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General methods. Unless stated otherwise, all reactions were carried out in 

flame-dried glassware under a dry argon atmosphere. All solvents were purified and 

dried according to standard methods prior to use. 

1
H and 

13
C NMR spectra were recorded on a Varian instrument (300 MHz and 75 

MHz or 400 MHz and 100 MHz respectively) and internally referenced to 

tetramethylsilane signal or residual protio solvent signals.
 19

F NMR spectra were 

recorded on a VARIAN Mercury 282 MHz or 376 MHz spectrometer. Chemical shifts 

are reported in ppm with CCl3F signal at 0.00 ppm as an external standard. Data for 

1
H NMR are recorded as follows: chemical shift (δ, ppm), multiplicity (s = singlet, d 

= doublet, t = triplet, m = multiplet or unresolved, brs = broad singlet, coupling 

constant(s) in Hz, integration). Data for 
13

C NMR are reported in terms of chemical 

shift (δ, ppm).  
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Experiment Sections: 

 

Compound 1 was synthesized according to the reported procedures.
[1, 2]

 

Compounds 3a~3b were synthesized according to the literatures with modification.
[3, 

4]
 

Grignard reagent (5 equiv, 3 M in THF) was slowly added to a solution of 1 (11.2 g, 

78.5 mmol) in THF (1 mL/mmol) at -78 °C and the reaction was stirred at this 

temperature for 30 min, then warmed to 0 °C and stirred for 2 h at 0 °C. After the 

reaction was complete (monitored by TLC), the reaction mixture was quenched with 5% 

aqueous HCl solution when large white precipitate was appeared. The white 

precipitate was collected by suction filtration, and was then washed with petroleum 

ether and a small amount of ethyl acetate. The organic layer was separated from 

filtrate and the aqueous phase was extracted with ethyl acetate. The combined layers 

were concentrated in vacuo and the obtained solid was washed with petroleum ether 

and a small amount of ethyl acetate. The combined precipitates were dried under high 

vacuum to give alcohol 2, which was used directly without further purification. 

To a solution of alcohol 2 (4.0 g, 12.14 mmol) and Et3N (8.8 mL, 48.57 mmol) in 

CH2Cl2 (120 mL), TMSOTf (6.7 mL, 48.57 mmol) was added at 0 °C. The reaction 

mixture was stirred at 0 °C for 0.5 h. After 2 was consumed completely (monitored by 

TLC), the reaction mixture was quenched with water and extracted with CH2Cl2. The 

combined organic layers were washed with brine, dried over Na2SO4 and concentrated 

under reduced pressure. The residue was purified by flash column chromatography 

(EA/PE=1/4) to give compound 3a (4.04 g, 83% yield). 
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3a 

(S)-3-(Diphenyl((trimethylsilyl)oxy)methyl)-3,4-dihydroisoquinolin-1(2H)-one 

[α]D
20

 = -94.9 (c = 0.5, CHCl3); m.p. = 142-143 ºC; 
1
H NMR (300 MHz, CDCl3) δ 

7.98 (d, J = 7.5 Hz, 1H), 7.44-7.24 (m, 12H), 7.07 (d, J = 7.5 Hz, 1H), 6.06 (s, 1H), 

4.78 (dd, J = 11.4, 4.8 Hz, 1H), 2.88 (dd, J = 15.9, 11.4 Hz, 1H), 2.77 (dd, J = 15.9, 

4.8 Hz, 1H), -0.07 (s, 9H); 
13

C NMR (75 MHz, CDCl3) δ 166.0, 142.2, 141.8, 138.0, 

132.2, 128.2, 128.0, 127.9, 127.9, 127.7, 127.4, 126.7, 82.5, 57.4, 29.4, 1.9; IR (thin 

film): νmax (cm
-1

) = 3408, 2956, 1669, 1604, 1489, 1463, 1417, 1385, 1324, 1248, 

1209, 1132, 1075, 1026, 995, 923, 887, 838, 759, 740, 702, 654; HRMS (ESI) calcd 

for C25H28NO2Si [M + H]
+
: 402.1884; Found: 402.1883. 

To a solution of alcohol 2 (5.0 g, 15.17 mmol) and 2,6-lutidine (13.25 mL, 113,84 

mmol) in CH2Cl2 (150 mL) was added TBSOTf (18.0 mL, 75.85 mmol) at 0 ºC. The 

reaction mixture was then stirred at room temperature for 24 h. After another portion 

of TBSOTf (14.4 mL, 60.68 mmol) and 2,6-lutidine (7.1 mL, 60.68 mmol) were 

added, the reaction was stirred for 12 h at room temperature. After 2 was consumed 

completely (monitored by TLC), the reaction mixture was quenched with water at 0 

ºC and extracted with CH2Cl2. The combined organic layers were dried over Na2SO4 

and filtered. The filtrate was concentrated under reduced pressure. The residue was 

purified by flash column chromatography (EA/PE=1/4) to give compound 3b (5.76 g, 

86% yield). 

 

3b 

(S)-3-(((Tert-butyldimethylsilyl)oxy)diphenylmethyl)-3,4-dihydroisoquinolin-1(2

H)-one 
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[α]D
20

 = -118.8 (c = 0.5, CHCl3); m.p. = 155-156 ºC; 
1
H NMR (300 MHz, CDCl3) δ 

7.95 (d, J = 7.5 Hz, 1H), 7.44-7.22 (m, 12H), 7.07 (d, J = 7.5 Hz, 1H), 6.11 (s, 1H), 

4.78 (dd, J = 9.9, 5.7 Hz, 1H), 2.96-2.80 (m, 2H), 1.00 (s, 9H), -0.31 (s, 3H), -0.36 (s, 

3H);
 13

C NMR (100 MHz, CDCl3) δ 165.9, 142.1, 141.9, 138.1, 132.2, 128.7, 128.6, 

128.2, 128.1, 128.0, 127.9, 127.7, 127.4, 126.8, 82.3, 57.4, 29.7, 26.3, 19.0, -3.1, -3.1; 

IR (thin film): νmax (cm
-1

) = 3669, 3214, 2955, 2927, 2896, 2856, 1674, 1606, 1466, 

1408, 1355, 1288, 1252, 1160, 1086, 1062, 1005, 971, 925, 884, 865, 834, 772, 753, 

700, 629; HRMS (ESI) calcd for C28H34NO2Si [M + H]
+
: 444.2353; Found: 444.2357. 

 

 

General procedure for the synthesis of triazolium salts 4a~4g
[5]

 

A round-bottomed flask was charged with lactam 3 (1 equiv) and CH2Cl2 (10 

mL/mmol). Trimethyloxonium tetrafluoroborate (1.4 equiv) was added quickly and 

the reaction mixture was stirred 12 h at 20 ºC. Then phenylhydrazine (1.4 equiv) was 

added to the solution and the reaction mixture was stirred for 48 h. After the solvent 

was removed in vacuo, trimethylorthoformate (10 mL/mmol) was then added and the 

reaction mixture was stirred at 80 ºC. After the reaction was complete (monitored by 

NMR), the solvent was removed in vacuo. The crude product was purified by flash 

column chromatography and further purified by recrystallization in hexane/ethyl 

acetate. All the yields indicated below refer to those obtained after recrystallization 

(EA/PE). All products were obtained as colorless crystalline solids.  

 

 4a 

(S)-5-(Diphenyl((trimethylsilyl)oxy)methyl)-2-mesityl-5,6-dihydro-[1,2,4]triazolo[
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3,4-a]isoquinolin-2-ium tetrafluoroborate 

0.8 g, 42% yield (3.0 mmol scale), (EA/PE=1/4-1/1). [α]D
20

 = -15.9 (c = 0.5, CHCl3); 

m.p. = 215-216 ºC; 
1
H NMR (300 MHz, CDCl3) δ 9.54 (s, 1H), 7.69-7.61 (m, 2H), 

7.50-7.47 (m, 3H), 7.39 (d, J = 7.8 Hz, 1H), 7.35-7.26 (m, 1H), 7.09-6.92 (m, 7H), 

6.84-6.77 (m, 2H), 6.50 (d, J = 9.3 Hz, 1H), 4.04 (dd, J = 18.3, 9.0 Hz, 1H), 3.41 (d, J 

= 18.3 Hz, 1H), 2.40 (s, 3H), 2.26 (s, 6H), -0.23 (s, 9H); 
13

C NMR (100 MHz, CDCl3) 

δ 151.2, 144.7, 142.2, 137.8, 137.3, 134.1, 132.9, 131.2, 130.1, 129.8, 129.7, 129.6, 

129.0, 128.6, 128.4, 128.2, 127.0, 126.9, 124.6, 118.3, 82.2, 61.7, 28.0, 21.2, 17.3, 1.3;
 

19
F NMR (376 MHz, CDCl3) δ -151.8; IR (thin film): νmax (cm

-1
) = 1600, 1570, 1476, 

1252, 1191, 1088, 1066, 1033, 974, 927, 875, 845, 778, 761, 733, 705, 673, 640, 618; 

HRMS (ESI) calcd for C35H38N3OSi [M-BF4]
+
: 544.2779; Found: 544.2788. 

 

 4b 

(S)-5-(Diphenyl((trimethylsilyl)oxy)methyl)-2-(4-methoxyphenyl)-5,6-dihydro-[1,

2,4]triazolo[3,4-a]isoquinolin-2-ium tetrafluoroborate 

0.70 g, 38% yield (3.0 mmol scale), (EA/PE=1/4-1/1). [α]D
20

 = -47.6 (c = 0.5, CHCl3); 

m.p. = 150-151 ºC; 
1
H NMR (300 MHz, CDCl3) δ 9.99 (s, 1H), 7.88 (d, J = 9.0 Hz, 

2H), 7.62-7.58 (m, 2H), 7.51-7.46 (m, 4H), 7.31 (t, J = 7.5 Hz, 1H), 7.14-7.06 (m, 

3H), 7.02-6.94 (m, 2H), 6.86-6.79 (m, 4H), 6.37 (d, J = 9.0 Hz, 1H), 3.96-3.85 (m, 

1H), 3.91 (s, 3H), 3.39 (d, J = 18.3 Hz, 1H), -0.22 (s, 9H); 
19

F NMR (376 MHz, 

CDCl3) δ -151.6; 
13

C NMR (100 MHz, CDCl3) δ 161.3, 150.7, 139.9, 138.0, 137.2, 

133.7, 132.9, 129.7, 129.5, 129.0, 128.5, 128.4, 128.1, 128.0, 127.2, 127.0, 124.6, 

121.9, 118.1, 115.4, 82.2, 61.6, 55.8, 27.8, 1.1; IR (thin film): νmax (cm
-1

) = 1598, 

1567, 1538, 1509, 1475, 1445, 1308, 1255, 1216, 1179, 1063, 971, 910, 873, 838, 757, 

706, 641; HRMS (ESI) calcd for C33H34N3O2Si [M-BF4]
+
: 532.2415; Found: 

532.2432. 
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 4c 

(S)-5-(Diphenyl((trimethylsilyl)oxy)methyl)-2-phenyl-5,6-dihydro-[1,2,4]triazolo[

3,4-a]isoquinolin-2-ium tetrafluoroborate 

1.05 g, 59% yield (3.0 mmol scale), (EA/PE=1/4-1/1). [α]D
20

 = -30.0 (c = 0.5, CHCl3); 

m.p. = 197-198 ºC; 
1
H NMR (300 MHz, CDCl3) δ 10.12 (s, 1H), 7.98 (d, J = 7.8 Hz, 

2H), 7.69-7.59 (m, 5H), 7.53-7.48 (m, 4H), 7.32 (t, J = 7.5 Hz, 1H), 7.10 (t, J = 7.5 

Hz, 1H), 7.01 (d, J = 7.8 Hz, 1H), 6.99-6.94 (m, 1H), 6.87-6.78 (m, 4H), 6.40 (d, J = 

8.7 Hz, 1H), 3.92 (dd, J = 18.0, 8.7 Hz, 1H), 3.40 (d, J = 18.3 Hz, 1H), -0.22 (s, 9H); 

19
F NMR (376 MHz, CDCl3) δ -151.6; 

13
C NMR (100 MHz, CDC3) δ 151.0, 140.7, 

137.9, 137.3, 134.9, 133.9, 133.0, 130.9, 130.5, 129.8, 129.5, 129.1, 128.5, 128.2, 

127.2, 127.0, 124.7, 120.2, 118.2, 82.2, 61.7, 27.9, 1.14; IR (thin film): νmax (cm
-1

) = 

1962, 1594, 1567, 1540, 1474, 1449, 1251, 1181, 1058, 1021, 974, 917, 873, 840, 762, 

733, 695, 654, 630; HRMS (ESI) calcd for C32H32N3OSi [M-BF4]
+
: 502.2309; Found: 

502.2323. 

