purified by column chromatography on silica gel to give the corresponding product 19 
(17.9 mg) in 57% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.77-7.75 (m, 1H), 7.73 (dd, J = 8.6, 5.8 Hz, 2H), 7.58 
(d, J = 8.4 Hz, 2H), 7.51 (m, 3H), 7.18-7.10 (m, 2H), 4.13 (q, J = 7.1 Hz, 1H), 3.92 (s, 
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3H), 1.66 (d, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 157.6, 137.5, 133.6, 132.2, 131.9, 129.2, 128.9, 128.7, 
127.3, 125.8, 125.0, 119.0, 118.6, 111.1, 105.7, 97.8, 81.2, 55.3, 32.5, 23.9. 
HRMS (ESI) m/z calcd. for C22H18NO [M + H]+ 312.1383, found 282.1379. 
HPLC condition: Chiralcel OJ-H, n-hexane/i-PrOH = 75/25, flow rate 1.0 mL/min. λ 
= 254 nm, t(minor) = 27.1 min, t(major) = 40.2 min, 86% ee (93.0:7.0 er). 
 
(R)-2-(4-phenylbut-3-yn-2-yl)naphthalene (20) 

 

According to General Procedure A with phenylacetylene (11.1 μL, 0.10 mmol, 1.0 
equiv) and 2-ethylnaphthalene (157 μL, 1 mmol, 10 equiv) for 7 d, the reaction mixture 
was purified by column chromatography on silica gel to give the corresponding product 
20 (10.2 mg) in 40% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.91-7.87 (m, 1H), 7.86-7.80 (m, 3H), 7.58 (dd, J = 8.5, 
1.8 Hz, 1H), 7.51-7.41 (m, 4H), 7.35-7.27 (m, 3H), 4.15 (q, J = 7.1 Hz, 1H), 1.67 (d, J 
= 7.2 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 140.7, 133.5, 132.4, 131.7, 128.3, 128.2, 127.79, 
127.78, 127.6, 126.1, 125.6, 125.1, 123.7, 92.5, 82.7, 32.6, 24.3. 
The NMR spectra was in accord with that reported in literature.[7]  
HPLC condition: Chiralcel OD-3, n-hexane/i-PrOH = 97/3, flow rate 1.0 mL/min. λ = 
254 nm, t(minor) = 5.1 min, t(major) = 5.4 min, 90% ee (94.8:5.2 er). 
 
(S)-1-(4-(4-(trifluoromethyl)phenyl)but-3-yn-2-yl)naphthalene (21) 

 
According to General Procedure A with 1-ethynyl-4-(trifluoromethyl)benzene (16.3 
μL, 0.10 mmol, 1.0 equiv) and 1-ethylnaphthalene (155 μL, 1 mmol, 10 equiv) for 7 d, 
the reaction mixture was purified by column chromatography on silica gel to give the 
corresponding product 21 (12.1 mg) in 43% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 8.17 (d, J = 8.4 Hz, 1H), 7.89 (dd, J = 8.0, 1.5 Hz, 1H), 
7.86-7.69 (m, 2H), 7.70-7.37 (m, 7H), 4.75 (q, J = 7.1 Hz, 1H), 1.75 (d, J = 7.1 Hz, 3H). 
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19F NMR (376 MHz, CDCl3) δ -62.74. 
13C NMR (101 MHz, CDCl3) δ 138.3, 134.0, 131.9, 130.5, 129.1, 127.7, 126.1, 125.64, 
125.60, 125.1 (q, JC-F = 3.8 Hz), 124.2, 123.1, 95.6, 81.5, 29.1, 23.1. 
HRMS (ESI) m/z calcd. for C21H16F3 [M + H]+ 325.1199, found 325.1195. 
HPLC condition: Chiralcel OJ-3, n-hexane/i-PrOH = 98/2, flow rate 0.7 mL/min. λ = 
254 nm, t(minor) = 10.9 min, t(major) = 16.9 min, 92% ee (96.1:3.9 er). 
 
(S)-4-(3-(phenanthren-9-yl)but-1-yn-1-yl)benzonitrile (22) 

 

According to General Procedure A, while Cu(MeCN)4BF4 (3.2 mg, 10 mol%) was 
used with 4-cyanophenylacetylene (12.8 mg, 0.10 mmol, 1.0 equiv) and 9-
ethylphenanthrene (206.3 mg, 1 mmol, 10 equiv) for 7 d, the reaction mixture was 
purified by column chromatography on silica gel to give the corresponding product 22 
(17.2 mg) in 55% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 8.85-8.76 (m, 1H), 8.71 (dd, J = 8.2, 1.3 Hz, 1H), 8.32-
8.23 (m, 1H), 8.03 (s, 1H), 7.98-7.90 (m, 1H), 7.79-7.69 (m, 2H), 7.70-7.62 (m, 2H), 
7.60 (d, J = 8.5 Hz, 2H), 7.54 (d, J = 8.5 Hz, 2H), 4.80 (q, J = 7.0 Hz, 1H), 1.86 (d, J = 
7.0 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 136.0, 132.2, 131.9, 131.5, 131.0, 129.9, 129.7, 128.7, 
128.5, 126.8, 126.7, 126.6, 126.4, 124.9, 123.8, 123.5, 122.4, 118.6, 111.1, 97.6, 81.6, 
29.3, 22.4. 
HRMS (ESI) m/z calcd. for C25H18N [M + H]+ 332.1434, found 332.1430. 
HPLC condition: Chiralcel OJ-H, n-hexane/i-PrOH = 95/5, flow rate 1.0 mL/min. λ = 
254 nm, t(minor) = 29.3 min, t(major) = 47.9 min, 91% ee (95.7:4.3 er). 
 
(S)-4-(3-(2-phenylbenzo[d]thiazol-7-yl)but-1-yn-1-yl)benzonitrile (23) 

 
According to General Procedure A with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and 7-ethyl-2-phenylbenzo[d]thiazole[8] (240 mg, 1 mmol, 10 equiv) 
for 7 d, the reaction mixture was purified by column chromatography on silica gel to 
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give the corresponding product 23 (16.7 mg) in 46% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 8.16-8.08 (m, 2H), 8.02 (dd, J = 7.9, 1.2 Hz, 1H), 7.63-
7.57 (m, 2H), 7.57-7.48 (m, 6H), 7.48-7.43 (m, 1H), 4.29 (q, J = 7.1 Hz, 1H), 1.75 (d, 
J = 7.2 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 168.0, 155.1, 136.1, 133.5, 133.1, 132.2, 132.0, 131.1, 
129.1, 128.3, 127.6, 126.8, 123.2, 122.2, 118.5, 111.4, 95.6, 82.1, 33.1, 21.4. 
HRMS (ESI) m/z calcd. for C24H17N2S [M + H]+ 365.1107, found 365.1104. 
HPLC condition: Chiralcel AD-H, n-hexane/i-PrOH = 95/5, flow rate 1.0 mL/min. λ 
= 254 nm, t(minor) = 16.5 min, t(major) = 22.2 min, 90% ee (95:5 er). 
 
(S)-4-(3-(thiophen-3-yl)but-1-yn-1-yl)benzonitrile (24) 

 

According to General Procedure A with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and 3-ethylthiophene (112 mg, 1 mmol, 10 equiv) for 7 d, the reaction 
mixture was purified by column chromatography on silica gel to give the corresponding 
product 24 (14.1 mg) in 59% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.64-7.55 (m, 2H), 7.53-7.47 (m, 2H), 7.31 (dd, J = 5.0, 
3.0 Hz, 1H), 7.20 (dt, J = 2.9, 1.2 Hz, 1H), 7.11 (dd, J = 5.0, 1.3 Hz, 1H), 4.08 (q, J = 
7.0 Hz, 1H), 1.60 (d, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 142.7, 132.1, 131.9, 128.6, 126.7, 126.1, 120.4, 118.5, 
111.1, 97.3, 80.4, 27.9, 22.8. 
HRMS (ESI) m/z calcd. for C15H12NS [M + H]+ 238.0685, found 238.0682. 
HPLC condition: Chiralcel AD-3, n-hexane/i-PrOH = 97/3, flow rate 0.8 mL/min. λ = 
254 nm, t(minor) = 12.3 min, t(major) = 14.5 min, 85% ee (92.3:7.7 er). 
 
(S)-4-(3-(furan-2-yl)but-1-yn-1-yl)benzonitrile (25) 

 
According to General Procedure A with 4-cyanophenylacetylene (12.8 mg, 0.10 
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mmol, 1.0 equiv) and 2-ethylfuran (96 mg, 1 mmol, 10 equiv) for 7 d, the reaction 
mixture was purified by column chromatography on silica gel to give the corresponding 
product 25 (10.0 mg) in 45% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.58 (d, J = 8.4 Hz, 2H), 7.50 (d, J = 8.3 Hz, 2H), 7.37 
(d, J = 1.8 Hz, 1H), 6.34 (dd, J = 3.2, 1.9 Hz, 1H), 6.23 (d, J = 3.1 Hz, 1H), 4.07 (q, J 
= 7.1 Hz, 1H), 1.61 (d, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 154.4, 141.8, 132.2, 131.9, 128.4, 118.5, 111.3, 110.3, 
105.0, 94.8, 80.1, 26.4, 20.1. 
HRMS (ESI) m/z calcd. for C15H12NO [M + H]+ 222.0913, found 222.0911. 
HPLC condition: Chiralcel AD-3, n-hexane/i-PrOH = 97/3, flow rate 0.8 mL/min. λ = 
254 nm, t(minor) = 9.5 min, t(major) = 10.9 min, 84% ee (92.0:8.0 er). 
 
(S)-6,7-dimethoxy-1-((3-methoxyphenyl)ethynyl)-1,2,3,4-tetrahydronaphthalene 
(26) 

 

According to General Procedure B with 1-ethynyl-3-methoxybenzene (12.7 μL, 0.10 
mmol, 1.0 equiv) and 6,7-dimethoxy-1,2,3,4-tetrahydronaphthalene (96.2 mg, 0.5 
mmol, 5 equiv) for 10 d, the reaction mixture was purified by column chromatography 
on silica gel to give the corresponding product 26 (17.1 mg) in 53% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.19 (t, J = 7.9 Hz, 1H), 7.06-6.97 (m, 2H), 6.94 (dd, J 
= 2.7, 1.4 Hz, 1H), 6.83 (ddd, J = 8.3, 2.7, 1.0 Hz, 1H), 6.58 (s, 1H), 3.99-3.89 (m, 1H), 
3.88 (s, 3H), 3.85 (s, 3H), 3.78 (s, 3H), 2.85-2.64 (m, 2H), 2.24-2.11 (m, 1H), 2.06-1.96 
(m, 2H), 1.78-1.73 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 159.2, 147.7, 147.3, 129.2, 128.2, 127.9, 124.8, 124.1, 
116.5, 114.2, 111.9, 111.7, 93.1, 81.3, 56.0, 55.9, 55.2, 31.7, 30.4, 28.8, 21.5. 
HRMS (ESI) m/z calcd. for C21H23O3 [M + H]+ 323.1642, found 323.1638. 
HPLC condition: Chiralcel OJ-H, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min. λ 
= 254 nm, t(major) = 17.0 min, t(minor) = 21.6 min, 91% ee (95.6:4.4 er). 
 