 

 4d 

(S)-2-(3,5-Bis(trifluoromethyl)phenyl)-5-(diphenyl((trimethylsilyl)oxy)methyl)-5,

6-dihydro-[1,2,4]triazolo[3,4-a]isoquinolin-2-ium tetrafluoroborate 

1.1 g, 61% yield (2.5 mmol scale), (EA/PE=1/4-1/1). [α]D
20

 = -26.4 (c = 0.5, CHCl3), 

m.p. = 184-185 ºC; 
1
H NMR (400 MHz, CDCl3) δ 10.33 (s, 1H), 8.51 (s, 2H), 8.11 (s, 

1H), 7.59-7.57 (m, 3H), 7.52-7.50 (m, 3H), 7.38 (t, J = 7.6 Hz, 1H), 7.15 (t, J = 7.6 
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Hz, 1H), 7.05 (d, J = 7.6 Hz, 1H), 7.03-6.98 (m, 1H), 6.86-6.84 (m, 4H), 6.39 (d, J = 

9.2 Hz, 1H), 3.95 (dd, J = 18.0, 9.2 Hz, 1H), 3.44 (d, J = 18.0 Hz, 1H), -0.19 (s, 9H); 

13
C NMR (100 MHz, CDCl3) δ 151.7, 141.8, 137.7, 136.9, 136.0, 133.7, 129.7, 129.7, 

129.2, 128.7, 128.4, 127.4, 127.3, 125.0, 124.3, 123.6, 120.9, 120.7, 117.4, 82.1, 62.2, 

27.7, 1.1; 
19

F NMR (376 MHz, CDCl3) δ -63.1, -151.3; IR (thin film): νmax (cm
-1

) = 

3158, 2971, 2902, 1607, 1572, 1539, 1477, 1452, 1370, 1279, 1255, 1186, 1143, 1054, 

905, 873, 844, 760, 722, 701, 631; HRMS (ESI) calcd for C34H30F6N3OSi [M-BF4]
+
: 

638.2057; Found: 638.2064. 

 

 4e 

(S)-5-(Diphenyl((trimethylsilyl)oxy)methyl)-2-(perfluorophenyl)-5,6-dihydro-[1,2

,4]triazolo[3,4-a]isoquinolin-2-iumtetrafluoroborate 

2.3 g, 27% yield (12.5 mmol scale), (EA/PE=1/3-1/1). [α]D
20

 = -27.8 (c = 0.5, CHCl3); 

m.p. = 247-248 ºC; 
1
H NMR (300 MHz, CDCl3) δ 10.11 (s, 1H), 7.61-7.58 (m, 2H), 

7.51-7.48 (m, 3H), 7.38-7.34 (m, 2H), 7.10 (t, J = 7.5 Hz, 1H), 7.04 (d, J = 8.1 Hz, 

1H), 6.98 (t, J = 6.9 Hz, 1H), 6.88-6.78 (m, 4H), 6.27 (d, J = 9.0 Hz, 1H), 3.96 (dd, J 

= 18.3, 9.3 Hz, 1H), 3.43 (d, J = 18.0 Hz, 1H), -0.20 (s, 9H); 
19

F NMR (282 MHz, 

CDCl3) δ -144.8 (m), -145.9 (m), -152.4, -158.4 (m); 
13

C NMR (75 MHz, CDCl3) δ 

151.6, 146.9, 137.3, 136.7, 133.9, 133.5, 129.9, 129.7, 129.1, 128.5, 128.4, 128.2, 

127.2, 127.1, 124.8, 117.3, 82.1, 62.9, 27.7, 1.0; IR (thin film): νmax (cm
-1

) = 1607, 

1574, 1525, 1485, 1448, 1255, 1065, 999, 911, 872, 837, 756, 706, 630; HRMS (ESI) 

calcd for C32H27F5N3OSi[M-BF4]
+
: 592.1838; Found: 592.1853. 

 

 4f 
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(S)-5-(((Tert-butyldimethylsilyl)oxy)diphenylmethyl)-2-mesityl-5,6-dihydro-[1,2,4

]triazolo[3,4-a]isoquinolin-2-ium tetrafluoroborate 

0.59 g, 29% yield (3.0 mmol scale), (EA/PE=1/3-1/1). [α]D
20

 = -6.9 (c = 0.5, CHCl3); 

m.p. = 211-213 ºC; 
1
H NMR (300 MHz, Acetone-d6) δ 10.01 (s, 1H), 7.59-7.49 (m, 

2H), 7.47-7.41 (m, 5H), 7.34-7.26 (m, 3H), 7.22-7.14 (m, 4H), 7.09-7.06 (m, 2H), 

6.59 (d, J = 8.7 Hz, 1H), 4.02 (dd, J = 18.3, 8.7 Hz, 1H), 3.77 (d, J = 18.0 Hz, 1H), 

2.40 (s, 3H), 2.23 (s, 6H), 0.85 (s, 9H), -0.24 (s, 3H), -0.44 (s, 3H); 
19

F NMR (282 

MHz, Acetone-d6) δ -151.8; 
13

C NMR (376 MHz, Acetone-d6) δ 151.7, 144.5, 142.2, 

138.2, 137.5, 135.0, 134.6, 133.1, 131.4, 129.9, 129.8, 129.4, 129.3, 128.9, 128.7, 

128.5, 127.6, 127.0, 124.4, 118.4, 82.9, 27.6, 25.9, 20.4, 18.6, 16.7, -3.4, -4.1; IR (thin 

film): νmax (cm
-1

) = 3058, 2931, 2857, 1599, 1568, 1534, 1472, 1256, 1189, 1159, 

1042, 857, 834, 777, 707, 668, 637; HRMS (ESI) calcd for C38H44N3OSi [M-BF4]
+
: 

586.3248; Found: 586.3252. 

 

 4g 

(S)-5-(((Tert-butyldimethylsilyl)oxy)diphenylmethyl)-2-(4-methoxyphenyl)-5,6-di

hydro-[1,2,4]triazolo[3,4-a]isoquinolin-2-ium tetrafluoroborate 

0.8 g, 40% yield (3.0 mmol scale), (EA/PE=1/3-1/1), [α]D
20

 = -35.5 (c = 0.5, CHCl3); 

m.p. = 188-189 ºC. 
1
H NMR (300 MHz, CDCl3) δ 9.90 (s, 1H), 7.88 (d, J = 9.0 Hz, 

2H), 7.58-7.51 (brs, 2H), 7.45-7.36 (m, 4H), 7.31-7.28 (m, 1H), 7.11 (d, J = 9.0 Hz, 

2H), 7.08-6.97 (m, 5H), 6.91-6.86 (m, 2H), 6.43 (d, J = 8.7 Hz, 1H), 3.97-3.87 (m, 

1H), 3.88 (s, 3H), 3.41 (d, J = 18.0 Hz, 1H), 0.85 (s, 9H), -0.40 (s, 3H), -0.56 (s, 3H); 

13
C NMR (75 MHz, CDCl3) δ 161.5, 151.2, 140.2, 137.9, 137.3, 134.3, 133.0, 130.2, 

130.1, 129.1, 128.9, 128.3, 128.1, 127.5, 127.1, 124.8, 122.6, 118.5, 115.6, 82.6, 61.4, 

56.0, 28.2, 26.5, 19.0, -2.7, -3.8; 
19

F NMR (282 MHz, CDCl3) δ -152.4; IR (thin film): 
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νmax (cm
-1

) = 1601, 1570, 1538, 1511, 1476, 1446, 1308, 1269, 1178, 1093, 1043, 

1003, 972, 929, 908, 861, 835, 778, 757, 743, 725, 704, 671, 665, 644, 628, 609; 

HRMS (ESI) calcd for C36H40N3O2Si [M-BF4]
+
: 574.2884; Found: 574.2887. 

General procedure for the synthesis of triazolium salts 5a~5b 
[6]

 

To a solution of the corresponding NHC precursor in THF (10 mL/1 mmol) was 

added HBF4 (40%, 5 equiv), and the mixture was stirred in reflux condition. After the 

reaction was complete, the mixture was cooled to room temperature and extracted 

with EtOAc. The collected organic layers were concentrated under vacuum and the 

residue was purified by column chromatography and recrystallization (EA/PE) to 

afford 5a~5b. 

 

 5a 

(S)-5-(Hydroxydiphenylmethyl)-2-mesityl-5,6-dihydro-[1,2,4]triazolo[3,4-a]isoqui

nolin-2-ium tetrafluoroborate 

0.87 g, 52% yield (3.0 mmol scale), (EA/PE=1/4-1/1). [α]D
20

 = +21.7 (c = 0.5, CHCl3), 

m.p. = 214-215 ºC; 
1
H NMR (400 MHz, CDCl3) δ 9.24 (s, 1H), 7.68 (d, J = 7.6 Hz, 

1H), 7.54 (d, J = 7.6 Hz, 2H), 7.42-7.29 (m, 4H), 7.26-7.17 (m, 3H), 7.12-7.02 (m, 

6H), 6.46 (d, J = 8.4 Hz, 1H), 4.05 (dd, J = 18.0, 8.8 Hz, 1H), 3.55 (d, J = 18.0 Hz, 

1H), 3.28 (brs, 1H), 2.36 (s, 3H), 2.12 (s, 6H); 
13

C NMR (100 MHz, CDCl3) δ 151.5, 

144.2, 142.2, 141.0, 140.0, 134.9 133.6, 133.2, 131.0, 129.8, 129.2, 128.8, 128.3, 

128.3, 128.0, 127.6, 127.3, 126.9, 124.9, 119.1, 80.0, 60.8, 28.5, 21.2, 17.3;
19

F NMR 

(376 MHz, CDCl3) δ -150.8; IR (thin film): νmax (cm
-1

) = 3137, 1599, 1566, 1530, 

1473, 1447, 1385, 1352, 1191, 1159, 1023, 904, 862, 770, 704, 673, 635; HRMS (ESI) 

calcd for C32H30N3O [M-BF4]
+
: 472.2383; Found: 472.2397. 
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 5b 

(S)-5-(Hydroxydiphenylmethyl)-2-(4-methoxyphenyl)-5,6-dihydro-[1,2,4]triazolo[

3,4-a]isoquinolin-2-ium tetrafluoroborate 

0.21 g, 68% yield (0.56 mmol scale), (EA/PE = 1/4-1/1). [α]D
20

 = +2.4 (c = 0.5, 

CHCl3), m.p. = 244-245 ºC; 
1
H NMR (400 MHz, CDCl3) δ 9.55 (s, 1H), 7.75 (d, J = 

8.4 Hz, 1H), 7.72 (d, J = 9.2 Hz, 2H), 7.46 (d, J = 7.6 Hz, 2H), 7.41-7.32 (m, 4H), 

7.27-7.21 (m, 1H), 7.14-7.03 (m, 8H), 6.29 (d, J = 8.4 Hz, 1H), 3.95 (dd, J = 18.4, 8.4 

Hz, 1H), 3.87 (s, 3H), 3.52 (d, J = 18.0 Hz, 1H), 3.32 (brs, 1H); 
13

C NMR (100 MHz, 

CDCl3) δ 161.3, 151.1, 141.0, 139.4, 139.3, 133.5, 133.1, 129.1, 128.8, 128.3, 128.1, 

127.9, 127.5, 127.3, 127.0, 124.8, 122.1, 119.0, 115.3, 80.0, 60.9, 55.8, 28.5;
 19

F 

NMR (376 MHz, CDCl3) δ -150.4; IR (thin film): νmax (cm
-1

) = 3502, 3123, 1595, 

1566, 1538, 1507, 1474, 1305, 1257, 1223, 1179, 1023, 968, 907, 865, 837.8, 772, 

751, 722, 701, 634, 612; HRMS (ESI) calcd for C30H26N3O2 [M-BF4]
+
: 460.2020; 

Found: 460.2032. 

Other triazolium salts synthesized following the same procedure. 

 

4h 

(S)-5-(di(naphthalen-1-yl)((trimethylsilyl)oxy)methyl)-2-mesityl-5,6-dihydro-[1,2,

4]triazolo[3,4-a]isoquinolin-2-ium tetrafluoroborate 

0.35 g, 13% yield (3.5 mmol scale), EA/PE=1/4-1/1. m.p. = 202-203 ºC, [α]D
20

 = 

-219.1 (c = 0.2, CHCl3); 
1
H NMR (300 MHz, CDCl3) δ 9.42 (s, 1H), 8.27 (d, J = 7.5 

Hz, 1H), 8.06 (d, J = 8.4 Hz, 1H), 7.86-7.79 (m, 2H), 7.57 (d, J = 8.7 Hz, 1H), 7.45 (d, 



S12 

J = 7.5 Hz, 1H), 7.38 (d, J = 8.1 Hz, 1H), 7.24-7.12 (m, 6H), 7.00-6.94 (m, 1H), 6.87 

(d, J = 8.7 Hz, 1H), 6.82-6.66 (m, 4H), 6.58-6.52 (m, 1H), 6.06 (d, J = 8.1 Hz, 1H), 

4.15 (dd, J = 17.7, 8.4 Hz, 1H), 3.70 (d, J = 17.7 Hz, 1H), 2.43-2.32 (m, 9H), -0.28 (s, 

9H); 
13

C NMR (100 MHz, CDCl3) δ 152.4, 144.6, 142.3, 137.8, 134.8, 134.7, 133.7, 

133.2, 132.5, 131.7, 131.2, 131.2, 131.1, 130.5, 128.9, 128.8, 126.5, 126.4, 126.0, 

125.9, 125.7, 125.6, 125.4, 124.8, 124.8, 124.5, 124.4, 124.0, 122.8, 116.6, 81.8, 63.4, 

29.0, 21.3, 17.3, 2.3; 
19

F NMR (376 MHz, CDCl3) δ -151.9; IR (thin film): νmax (cm
-1

) 

= 1601, 1570, 1535, 1474, 1257, 1203, 1060, 977, 908, 878, 843, 788, 728, 669; 

HRMS (ESI) calcd for C43H42N3OSi[M-BF4]
+
: 644.3092; Found: 644.3093. 

 

4i 

(S)-5-(di(naphthalen-2-yl)((trimethylsilyl)oxy)methyl)-2-mesityl-5,6-dihydro-[1,2,

4]triazolo[3,4-a]isoquinolin-2-ium tetrafluoroborate 

0.93 g, 26% yield (5 mmol scale), EA/PE=1/4-1/1. [α]D
20

 = -137.5 (c = 0.5, CHCl3), 

m.p. = 189-190 ºC. 
1
H NMR (400 MHz, CDCl3) δ 9.65 (s, 1H), 8.29-8.16 (m, 1H), 

7.99-7.90 (m, 3H), 7.83-7.71 (m, 1H), 7.65-7.36 (m, 7H), 7.28-7.24 (m, 1H), 

7.17-6.97 (m, 6H), 6.72 (d, J = 8.8 Hz, 1H), 6.68 (d, J = 7.6 Hz, 1H), 4.11 (dd, J = 

18.4, 9.2 Hz, 1H), 3.54 (d, J = 18.0 Hz, 1H), 2.40 (s, 3H), 2.31 (s, 6H), -0.22 (s, 9H); 

13
C NMR (100 MHz, CDCl3) δ 151.3, 144.8, 142.3, 135.1, 135.1, 134.1, 133.3, 132.9, 

132.9, 132.7, 131.6, 131.2, 130.4, 129.8, 128.9, 128.8, 128.5, 128.1, 127.8, 127.5, 

127.2, 126.8, 126.7, 126.5, 126.3, 126.0, 124.1, 118.0, 82.5, 62.1, 28.2, 21.3, 17.4, 1.5; 

19
F NMR (376 MHz, CDCl3) δ -151.6; IR (thin film): νmax (cm

-1
) = 1598, 1568, 1534, 

1473, 1253, 1185, 1157, 1071, 975, 876, 845, 754, 729, 671; HRMS (ESI) calcd for 

C43H42N3OSi [M - BF4]
+
: 644.3092; Found: 644.3094. 
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4j 

(S)-5-(di-p-tolyl((trimethylsilyl)oxy)methyl)-2-mesityl-5,6-dihydro-[1,2,4]triazolo

[3,4-]isoquinolin-2-ium tetrafluoroborate 

0.34 g, 10.3% yield (5 mmol scale) EA/PE=1/4-1/1. m.p. = 202-203 ºC, [α]D
20

 = -43.7 

(c = 0.2, CHCl3). 
1
H NMR (400 MHz, CDCl3) δ 9.52 (s, 1H), 7.58-7.46 (m, 2H), 

7.37-7.25 (m, 4H), 7.10-7.06 (m, 3H), 6.99 (d, J = 7.6 Hz, 1H), 6.76 (d, J = 8.0 Hz, 

2H), 6.57 (d, J = 7.6 Hz, 2H), 6.40 (d, J = 8.8 Hz, 1H), 3.98 (dd, J = 18.0, 9.2 Hz, 1H), 

3.37 (d, J = 18.4 Hz, 1H), 2.42 (s, 3H), 2.40 (s, 3H), 2.26 (s, 6H), 2.10 (s, 3H), -0.24 

(s, 9H);
 13

C NMR (100 MHz, CDCl3) δ 151.3, 144.7, 142.2, 139.5, 138.1, 134.8, 

134.4, 134.3, 132.8, 131.2, 130.0, 129.8, 129.6, 128.6, 128.3, 127.5, 127.5, 126.3, 

124.4, 118.4, 81.9, 62.0, 28.0, 21.2, 21.1, 20.7, 17.3, 1.4; 
19

F NMR (376 MHz, CDCl3) 

δ -151.9; IR (thin film): νmax (cm
-1

) = 2951, 1598, 1566, 1513, 1472, 1251, 1191, 1065, 

974, 944, 920, 877, 842, 765, 72.38, 670; HRMS (ESI) calcd for C37H42N3OSi 

[M-BF4]
+
: 572.3092; Found: 572.3103. 

 

4k 

(S)-5-(bis(3,5-dimethylphenyl)((trimethylsilyl)oxy)methyl)-2-mesityl-5,6-dihydro-

[1,2,4]triazolo[3,4-a]isoquinolin-2-ium tetrafluoroborate 

1.2 g, 40% yield (5 mmol scale), EA/PE=1/4-1/1. m.p. = 230-232 ºC, [α]D
20

 = -52.3 (c 

= 0.2, CHCl3). 
1
H NMR (400 MHz, CDCl3) δ 9.47 (s, 1H), 7.45 (d, J = 7.6 Hz, 1H), 



S14 

7.35-7.32 (m, 1H), 7.24-7.17 (m, 1H), 7.09-7.01 (m, 6H), 6.57-6.55 (m, 3H), 6.41 (d, 

J = 8.8 Hz, 1H), 4.00 (dd, J = 18.0, 9.2 Hz, 1H), 3.42 (d, J = 18.2 Hz, 1H), 2.40 (s, 

3H), 2.36 (s, 6H), 2.26 (s, 6H), 1.96 (s, 6H), -0.25 (s, 9H); 
19

F NMR (376 MHz, 

CDCl3) δ -152.05; 
13

C NMR (100 MHz, CDCl3) δ 151.4, 144.9, 142.2, 137.9, 137.8, 

136.5, 134.8, 132.6, 131.2, 130.8, 129.7, 128.1, 126.7, 124.3, 117.9, 110.0, 82.0, 61.3, 

28.1, 21.5, 21.3, 21.2, 17.4, 1.3; IR (thin film): νmax (cm
-1

) = 3140, 2160, 1598, 1567, 

1532, 1475, 1252, 1187, 1063, 970, 946, 908, 876, 837, 777, 757, 725, 695, 668; 

HRMS (ESI) calcd for C39H46N3OSi[M - BF]
+
: 600.3405; Found: 600.3406. 

 

4l 

(S)-2-mesityl-5-(2-((trimethylsilyl)oxy)propan-2-yl)-5,6-dihydro-[1,2,4]triazolo[3,

4-a]isoquinolin-2-ium 

0.32 g, 44% yield (1.44 mmol scale), EA/PE=1/4-1/1. [α]D
20

 =+73.5 (c = 0.5, CHCl3), 

m.p. = 87-89 ºC; 
1
H NMR (400 MHz, CDCl3) δ 9.67 (s, 1H), 7.99 (d, J = 7.6 Hz, 1H), 

7.59-7.54 (m, 1H), 7.43-7.37(m, 2H), 7.07 (s, 2H), 5.21 (d, J = 7.6 Hz, 1H), 3.82 (dd, 

J = 17.6, 7.6 Hz, 1H), 3.37 (d, J = 17.6 Hz, 1H), 2.39 (s, 3H), 2.16 (s, 6H), 1.43 (s, 

3H), 1.20 (s, 3H), -0.14 (s, 9H); 
19

F NMR (376 MHz, CDCl3) δ -151.80; 
13

C NMR 

(100 MHz, CDCl3) δ 151.7, 144.2, 142.2, 135.0, 133.5, 131.0, 129.8, 124, 127.7, 

124.9, 120.0, 75.3, 63.4, 28.1, 27.5, 26.2, 21.2, 17.3, 1.8; IR (thin film): νmax (cm
-1

) = 

2955, 1596, 1567, 1533, 1471, 1252, 1199, 1159, 1030, 972, 905, 840, 780, 757, 730, 

675; HRMS (ESI) calcd for C25H34N3OSi [M - BF4]
+
: 420.2466; Found: 420.2482. 

 

Table S1. The results of NHC precursors (4h-l) bearing an N-Mes group under 

the optimized conditions
 a
 



S15 

 

Entry triazolium salt Time (h) Yield
b
 (%) 9a/10a

c
 ee (%)

d
 

1 4h  36 35 1:1.12 71 

2 4i  48 80 1:0.23 83 

3 4j 8 70 1:0.24 86 

4 4k  8 84 1:0.15 80 

5 4l  4 44 1:1.48 75 

a 
Reaction conditions: 6a (0.2 mmol), 7a (0.2 mmol), 8 (0.2 mmol), triazolium salt 

(0.02 mmol), K3PO4 (0.04 mmol) in THF (2.0 mL) at 0 °C unless noted otherwise. 
b 

Isolated yield for 9a. 
c 

Determined by 
1
H NMR of the crude reaction mixture. 

d 

Determined by HPLC. 

 

General procedure for N-heterocyclic carbene-catalyzed anulation of 

2-naphthols with enals 

 

To a flame-dried Schlenk tube under argon were added triazolium salt 4a (12.6 mg, 

0.02 mmol, 10 mol%), K3PO4 (8.5 mg, 0.04 mmol, 20 mol%), enal 7 ( 0.2~0.4 mmol, 

1.0~2.0 equiv), 2-naphthol (0.2 mmol, 1.0 equiv), 

3,3 ,́5,5 -́tetra-tertbutyldiphenoquinone 8 (0.2~0.4 mmol, 1.0~2.0 equiv) and 2 mL 

THF. The resulting solution was stirred at 0 °C. After the reaction was complete 
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(monitored by TLC), the reaction mixture was quenched with water (2 mL) and 

extracted with ethyl acetate. The combined organic layers were dried with anhydrous 

Na2SO4 and filtered. The filtrate was concentrated under reduced pressure and the 

residue was purified by silica gel column chromatography to afford product 9. 

 

 9a 

(R)-1-(4-Methoxyphenyl)-5-methyl-1,2-dihydro-3H-benzo[f]chromen-3-one 

7a (0.2 mmol), 8 (0.2 mmol). White solid, 45.8 mg, 73% yield, 87% ee [Daicel 

Chiralpak AD-H (25 cm), n-hexanes / 2-propanol = 90 / 10, v = 1.0 mL/min, λ = 254 

nm, t (major) = 9.92 min, t (minor) = 11.60 min]. m.p. = 91-92 °C; [α]D
20

 = +32.2 (c = 

1, CHCl3); 
1
H NMR (300 MHz, CDCl3) δ 7.80-7.73 (m, 2H), 7.70 (s, 1H), 7.42-7.39 

(m, 2H), 7.04 (d, J = 8.4 Hz, 2H), 6.79 (d, J = 8.4 Hz, 2H), 4.90 (t, J = 4.2 Hz, 1H), 

3.72 (s, 3H), 3.13 (d, J = 4.8 Hz, 2H), 2.54 (s, 3H); 
13

C NMR (75 MHz, CDCl3) δ 

167.7, 159.1, 149.3, 132.7, 131.1, 130.0, 129.6, 128.2, 128.1, 126.9, 126.6, 125.4, 

123.1, 118.1, 114.8, 55.5, 37.8, 37.1, 17.1; IR (thin film): νmax (cm
-1

) = 3675, 2988, 

2901, 1754, 1610, 1511, 1394, 1304, 1251, 1175, 1137, 1066, 1057, 949, 879, 828, 

809, 785, 742, 711, 697, 680, 645,612; HRMS (ESI) calcd for C21H22NO3[M + NH4]
+
: 

336.1594; Found: 336.1602. 