(S)-1-((3-fluorophenyl)ethynyl)-6,7-dimethoxy-1,2,3,4-tetrahydronaphthalene (27) 
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According to General Procedure B with 1-ethynyl-3-fluorobenzene (11.6 μL, 0.10 
mmol, 1.0 equiv) and 6,7-dimethoxy-1,2,3,4-tetrahydronaphthalene (96.2 mg, 0.5 
mmol, 5 equiv) for 10 d, the reaction mixture was purified by column chromatography 
on silica gel to give the corresponding product 27 (27.4 mg) in 88% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.28-7.20 (m, 1H), 7.18 (dt, J = 7.7, 1.3 Hz, 1H), 7.14 
– 7.06 (m, 1H), 7.02-6.92 (m, 2H), 6.58 (s, 1H), 3.98-3.90 (m, 1H), 3.88 (s, 3H), 3.85 
(s, 3H), 2.85-2.65 (m, 2H), 2.22-2.08 (m, 1H), 2.10-1.90 (m, 2H), 1.86-1.67 (m, 1H). 
19F NMR (376 MHz, CDCl3) δ -113.36. 
13C NMR (101 MHz, CDCl3) δ 162.3 (d, JC-F= 246.4 Hz), 161.1, 147.8, 147.3, 129.7 
(d, JC-F = 8.7 Hz), 128.2, 127.6, 127.4 (d, JC-F = 3.0 Hz), 125.7 (d, JC-F = 9.6 Hz), 118.5, 
118.3, 115.1, 114.9, 111.8, 111.7, 94.4, 80.3 (d, JC-F = 3.4 Hz), 55.9 (d, JC-F = 11.5 Hz), 
31.6, 30.2, 28.7, 21.4. 
HRMS (ESI) m/z calcd. for C20H20FO2 [M + H]+ 311.1442, found 311.1438. 
HPLC condition: Chiralcel OJ-H, n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min. λ 
= 254 nm, t(major) = 8.7 min, t(minor) = 9.8 min, 90% ee (94.8:5.2 er). 
 
(S)-2-((6,7-dimethoxy-1,2,3,4-tetrahydronaphthalen-1-yl)ethynyl)benzaldehyde 
(28) 

 
According to General Procedure B with 2-ethynylbenzaldehyde (13.0 mg, 0.10 mmol, 
1.0 equiv) and 6,7-dimethoxy-1,2,3,4-tetrahydronaphthalene (96.2 mg, 0.5 mmol, 5 
equiv) for 10 d, the reaction mixture was purified by column chromatography on silica 
gel to give the corresponding product 28 (28.7 mg) in 89% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 10.54 (s, 1H), 7.88 (d, J = 7.8 Hz, 1H), 7.52 (d, J = 4.2 
Hz, 3H), 7.39 (m, 1H), 6.97 (s, 1H), 6.59 (s, 1H), 4.03 (t, J = 6.4 Hz, 1H), 3.88 (s, 3H), 
3.86 (s, 3H), 2.84-2.69 (m, 2H), 2.20-2.15 (m, 1H), 2.08-1.99 (m, 2H), 1.85-1.80 (m, 
1H). 
13C NMR (101 MHz, CDCl3) δ 191.9, 148.0, 147.4, 136.0, 133.7, 133.3, 128.3, 128.1, 
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127.6, 127.11, 127.07, 111.8, 111.7, 100.9, 56.0, 55.9, 31.9, 30.2, 28.7, 21.3. 
HRMS (ESI) m/z calcd. for C21H21O3 [M + H]+ 321.1485, found 321.1482. 
HPLC condition: Chiralcel OJ-H, n-hexane/i-PrOH = 95/5, flow rate 0.8 mL/min. λ = 
254 nm, t(major) = 27.4 min, t(minor) = 30.1 min, 92% ee (96.0:4.0 er). 
 
(S)-((6,7-dimethoxy-1,2,3,4-tetrahydronaphthalen-1-yl)ethynyl)triphenylsilane 
(29) 

 

According to General Procedure A with ethynyltriphenylsilane (28.4 mg, 0.10 mmol, 
1.0 equiv) and 6,7-dimethoxy-1,2,3,4-tetrahydronaphthalene (96.2 mg, 0.5 mmol, 5 
equiv) at 0 °C for 4 d and then at rt for 4 d, the reaction mixture was purified by column 
chromatography on silica gel to give the corresponding product 29 (21.2 mg) in 45% 
isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.64 (dt, J = 6.7, 1.5 Hz, 6H), 7.52-7.29 (m, 9H), 7.05 
(s, 1H), 6.56 (s, 1H), 3.91 (t, J = 7.0 Hz, 1H), 3.84 (s, 2H), 3.71 (s, 2H), 2.92-2.57 (m, 
2H), 2.24-2.21 (m, 1H), 2.12-1.89 (m, 2H), 1.76-1.73 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 147.7, 147.2, 135.5, 134.0, 129.8, 128.0, 127.9, 127.3, 
115.2, 111.6, 111.5, 80.3, 55.9, 55.7, 32.5, 30.2, 28.7, 21.8. 
HRMS (ESI) m/z calcd. for C32H31O2Si [M + H]+ 475.2088, found 475.2087. 
HPLC condition: Chiralcel OD-H, n-hexane/i-PrOH = 99/1, flow rate 0.8 mL/min. λ 
= 214 nm, t(major) = 13.7 min, t(minor) = 18.1 min, 92% ee (95.8:4.2 er). 
 
(S)-3-((6,7-dimethoxy-1,2,3,4-tetrahydronaphthalen-1-yl)ethynyl)thiophene (30) 

 
According to General Procedure B with 3-ethynylthiophene (10.8 mg, 0.10 mmol, 1.0 
equiv) and 6,7-dimethoxy-1,2,3,4-tetrahydronaphthalene (96.2 mg, 0.5 mmol, 5 equiv) 
for 10 d, the reaction mixture was purified by column chromatography on silica gel to 
give the corresponding product 30 (17.6 mg) in 59% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.36 (dd, J = 3.0, 1.2 Hz, 1H), 7.23 (dd, J = 5.0, 3.0 Hz, 
1H), 7.08 (dd, J = 5.0, 1.2 Hz, 1H), 7.00 (s, 1H), 6.57 (s, 1H), 3.94-3.90 (m, 1H), 3.88 
(s, 3H), 3.85 (s, 3H), 2.78-2.68 (m, 2H), 2.16-2.11 (m, 1H), 2.10-1.91 (m, 2H), 1.85-
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1.72 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 147.8, 147.3, 130.0, 128.2, 127.9, 127.8, 125.0, 122.8, 
111.9, 111.7, 92.7, 76.4, 56.0, 55.9, 31.7, 30.4, 28.8, 21.4. 
HRMS (ESI) m/z calcd. for C18H19O2S [M + H]+ 299.1100, found 299.1098. 
HPLC condition: Chiralcel OJ-H, n-hexane/i-PrOH = 95/5, flow rate 1.0 mL/min. λ = 
254 nm, t(major) = 20.2 min, t(minor) = 26.8 min, 92% ee (95.8:4.2 er). 
 
(S)-5-((6,7-dimethoxy-1,2,3,4-tetrahydronaphthalen-1-yl)ethynyl)quinoline (31) 

 

According to General Procedure A with 5-ethynylquinoline (15.3 mg, 0.10 mmol, 1.0 
equiv) and 6,7-dimethoxy-1,2,3,4-tetrahydronaphthalene (96.2 mg, 0.5 mmol, 5 equiv) 
for 10 d, the reaction mixture was purified by column chromatography on silica gel to 
give the corresponding product 31 (14.9 mg) in 43% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 8.84 (d, J = 4.5 Hz, 1H), 8.25 (dd, J = 8.3, 1.4 Hz, 1H), 
8.10 (d, J = 8.5 Hz, 1H), 7.72 (ddd, J = 8.4, 6.8, 1.5 Hz, 1H), 7.56 (ddd, J = 8.3, 6.9, 
1.2 Hz, 1H), 7.46 (d, J = 4.5 Hz, 1H), 7.08 (s, 1H), 6.62 (s, 1H), 4.14 (t, J = 6.4 Hz, 
1H), 3.89 (s, 3H), 3.88 (s, 3H), 2.84-2.77 (m, 2H), 2.36-2.20 (m, 1H), 2.15-2.07 (m, 
2H), 1.95-1.79 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 149.7, 148.0, 147.4, 129.8, 129.7, 128.4, 128.2, 127.03, 
126.97, 126.0, 123.6, 111.8, 111.7, 103.6, 77.5, 56.0, 55.9, 32.1, 30.2, 28.7, 21.5. 
HRMS (ESI) m/z calcd. for C23H22NO2 [M + H]+ 344.1645, found 344.1641. 
HPLC condition: Chiralcel OD-H, n-hexane/i-PrOH = 95/5, flow rate 1.0 mL/min. λ 
= 254 nm, t(minor) = 22.7 min, t(major) = 23.7 min, 87% ee (93.3:6.7 er). 
 
(S)-1-(3-phenylprop-1-yn-1-yl)-1,2,3,4-tetrahydronaphthalene (32) 

 
According to General Procedure A with prop-2-yn-1-ylbenzene (11.6 mg, 0.10 mmol, 
1.0 equiv) and 1,2,3,4-tetrahydronaphthalene (132 mg, 1.0 mmol, 10 equiv) for 5 d, the 
reaction mixture was purified by column chromatography on silica gel to give the 
corresponding product 32 (6.8 mg) in 28% isolated yield. 
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1H NMR (400 MHz, CDCl3) δ 7.49 (dt, J = 7.1, 1.4 Hz, 1H), 7.39-7.27 (m, 4H), 7.24-
7.19 (m, 1H), 7.15 (tt, J = 7.2, 5.3 Hz, 2H), 7.07 (dd, J = 7.2, 1.9 Hz, 1H), 3.84 (td, J = 
5.8, 2.8 Hz, 1H), 3.63 (d, J = 2.3 Hz, 2H), 2.90-2.66 (m, 2H), 2.17-2.08 (m, 1H), 2.08-
1.97 (m, 1H), 1.97-1.87 (m, 1H), 1.84-1.70 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 137.4, 136.8, 136.1, 129.1, 129.0, 128.4, 127.8, 126.39, 
126.36, 125.9, 85.7, 78.6, 31.6, 30.5, 29.1, 25.2, 21.3. 
HRMS (ESI) m/z calcd. for C19H19 [M + H]+ 247.1481, found 247.1479. 
HPLC condition: Chiralcel OJ-H, n-hexane/i-PrOH = 99.5/0.5, flow rate 0.7 mL/min. 
λ = 214 nm, t(major) = 42.5 min, t(minor) = 54.9 min, 78% ee (88.9:11.1 er). 
 