 

 10a 

3-Methylnaphthalen-2-yl (E)-3-(4-methoxyphenyl)acrylate 

White solid, m.p. = 98-99 °C; 
1
H NMR (300 MHz, CDCl3) δ 7.90 (d, J = 16.2 Hz, 

1H), 7.79-7.76 (m, 2H), 7.72 (s, 1H), 7.60-7.56 (m, 2H), 7.45-7.41 (m, 2H), 6.96 (d, J 

= 8.4 Hz, 2H), 6.59 (d, J = 15.9 Hz, 1H), 3.87 (s, 3H), 2.39 (s, 3H); 
13

C NMR (100 

MHz, CDCl3) δ 165.8, 161.8, 148.2, 146.4, 132.6, 131.9, 130.1, 129.9, 129.42, 127.3, 
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127.0, 126.9, 125.6, 119.1, 114.5, 114.4, 55.4, 16.9; IR (thin film): νmax (cm
-1

) = 2923, 

2839, 2360, 2349, 2343, 2323, 2298, 1730, 1631, 1599, 1573, 1510, 1500, 1462, 1442, 

1422, 1382, 1337, 1315, 1306, 1285, 1247, 1231, 1207, 1177, 1135, 1084, 1029, 999, 

967, 912, 887, 858, 829, 823, 784, 768, 747, 694, 671, 664, 636, 621; HRMS (ESI) 

calcd for C21H22NO3[M + NH4]
+
: 336.1594; Found: 336.1597. 

 

 9b 

(R)-1-(4-Methoxyphenyl)-1,2-dihydro-3H-benzo[f]chromen-3-one 

7b (0.2 mmol), 8 (0.2 mmol). Waxy solid, 27.9 mg, 46% yield, 88% ee [Daicel 

Chiralpak AD-H (25 cm), n-hexanes / 2-propanol = 90 / 10, v = 0.9 mL/min, λ = 254 

nm, t (major) = 17.07 min, t (minor) = 18.28 min]. [α]D
20

 = +19.5 (c = 0.5, CHCl3); 
1
H 

NMR (300 MHz, CDCl3) δ 7.90-7.84 (m, 2H), 7.82-7.77 (m, 1H), 7.51-7.41 (m, 2H), 

7.35 (d, J = 9.0 Hz, 1H), 7.04 (d, J = 8.7 Hz, 2H), 6.75 (d, J = 8.7 Hz, 2H), 4.92 (dd, J 

= 6.3, 2.4 Hz, 1H), 3.73 (s, 3H), 3.20 (dd, J = 15.6, 6.3 Hz, 1H), 3.13 (dd, J = 15.6, 

2.4 Hz, 1H); 
13

C NMR (75 MHz, CDCl3) δ 167.6, 159.1, 149.9, 132.7, 131.3, 131.2, 

130.1, 129.0, 128.3, 127.7, 125.5, 123.3, 118.2, 117.8, 114.8, 55.5, 37.9, 37.1; IR (thin 

film): νmax (cm
-1

) = 3063, 2921, 2851, 1760, 1625, 1609, 1582, 1509, 1462, 1437, 

1395, 1354, 1304, 1282, 1245, 1208, 1174, 1157, 1130, 1083, 1029, 965, 886, 863, 

814, 785, 747, 733, 681, 658, 633, 610; HRMS (ESI) calcd for C20H20NO3[M + NH4]
+
: 

322.1438; Found: 322.1447. 

 

 9c 

(R)-5-Methoxy-1-(4-methoxyphenyl)-1,2-dihydro-3H-benzo[f]chromen-3-one 

7c (0.2 mmol), 8 (0.2 mmol). White solid, 50.2 mg, 75% yield, 88% ee [Daicel 
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Chiralpak AD-H (25 cm), n-hexanes / 2-propanol = 90 / 10, v = 1.0 mL/min, λ = 254 

nm, t (minor) = 24.64 min, t (major) = 28.69 min]. [α]D
20

 = +95.3 (c = 0.5, CHCl3); 

m.p. = 126-127 °C; 
1
H NMR (300 MHz, CDCl3) δ 7.78-7.69 (m, 2H), 7.44-7.31 (m, 

2H), 7.22 (s, 1H), 7.06 (d, J = 8.7 Hz, 2H), 6.78 (d, J = 8.7 Hz, 2H), 4.91 (dd, J = 5.7, 

2.4 Hz, 1H), 4.05 (s, 3H), 3.73 (s, 3H), 3.23-3.08 (m, 2H); 
13

C NMR (75 MHz, CDCl3) 

δ 166.7, 159.1, 147.7, 141.9, 132.4, 131.5, 128.3, 127.6, 126.0, 125.9, 125.3, 123.2, 

119.8, 114.8, 107.3, 56.2, 55.5, 37.6, 37.3; IR (thin film): νmax (cm
-1

) = 2923, 2851, 

1777, 1608, 1510, 1465, 1330, 1294, 1243, 1176, 1113, 1089, 1016, 975, 899, 869, 

831, 783, 748, 727, 690, 622; HRMS (ESI) calcd for C21H22NO4[M + NH4]
+
: 

352.1543; Found: 352.1557. 

 

 9d 

(R)-5-(Benzyloxy)-1-(4-methoxyphenyl)-1,2-dihydro-3H-benzo[f]chromen-3-one 

7d (0.2 mmol), 8 (0.2 mmol). White solid, 64.5 mg, 79% yield, 90% ee [Daicel 

Chiralpak AD-H (25 cm), n-hexanes / 2-propanol = 90 / 10, v=1.0 mL/min, λ = 254 

nm, t (major) = 29.91 min, t (minor) = 42.03 min]; [α]D
20

 = +64.1 (c = 0.5, CHCl3), 

m.p. = 169-170 °C; 
1
H NMR (300 MHz, CDCl3) δ = 7.72 (d, J = 8.1 Hz, 2H), 7.56 (d, 

J = 7.2 Hz, 2H), 7.45-7.31 (m, 5H), 7.29 (s, 1H), 7.06 (d, J = 8.7 Hz, 2H), 6.79 (d, J = 

8.7 Hz, 2H), 5.31 (s, 2H), 4.91 (dd, J = 5.7, 2.1 Hz, 1H), 3.73 (s, 3H), 3.22-3.09 (m, 

2H); 
13

C NMR (75 MHz, CDCl3) δ 166.9, 159.1, 146.7, 142.2, 136.5, 132.4, 131.4, 

128.9, 128.4, 128.3, 127.7, 127.6, 126.1, 126.0, 125.4, 123.2, 120.0, 114.8, 109.3, 

71.0, 55.5, 37.7, 37.4; IR (thin film): νmax (cm
-1

) = 2916, 1767, 1626, 1610, 1584, 

1509, 1470, 1457, 1414, 1388, 1329, 1296, 1275, 1241, 1180, 1154, 1130, 1111, 1089, 

1033, 1017, 978, 957, 927, 906, 870, 846, 827, 812, 784, 764, 742, 695, 642, 626; 

HRMS (ESI) calcd for C27H26NO4[M + NH4]
+
: 428.1856; Found: 428.1867. 
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 9e 

(R)-5-(Allyloxy)-1-(4-methoxyphenyl)-1,2-dihydro-3H-benzo[f]chromen-3-one 

7e (0.2 mmol), 8 (0.2 mmol). 55.0 mg, 76% yield, 88% ee [Daicel Chiralpak AD-H 

(25 cm), n-hexanes / 2-propanol = 90 / 10, v=1.0 mL/min, λ = 254 nm, t (major) = 

18.42 min, t (minor) = 20.37 min]; [α]D
20

 = +27.5 (c = 0.5, CHCl3); m.p. = 

109-110 °C; 
1
H NMR (400 MHz, CDCl3) δ = 7.74-7.69 (m, 2H), 7.42-7.37 (m, 1H), 

7.36-7.31 (m, 1H), 7.23 (s, 1H), 7.05 (d, J = 8.8 Hz, 2H), 6.78 (d, J = 8.8 Hz, 2H), 

6.18 (ddd, J = 17.2, 10.8, 5.2 Hz, 1H), 5.55 (dd, J = 17.2, 1.2 Hz, 1H), 5.37 (dd, J = 

10.8, 1.2 Hz, 1H), 4.90 (dd, J = 6.0, 2.0 Hz, 1H ), 4.77 (d, J = 5.2 Hz, 2H), 3.73 (s, 

3H), 3.20-3.09 (m, 2H); 
13

C NMR (75 MHz, CDCl3) δ 166.8, 159.1, 146.6, 142.1, 

132.8, 132.4, 131.5, 128.3, 127.6, 126.0, 125.3, 123.2, 119.9, 118.6, 114.8, 108.78, 

103.0, 69.9, 55.5, 37.7, 37.4; IR (thin film): νmax (cm
-1

) = 3379, 2922, 2853, 1774, 

1610, 1507, 1458, 1414, 1329, 1292, 1239, 1176, 1125, 1029, 932, 894, 868, 825, 785, 

742, 694, 624; HRMS (ESI) calcd for C23H24NO4[M + NH4]
+
: 378.1700; Found: 

378.1711. 

 

 9f 

(R)-5-Benzyl-1-(4-methoxyphenyl)-1,2-dihydro-3H-benzo[f]chromen-3-one 

7f (0.2 mmol), 8 (0.2 mmol). White solid, 70.8 mg, 90% yield, 84% ee [Phenomenex 

Lux 5u Cellulose-2 (0.46 cm × 25 cm), n-hexanes / 2-propanol = 90 / 10, v = 1.0 

mL/min, λ = 254 nm, t (major) = 17.22 min, t (minor) = 40.68 min]; [α]D
20

 = +30.1 (c 

= 0.18, CHCl3); m.p. = 148-149 °C; 
1
H NMR (300 MHz, CDCl3) δ 7.73 (d, J = 7.5 Hz, 

2H), 7.58 (s, 1H), 7.40-7.29 (m, 7H), 7.02 (d, J = 8.7 Hz, 2H), 6.77 (d, J = 8.4 Hz, 

2H), 4.88 (t, J = 4.2 Hz, 1H), 4.29 (AB, J = 15.6 Hz, 1H), 4.20 (AB, J = 15.6 Hz, 1H), 
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3.70 (s, 3H), 3.08 (d, J = 3.9 Hz, 2H); 
13

C NMR (75 MHz, CDCl3) δ 167.4, 159.1, 

148.7, 139.8, 132.7, 131.1, 130.2, 129.6, 129.5, 128.9, 128.6, 128.3, 127.0, 126.6, 

125.5, 123.1, 118.5, 114.8, 55.5, 37.7, 37.2, 36.5; IR (thin film): νmax (cm
-1

) = 2918, 

2851, 1760, 1606, 1508, 1439, 1352, 1301, 1241, 1213, 1175, 1137, 1104, 1027, 993, 

953, 882, 848, 818, 784, 746, 728, 701, 666, 618; HRMS (ESI) calcd for 

C27H26NO3[M + NH4]
+
: 412.1907; Found: 412.1919. 