(R)-(cyclohex-2-en-1-ylethynyl)benzene (33) 

 
According to General Procedure C with phenylacetylene (11.1 μL, 0.10 mmol, 1.0 
equiv) and cyclohexene (100 μL, 1 mmol, 10 equiv) for 7 d, the reaction mixture was 
purified by column chromatography on silica gel to give the corresponding product 33 
(7.7 mg) in 42% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.57-7.33 (m, 2H), 7.28-7.25 (m,3H), 5.79-5.73 (m, 
2H), 3.29 (td, J = 5.0, 2.6 Hz, 1H), 2.00 (m, 2H), 1.93-1.72 (m, 2H), 1.62-1.52 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 131.6, 128.1, 128.0, 127.5, 127.0, 123.9, 92.9, 80.3, 
29.4, 28.0, 24.7, 20.6. 
The NMR spectra were in accord with that reported in literature.[9] 

HPLC condition: Chiralcel OD-3, n-hexane/i-PrOH = 100/0, flow rate 1.0 mL/min. λ 
= 254 nm, t(minor) = 12.9 min, t(major) = 15.9 min, 89% ee (94.6:5.4 er). 
 
(R)-4-(cyclohex-2-en-1-ylethynyl)benzonitrile (34) 

 

According to General Procedure C with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and cyclohexene (101 μL, 1 mmol, 10 equiv) for 7 d, the reaction 
mixture was purified by column chromatography on silica gel to give the corresponding 
product 34 (13.5 mg) in 65% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.56 (d, J = 8.4 Hz, 2H), 7.46 (d, J = 8.4 Hz, 2H), 5.83-
5.78 (m, 1H), 5.72-5.67 (m, 1H), 3.34-3.29 (m, 1H), 2.09-1.95 (m, 3H), 1.90-1.76 (m, 
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2H), 1.67-1.60 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 132.2, 131.9, 129.0, 128.7, 126.1, 118.7, 110.9, 97.9, 
79.2, 29.1, 28.1, 24.6, 20.5. 
HRMS (ESI) m/z calcd. for C15H14N [M + H]+ 208.1121, found 208.1120. 
HPLC condition: Chiralcel AD-3, n-hexane/i-PrOH = 99.3/0.7, flow rate 0.3 mL/min. 
λ = 254 nm, t(major) = 33.1 min, t(minor) = 35.4 min, 89% ee (94.3:5.7 er). 
 
methyl-(R)-4-(cyclohex-2-en-1-ylethynyl)benzoate (35) 

 
According to General Procedure C with 4-(methoxycarbonyl)phenylacetylene (16.0 
mg, 0.10 mmol, 1.0 equiv) and cyclohexene (101 μL, 1 mmol, 10 equiv) for 7 d, the 
reaction mixture was purified by column chromatography on silica gel to give the 
corresponding product 35 (13.2 mg) in 55% isolated yield.  
1H NMR (400 MHz, CDCl3) δ 7.95 (d, J = 8.5 Hz, 2H), 7.45 (d, J = 8.5 Hz, 2H), 5.83-
5.78 (m, 1H), 5.74-5.69 (m, 1H), 3.91 (s, 3H), 3.34-3.29 (m, 1H), 2.08-1.95 (m, 3H), 
1.91-1.77 (m, 2H), 1.67-1.58 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 166.7, 131.6, 129.4, 128.9, 128.8, 128.4, 126.5, 96.3, 
79.9, 52.2, 29.2, 28.1, 24.7, 20.6. 
HRMS (ESI) m/z calcd. for C16H17O2 [M+H]+ 241.1223, found 241.2220. 
HPLC condition: Chiralcel OJ-H, n-hexane/i-PrOH = 95/5, flow rate 0.5 mL/min. λ = 
254 nm, t(minor) =23.7 min, t(major) = 25.4 min, 85% ee (92.3:7.7 er). 
 
(R)-4-(cyclohept-2-en-1-ylethynyl)benzonitrile (36) 

 
According to General Procedure C with 4-cyanophenylacetylene (12.8 mg , 0.10 
mmol, 1.0 equiv) and cycloheptene (117 μL, 1 mmol, 10 equiv) for 7 d, the reaction 
mixture was purified by column chromatography on silica gel to give the corresponding 
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product 36 (12.0 mg) in 53% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.57 (d, J = 8.5 Hz, 2H), 7.47 (d, J = 8.4 Hz, 2H), 5.90-
5.79 (m, 2H), 3.51 (td, J = 6.3, 5.6, 2.2 Hz, 1H), 2.26-2.23 (m, 1H), 2.19-1.99 (m, 2H), 
1.97-1.86 (m, 1H), 1.83-1.66 (m, 2H), 1.67-1.44 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 133.3, 132.3, 132.1, 131.9, 129.0, 118.6, 110.8, 98.0, 
79.6, 33.3, 32.5, 29.5, 28.3, 26.6. 
HRMS (ESI) m/z calcd. for C16H16N [M + H]+ 222.1277, found 222.1275. 
HPLC condition: Chiralcel AS-H, n-hexane/i-PrOH = 95/5, flow rate 0.5 mL/min. λ = 
254 nm, t(major) = 33.2 min, t(minor) = 36.6 min, 89% ee (94.4:5.6 er). 
 
(R,Z)-4-(cyclooct-2-en-1-ylethynyl)benzonitrile (37) 

 

According to General Procedure C with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and (Z)-cyclooctene (130 μL, 1 mmol, 10 equiv) for 7 d, the reaction 
mixture was purified by column chromatography on silica gel to give the corresponding 
product 37 (8.9 mg) in 38% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.56 (d, J = 8.5 Hz, 2H), 7.47 (d, J = 8.5 Hz, 2H), 5.76-
5.73 (m, 1H), 5.57-5,52 (m, 1H), 3.75-3.58 (m, 1H), 2.18-2.14 (m, 2H), 2.04-1.91 (m, 
1H), 1.87-1.66 (m, 2H), 1.66-1.48 (m, 3H), 1.45-1.28 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 132.1, 131.9, 130.7, 130.0, 129.0, 118.6, 110.8, 98.7, 
79.3, 36.7, 29.13, 29.10, 26.4, 26.2, 25.3. 
HRMS (ESI) m/z calcd. for C17H18N [M + H]+ 236.1434, found 236.1431. 
HPLC condition: Chiralcel AS-H, n-hexane/i-PrOH = 99/1, flow rate 0.8 mL/min. λ = 
254 nm, t(minor) = 34.9 min, t(major) = 40.7 min, 86% ee (93.2:6.8 er). 
 
(S,E)-4-(3-ethyl-5-(naphthalen-2-yl)pent-4-en-1-yn-1-yl)benzonitrile (38) 
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According to General Procedure D with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and 2-(pent-1-en-1-yl)naphthalene (196 mg, 1 mmol, 10 equiv) for 5 
d, the reaction mixture was purified by column chromatography on silica gel to give 
the corresponding product 38 (16.2 mg) in 50% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.82-7.76 (m, 3H), 7.74 (s, 1H), 7.63-7.56 (m, 3H), 
7.54 (dd, J = 8.5, 2.0 Hz, 2H), 7.48-7.39 (m, 2H), 6.82 (dd, J = 15.8, 1.4 Hz, 1H), 6.30 
(dd, J = 15.8, 6.6 Hz, 1H), 3.48-3.43 (m, 1H), 1.86-1.74 (m, 2H), 1.12 (t, J = 7.4 Hz, 
3H). 
13C NMR (101 MHz, CDCl3) δ 134.4, 133.6, 133.0, 132.3, 132.0, 131.1, 129.3, 128.8, 
128.2, 127.9, 127.7, 126.3, 126.2, 125.9, 123.6, 118.7, 111.1, 95.7, 82.5, 37.2, 28.9, 
11.6. 
HRMS (ESI) m/z calcd. for C24H20N [M+H]+ 322.1590, found 322.1587. 
HPLC condition: Chiralcel OD-H, n-hexane/i-PrOH = 95/5, flow rate 0.5 mL/min. λ 
= 254 nm, t(minor) = 19.7 min, t(major) = 21.2 min, 88% ee (94:6 er). 
 
(S,E)-4-(3-ethyl-5-(phenanthren-9-yl)pent-4-en-1-yn-1-yl)benzonitrile (39) 

 
According to General Procedure D with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and 9-(pent-1-en-1-yl)phenanthrene (246 mg, 1 mmol, 10 equiv) for 
5 d, the reaction mixture was purified by column chromatography on silica gel to give 
the corresponding product 39 (14.9 mg) in 40% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 8.73 (dd, J = 8.0, 1.6 Hz, 1H), 8.68 (dd, J = 8.0, 1.6 Hz, 
1H), 8.15 (dd, J = 7.9, 1.6 Hz, 1H), 7.88 (dd, J = 7.6, 2.0 Hz, 1H), 7.81 (s, 1H), 7.72-
7.53 (m, 8H), 7.42 (dt, J = 15.2, 1.2 Hz, 1H), 6.27 (dd, J = 15.2, 6.4 Hz, 1H), 3.61-3.55 
(m, 1H), 1.94-1.82 (m, 2H), 1.19 (t, J = 7.2 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 133.8, 132.5, 132.3, 132.0, 131.8, 130.7, 130.4, 130.2, 



56 
 

129.0, 128.8, 128.6, 126.8, 126.7, 126.54, 126.51, 124.8, 124.7, 123.1, 122.6, 118.6, 
111.2, 95.7, 82.7, 37.4, 28.9, 11.6. 
HRMS (ESI) m/z calcd. for C28H22N [M+H]+ 372.1747, found 372.1746. 
HPLC condition: Chiralcel AD-H, n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min. λ 
= 254 nm, t(major) = 13.4 min, t(minor) = 17.3 min, 80% ee (90.2:9.8 er). 
 
(S,E)-4-(3-ethyl-5-phenylpent-4-en-1-yn-1-yl)benzonitrile (40) 

 
According to General Procedure D with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and pent-1-en-1-ylbenzene (146 mg, 1 mmol, 10 equiv) for 5 d, the 
reaction mixture was purified by column chromatography on silica gel to give the 
corresponding product 40 (12.2 mg) in 45% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.62 (d, J = 7.9 Hz, 2H), 7.55 (d, J = 8.0 Hz, 2H), 7.42 
(d, J = 7.6 Hz, 2H), 7.35 (t, J = 7.5 Hz, 2H), 7.28 (d, J = 7.9 Hz, 1H), 6.69 (d, J = 15.8 
Hz, 1H), 6.21 (dd, J = 15.8, 6.8 Hz, 1H), 3.44 (q, J = 6.8 Hz, 1H), 1.84-1.74 (m, 2H), 
1.13 (t, J = 7.2 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 136.9, 132.2, 131.7 131.0, 128.9, 128.8, 128.6, 127.5, 
126.4, 118.6, 111.1, 95.6, 82.4, 37.1, 28.8, 11.5. 
HRMS (ESI) m/z calcd. for C20H18N [M+H]+ 272.1434, found 272.1431. 
HPLC condition: Chiralcel OJ-3, n-hexane/i-PrOH = 95/5, flow rate 0.5 mL/min. λ = 
270 nm, t(major) = 31.6 min, t(minor) = 40.7 min, 88% ee (93.8:6.2 er). 
 
(S,E)-4-(5-(3-chlorophenyl)-3-ethylpent-4-en-1-yn-1-yl)benzonitrile (41) 

 
According to General Procedure D with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and 1-chloro-3-(pent-1-en-1-yl)benzene (180.0 mg, 1.0 mmol, 10 
equiv) for 5 d, the reaction mixture was purified by column chromatography on silica 
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gel to give the corresponding product 41 (13.9 mg) in 46% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.66-7.57 (m, 2H), 7.56-7.47 (m, 2H), 7.38 (q, J = 1.2 
Hz, 1H), 7.31-7.17 (m, 3H), 6.61 (dd, J = 15.7, 1.4 Hz, 1H), 6.19 (dd, J = 15.7, 6.6 Hz, 
1H), 3.45-3.39 (m, 1H), 1.84 – 1.66 (m, 2H), 1.09 (t, J = 7.3 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 138.8, 134.5, 132.2, 132.0, 130.4, 129.8, 129.7, 128.6, 
127.4, 126.2, 124.6, 118.6, 111.2, 95.1, 82.6, 37.0, 28.6, 11.5. 
HRMS (ESI) m/z calcd. for C20H17ClN [M + H]+ 306.1044, found 306.1041. 
HPLC condition: Chiralcel OJ-H, n-hexane/i-PrOH = 95/5, flow rate 0.7 mL/min. λ = 
254 nm, t(major) = 19.3 min, t(minor) = 25.0 min, 83% ee (91.5:8.5 er). 
 
(S,E)-4-(3-methyl-5-(naphthalen-2-yl)pent-4-en-1-yn-1-yl)benzonitrile (42) 

 
According to General Procedure D with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and 2-(but-1-en-1-yl)naphthalene (182 mg, 1 mmol, 10 equiv) for 5 
d, the reaction mixture was purified by column chromatography on silica gel to give 
the corresponding product 42 (12.9 mg) in 42% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.83-7.77 (m, 3H), 7.77-7.71 (m, 1H), 7.64-7.57 (m, 
3H), 7.57-7.51 (m, 2H), 7.50-7.41 (m, 2H), 6.81 (dd, J = 15.8, 1.6 Hz, 1H), 6.35 (dd, J 
= 15.8, 6.4 Hz, 1H), 3.71-3.55 (m, 1H), 1.50 (d, J = 7.2 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 134.3, 133.6, 133.0, 132.2, 132.0, 130.6, 130.1, 128.7, 
128.2, 127.9, 127.7, 126.3, 126.2, 125.9, 123.6, 118.6, 111.2, 96.7, 81.5, 29.8, 21.5. 
HRMS (ESI) m/z calcd. for C23H18N [M+H]+ 308.1434, found 308.1431. 
HPLC condition: Chiralcel OD-H, n-hexane/i-PrOH = 95/5, flow rate 0.5 mL/min. λ 
= 254 nm, t(minor) = 23.0 min, t(major) = 24.4 min, 84% ee (92.1:7.9 er). 
 
(S,E)-4-(5-(3-methoxyphenyl)-3-methylpent-4-en-1-yn-1-yl)benzonitrile (43) 

 
According to General Procedure D with 4-cyanophenylacetylene (12.8 mg, 0.10 



58 
 

mmol, 1.0 equiv) and 1-(but-1-en-1-yl)-3-methoxybenzene (162 mg, 1 mmol, 10 equiv) 
for 5 d, the reaction mixture was purified by column chromatography on silica gel to 
give the corresponding product 43 (13.8 mg) in 48% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 8.4 Hz, 2H), 7.51 (d, J = 8.4 Hz, 2H), 7.26-
7.20 (m, 1H), 6.96 (d, J = 7.6 Hz, 1H), 6.92 (s, 1H), 6.80 (dd, J = 8.0, 2.4 Hz, 1H), 6.62 
(dd, J = 15.8, 1.6 Hz, 1H), 6.26-6.16 (m, 1H), 3.82 (s, 3H), 3.62-3.51 (m, 1H), 1.45 (d, 
J = 7.2 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 159.8, 138.3, 132.2, 132.0, 130.5, 129.9, 129.6, 128.7, 
119.0, 118.6, 113.2, 111.8, 111.1, 96.6, 81.4, 55.3, 29.7, 21.5. 
HRMS (ESI) m/z calcd. for C20H18NO [M+H]+ 288.1383, found 288.1381. 
HPLC condition: Chiralcel OJ-H, n-hexane/i-PrOH = 90/10, flow rate 0.6 mL/min. λ 
= 254 nm, t(major) = 28.1 min, t(minor) = 37.5min, 87% ee (93.5:6.5 er). 
 
(S,E)-4-(5-(2-methoxyphenyl)-3-methylpent-4-en-1-yn-1-yl)benzonitrile (44) 

 

According to General Procedure D with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and 1-(but-1-en-1-yl)-2-methoxybenzene (162 mg, 1 mmol, 10 equiv) 
for 5 d, the reaction mixture was purified by column chromatography on silica gel to 
give the corresponding product 44 (14.9 mg) in 52% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.58 (d, J = 8.6 Hz, 2H), 7.50 (d, J = 8.4 Hz, 2H), 7.44 
(dd, J = 7.6, 1.7 Hz, 1H), 7.22 (ddd, J = 8.2, 7.4, 1.7 Hz, 1H), 6.99-6.90 (m, 2H), 6.87 
(dd, J = 8.2, 1.1 Hz, 1H), 6.23 (dd, J = 15.9, 6.4 Hz, 1H), 3.85 (s, 3H), 3.62-3.54 (m, 
1H), 1.46 (d, J = 7.2 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 156.6, 132.2, 131.9, 130.8, 128.9, 128.6, 126.9, 125.8, 
124.9, 120.7, 118.7, 111.0, 110.9, 97.2, 81.2, 55.5, 30.2, 21.5. 
HRMS (ESI) m/z calcd. for C20H18NO [M+H]+ 288.1383, found 288.1381. 
HPLC condition: Chiralcel OD-H, n-hexane/i-PrOH = 95/5, flow rate 0.5 mL/min. λ 
= 254 nm, t(minor) = 22.6 min, t(major) = 23.8 min, 84% ee (92.1:7.9 er). 
 
(S,E)-4-(3-ethyl-5-(furan-3-yl)pent-4-en-1-yn-1-yl)benzonitrile (45) 
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According to General Procedure D with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and 3-(pent-1-en-1-yl)furan (136 mg, 1 mmol, 10 equiv) for 5 d, the 
reaction mixture was purified by column chromatography on silica gel to give the 
corresponding product 45 (10.5 mg) in 40% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 8.5 Hz, 2H), 7.51 (d, J = 8.5 Hz, 2H), 7.45 
– 7.40 (m, 1H), 7.37 (td, J = 1.7, 0.7 Hz, 1H), 6.51 (ddd, J = 14.2, 1.7, 0.8 Hz, 2H), 
5.90 (dd, J = 16.0, 6.6 Hz, 1H), 3.39-3.36 (m, 1H), 1.81-1.66 (m, 2H), 1.08 (t, J = 7.6 
Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 143.6, 140.3, 132.2, 132.0, 128.8, 128.4, 123.7, 120.6, 
118.7, 111.1, 107.5, 95.6, 82.3, 36.9, 28.8, 11.5. 
HRMS (ESI) m/z calcd. for C18H16NO [M+H]+ 262.1226, found 262.1229. 
HPLC condition: Chiralcel OJ-H, n-hexane/i-PrOH = 96/4, flow rate 0.8 mL/min. λ = 
254 nm, t(major) = 23.4 min, t(minor) = 27.4 min, 85% ee (92.5:7.5 er). 
 
(S,E)-4-(3-ethyl-5-(thiophen-3-yl)pent-4-en-1-yn-1-yl)benzonitrile (46) 

 
According to General Procedure D with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and 3-(pent-1-en-1-yl)thiophene (152 mg, 1 mmol, 10 equiv) for 5 d, 
the reaction mixture was purified by column chromatography on silica gel to give the 
corresponding product 46 (10.0 mg) in 35% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 8.4 Hz, 2H), 7.51 (d, J = 8.4 Hz, 2H), 7.28 
(dd, J = 5.2, 3.2 Hz, 1H), 7.22 (dd, J = 5.2, 1.2 Hz, 1H), 7.15 (dd, J = 3.2, 1.2 Hz, 1H), 
6.66 (dd, J = 16.0, 1.4 Hz, 1H), 6.03 (dd, J = 16.0, 6.8 Hz, 1H), 3.41-3.35 (m, 1H), 
1.79-1.69 (m, 2H), 1.09 (t, J = 7.2 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 139.5, 132.2, 132.0, 128.8, 128.7, 126.1, 125.2, 125.0, 
121.9, 118.6, 111.1, 95.7, 82.4, 37.0, 28.8, 11.6. 
HRMS (ESI) m/z calcd. for C18H16NS [M+H]+ 278.0998, found 278.0996. 
HPLC condition: Chiralcel OD-H, n-hexane/i-PrOH = 95/5, flow rate 0.5 mL/min. λ 
= 254 nm, t(major) = 14.6 min, t(minor) = 15.8 min, 87% ee (93.5:6.5 er). 
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(S,E)-2-(3-ethyl-5-(naphthalen-2-yl)pent-4-en-1-yn-1-yl)benzaldehyde (47) 
 

 
According to General Procedure D with 2-ethynylbenzaldehyde (13.0 mg, 0.10 mmol, 
1.0 equiv) and 2-(but-1-en-1-yl)naphthalene (182 mg, 1 mmol, 10 equiv) for 5 d, the 
reaction mixture was purified by column chromatography on silica gel to give the 
corresponding product 47 (13.7 mg) in 42% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 10.63 (d, J = 0.8 Hz, 1H), 7.93 (dd, J = 7.8, 1.2 Hz, 
1H), 7.81-7.78 (m, 3H), 7.75 (s, 1H), 7.64-7.58 (m, 2H), 7.55 (td, J = 7.4, 1.2 Hz, 1H), 
7.50-7.38 (m, 3H), 6.86 (dd, J = 15.8, 1.4 Hz, 1H), 6.33 (dd, J = 15.8, 6.6 Hz, 1H), 
3.56-3.51 (m, 1H), 1.90-1.76 (m, 2H), 1.15 (t, J = 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 192.0, 136.0, 134.4, 133.8, 133.6, 133.5, 133.0, 131.1, 
129.3, 128.2, 128.2, 128.0, 127.7, 127.5, 127.1, 126.3, 126.2, 125.8, 123.6, 98.2, 79.5, 
37.4, 28.9, 11.7. 
HRMS (ESI) m/z calcd. for C24H21O [M+H]+ 325.1587, found 325.1587. 
HPLC condition: Chiralcel AD-3, n-hexane/i-PrOH = 95/5, flow rate 0.8 mL/min. λ = 
254 nm, t(major) =11.6 min, t(minor) = 15.4 min, 91% ee (95.3:4.7 er). 
 