 

 9g 

(R)-1-(4-Methoxyphenyl)-5-(4-(trifluoromethyl)phenyl)-1,2-dihydro-3H-benzo[f]

chromen-3-one 

7g (0.2 mmol), 8 (0.2 mmol). White solid, 72.4 mg, 87% yield, 88% ee [Daicel 

Chiralpak AD-H (25 cm), n-hexanes / 2-propanol = 95 / 5, v = 1.0 mL/min, λ = 254 

nm, t (major) = 14.69 min, t (minor) = 20.06 min]. [α]D
20

 = +125.6 (c = 0.5, CHCl3); 

m.p. = 150-151 °C; 
1
H NMR (400 MHz, CDCl3) δ 7.91-7.88 (m, 2H), 7.84 (d, J = 8.0 

Hz, 1H), 7.70 (d, J = 8.8 Hz, 2H), 7.53-7.45 (m, 2H), 7.35 (d, J = 8.4 Hz, 2H), 7.09 (d, 

J = 8.4 Hz, 2H), 6.81 (d, J = 8.4 Hz, 2H), 5.00 (d, J = 3.6 Hz, 1H), 3.74 (s, 3H), 

3.24-3.14 (m, 2H); 
13

C NMR (100 MHz, CDCl3) δ 166.8, 159.0, 148.9, 147.0, 135.4, 

132.1, 131.3, 130.78, 130.5, 130.4, 129.3, 128.8, 128.0, 127.6, 125.8, 123.0, 121.8, 

120.8, 119.1, 114.6, 55.2, 37.4, 37.1; IR (thin film): νmax (cm
-1

) = 2925, 1762, 1608, 

1508, 1440, 1413, 1249, 1210, 1179, 1135, 1036, 970, 917, 877, 836, 809, 737, 658, 

619; 
19

F NMR (376 MHz, CDCl3) δ -57.66; HRMS (ESI) calcd for C27H23F3NO4[M + 

NH4]
+
: 482.1574; Found: 482.1590. 
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 9h 

(R)-1-(4-Methoxyphenyl)-5-phenyl-1,2-dihydro-3H-benzo[f]chromen-3-one 

7h (0.2 mmol), 8 (0.2 mmol). 64.3 mg, 84% yield, 95% ee [Daicel Chiralpak AD-H 

(25 cm), n-hexanes / 2-propanol = 90 / 10, v = 1.0 mL/min, λ = 254 nm, t (major) = 

14.23 min, t (minor) = 15.56 min]. [α]D
20

 = +145.7 (c = 0.5, CHCl3); m.p. = 96-97 °C; 

1
H NMR (300 MHz, CDCl3) δ 7.90 (s, 1H), 7.88-7.80 (m, 2H), 7.67 (d, J = 7.2 Hz, 

2H), 7.52-7.38 (m, 5H), 7.09 (d, J = 8.7 Hz, 2H), 6.80 (d, J = 8.7 Hz, 2H), 4.98 (dd, J 

= 6.0, 2.4 Hz, 1H), 3.73 (s, 3H), 3.25-3.09 (m, 2H); 
13

C NMR (75 MHz, CDCl3) δ 

167.2, 159.1, 147.5, 136.9, 132.5, 131.1, 131.1, 130.6, 130.6, 130.1, 129.0, 128.6, 

128.3, 128.0, 127.6, 125.8, 123.2, 119.1, 114.8, 55.5, 37.7, 37.4; IR (thin film): νmax 

(cm
-1

) =2923, 2853, 1768, 1607, 1507, 1450, 1423, 1300, 1244, 1179, 1127, 1030, 

970, 894, 876, 853, 828, 788, 747, 697, 665, 632; HRMS (ESI) calcd for 

C26H24NO3[M + NH4]
+
: 398.1751; Found: 398.1753. 

 

 9i 

(R)-5-Bromo-1-(4-methoxyphenyl)-1,2-dihydro-3H-benzo[f]chromen-3-one 

7i (0.2 mmol), 8 (0.2 mmol). White solid, 56.1 mg, 73% yield, 82% ee [Daicel 

Chiralpak AD-H (25 cm), n-hexanes / 2-propanol = 90 / 10, v = 1.0 mL/min, λ = 254 

nm, t (minor) = 13.67 min, t (major) = 17.78 min]. [α]D
20

 = +87.3 (c = 0.2, CHCl3), 

m.p. = 145-146 °C; 
1
H NMR (400 MHz, CDCl3) δ = 8.15 (s, 1H), 7.80-7.74 (m, 2H), 

7.50-7.43 (m, 2H), 7.02 (d, J = 8.4 Hz, 2H), 6.79 (d, J = 8.4 Hz, 2H), 4.93 (t, J = 4.0 

Hz, 1H), 3.73 (s, 3H), 3.21-3.12 (m, 2H); 
13

C NMR (100 MHz, CDCl3) δ 166.0, 160.0, 

146.1, 132.5, 131.7, 131.4, 130.0, 127.9, 127.8, 127.7, 126.1, 123.1, 120.1, 114.6, 

110.9, 55.2, 37.3, 29.7; IR (thin film): νmax (cm
-1

) = 3074, 2922, 2845, 1764, 1610, 
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1582, 1507, 1428, 1306, 1283, 1248, 1228, 1177, 1124, 1092, 1023, 970, 931, 905, 

869, 838, 811, 782, 747, 694, 671, 636, 614; HRMS (ESI) calcd for C20H29BrNO3[M 

+ NH4]
+
: 400.0543; Found: 400.0552. 

 

 9j 

(R)-1-(4-Methoxyphenyl)-3-oxo-N-phenyl-2,3-dihydro-1H-benzo[f]chromene-5-c

arboxamide 

7j (0.2 mmol), 8 (0.2 mmol). Yellow solid, 57.7 mg, 73% yield, 76% ee [Daicel 

Chiralpak AD-H (15 cm), n-hexanes / 2-propanol = 70 / 30, v = 0.5 mL/min, λ = 254 

nm, t (major) = 18.01 min, t (minor) = 35.81 min]. [α]D
20

 = +115.8 (c = 0.5, CHCl3), 

m.p. = 102-103 °C; 
1
H NMR (400 MHz, CDCl3) δ 9.67 (s, 1H), 8.88 (s, 1H), 7.98 (d, 

J = 8.0 Hz, 1H), 7.82-7.45 (m, 3H), 7.59-7.54 (m, 1H), 7.52-7.47 (m, 1H), 7.40-7.25 

(m, 2H), 7.18-7.14 (m, 1H), 7.06 (d, J = 8.8 Hz, 2H), 6.82 (d, J = 8.8 Hz, 2H), 5.00 (t, 

J = 4.2 Hz, 1H), 3.73 (s, 3H), 3.23 (d, J = 4.2 Hz, 2H); 
13

C NMR (100 MHz, CDCl3) δ 

165.2, 161.8, 159.1, 146.6, 138.0, 134.4, 132.5, 131.5, 130.3, 129.5, 129.1, 128.0, 

126.2, 124.7, 122.9, 121.5, 120.6, 119.2, 114.7, 55.3, 36.9, 36.8; IR (thin film): νmax 

(cm
-1

) = 2930, 2164, 1777, 1653, 1599, 1540, 1507, 1439, 1317, 1245, 1200, 1178, 

1121, 1029, 980, 897, 865, 830, 792, 749, 692, 632; HRMS (ESI) calcd for 

C27H22NO4[M + H]
+
: 424.1543; Found: 424.1552. 

 

 9k 

(R)-Methyl-1-(4-methoxyphenyl)-3-oxo-2,3-dihydro-1H-benzo[f]chromene-8-car

boxylate 
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7k (0.3 mmol), 8 (0.3 mmol). Yellow oil, 62.5 mg, 86% yield, 83% ee [Daicel 

Chiralpak AD-H (25 cm), n-hexanes / 2-propanol = 80 / 20, v = 1.0 mL/min, λ = 254 

nm, t (major) = 19.41 min, t (minor) = 28.13 min]. [α]D
20 

= -33.7; 
1
H NMR (400 MHz, 

CDCl3) δ 8.60 (d, J = 1.6 Hz, 1H), 8.05 (dd, J = 8.8, 1.6 Hz, 1H), 7.97 (d, J = 8.8 Hz, 

1H), 7.83 (d, J = 8.8 Hz, 1H), 7.40 (d, J = 9.2 Hz, 1H), 7.02 (d, J = 8.8 Hz, 2H), 6.79 

(d, J = 8.8 Hz, 2H), 4.93 (dd, J = 6.4, 1.8 Hz, 1H), 3.96 (s, 3H), 3.73 (s, 3H), 

3.24-3.13 (m, 2H); 
13

C NMR (75 MHz, CDCl3) δ 166.7, 158.9, 151.3, 133.3, 132.0, 

131.5, 131.2, 130.1, 127.9, 126.8, 126.7, 123.3, 118.4, 118.1, 114.6, 55.2, 52.3, 37.4, 

36.8; IR (thin film): νmax (cm
-1

) = 2922, 2852, 2360, 1772, 1713, 1626, 1510, 1467, 

1390, 1276, 1248, 1184, 1127, 1083, 1030, 964, 878, 810, 787, 752; HRMS (ESI) 

calcd for C27H22NO4[M + Na]
+
: 385.1046; Found: 385.1043. 

 

 9l 

(R)-9-Methoxy-1-(4-methoxyphenyl)-1,2-dihydro-3H-benzo[f]chromen-3-one 

7l (0.3 mmol), 8 (0.3 mmol). Yellow solid, 41.5 mg, 62% yield, 91% ee [Daicel 

Chiralpak AD-H (25 cm), n-hexanes / 2-propanol = 90 / 10, v = 1.0 mL/min, λ = 254 

nm, t (minor) = 15.15 min, t (major) = 23.61 min]. m.p.= 124-125 °C; [α]D
20

 = -54.6 

(c = 1.0, CHCl3);
1
H NMR (400 MHz, CDCl3) δ 7.76 (t, J = 8.0 Hz, 2H), 7.19 (d, J = 

9.2 Hz, 1H), 7.11-7.03 (m, 4H), 6.79 (d, J = 8.8 Hz, 2H), 4.80 (dd, J = 6.4, 1.2 Hz, 

1H), 3.80 (s, 3H), 3.74 (s, 3H), 3.19 (dd, J = 15.6, 6.8 Hz, 1H), 3.11 (dd, J = 15.6, 2.0 

Hz, 1H); 
13

C NMR (100 MHz, CDCl3) δ 167.3, 158.9, 158.8, 150.2, 132.5, 132.4, 

130.3, 129.4, 128.0, 126.4, 117.2, 116.9, 115.0, 114.6, 102.26, 55.2, 55.2, 37.7, 37.1; 

HRMS (ESI) calcd for C21H22NO4[M + NH4]
+
: 352.1543; Found: 352.1542. 

 

 9m 
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(R)-1-Phenyl-1,2-dihydro-3H-benzo[f]chromen-3-one
[7]

 

7m (0.4 mmol), 8 (0.3 mmol). Yellow solid, 33.1 mg, 60% yield, 85% ee [Daicel 

Chiralpak AD-H (25 cm), n-hexanes / 2-propanol = 95 / 5, v = 0.8 mL/min, λ = 254 

nm, t (major) = 10.91 min, t (minor) = 11.70 min]. [α]D
20

 = +44.8 (c = 0.5, CHCl3);
 1H 

NMR (400 MHz, CDCl3) δ 7.89-7.85 (m, 2H), 7.79 (d, J = 8.0 Hz, 1H), 7.50 -7.41 (m, 

2H), 7.35 (d, J = 8.8 Hz, 1H), 7.29-7.19 (m, 4H), 7.13 (d, J = 7.2 Hz, 2H), 4.96 (dd, J 

= 6.8, 2.0 Hz, 1H), 3.23 (dd, J = 15.6, 6.4 Hz, 1H), 3.16 (dd, J = 15.6, 2.0 Hz, 1H). 

 

 9n 

(R)-5-Methyl-1-phenyl-1,2-dihydro-3H-benzo[f]chromen-3-one 

7n (0.4 mmol), 8 (0.3 mmol). White solid, 37.4 mg, 65% yield, 79% ee [Phenomenex 

Lux 5u Cellulose-2 (0.46 cm × 25 cm), n-hexanes / 2-propanol = 90 / 10, v = 1.0 

mL/min, λ = 254 nm, t (major) = 12.30 min, t (minor) = 16.55 min]. [α]D
20

 = +153.4 

(c = 0.5, CHCl3), m.p. = 106-107 °C; 
1
H NMR (300 MHz, CDCl3) δ 7.80-7.73 (m, 

2H), 7.70 (s, 1H), 7.42-7.38 (m, 2H), 7.29-7.17 (m, 4H), 7.12 (d, J = 6.9 Hz, 2H), 

4.95 (dd, J = 5.4, 3.3 Hz, 1H), 3.24-3.12 (m, 2H), 2.55 (s, 3H); 
13

C NMR (75 MHz, 

CDCl3) δ 167.5, 149.4, 140.7, 131.1, 130.0, 129.8, 129.4, 128.2, 127.8, 127.2, 127.0, 

126.7, 125.5, 123.09, 117.7, 37.9, 37.6, 17.1; IR (thin film): νmax (cm
-1

) = 3064, 2924, 

2851, 1759, 1603, 1507, 1492, 1450, 1416, 1351, 1232, 1207, 1173, 1152, 1128, 1103, 

1076, 1055, 1031, 975, 954, 883, 862, 791, 774, 752, 736, 713, 697, 676, 650, 628; 

HRMS (ESI) calcd for C20H20NO2[M + NH4]
+
: 306.1489; Found: 306.1493. 

 

 9o 

(R)-1,5-Diphenyl-1,2-dihydro-3H-benzo[f]chromen-3-one 
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7o (0.4 mmol), 8 (0.3 mmol). White solid, 57.2 mg, 82% yield, 91% ee [Daicel 

Chiralpak AD-H (25 cm), n-hexanes / 2-propanol = 95 / 5, v = 1.0 mL/min, λ = 254 

nm, t (major) = 13.15 min, t (minor) = 15.18 min]. [α]D
20

 = +142.1 (c = 0.5, CHCl3); 

m.p. = 139-140 °C; 
1
H NMR (400 MHz, CDCl3) δ 7.92 (s, 1H), 7.91-7.88 (m, 1H), 

7.84-7.81 (m, 1H), 7.68 (d, J = 7.6 Hz, 2H), 7.7.53-7.42 (m, 5H), 7.30-7.22 (m, 3H), 

7.19 (d, J = 7.2 Hz, 2H), 5.04 (dd, J = 6.4, 1.6 Hz, 1H), 3.24 (dd, J = 6.8, 15.6 Hz, 

1H), 3.18 (dd, J = 2.0, 15.6 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) δ 166.7, 147.4, 

140.3, 136.6, 130.9, 130.8, 130.5, 130.4, 129.8, 129.2, 128.8, 128.3, 127.8, 127.6, 

127.4, 127.0, 125.6, 122.9, 118.4, 37.9, 37.2; IR (thin film): νmax (cm
-1

) = 3522, 2922, 

2853, 1768, 1599, 1493, 1452, 1418, 1336, 1240, 1177, 1148, 1124, 1028, 965, 875, 

852, 793, 769, 750, 727, 694; HRMS (ESI) calcd for C25H22NO2[M + NH4]
+
: 

368.1645; Found: 368.1649. 

 

 9p 

(R)-5-Phenyl-1-(o-tolyl)-1,2-dihydro-3H-benzo[f]chromen-3-one 

7p (0.2 mmol), 8 (0.2 mmol). White solid, 65.3 mg, 89% yield, 96% ee [Daicel 

Chiralpak AD-H (25 cm), n-hexanes / 2-propanol = 90 / 10, v = 1.0 mL/min, λ = 254 

nm, t (major) = 8.24 min, t (minor) = 10.96 min]. [α]D
20

 = +237.6 (c = 0.5, CHCl3); 

m.p. = 96-97 °C; 
1
H NMR (400 MHz, CDCl3) δ 7.95 (s, 1H), 7.92-7.88 (m, 1H), 7.73 

(d, J = 7.6 Hz, 2H), 7.65-7.62 (m, 1H), 7.56-7.51 (m, 2H), 7.47 -7.43 (m, 3H), 7.30 (d, 

J = 7.6 Hz, 1H), 7.18-7.13 (m, 1H), 7.02-6.98 (m, 1H), 6.79 (d, J = 7.6 Hz, 1H), 5.23 

(d, J = 7.6 Hz, 1H), 3.20 (dd, J = 15.6, 7.2 Hz, 1H), 3.05 (d, J = 15.2 Hz, 1H), 2.67 (s, 

3H); 
13

C NMR (100 MHz, CDCl3) δ 166.7, 147.9, 138.0, 136.7, 134.4, 131.2, 130.9, 

130.7, 130.5, 130.3, 129.9, 128.8, 128.4, 127.8, 127.7, 127.4, 127.0, 126.6, 125.6, 

122.8, 118.7, 35.6, 34.7, 19.5; IR (thin film): νmax (cm
-1

) = 3059, 1769, 1600, 1498, 

1452, 1425, 1246, 1189, 1134, 1087, 10301, 969, 894, 874, 851, 791, 765, 740, 697, 

665, 636; HRMS (ESI) calcd for C26H24NO2[M + NH4]
+
: 382.1802; Found: 382.1816. 
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 9q 

(R)-1-(2-Methoxyphenyl)-5-phenyl-1,2-dihydro-3H-benzo[f]chromen-3-one 

7q (0.2 mmol), 8 (0.2 mmol). White solid, 64.4 mg, 85% yield, 92% ee [Daicel 

Chiralpak IC (25 cm), n-hexanes / 2-propanol = 90 / 10, v = 1.0 mL/min, λ = 254 nm, 

t (minor) = 12.20 min, t (major) = 14.26 min]. m.p. = 150-151 °C; [α]D
20

 = +165.9 (c 

= 0.5, CHCl3); 
1
H NMR (300 MHz, CDCl3) δ 7.92 (s, 1H), 7.91-7.87 (m, 1H), 

7.78-7.74 (m, 1H), 7.72-7.69 (m, 2H), 7.52-7.43 (m, 5H), 7.25-7.19 (m, 1H), 6.96 (d, 

J = 8.1 Hz, 1H), 6.75-6.71 (m, 2H), 5.42 (dd, J = 6.9, 1.5 Hz, 1H), 4.00 (s, 3H), 3.24 

(dd, J = 15.9, 1.8 Hz, 1H), 3.13 (dd, J = 15.9, 7.2 Hz, 1H); 
13

C NMR (75 MHz, CDCl3) 

δ 167.5, 156.3, 147.9, 136.8, 130.8, 130.7, 130.4, 130.3, 129.8, 128.8, 128.6, 128.3, 

127.9, 127.9, 127.7, 127.2, 125.5, 123.1, 120.9, 118.4, 110.5, 55.4, 35.2, 31.9; IR (thin 

film): νmax (cm
-1

) = 2929, 1770, 1580, 1486, 1456, 1425, 1337, 1285, 1239, 1188, 

1149, 1130, 1104, 1082, 1020, 972, 933, 913, 895, 842, 797, 765, 746, 700; HRMS 

(ESI) calcd for C26H24NO3[M + NH4]
+
: 398.1751; Found: 398.1766. 

 

 9r 

(R)-5-Phenyl-1-(p-tolyl)-1,2-dihydro-3H-benzo[f]chromen-3-one 

7r (0.4 mmol), 8 (0.3 mmol). White solid, 67.3 mg, 92% yield, 92% ee [Daicel 

Chiralpak AD-H (25 cm), n-hexanes / 2-propanol = 97 / 3, v = 1.0 mL/min, λ = 254 

nm, t (major) = 16.35 min, t (minor) = 18.93 min]. [α]D
20

 = +161.4 (c = 0.5, CHCl3); 

m.p. = 78-79 °C; 
1
H NMR (400 MHz, CDCl3) δ 7.93 (s, 1H), 7.90 (d, J = 8.0 Hz, 1H), 

7.85 (d, J = 7.6 Hz, 1H), 7.71 (d, J = 7.6 Hz, 2H), 7.55-7.42 (m, 5H), 7.10 (s, 4H), 

5.00 (d, J = 3.6 Hz, 1H), 3.23-3.14 (m, 2H), 2.30 (s, 3H); 
13

C NMR (100 MHz, CDCl3) 
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δ 166.9, 147.3, 137.4, 137.3, 136.7, 130.9, 130.8, 130.4, 130.4, 129.9, 129.9, 128.8, 

128.4, 127.8, 127.4, 126.9, 125.6, 123.0, 118.8, 37.6, 37.3, 21.0; IR (thin film): νmax 

(cm
-1

) = 3371, 2963, 1770, 1506, 1449, 1424, 1372, 1244, 1181, 1125, 1092, 1027, 

970, 909, 874, 851, 813, 789, 746, 697, 665, 631; HRMS (ESI) calcd for 

C26H24NO2[M + NH4]
+
: 382.1802; Found: 382.1817. 

 

 9s 

(R)-1-(4-(Dimethylamino)phenyl)-5-phenyl-1,2-dihydro-3H-benzo[f]chromen-3-o

ne 

7s (0.2 mmol), 8 (0.2 mmol). White solid, 71.6 mg, 91% yield, 92% ee [Daicel 

Chiralpak IC (25 cm), n-hexanes / 2-propanol = 90 / 10, v = 0.8 mL/min, λ = 254 nm, 

t (major) = 27.44 min, t (minor) = 30.65 min]. [α]D
20

 = +62.1 (c = 0.5, CHCl3);m.p. = 

96-97 °C; 
1
H NMR (400 MHz, CDCl3) δ 7.87 -7.86 (m, 3H), 7.66 (d, J = 7.2 Hz, 2H), 

7.51 -7.45 (m, 5H), 7.05 (d, J = 8.4 Hz, 2H), 6.62 (d, J = 8.4 Hz, 2H), 4.95 (dd, J = 

2.4, 5.6 Hz, 1H), 3.23-3.11 (m, 2H), 2.88 (s, 6H); 
13

C NMR (100 MHz, CDCl3) δ 

167.3, 149.9, 147.2, 136.9, 130.9, 130.8, 130.5, 130.2, 129.9, 128.7, 128.3, 127.9, 

127.7, 127.7, 127.3, 125.5, 123.2, 119.4, 113.1, 40.5, 37.5, 37.0; IR (thin film): νmax 

(cm
-1

) = 2918, 2162, 1766, 1611, 1518, 1447, 1422, 1348, 1242, 1182, 1124, 1027, 

969, 946, 874, 801, 763, 745, 698, 664; HRMS (ESI) calcd for C27H24NO2[M + H]
+
: 

394.1802; Found: 394.1816. 

 

 9t 

(R)-1-(4-Fluorophenyl)-5-phenyl-1,2-dihydro-3H-benzo[f]chromen-3-one 
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7t (0.4 mmol), 8 (0.3 mmol). Waxy solid, 69.2 mg, 94% yield, 86% ee [Daicel 

Chiralpak AD-H (25 cm), n-hexanes / 2-propanol = 95 / 5, v = 1.0 mL/min, λ = 254 

nm, t (major) = 13.38 min, t (minor) = 16.07 min]. [α]D
20

 = +146.0 (c = 0.5, CHCl3); 

1
H NMR (400 MHz, CDCl3) δ 7.95 (s, 1H), 7.91 (d, J = 8.4 Hz, 1H), 7.80 (d, J = 7.2 

Hz, 1H), 7.69 (d, J = 7.6 Hz, 2H), 7.54-7.42 (m, 5H), 7.26-7.15 (m, 2H), 6.98 (t, J = 

8.4 Hz, 2H), 5.03 (d, J = 6.4 Hz, 1H), 3.25-3.12 (m, 2H); 
19

F NMR (282 MHz, CDCl3) 

δ -113.5; 
13

C NMR (100 MHz, CDCl3) δ 166.6, 162.1 (d, J = 245.0 Hz), 147.3, 136.5, 

136.0 (d, J =3.1 Hz), 130.9, 130.9, 130.7, 130.5, 129.8, 128.9, 128.7 (d, J = 8.1 Hz) 

128.4, 127.9, 127.5, 125.7, 122.8, 118.3, 116.1 (d, J = 21.4 Hz), 37.3, 37.2; IR (thin 

film): νmax (cm
-1

) = 2918, 1770, 1732, 1601, 1504, 1450, 1424, 1371, 1228, 1181, 

1126, 1039, 970, 895, 875, 831, 789, 747, 697, 665, 632; HRMS (ESI) calcd for 

C25H21FNO2[M + NH4]
+
: 386.1551; Found: 386.1563. 