(S,E)-2-(3-ethyl-6-phenylhex-1-en-4-yn-1-yl)-6-methoxynaphthalene (48) 

 
According to General Procedure D with prop-2-yn-1-ylbenzene (11.6 mg, 0.10 mmol, 
1.0 equiv) and 2-(but-1-en-1-yl)-6-methoxynaphthalene (212 mg, 1 mmol, 10 equiv) 
for 5 d, the reaction mixture was purified by column chromatography on silica gel to 
give the corresponding product 48 (10.3 mg) in 42% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.67 (t, J = 8.0 Hz, 2H), 7.64 (s, 1H), 7.55 (dd, J = 8.8, 
1.6 Hz, 1H), 7.41 (d, J = 7.6 Hz, 2H), 7.35-7.32 (m, 2H), 7.24 (t, J = 7.6 Hz, 1H), 7.13-
7.10 (m, 2H), 6.77 (dd, J = 16.0, 1.6 Hz, 1H), 6.23 (dd, J = 16.0, 6.4 Hz, 1H), 3.91 (s, 
3H), 3.70 (d, J = 2.4 Hz, 2H), 3.29-3.26 (m, 1H), 1.76-1.64 (m, 2H), 1.07 (t, J = 7.2 Hz, 
3H). 
13C NMR (101 MHz, CDCl3) δ 157.6, 137.5, 134.0, 132.7, 130.3, 129.8, 129.4, 129.1, 
128.5, 127.9, 126.9, 126.5, 125.8, 124.3, 105.9, 83.3, 81.0, 55.3, 36.6, 29.2, 25.3, 11.6. 
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HRMS (ESI) m/z calcd. for C25H25O [M+H]+ 341.1900, found 341.1898. 
HPLC condition: Chiralcel OD-H, n-hexane/i-PrOH = 95/5, flow rate 0.5 mL/min. λ 
= 254 nm, t(major) = 11.9 min, t(minor) = 13.7 min, 82% ee (91.2:8.8 er). 
 
(S,E)-(3-ethyl-5-(6-methoxynaphthalen-2-yl)pent-4-en-1-yn-1-yl)triphenylsilane 
(49) 

 

According to General Procedure D with ethynyltriphenylsilane (28.4 mg, 0.10 mmol, 
1.0 equiv) and 2-(but-1-en-1-yl)-6-methoxynaphthalene (212 mg, 1 mmol, 10 equiv) 
for 5 d, the reaction mixture was purified by column chromatography on silica gel to 
give the corresponding product 49 (13.8 mg) in 27% isolated yield (48% yield based 
on recovered alkyne). 
1H NMR (400 MHz, CDCl3) δ 7.75-7.62 (m, 8H), 7.61-7.49 (m, 2H), 7.47-7.33 (m, 
9H), 7.16-7.07 (m, 2H), 6.86 (dd, J = 15.8, 1.5 Hz, 1H), 6.25 (dd, J = 15.8, 6.2 Hz, 1H), 
3.92 (s, 3H), 3.45-3.40 (m, 1H), 1.86-1.71 (m, 2H), 1.13 (t, J = 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 157.7, 135.6, 134.1, 134.0, 132.4, 131.1, 129.8, 129.4, 
129.0, 128.3, 128.0, 127.0, 126.0, 124.2, 118.9, 112.7, 105.9, 83.0, 55.3, 37.6, 28.9, 
11.6. 
HRMS (ESI) m/z calcd. for C36H33OSi [M+H]+ 509.2295, found 509.2299. 
HPLC condition: Chiralcel AD-3, n-hexane/i-PrOH = 95/5, flow rate 0.4 mL/min. λ = 
254 nm, t(major) =12.2 min, t(minor) = 18.6 min, 91% ee (95.3:4.7 er). 
 
(S,E)-trimethyl(3-methyl-5-phenylpent-4-en-1-yn-1-yl)silane (50) 

 
According to General Procedure D with trimethylsilylacetylene (9.8 mg, 0.10 mmol, 
1.0 equiv) and but-1-en-1-ylbenzene (132 mg, 1 mmol, 10 equiv) for 5 d, the reaction 
mixture was purified by column chromatography on silica gel to give the corresponding 
product 50 (5.5 mg) in 24% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.38-7.35 (m, 2H), 7.32-7.28 (m, 2H), 7.25-7.19 (m, 
1H), 6.61 (dd, J = 15.8, 1.6 Hz, 1H), 6.15 (dd, J = 15.8, 6.0 Hz, 1H), 3.38-3.32 (m, 1H), 
1.35 (d, J = 7.1 Hz, 3H), 0.19 (s, 9H).  
The 1H NMR spectra were in accord with that reported in literature.[10] 
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HRMS (ESI) m/z calcd. for C15H21Si [M+H]+ 229.1407, found 229.1406. 
HPLC condition: Chiralcel OJ-H, n-hexane/i-PrOH = 99/1, flow rate 0.3 mL/min. λ = 
214 nm, t(major) =11.8 min, t(minor) = 17.8 min, 84% ee (91.8:8.2 er). 
 
(S,E)-6-(2-methoxyphenyl)-4-methylhex-5-en-2-yn-1-yl acetate (51) 

 
According to General Procedure D with prop-2-yn-1-yl acetate (9.8 mg, 0.10 mmol, 
1.0 equiv) and 1-(but-1-en-1-yl)-2-methoxybenzene (162 mg, 1 mmol, 10 equiv) for 5 
d, the reaction mixture was purified by column chromatography on silica gel to give 
the corresponding product 51 (9.8 mg) in 38% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.41 (dd, J = 7.6, 2.0 Hz, 1H), 7.21 (ddd, J = 8.1, 7.6, 
2.0 Hz, 1H), 6.95-6.83 (m, 3H), 6.16 (dd, J = 16.0, 6.4 Hz, 1H), 4.73 (d, J = 2.0 Hz, 
2H), 3.85 (s, 3H), 3.42-3.35 (m, 1H), 2.10 (s, 3H), 1.36 (d, J = 6.8 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 170.4, 156.6, 131.2, 128.5, 126.9, 126.0, 124.6, 120.6, 
110.8, 89.5, 75.80, 55.5, 52.9, 29.5, 21.5, 20.9. 
HRMS (ESI) m/z calcd. for C16H19O3 [M+H]+ 259.1329, found 259.1331. 
HPLC condition: Chiralcel OD-H, n-hexane/i-PrOH = 95/5, flow rate 0.6 mL/min. λ 
= 254 nm, t(major) = 11.5 min, t(minor) = 12.6 min, 75% ee (87.4:12.6 er). 
 
(R)-4-(3-(4-methoxyphenyl)-5-methylhex-1-yn-1-yl)benzonitrile (52) 

 
According to General Procedure A with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and 1-isopentyl-4-methoxybenzene (178 mg, 1 mmol, 10 equiv) for 
7 d, the reaction mixture was purified by column chromatography on silica gel to give 
the corresponding product 52 (14.8 mg) in 49% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.57 (d, J = 8.5 Hz, 2H), 7.51-7.43 (m, 2H), 7.34-7.27 
(m, 2H), 6.96-6.82 (m, 2H), 3.88-3.82 (m, 1H), 3.80 (s, 3H), 1.90-1.72 (m, 2H), 1.66-
1.53 (m, 1H), 0.97 (dd, J = 6.4, 3.5 Hz, 6H).  

13C NMR (101 MHz, CDCl3) δ 158.5, 133.9, 132.7, 132.1, 132.0, 131.9, 128.9, 128.3, 
118.6, 114.0, 111.0, 97.3, 81.5, 81.4, 55.3, 47.7, 35.7, 26.1, 22.9, 21.9.  
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HRMS (ESI) m/z calcd. for C21H22NO [M + H]+ 304.1696, found 304.1694. 
HPLC condition: Chiralcel OJ-3, n-hexane/i-PrOH = 97/3, flow rate 0.8 mL/min. λ = 
254 nm, t(major) = 16.8 min, t(minor) = 18.8 min, 82% ee (91.0:9.0 er). 
 
(R)-4-(3-(4-isobutylphenyl)but-1-yn-1-yl)benzonitrile (53) 

 
According to General Procedure A with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and 1-ethyl-4-isobutylbenzene (162 mg, 1 mmol, 10 equiv) for 7 d, 
the reaction mixture was purified by column chromatography on silica gel to give the 
corresponding product 53 (18.5 mg) in 64% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.57 (dd, J = 8.4, 2.0 Hz, 2H), 7.54-7.47 (m, 2H), 7.35-
7.28 (m, 2H), 7.16-7.08 (m, 2H), 3.97 (q, J = 7.3 Hz, 1H), 2.46 (d, J = 7.2 Hz, 2H), 
1.98-1.74 (m, 1H), 1.57 (d, J = 7.2 Hz, 3H), 0.90 (d, J = 6.6 Hz, 6H). 
13C NMR (101 MHz, CDCl3) δ 140.4, 139.7, 132.2, 131.9, 129.4, 128.8, 126.5, 118.6, 
111.0, 98.0, 80.9, 45.0, 32.1, 30.2, 24.1, 22.4.  
HRMS (ESI) m/z calcd. for C21H22N [M + H]+ 288.1747, found 288.1745. 
HPLC condition: Chiralcel OJ-3, n-hexane/i-PrOH = 98/2, flow rate 0.7 mL/min. λ = 
254 nm, t(major) = 21.3 min, t(minor) = 23.7 min, 90% ee (95.0:5.0 er). 
 
(R)-4-(4-(4-cyanophenyl)but-3-yn-2-yl)benzyl acetate (54) 

 
According to General Procedure A with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and 4-ethylbenzyl acetate (178 mg, 1 mmol, 10 equiv) for 7 d, the 
reaction mixture was purified by column chromatography on silica gel to give the 
corresponding product 54 (9.1 mg) in 30% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.63-7.55 (m, 2H), 7.55-7.46 (m, 2H), 7.42 (d, J = 8.2 
Hz, 2H), 7.35 (d, J = 8.1 Hz, 2H), 5.10 (s, 2H), 4.01 (q, J = 7.1 Hz, 1H), 2.10 (s, 3H), 
1.59 (d, J = 7.2 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 170.9, 142.6, 134.6, 132.2, 131.9, 128.7, 128.6, 127.1, 
118.6, 111.2, 100.0, 97.3, 81.1, 66.0, 32.3, 30.2, 24.0, 21.0. 



64 
 

HRMS (ESI) m/z calcd. for C20H18NO2 [M + H]+ 304.1332, found 304.1331. 
HPLC condition: Chiralcel OD-H, n-hexane/i-PrOH = 97/3, flow rate 0.8 mL/min. λ 
= 254 nm, t(major) = 48.9 min, t(minor) = 54.6 min, 85% ee (92.3:7.7 er). 
 
(R)-4-(3-(4-methoxyphenyl)hex-5-en-1-yn-1-yl)benzonitrile (55) 

 
According to General Procedure A with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and 1-(but-3-en-1-yl)-4-methoxybenzene (162 mg, 1 mmol, 10 equiv) 
for 7 d, the reaction mixture was purified by column chromatography on silica gel to 
give the corresponding product 55 (10.0 mg) in 36% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.60 (d, J = 8.4 Hz, 2H), 7.52 (d, J = 8.3 Hz, 2H), 7.33 
(d, J = 8.7 Hz, 2H), 6.91 (d, J = 8.7 Hz, 1H), 5.94-5.84 (m, 1H), 5.20-5.03 (m, 2H), 
3.91 (t, J = 7.1 Hz, 1H), 3.83 (s, 3H), 2.80-2.34 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 158.6, 135.1, 132.7, 132.2, 132.1, 131.9, 129.5, 128.7, 
128.5, 118.6, 117.4, 114.0, 111.1, 96.4, 82.2, 55.3, 42.5, 37.8. 
HRMS (ESI) m/z calcd. for C20H18NO [M + H]+ 288.1383, found 288.1380. 
HPLC condition: Chiralcel OJ-H, n-hexane/i-PrOH = 95/5, flow rate 1.0 mL/min. λ = 
254 nm, t(major) = 27.3 min, t(minor) = 33.8 min, 93% ee (96.4:3.6 er). 
 
(S,E)-4-(3-methyl-5-(m-tolyl)pent-4-en-1-yn-1-yl)benzonitrile (56) 

 
According to General Procedure D with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and 1-(but-1-en-1-yl)-3-methylbenzene (146 mg, 1 mmol, 10 equiv) 
for 5 d, the reaction mixture was purified by column chromatography on silica gel to 
give the corresponding product 56 (12.5 mg) in 46% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 8.4 Hz, 2H), 7.51 (d, J = 8.4 Hz, 2H), 7.23-
7.17 (m, 3H), 7.09-7.03 (m, 1H), 6.61 (dd, J = 15.8, 1.6 Hz, 1H), 6.20 (dd, J = 15.8, 6.4 
Hz, 1H), 3.59-3.53 (m, 1H), 2.34 (s, 3H), 1.45 (d, J = 6.8 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 138.2, 136.8, 132.2, 132.0, 130.0, 130.0, 128.8, 128.5, 
128.4, 127.1, 123.5, 118.6, 111.1, 96.8, 81.3, 29.7, 21.5, 21.4. 
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HRMS (ESI) m/z calcd. for C20H18N [M+H]+ 272.1434, found 272.1432. 
HPLC condition: Chiralcel OJ-3, n-hexane/i-PrOH = 95/5, flow rate 0.5 mL/min. λ = 
254 nm, t(major) = 31.1 min, t(minor) = 39.3 min, 86% ee (93:7 er). 
 
(S,E)-4-(5-(4-isopropylphenyl)-3-methylpent-4-en-1-yn-1-yl)benzonitrile (57) 

 
According to General Procedure D with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and 1-(but-1-en-1-yl)-4-isopropylbenzene (174 mg, 1 mmol, 10 equiv) 
for 5 d, the reaction mixture was purified by column chromatography on silica gel to 
give the corresponding product 57 (13.2 mg) in 44% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 8.6 Hz, 2H), 7.51 (d, J = 8.6 Hz, 2H), 7.32 
(d, J = 8.2 Hz, 2H), 7.18 (d, J = 8.2 Hz, 2H), 6.61 (dd, J = 15.8, 1.4 Hz, 1H), 6.16 (dd, 
J = 15.8, 6.4 Hz, 1H), 3.59-3.52 (m, 1H), 2.94-2.84 (m, 1H), 1.44 (d, J = 7.1 Hz, 3H), 
1.25 (s, 3H), 1.23 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 148.5, 134.5, 132.2, 132.0, 129.8, 129.3, 128.8, 126.7, 
126.3, 118.6, 111.1, 96.9, 81.3, 33.9, 29.7, 24.0, 21.5. 
HRMS (ESI) m/z calcd. for C22H22N [M+H]+300.1747, found 300.1745. 
HPLC condition: Chiralcel OJ-H, n-hexane/i-PrOH = 95/5, flow rate 0.6 mL/min. λ = 
254 nm, t(major) = 28.7 min, t(minor) = 37.8 min, 80% ee (89.8:10.2 er). 
 
(S,E)-4-(5-(3-ethylphenyl)-3-methylpent-4-en-1-yn-1-yl)benzonitrile (58) 

 

According to General Procedure D with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and 1-(but-1-en-1-yl)-3-ethylbenzene (160 mg, 1 mmol, 10 equiv) for 
5 d, the reaction mixture was purified by column chromatography on silica gel to give 
the corresponding product 58 (12.8 mg) in 45% isolated yield. 
1H NMR (400 MHz, CDCl3, major isomer) δ 7.59 (d, J = 8.6 Hz, 2H), 7.51 (d, J = 
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8.6 Hz, 2H), 7.25-7.16 (m, 3H), 7.08 (dt, J = 6.8, 2.0 Hz, 1H), 6.63 (dd, J = 16.0, 1.6 
Hz, 1H), 6.21 (dd, J = 16.0, 6.4 Hz, 1H), 3.60-3.53 (m, 1H), 2.64 (q, J = 7.6 Hz, 2H), 
1.45 (d, J = 7.2 Hz, 3H), 1.24 (t, J = 7.6 Hz, 4H). 
1H NMR (400 MHz, CDCl3, minor isomer) δ 7.59 (d, J = 8.6 Hz, 2H), 7.51 (d, J = 
8.6 Hz, 2H), 7.38-7.26 (m, 3H), 7.25-7.16 (m, 1H), 6.42-6.37 (m, 1H), 6.29 (dt, J = 
16.0, 6.0 Hz, 1H), 5.67 (dt, J = 11.6, 7.6 Hz, 1H), 4.02-3.95 (m, 1H), 2.39-2.32 (m, 2H), 
2.28-2.20 (m, 2H), 1.59 (dd, J = 7.2, 2.8 Hz, 1H), 1.10 (t, J = 7.6 Hz, 1H), 1.06 (t, J = 
7.6 Hz, 1H).  
13C NMR (101 MHz, CDCl3, major isomer) δ 144.6, 136.8, 132.2, 132.0, 130.1, 130.0, 
128.8, 128.6, 127.2, 125.9, 123.7, 118.6, 111.1, 96.8, 81.3, 29.7, 28.9, 21.5, 15.7. 
HRMS (ESI) m/z calcd. for C21H20N [M+H]+286.1590, found 286.1589. 
HPLC condition: Chiralcel OD-H, n-hexane/i-PrOH = 98/2, flow rate 0.2 mL/min. λ 
= 214 nm, t(major) = 37.9 min, t(minor) = 39.9 min, 80% ee (89.7:10.3 er). 
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Procedure for synthetic application  
(R)-5-(3-phenylbut-1-yn-1-yl)pyrazolo[1,5-a]pyrimidine (59) 

 
According to General Procedure A with 5-ethynylpyrazolo[1,5-a]pyrimidine7 (14.3 
mg, 0.10 mmol, 1.0 equiv) and ethylbenzene (212 mg, 2 mmol, 20 equiv) for 7 d, the 
reaction mixture was purified by column chromatography on silica gel to give the 
corresponding product 59 (10.2 mg) in 42% isolated yield. 
1H NMR (400 MHz, CDCl3) δ 8.59 (dd, J = 7.2, 0.9 Hz, 1H), 8.12 (d, J = 2.4 Hz, 1H), 
7.47-7.41 (m, 2H), 7.39-7.33 (m, 2H), 7.31-7.24 (m, 1H), 6.85 (d, J = 7.2 Hz, 1H), 6.68 
(dd, J = 2.4, 0.9 Hz, 1H), 4.05 (q, J = 7.2 Hz, 1H), 1.64 (d, J = 7.2 Hz, 3H). 
13C NMR (101 MHz, Chloroform-d) δ 148.1, 145.6, 142.5, 141.8, 134.5, 128.7, 127.0, 
126.9, 110.8, 97.3, 97.0, 81.0, 32.5, 23.7. 
The NMR spectra were in accord with that reported in literature.[7] 
HPLC condition: Chiralcel AD-3, n-hexane/i-PrOH = 96/4, flow rate 0.3 mL/min. λ = 
240 nm, t(minor) = 59.5 min, t(major) = 62.3 min, 94% ee (97:3 er). 
 
(S)-4-((4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydronaphthalen-1-
yl)ethynyl)benzonitrile (60) 

 

According to General Procedure A with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and 1-(3,4-dichlorophenyl)-1,2,3,4-tetrahydronaphthalene[11] (276 
mg, 1 mmol, 10 equiv) for 7 d, the reaction mixture was purified by column 
chromatography on silica gel to give the corresponding product 60 (20.8 mg) in 52% 
isolated yield and recover 223 mg C−H substrate. 
1H NMR (400 MHz, CDCl3) δ 7.62-7.55 (m, 2H), 7.53-7.46 (m, 2H), 7.36 (dd, J = 8.3, 
1.9 Hz, 1H), 7.27-7.22 (m, 2H), 7.20-7.10 (m, 2H), 6.94 (ddd, J = 11.7, 8.3, 2.1 Hz, 
1H), 6.85 (ddd, J = 9.0, 7.8, 1.3 Hz, 1H), 4.22-4.09 (m, 2H), 2.38 (m, 1H), 2.26 (m, 
1H), 2.22-2.12 (m, 1H), 2.12-1.95 (m, 1H), 1.85 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 147.2, 147.0, 137.33, 137.3, 136.2, 135.9, 132.4, 132.2, 
131.9, 130.64, 130.60, 130.4, 130.32, 130.29, 130.2, 129.2, 129.1, 128.61, 128.60, 
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128.2, 128.1, 127.4, 127.3, 127.0, 118.6, 111.1, 97.5, 97.4, 81.0, 80.4, 44.7, 44.4, 32.4, 
32.1, 31.4, 30.4, 29.7, 28.0, 27.1. 
HRMS (ESI) m/z calcd. for C25H18Cl2N [M + H]+ 402.0811, found 402.0807. 
HPLC condition: Chiralcel OD-3, n-hexane/i-PrOH = 99.3/0.7, flow rate 0.7 mL/min. 
λ = 254 nm, t(major) = 28.2 min, t(minor) = 30.9 min, 90% ee; t(major) = 37.2 min, 
t(minor) = 48.7 min, 87% ee; dr = 1.2:1. 
 
5-isopropyl-2-methylphenyl-(R)-5-(4-cyanophenyl)-3-(3,4-dimethoxyphenyl)pent-
4-ynoate (61) 

 
According to General Procedure A with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and 5-isopropyl-2-methylphenyl 3-(3,4-dimethoxyphenyl) 
propanoate (342 mg, 1 mmol, 10 equiv) for 7 d, the reaction mixture was purified by 
column chromatography on silica gel to give the corresponding product 61 (20.2 mg) 
in 43% isolated yield and recover 277 mg C−H substrate. 
1H NMR (400 MHz, CDCl3) δ 7.65-7.55 (m, 2H), 7.56-7.46 (m, 2H), 7.12 (d, J = 7.8 
Hz, 1H), 7.06-7.00 (m, 3H), 6.89 (d, J = 8.2 Hz, 1H), 6.74 (d, J = 1.8 Hz, 1H), 4.56-
4.45 (m, 1H), 3.91 (s, 3H), 3.90 (s, 3H), 3.17-3.07 (m, 2H), 2.86-2.79 (m, 1H), 2.04 (s, 
3H), 1.18 (d, J = 6.9 Hz, 6H). 
13C NMR (101 MHz, CDCl3) δ 169.0, 149.2, 149.1, 148.6, 148.1, 132.2, 132.0, 131.9, 
130.9, 128.1, 127.1, 124.4, 119.6, 119.5, 118.4, 111.5, 111.4, 110.7, 94.8, 82.3, 56.0, 
42.9, 34.7, 33.5, 23.84, 23.79, 15.7. 
HRMS (ESI) m/z calcd. for C30H30NO4 [M + H]+ 468.2169, found 468.2170. 
HPLC condition: Chiralcel OD-H, n-hexane/i-PrOH = 93/7, flow rate 1.0 mL/min. λ 
= 254 nm, t(major) = 34.5 min, t(minor) = 42.9 min, 85% ee (92.4:7.6 er). 
 