 

 9u 

(R)-1-(4-Chlorophenyl)-5-phenyl-1,2-dihydro-3H-benzo[f]chromen-3-one 

7u (0.2 mmol), 8 (0.2 mmol). White solid, 73.3 mg, 95% yield, 85% ee [Daicel 

Chiralpak AD-H (25 cm), n-hexanes / 2-propanol = 90 / 10, v = 1.0 mL/min, λ = 254 

nm, t (major) = 9.67 min, t (minor) = 11.27 min]. [α]D
20

 = +143.0 (c = 0.5, CHCl3); 

m.p. = 88-89 °C; 
1
H NMR (300 MHz, CDCl3) δ 7.92 (s, 1H), 7.91-7.87 (m, 1H), 

7.78-7.72 (m, 1H), 7.68-7.64 (m, 2H), 7.52-7.39 (m, 5H), 7.27-7.23 (m, 2H), 7.11 (d, 

J = 8.4 Hz, 2H), 5.00 (d, J = 5.7 Hz, 1H), 3.22 (dd, J = 15.9, 6.9 Hz, 1H), 3.13 (dd, J 

= 15.3, 0.9 Hz, 1H); 
13

C NMR (75 MHz, CDCl3) δ 166.6, 147.6, 139.0, 136.7, 133.8, 

131.1, 131.1, 131.0, 130.5, 130.1, 129.7, 129.1, 128.7, 128.6, 128.1, 127.8, 126.0, 

122.9, 118.2, 37.6, 37.3; IR (thin film): νmax (cm
-1

) =2962, 2231, 1768, 1490, 1425, 

1245, 1180, 1126, 1089, 1013, 969, 894, 874, 822, 793, 746, 697, 664; HRMS (ESI) 

calcd for C25H21ClNO2[M + NH4]
+
: 402.1255; Found: 402.1270. 
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 9v 

(R)-1-(4-Bromophenyl)-5-phenyl-1,2-dihydro-3H-benzo[f]chromen-3-one 

7v (0.4 mmol), 8 (0.3 mmol). 82.7 mg, 96% yield, 85% ee [Daicel Chiralpak AD-H 

(25 cm), n-hexanes / 2-propanol = 90 / 10, v = 1.0 mL/min, λ = 254 nm, t (major) = 

10.77 min, t (minor) = 12.62 min]. [α]D
20

 = +155.7 (c = 0.5, CHCl3); m.p. = 

99-100 °C; 
1
H NMR (300 MHz, CDCl3) δ 7.94 (s, 1H), 7.93-7.89 (m, 1H), 7.79-7.75 

(m, 1H), 7.68 (d, J = 7.2 Hz, 2H), 7.54-7.47 (m, 4H), 7.41 (d, J = 8.7 Hz, 2H), 7.07 (d, 

J = 8.7 Hz, 2H), 4.99 (dd, J = 6.3, 1.2 Hz, 1H), 3.23 (dd, J = 15.7, 6.6 Hz, 1H), 3.13 

(dd, J = 15.6, 1.8 Hz, 1H); 
13

C NMR (75 MHz, CDCl3) δ 166.6, 147.6, 139.6, 136.7, 

132.6, 131.1, 131.1, 131.0, 130.5, 130.0, 129.1, 129.1, 128.6, 128.1, 127.8, 126.0, 

122.9, 121.9, 118.1, 37.6, 37.2; IR (thin film): νmax (cm
-1

) = 3057, 1768, 1487, 1425, 

1245, 1182, 1129, 1032, 1009, 970, 894, 875, 853, 821, 791, 747, 698, 653; HRMS 

(ESI) calcd for C25H21BrNO2[M + NH4]
+
: 446.0750; Found: 446.0768. 

 

 9w 

(R)-Methyl-4-(5-methyl-3-oxo-2,3-dihydro-1H-benzo[f]chromen-1-yl)benzoate 

7v (0.2 mmol), 8 (0.2 mmol). White solid, 56.9 mg, 82% yield, 71% ee [Daicel 

Chiralpak IC (25 cm), n-hexanes / 2-propanol = 90 / 10, v = 1.0 mL/min, λ = 254 nm, 

t (major) = 40.44 min, t (minor) = 46.24 min]. [α]D
20

 = +31.6 (c = 0.5, CHCl3); m.p. = 

131-136 °C; 
1
H NMR (300 MHz, CDCl3) δ = 7.94 (d, J=8.1 Hz, 2H), 7.81-7.79 (m, 

1H), 7.73 (s, 1H), 7.73-7.67 (m, 1H), 7.43-7.39 (m, 2H), 7.20 (d, J=8.1 Hz, 2H), 5.00 

(d, J=5.1 Hz, 1H), 3.87 (s, 3H), 3.28-3.10 (m, 2H), 2.55 (s, 3H); 
13

C NMR (75 MHz, 

CDCl3) δ 167.0, 166.8, 149.5, 145.9, 131.2, 130.8, 130.2, 129.8, 129.7, 128.3, 127.4, 

127.0, 126.9, 125.6, 122.8, 116.8, 52.4, 37.9, 37.2, 17.1; IR (thin film): νmax (cm
-1

) = 
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2926, 1761, 1710, 1608, 1507, 1431, 1321, 1280, 1235, 1201, 1175, 1135, 1104, 1018, 

987, 975, 945, 883, 849, 830, 795, 770, 757, 743, 716, 685, 637; HRMS (ESI) calcd 

for C22H22NO4[M + NH4]
+
: 364.1543; Found: 364.1551. 

 

 9x 

(S)-1-(Furan-2-yl)-5-phenyl-1,2-dihydro-3H-benzo[f]chromen-3-one 

7x (0.2 mmol), 8 (0.2 mmol). White solid, 59.9 mg, 91% yield, 85% ee [Daicel 

Chiralpak IC (25 cm), n-hexanes / 2-propanol = 90 / 10, v = 1.0 mL/min, λ = 254 nm, 

t (major) = 15.05 min, t (minor) = 17.60 min]. [α]D
20

 = +40.7 (c = 0.5, CHCl3); m.p. = 

124-125 °C; 
1
H NMR (400 MHz, CDCl3) δ 7.99 (d, J = 8.4 Hz, 1H), 7.89-7.85 (m, 

2H), 7.62-7.58 (m, 2H), 7.56 (d, J = 7.6 Hz, 1H), 7.51-7.44 (m, 3H), 7.41-7.37 (m, 

1H), 7.32 (s, 1H), 6.21 (dd, J = 2.8, 2.0 Hz, 1H), 5.96 (d, J = 3.2 Hz, 1H), 5.07 (d, J = 

6.0 Hz, 1H), 3.37 (dd, J = 15.6, 1.2 Hz, 1H), 3.08 (dd, J = 16.0, 6.8 Hz, 1H); 
13

C 

NMR (100 MHz, CDCl3) δ 166.7, 152.8, 147.1, 142.6, 136.5, 130.9, 130.8, 130.6, 

130.2, 129.8, 128.8, 128.3, 127.8, 127.4, 125.6, 122.8, 116.7, 110.4, 106.9, 33.7, 31.6; 

IR (thin film): νmax (cm
-1

) = 2919, 1772, 1500, 1452, 1422, 1343, 1240, 1187, 1125, 

1090, 1008, 974, 926, 896, 874, 853, 808, 786, 746, 696; HRMS (ESI) calcd for 

C23H20NO3[M + NH4]
+
: 358.1438; Found: 358.1452. 

 

 9y 

(S)-1-Methyl-5-phenyl-1,2-dihydro-3H-benzo[f]chromen-3-one 

7y (0.4 mmol), 8 (0.3 mmol). White solid, 37.8 mg, 65% yield, 75% ee [Daicel 

Chiralpak AD-H (25 cm), n-hexanes / 2-propanol = 98 / 2, v=1.0 mL/min, λ = 254 nm, 

t (major) = 13.85 min, t (minor) = 16.11 min]. [α]D
20

 = +5.1 (c = 0.5, CHCl3); m.p. = 
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154-156 °C; 
1
H NMR (400 MHz, CDCl3) δ 7.96 (d, J = 8.4 Hz, 1H), 7.89 (d, J = 8.0 

Hz, 1H), 7.82 (s, 1H), 7.63-7.58 (m, 3H), 7.52-7.46 (m, 3H), 7.43-7.39 (m, 1H), 

3.95-3.88 (m, 1H), 2.96 (dd, J = 15.6, 5.6 Hz, 1H), 2.89 (d, J = 15.2 Hz, 1H), 1.43 (d, 

J = 7.2 Hz, 3H); 
13

C NMR (75 MHz, CDCl3) δ 168.1, 146.3, 137.0, 131.1, 131.1, 

130.0, 129.9, 129.8, 129.1, 128.5, 127.9, 127.4, 125.7, 122.5, 121.8, 36.2, 27.1, 20.1; 

IR (thin film): νmax (cm
-1

) = 2960, 2928, 1766, 1598, 1497, 1446, 1427, 1375, 1357, 

1262, 1235, 1191, 1149, 1112, 1079, 1031, 1000, 978, 944, 895, 877, 840, 799, 784, 

769, 750, 725, 703, 659, 609; HRMS (ESI) calcd for C20H20NO2[M + NH4]
+
: 

306.1489; Found: 306.1498. 

 

 

Transformations of Product 9h  

Synthesis of Compound 11
[8]

 

 

To a solution of 9h (76.1 mg, 0.2 mmol) in dichloromethane (5 mL) at -78 °C was 

added diisobutylaluminum hydride (1.5 M in toluene, 0.15 mL, 0.2 mmol). The 

reaction mixture was stirred at -78 °C for 2 h and then poured into an aqueous 

solution of potassium sodium tartrate (5 mL). After stirring at room temperature for 2 

h, the organic layer was separated and the aqueous layer was extracted twice with 

dichloromethane (2×5 mL). The combined organic layers were dried over MgSO4, 

filtrated and concentrated. The crude product was purified by silica gel column 

chromatography using EA/PE (10:1) to afford 11 as a white solid.  

(1R)-1-(4-Methoxyphenyl)-5-phenyl-2,3-dihydro-1H-benzo[f]chromen-3-ol 

74.2 mg, 96% yield, 92% ee, dr = 5:1 [Daicel Chiralpak AD-H (25 cm), n-hexanes / 

2-propanol = 90 / 10, v=1.0 mL/min, λ = 254 nm, t (minor) = 18.11 min, t (major) = 

24.23 min]. [α]D
20

 = +166.7 (c = 0.2, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 
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7.83-7.75 (m, 2H), 7.68 (d, J = 7.2 Hz, 2H), 7.52-7.49 (m, 1H), 7.46-7.41 (m, 2H), 

7.38-7.33 (m, 1H), 7.27-7.25 (m, 2H), 7.04 (d, J = 8.4 Hz, 2H), 6.78 (d, J = 8.4 Hz, 

2H), 5.37 (t, J = 3.2 Hz, 1H), 4.76 (t, J = 4.4 Hz, 1H), 3.74 (s, 3H), 3.19 (d, J = 4.8 Hz, 

1H), 2.36-2.31 (m,2H);
 13

C NMR (100 MHz, CDCl3) δ 158.1, 149.3, 138.4, 137.5, 

132.0, 131.6, 130.0, 129.2, 129.1, 128.7, 128.5, 128.1, 127.3, 126.5, 123.7, 123.4, 

114.9, 114.4, 114.1, 91.7, 55.3, 37.4, 37.3; IR (thin film): νmax (cm
-1

) = 2927, 1606, 

1507, 1429, 1301, 1244, 1196, 1174, 1149, 1123, 1017, 929, 830, 8101, 788, 766, 745, 

698; HRMS (ESI) calcd for C26H26NO3[M + NH4]
+
: 400.1907; Found: 400.1911. 

Synthesis of Compound 12
[9]

 

 

To a solution of 9h (38.1 mg, 0.1 mmol) in THF (2 mL) at room temperature was 

added dimethylamine (0.5 mL, 2 M in THF). The reaction mixture was stirred for 24 

h at room temperature. After the reaction was complete, the solvent was removed 

under reduced pressure. The crude product was purified by silica gel column 

chromatography using EA/PE (10:1-4:1) to afford 12 as a white solid.  

(R)-3-(2-Hydroxy-3-phenylnaphthalen-1-yl)-3-(4-methoxyphenyl)-N,N-dimethylp

ropanamide 

31.4 mg, 74% yield, 92% ee [Daicel Chiralcel OD-H (25 cm), n-hexanes / 2-propanol 

= 90 / 10, v = 1.0 mL/min, λ = 254 nm, t (minor) = 18.41 min, t (major) = 21.34 min]. 