(1S,2R,5S)-2-isopropyl-5-methylcyclohexyl(R)-5-(4-cyanophenyl)-3-(3,4-
dimethoxyphenyl)pent-4-ynoate (62) 

 

According to General Procedure A with 4-cyanophenylacetylene (12.8 mg, 0.10 
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mmol, 1.0 equiv) and (1S,2R,5S)-2-isopropyl-5-methylcyclohexyl3-(3,4-dimethoxy-
phenyl)propanoate (348 mg, 1 mmol, 10 equiv) for 7 d, the reaction mixture was 
purified by column chromatography on silica gel to give the corresponding product 62 
(29.1 mg) in 62% isolated yield and recover 292 mg C−H substrate. 
1H NMR (400 MHz, CDCl3) δ 7.60-7.55 (m, 2H), 7.51-7.45 (m, 2H), 6.97 (dd, J = 8.2, 
2.1 Hz, 1H), 6.92 (d, J = 2.1 Hz, 1H), 6.84 (d, J = 8.3 Hz, 1H), 4.69 (td, J = 10.9, 4.4 
Hz, 1H), 4.34 (t, J = 7.8 Hz, 1H), 3.90 (s, 3H), 3.87 (s, 3H), 2.84 (ddd, J = 22.1, 14.8, 
7.8 Hz, 2H), 1.96 (dd, J = 7.1, 4.8 Hz, 1H), 1.72-1.53 (m, 4H), 1.52-1.39 (m, 1H), 1.39-
1.21 (m, 2H), 1.04-0.98 (m, 1H), 0.94 (d, J = 11.2 Hz, 1H), 0.86 (d, J = 6.5 Hz, 3H), 
0.79 (d, J = 7.0 Hz, 3H), 0.62 (d, J = 6.9 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 170.2, 149.1, 148.4, 132.2, 132.1, 131.9, 128.3, 119.5, 
118.5, 111.4, 111.3, 110.6, 95.1, 82.0, 74.7, 55.9, 46.9, 43.5, 41.0, 34.7, 34.1, 31.3, 26.0, 
23.3, 22.0, 20.7, 16.1. 
HRMS (ESI) m/z calcd. for C30H36NO4 [M + H]+ 474.2639, found 474.2639. 
 
(1R,2R,4S)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl-5-((R)-4-(4-cyanophenyl)but-
3-yn-2-yl)-2-methoxybenzoate (63) 

 

According to General procedure A with 4-cyanophenylacetylene (12.8 mg, 0.10 mmol, 
1.0 equiv) and (1R,2R,4S)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl 5-ethyl-2-
methoxybenzoate (316 mg, 1 mmol, 10 equiv) for 7 d, the reaction mixture was purified 
by column chromatography on silica gel to give the corresponding product 63 (27.2 mg) 
in 62% isolated yield and recover 259 mg C−H substrate. 
1H NMR (400 MHz, CDCl3) δ 7.88 (d, J = 2.4 Hz, 1H), 7.58 (d, J = 8.5 Hz, 2H), 7.52-
7.48 (m, 3H), 6.97 (d, J = 8.6 Hz, 1H), 5.16-4.97 (m, 1H), 3.98 (dd, J = 12.2, 6.3 Hz, 
1H), 3.90 (s, 3H), 2.53-2.41 (m, 1H), 2.15-2.09 (m, 1H), 1.77-1.72 (m, 2H), 1.58 (d, J 
= 7.1 Hz, 3H), 1.37-1.18 (m, 3H), 1.15-1.07 (m, 1H), 0.96 (s, 3H), 0.90 (s, 6H). 
13C NMR (101 MHz, CDCl3) δ 166.6, 158.2, 134.1, 132.2, 131.9, 131.6, 129.9, 128.5, 
120.9, 118.5, 112.4, 111.2, 97.2, 81.3, 80.7, 56.0, 49.0, 47.8, 45.0, 37.0, 31.5, 28.1, 27.3, 
24.0, 19.7, 18.9, 13.6. 
HRMS (ESI) m/z calcd. for C29H31NNaO3 [M + Na]+ 464.2196, found 464.2194. 
 
(R)-4-(3-(4-((6-fluoropyridin-2-yl)oxy)-3-methoxyphenyl)but-1-yn-1-
yl)benzonitrile (64) 
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According to General Procedure A with 4-cyanophenylacetylene (12.8 mg, 0.10 
mmol, 1.0 equiv) and 2-(4-ethyl-2-methoxyphenoxy)-6-fluoropyridine (247 mg, 1 
mmol, 10 equiv) for 7 d, the reaction mixture was purified by column chromatography 
on silica gel to give the corresponding product 64 (11.1 mg) in 32% isolated yield and 
recover 212 mg C−H substrate. 
1H NMR (400 MHz, CDCl3) δ 7.73 (q, J = 8.0 Hz, 1H), 7.64-7.57 (m, 2H), 7.55-7.49 
(m, 2H), 7.11 (d, J = 8.0 Hz, 1H), 7.07-6.99 (m, 2H), 6.74 (dd, J = 7.9, 1.5 Hz, 1H), 
6.57 (dd, J = 7.8, 2.6 Hz, 1H), 4.02 (q, J = 7.1 Hz, 1H), 3.79 (s, 3H), 1.63 (d, J = 7.1 
Hz, 3H). 19F NMR (376 MHz, CDCl3) δ -68.69. 
13C NMR (101 MHz, CDCl3) δ162.4 (d, JC-F = 14.1 Hz), 162.1 (d, JC-F = 242.4 Hz), 
160.9, 151.6, 143.2, 143.1, 140.7, 140.7, 132.2, 132.0, 128.6, 122.9, 119.3, 118.5, 111.7, 
111.2, 106.7 (d, JC-F = 4.9 Hz), 102.2, 101.8, 97.3, 81.2, 55.9, 32.5, 24.1. 
HRMS (ESI) m/z calcd. for C23H18FN2O2 [M + H]+ 373.1347, found 373.1344. 
HPLC condition: Chiralcel OD-H, n-hexane/i-PrOH = 93/7, flow rate 0.8 mL/min. λ 
= 254 nm, t(minor) = 32.7 min, t(major) = 38.2 min, 88% ee (93.8:6.2 er). 
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Mechanistic studies 
Control experiment with copper phenylacetylide: 

 
Copper phenylacetylide was synthesized according to literature.[13] 
Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 
magnetic stir bar was charged with copper phenylacetylide (16.5 mg, 0.10 mmol, 1.0 
equiv.), N-F-2 (90.0 mg, 0.30 mmol, 3.0 equiv.), L4 (92 mg, 0.10 mmol, 1.0 equiv.), 
and anhydrous PhCl (0.8 mL). The resulting reaction mixture was stirred at room 
temperature for 4 d. Upon completion of reaction (monitored by TLC), the reaction 
mixture was filtered and washed by EtOAc. The filtrate was concentrated and the 
residue was purified by column chromatography on silica gel (petroleum ether) to 
afford 65 (11.1 mg, 48% yield, 86% ee) and 66 (2.2 mg, 11% yield). 
The procedure for the reaction without L4 was the same with that described above 
except that L4 was not added. Upon completion of reaction (monitored by TLC), the 
reaction mixture was filtered and washed by EtOAc. The filtrate was concentrated and 
the residue was purified by column chromatography on silica gel (petroleum ether) to 
afford 66 (9.2 mg, 46% yield). No desired product 65 was observed. 
 
(S)-1-(phenylethynyl)-1,2,3,4-tetrahydronaphthalene (65) 

 
1H NMR (400 MHz, CDCl3) δ 7.54 (dd, J = 6.8, 2.1 Hz, 1H), 7.41 (dd, J = 6.6, 3.0 Hz, 
2H), 7.31-7.23 (m, 3H), 7.20-7.13 (m, 2H), 7.09 (d, J = 6.4 Hz, 1H), 4.02 (dd, J = 7.9, 
5.4 Hz, 1H), 2.87-2.80 (m, 2H), 2.21-2.17 (m, 1H), 2.13-1.92 (m, 2H), 1.88-1.74 (m, 
1H). 
13C NMR (101 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. 
The NMR spectra were in accord with that reported in literature.[12] 
HPLC condition: Chiralcel OD-3, n-hexane/i-PrOH = 99.5/0.5, flow rate 1.0 mL/min. 
λ = 254 nm, t(minor) = 19.5 min, t(major) = 21.7 min, 86% ee (93:7 er). 
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1,4-diphenylbuta-1,3-diyne (66) 

 
1H NMR (400 MHz, CDCl3) δ 7.60-7.46 (m, 2H), 7.45-7.28 (m, 3H). 
13C NMR (101 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.[12] 
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KIE Experiment: 

 
To a flame-dried Schlenk tube equipped with a magnetic stir bar were added 4-
ethynylbenzonitrile (6.5 mg, 0.05 mmol), Cu(MeCN)4BF4 (2.4 mg, 15 mol%), L4 (6.1 
mg, 20 mol%), N-F-2 (45 mg, 0.15 mmol, 3.0 eq.) and Cs2CO3 (97.5 mg, 0.3 mmol, 
6.0 eq.). The tube were evacuated and backfilled with argon for three times, the 1a (43.3 
mg, 34 μL,0.25 mmol) or D-1a (43.5 mg, 35 μL, 0.25 mmol) and dry PhCl (0.5 mL) 
was added via syringe. The tube was stirred at 0 ºC and the yield of 3 and D-3 were 
determined by crude 1H NMR using CH2Br2 as internal standard at different times to 
determine the intermolecular KIE value. 

time (h) 1st run yield of H (%) 2nd run yield of H (%) average (%) 

1 5 3 4 
2 8 5 6.5 
3 9 9 9 
4 14 13 13.5 
5 18 13 15.5 
6 21 20 20.5 

 
time (h) 1st run yield of D (%) 2nd run yield of D (%) average (%) 

1 1.4 1.4 1.4 
2 2.1 1.8 2.0 
3 2.5 2.5 2.5 
4 2.8 3.5 3.2 
5 3.5 4.2 3.9 
6 4.6 4.9 4.8 
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1,2,3,4-tetrahydronaphthalene-1,1,4,4-d4 (D4-1a) 
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1H NMR (400 MHz, CDCl3) δ 7.06 (p, J = 4.8 Hz, 4H), 2.76-2.70 (m, 0.2H), 1.77 (s, 
4H). 13C NMR (101 MHz, CDCl3) δ 137.1, 129.2, 125.5, 28.8 (dq, JC-D = 38.7, 19.4 
Hz), 23.04. 
 