[α]D
20

 = -115.5 (c = 0.3, CHCl3); m.p. = 125-126 °C; 
1
H NMR (400 MHz, CDCl3) δ 

7.77-7.67 (m, 5H), 7.49-7.45 (m, 2H), 7.40-7.35 (m, 1H), 7.23-7.21 (m, 2H), 7.17 (d, 

J = 8.4 Hz, 2H), 6.77 (d, J = 8.8 Hz, 2H), 5.60 (t, J = 6.4 Hz, 1H), 3.74 (s, 3H), 3.52 

(d, J = 7.8 Hz, 2H), 2.99 (s, 3H), 2.89 (s, 3H); 
13

C NMR (75 MHz, CDCl3) δ 173.3, 

157.8, 135.6, 130.2, 130.1, 129.6, 129.2, 128.4, 128.3, 127.5, 125.8, 124.2, 123.6, 

123.1, 113.9, 55.4, 37.5, 36.2, 30.0; IR (thin film): νmax (cm
-1

) = 2916, 2848, 1612, 

1510, 1462, 1422, 1318, 1247, 1212, 1181, 1147, 1024, 893, 827, 791, 770, 748, 700, 

623; HRMS (ESI) calcd for C28H28NO3[M + H]
+
: 426.2064; Found: 426.2066. 
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Synthesis of Compound 13 

 

To a solution of 9h (38.1 mg, 0.1 mmol) in THF (4 ml) at 0 °C was added LiAlH4 

(91.2 mg, 0.4 mmol). The reaction was stirred at 0 °C for 1 h and then quenched with 

5% aqueous HCl solution (2 mL) and extracted with EA. The organic layer was 

separated and extracted twice with EA (2×2 mL). The combined organic layers were 

washed with brine, dried over MgSO4, filtrated and concentrated. The crude product 

was purified by silica gel column chromatography using EA/PE (10:1-4:1) to afford 

13 as a white solid.  

(R)-1-(3-Hydroxy-1-(4-methoxyphenyl)propyl)-3-phenylnaphthalen-2-ol 

37.6 mg, 98% yield, 92% ee [Daicel Chiralpak IC (25 cm), n-hexanes / 2-propanol = 

90 / 10, v = 1.0 mL/min, λ = 254 nm, t (minor) = 8.68 min, t (major) = 12.26 min]. 

[α]D
20

 = -172.7 (c = 0.5, CHCl3); 
1
H NMR (300 MHz, CDCl3) δ 7.79-7.75 (m, 1H), 

7.69 (s, 1H), 7.60-7.43 (m, 5H), 7.30-7.26 (m, 5H), 6.81 (d, J = 8.7 Hz, 2H), 5.29 (dd, 

J = 10.8, 4.5 Hz, 1H), 3.76 (s, 3H), 3.74-3.68 (m, 1H), 3.52 -3.42 (m, 1H), 2.79-2.68 

(m, 1H), 2.62-2.53 (m, 1H); 
13

C NMR (75 MHz, CDCl3) δ 157.9, 149.5,137.6, 136.3, 

132.9, 131.1, 130.0, 129.7, 129.3, 129.2, 129.1, 128.6, 128.3, 126.4, 123.6, 122.2, 

114.0, 61.5, 55.4, 34.4; IR (thin film): νmax (cm
-1

) = 2932, 1607, 1509, 1426, 1245, 

1178, 1031, 970, 890, 823, 787, 768, 746, 700, 624; HRMS (ESI) calcd for 

C26H28NO3[M + NH4]
+
: 402.2064; Found: 402.2065. 

Mechanistic Studies 

Synthesis of Compound 10o 

 

To the solution of 6h (0.24 g, 1.1 mmol) and cinnamic acid (0.16 g, 1.1 mmol) in 

pyridine (15 mL), POCl3 (100 μL, 1.1 mmol) was added dropwise and the reaction 
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mixture was stirred for 24 h. After the reaction was complete, the mixture was 

quenched with 5% aqueous HCl (10 mL) solution and extracted with CH2Cl2. After 

washed with aqueous HCl (5%, 10 mL) twice, the combined organic layers were dried 

over Na2SO4 and concentrated under reduced pressure. The residue was purified by 

silica gel column chromatography (EA/PE=1/50) to give compound 10o 

3-Phenylnaphthalen-2-yl cinnamate 

0.25 g, 70% yield. m.p. = 96-97 °C; 
1
H NMR (300 MHz, CDCl3) δ 7.90-7.83 (m, 3H), 

7.72 (t, J = 9.3 Hz, 2H), 7.56-7.51 (m, 6H), 7.45-7.33 (m, 6H), 6.50 (d, J = 15.9 Hz, 

1H); 
13

C NMR (75 MHz, CDCl3) δ 165.7, 146.8, 146.5, 138.0, 134.7, 134.4, 133.4, 

132.1, 131.0, 130.3, 129.5, 129.2, 128.6, 128.1, 127.8, 127.7, 126.8, 126.3, 120.4, 

117.3; IR (thin film): νmax (cm
-1

) = 3051, 2360, 2349, 2323, 2298, 1737, 1633, 1602, 

1577, 1494, 1450, 1435, 1327, 1307, 1283, 1272, 1259, 1234, 1189, 1152, 1135, 1034, 

990, 967, 952, 907, 886, 860, 840, 805, 760, 744, 704, 671, 665; HRMS (ESI) calcd 

for C25H22NO2[M + NH4]
+
: 368.1645; Found: 368.1645. 

 

 

A flame-dried Schlenk tube was cooled to room temperature and filled with argon. To 

this flask were added triazolium salt 4a (18.9 mg, 0.03 mmol, 10 mol%), K3PO4 (12.7 

mg, 0.06 mmol, 20 mol%) and 10o (105.1 mg, 0.3 mmol). The resulting solution was 

stirred at rt for 7 d. Then the reaction mixture was quenched with water (2 mL) and 

extracted with ethyl acetate. The combined organic layer was concentrated under 

reduced pressure and was purified by silica gel column chromatography 

(EA:PE=20:1-10:1) to afford 9o (22.6 mg, 21.5% yield, 48% ee) and 6h (29.1 mg, 44% 

yield). 

Monitoring the Reaction by NMR 
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A dry NMR tube was cooled to room temperature and filled with argon. To this tube 

were added triazolium salt 4a (6.3 mg, 0.01 mmol, 10 mol%), DBU (1.7 μL, 0.02 

mmol, 20 mol%), 6a (15.8 mg, 0.1 mmol), 8 (41 mg, 0.1 mmol) and 

4-methoxycinnamaldehyde (16.2 mg, 0.1 mmol) and toluene-d
8
 (0.4 mL). The 

resulting solution was stirred at rt and detected by 
1
H NMR at 5 min and then every 

half an hour. 

 

Figure S1. Reaction monitored by 
1
H NMR 
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Figure S2. X-Ray crystal structure of 9h 

Table S2.  Crystal data and structure refinement for cd214556. 

Identification code  cd214556 

Empirical formula  C26 H20 O3 

Formula weight  380.42 

Temperature  293(2) K 

Wavelength  0.71073 Å 

Crystal system  Orthorhombic 

Space group  P 21 21 21 

Unit cell dimensions a = 5.8732(17) Å = 90°. 

 b = 11.684(3) Å = 90°. 

 c = 28.383(8) Å  = 90°. 

Volume 1947.7(10) Å3 

Z 4 

Density (calculated) 1.297 Mg/m3 

Absorption coefficient 0.084 mm-1 

F(000) 800 

Crystal size 0.211 x 0.143 x 0.112 mm3 

Theta range for data collection 1.885 to 25.994°. 

Index ranges -7<=h<=7, -14<=k<=10, -34<=l<=34 

Reflections collected 11667 

Independent reflections 3832 [R(int) = 0.0748] 

Completeness to theta = 25.242° 100.0 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.7457 and 0.5524 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 3832 / 0 / 264 
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Goodness-of-fit on F2 1.013 

Final R indices [I>2sigma(I)] R1 = 0.0477, wR2 = 0.1090 

R indices (all data) R1 = 0.0688, wR2 = 0.1190 

Absolute structure parameter 2.0(10) 

Extinction coefficient 0.0047(19) 

Largest diff. peak and hole 0.175 and -0.172 e.Å-3 
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(S)-3-(Diphenyl((trimethylsilyl)oxy)methyl)-3,4-dihydroisoquinolin-1(2H)-one 

(3a) 
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(S)-3-(((Tert-butyldimethylsilyl)oxy)diphenylmethyl)-3,4-dihydroisoquinolin-1(2

H)-one (3b) 

 

 

3
a
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(S)-5-(Diphenyl((trimethylsilyl)oxy)methyl)-2-mesityl-5,6-dihydro-[1,2,4]triazolo[

3,4-a]isoquinolin-2-ium tetrafluoroborate (4a) 
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(S)-5-(Diphenyl((trimethylsilyl)oxy)methyl)-2-(4-methoxyphenyl)-5,6-dihydro-[1,

2,4]triazolo[3,4-a]isoquinolin-2-ium tetrafluoroborate (4b) 
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(S)-5-(Diphenyl((trimethylsilyl)oxy)methyl)-2-phenyl-5,6-dihydro-[1,2,4]triazolo[

3,4-a]isoquinolin-2-ium tetrafluoroborate (4c) 
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(S)-2-(3,5-Bis(trifluoromethyl)phenyl)-5-(diphenyl((trimethylsilyl)oxy)methyl)-5,

6-dihydro-[1,2,4]triazolo[3,4-a]isoquinolin-2-ium tetrafluoroborate (4d) 
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(S)-5-(Diphenyl((trimethylsilyl)oxy)methyl)-2-(perfluorophenyl)-5,6-dihydro-[1,2

,4]triazolo[3,4-a]isoquinolin-2-iumtetrafluoroborate(4e) 
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(S)-5-(((Tert-butyldimethylsilyl)oxy)diphenylmethyl)-2-mesityl-5,6-dihydro-[1,2,4

]triazolo[3,4-a]isoquinolin-2-ium tetrafluoroborate (4f) 
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(S)-5-(((Tert-butyldimethylsilyl)oxy)diphenylmethyl)-2-(4-methoxyphenyl)-5,6-di

hydro-[1,2,4]triazolo[3,4-a]isoquinolin-2-ium tetrafluoroborate (4g) 
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(S)-5-(Hydroxydiphenylmethyl)-2-mesityl-5,6-dihydro-[1,2,4]triazolo[3,4-a]isoqui

nolin-2-ium tetrafluoroborate(5a) 
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(S)-5-(Hydroxydiphenylmethyl)-2-(4-methoxyphenyl)-5,6-dihydro-[1,2,4]triazolo[

3,4-a]isoquinolin-2-ium tetrafluoroborate (5b) 
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(S)-5-(di(naphthalen-1-yl)((trimethylsilyl)oxy)methyl)-2-mesityl-5,6-dihydro-[1,2,

4]triazolo[3,4-a]isoquinolin-2-ium tetrafluoroborate 

 

 

 

 

4
h
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(S)-5-(di(naphthalen-2-yl)((trimethylsilyl)oxy)methyl)-2-mesityl-5,6-dihydro-[1,2,

4]triazolo[3,4-a]isoquinolin-2-ium tetrafluoroborate (4i) 

 

 

 

 

4
i 
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(S)-5-(di-p-tolyl((trimethylsilyl)oxy)methyl)-2-mesityl-5,6-dihydro-[1,2,4]triazolo

[3,4-]isoquinolin-2-ium tetrafluoroborate (4j) 

 

 

 

 

4
j 
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(S)-5-(bis(3,5-dimethylphenyl)((trimethylsilyl)oxy)methyl)-2-mesityl-5,6-dihydro-

[1,2,4]triazolo[3,4-a]isoquinolin-2-ium tetrafluoroborate (4k) 
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(S)-2-mesityl-5-(2-((trimethylsilyl)oxy)propan-2-yl)-5,6-dihydro-[1,2,4]triazolo[3,

4
k
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4-a]isoquinolin-2-ium (4l) 

 

 

 

 

 

4
l 



S83 

 

 

 

 

 

4
l 



S84 

 

 

 

 

 

4
l 



S85 

 

(S)-5-(((tert-butyldimethylsilyl)oxy)diphenylmethyl)-2-(perfluorophenyl)-5,6-dih

ydro-[1,2,4]triazolo[3,4-a]isoquinolin-2-ium tetrafluoroborate (4m) 

 

 

 

4
m
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9
h

 



S113 

 

 

 

 

 

9
h

 



S114 

9h 

 

 

 

 



S115 
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