(S)-4-((1,2,3,4-tetrahydronaphthalen-1-yl-1,4,4-d3)ethynyl)benzonitrile (D-3) 

 
1H NMR (400 MHz, CDCl3) δ 7.55 (d, J = 8.4 Hz, 2H), 7.50-7.43 (m, 3H), 7.22-7.14 
(m, 2H), 7.11 (dt, J = 4.4, 2.9 Hz, 1H), 2.22-2.12 (m, 1H), 2.09-1.95 (m, 2H), 1.80 (ddd, 
J = 13.8, 9.6, 3.0 Hz, 1H). 
13C NMR (101 MHz, CDCl3) δ 136.2, 135.5, 132.2, 131.9, 129.4, 129.0, 128.9, 126.8, 
126.1, 118.6, 111.0, 98.1, 80.2, 32.3-31.2 (m, 1C), 29.9, 28.9-28.1 (m, 1C), 21.0. 
HRMS (ESI) m/z calcd. for C19H12D3NNa [M + Na]+ 283.1285, found 283.1284. 
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Radical-trapping experiment: 

 
To a flame-dried Schlenk tube equipped with a magnetic stir bar was charged with CuTc 
(1.9 mg, 0.010 mmol, 10 mol%), L4 (9.2 mg, 0.015 mmol, 15 mol%), 4-
cyanophenylacetylene (2a, 12.8 mg, 0.10 mmol, 1.0 equiv), 1b (364 mg, 1.0 mmol, 10 
equiv.), TEMPO (62.5 mg, 0.2 mmol, 2.0 equiv.), N-F-2 (90.0 mg, 0.3 mmol, 3.0 equiv.) 
and Cs2CO3 (130.4 mg, 0.40 mmol, 4.0 equiv.). The tube was evacuated and backfilled 
with argon for three times, and anhydrous PhCl (0.8 mL) was then added. The reaction 
mixture was stirred at rt for 4 d. After the completion of reaction, the precipitate was 
filtered off and washed by EtOAc. The filtrate was evaporated and the residue was 
analyzed by 1H NMR, the desired product 12 was not detected in the reaction mixture. 
The residue was purified by column chromatography on basic alumina to afford the 
desired product 67 (5.2 mg) in 15% isolated yield. 
 
1-(1-([1,1'-biphenyl]-4-yl)ethoxy)-2,2,6,6-tetramethylpiperidine (67) 

 
1H NMR (400 MHz, CDCl3) δ 7.56-7.51 (m, 2H), 7.50-7.44 (m, 2H), 7.41-7.29 (m, 
4H), 7.29-7.21 (m, 1H), 4.76 (q, J = 6.7 Hz, 1H), 1.52-1.45 (m, 6H), 1.44 (d, J = 6.6 
Hz, 3H), 1.40-1.28 (m, 1H), 1.24 (s, 3H), 1.11 (s, 2H), 1.04 (s, 1H), 0.98 (s, 3H), 0.65 
(s, 2H). 
HRMS (ESI) m/z calcd. for C23H32NO [M + H]+ 338.2478, found 338.2475. 
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Radical clock experiments: 

 

Under argon atmosphere, an oven-dried Schlenk tube equipped with a magnetic stir bar 
were charged with CuTc (1.9 mg, 0.010 mmol, 10 mol%), L4 (9.2 mg, 0.015 mmol, 15 
mol%), N-F-2 (90.0 mg, 0.3 mmol, 3.0 equiv.) and Cs2CO3 (130.4 mg, 0.40 mmol, 4.0 
equiv.). The tube was evacuated and backfilled with argon for three times, and 1c (132 
mg, 1.0 mmol, 10 equiv.), phenylacetylene (11.1 μL, 0.10 mmol, 1.0 equiv) and 
anhydrous PhCl (0.8 mL) were then added successively. Then, the reaction mixture was 
stirred at rt for 5 d. After the completion of reaction, the precipitate was filtered off and 
washed by EtOAc. The filtrate was evaporated and the residue was purified by column 
chromatography on silica gel to afford the product 68 (5.3 mg) in 23% isolated yield, 
and the ring-opening product 69 (4.6 mg) in 20% isolated yield.  
 
(R)-(3-cyclopropylprop-1-yne-1,3-diyl)dibenzene (68) 

 
1H NMR (400 MHz, CDCl3) δ 7.49 (dd, J = 7.6, 1.5 Hz, 2H), 7.43 (dd, J = 6.6, 3.1 Hz, 
2H), 7.35 (t, J = 7.6 Hz, 2H), 7.32-7.24 (m, 4H), 3.69 (d, J = 6.6 Hz, 1H), 1.21 (dt, J = 
7.7, 6.2 Hz, 1H), 0.68-0.42 (m, 4H). 
13C NMR (101 MHz, CDCl3) δ 142.0, 131.7, 128.9, 128.4, 128.2, 127.8, 127.5, 126.8, 
89.6, 83.2, 41.3, 17.5, 4.1, 3.1. 
The NMR spectra were in accord with that reported in literature.[12] 
HPLC condition: Chiralcel AD-3, n-hexane/i-PrOH = 99.5/0.5, flow rate 0.8 mL/min. 
λ = 254 nm, t(minor) = 8.7 min, t(major) = 10.2 min, 77% ee (88.5:11.5 er). 
 
(E)-hex-1-en-5-yne-1,6-diyldibenzene (69) 

 
1H NMR (400 MHz, CDCl3) δ 7.41-7.36 (m, 4H), 7.34-7.25 (m, 5H), 7.25-7.18 (m, 
1H), 6.50 (d, J = 15.8 Hz, 1H), 6.41-6.18 (m, 1H), 2.94-2.18 (m, 4H). 
13C NMR (101 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. 
The NMR spectra were in accord with that reported in literature.[12] 
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Assignment of absolute stereochemistry 
For cyclic benzyl products:  

 
The absolute configuration of 3 was assigned to be S by comparing HPLC spectra of 3-
1 and the one deriving from commercial (S)-(-)-1,2,3,4-tetrahedro-naphthoic acid 
(purchased from Shanghai Bidepharm) technology Ltd.), as shown below. 
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Entry Sample Absolute 
configuration 

ee/% 

1 (S)-3-1 derived from commercial (S)-
(-)-1,2,3,4-tetrahedro-naphthoic acid 

(S) -99 

2 3-1 (R) 86 
 
To a flamed Schlenk tube charged with a stir bar were added 3 (92% ee, 162.1 mg, 0.63 
mmol, 1.0 equiv.), NaOt-Bu (121.2 mg, 1.26 mmol, 2.0 equiv.), Pd(OAc)2 (7.1 mg, 
0.032 mmol, 5 mol%), L (dicyclohexyl(2'-Methoxy-[1,1'-biphenyl] -2-yl)phosphine) 
(24.0 mg, 0.063 mmol, 10 mol%), IPrCuCl (30.7 mg, 0.063 mmol, 10 mol%), TMDSO 
(1,1,3,3-tetramethyldisiloxane) (223 μL, 1.26 mmol, 2.0 equiv.), MeOH (128 μL, 3.15 
mmol, 5.0 equiv.), and toluene (5.0 mL). The reaction mixture was stirred at 60 °C for 
10 h. Upon completion, the reaction mixture was filtered through a short plug of silica 
gel eluted with EtOAc and purified by column chromatography to afford olefin (140.5 
mg, 0.54 mmol, 85% yield).  
To a mixture of RuCl3 (6.1 mg, 0.010 mmol, 5.0 mol%) and sodium periodate (464.0 
mg, 0.80 mmol, 4.0 equiv.) in a mixed solvent of CCl4 (2 mL) and water (3 mL) was 
added a solution of olefin (250.9 mg, 0.54 mmol, 1.0 equiv.) in MeCN (2 mL) in one 
portion. The reaction mixture was stirred at room temperature for 6 h, and then, was 
concentrated. The residue was purified by column chromatography on silica gel to 
afford the product (R)-1,2,3,4-tetrahydronaphthalene-1-carboxylic acid (80.0 mg, 0.45 
mmol, 84% yield). 
To a solution of (R)-1,2,3,4-tetrahydronaphthalene-1-carboxylic acid (80.0 mg, 0.45 
mmol, 1.0 equiv.) in MeOH (2.0 mL) was added SOCl2 (119.0 mg, 1.0 mmol, 2.0 equiv.) 
dropwise at 0 °C. Then, the reaction mixture was warmed up to room temperature and 
stirred for another 6 h. After completion of reaction, the reaction mixture was 
concentrated and the residue was purified by column chromatography on silica gel 
(petroleum ether/EtOAc = 20:1) to afford the product 3-1 (78.0 mg, 0.41 mmol, 91% 
yield) as a slight yellow oil. 
 
methyl (R)-1,2,3,4-tetrahydronaphthalene-1-carboxylate (3-1) 

 
1H NMR (400 MHz, CDCl3) δ 7.27-6.92 (m, 4H), 3.83 (t, J = 5.7 Hz, 1H), 3.70 (s, 
3H), 2.85-2.72 (m, 2H), 2.16-2.11 (m, 1H), 2.06-1.88 (m, 2H), 1.86-1.60 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 175.3, 137.1, 133.2, 129.3, 129.2, 126.8, 125.7, 51.9, 
44.7, 29.1, 26.6, 20.5. 
The NMR spectra was in accord with that reported in literature.[14] 
HPLC condition: Chiralcel OD-H, n-hexane/i-PrOH = 99/1, flow rate 0.4 mL/min. λ 
= 214 nm, t(minor) = 15.5 min, t(major) = 16.6 min, 86% ee (93.2:6.8 er). 
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For acyclic benzyl products: 
The absolute configuration of 20 was assigned to be R by comparing its HPLC spectra 
with the product 98 (90% ee) in the literature (see ref. Nat. Chem. 2019, 11, 1158.). 
Using the same HPLC condition: Chiralcel OD-3, n-hexane/i-PrOH = 97/3, flow rate 
1.0 mL/min. λ = 254 nm, t(minor) = 5.1 min, t(major) = 5.4 min, 90% ee (94.8:5.2 er).  
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For cyclic allyl products: 

 
The absolute configuration of 33 was assigned to be R by comparing its optical rotation 
(33, 89% ee, [α]24.5D +190.7 (c 0.12 in CH2Cl2)) and the product 3a (91% ee, [α]23D 
+260.8 (c 1.60 in CH2Cl2)) in the literature (see ref. J. Am. Chem. Soc. 2018, 140, 8448).  
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For acyclic allyl products: 

NH N

O

O

PAr 2 Ph

L6, Ar = 3,5-tBu2C6H3

Ph
Cu(MeCN)4BF4 (15 mol%), L6 (20 mol%)

Rb2CO3 (5.0 eq.), N-F-2 (3.0 eq.)
PhCl/n-hexane (v/v = 3/1), rt, 6 d

TMS

+

50, 24%, 84% ee

TMS

The absolute configuration of 50 was assigned to be S by comparing its HPLC spectra 
with the product S-5a (99% ee) in the literature (see ref. Tetrahedron Lett. 2010, 51, 
5592).  HPLC condition of 50: Chiralcel OJ-H, n-hexane/i-PrOH = 99/1, flow rate 0.3 
mL/min., t(major) = 11.8 min, t(minor) = 17.8 min, 84% ee (91.8:8.2 er). 
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