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Table S1. Screening of bases and solvents in Pd-catalyzed Friedel-Crafts type allylic 

alkylation reaction of indole fused through C4-C3.  

 

entry base solvent time (h) 2a /3a a yield (%)b 

1 Cs2CO3 THF 10 >97/3 32 
2 K3PO4 THF 6 >97/3 54 
3 Li2CO3 THF 16 >97/3 54 
4 BSA THF 16 >97/3 56 
5 KOAc THF 2 >97/3 70 
6 K2CO3 THF 2 >97/3 55 
7 Et3N THF 16 >97/3 39 
8 DBU THF 2 - complex 
9 NaOAc THF 0.5 >97/3 48 
10 DIEA THF 22 - NR 
11 DABCO THF 6 - 52 
12c K3PO4 THF 4 >97/3 52 
13d KOAc THF 12 - 55 
14e KOAc THF 0.5 >97/3 68 
15f KOAc THF 12 - 41 
16 KOAc dioxane 0.5 >97/3 65 
17 KOAc DCM 5 >97/3 52 
18 KOAc DME 6 >97/3 50 
19 KOAc DCE 6 >97/3 41 
20 KOAc CH3CN 28 >97/3 21 
21 KOAc toluene 2 >97/3 40 

a Determined by 1H NMR of the crude reaction mixture. b Isolated yield of 2a. c 

Reaction concentration: 0.02 mol/L. d 50 mol% of KOAc was used. e 200 mol% of 
KOAc was used. f At room temperature.  
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Table S2. Screening of bases and solvents in Ir-catalyzed Friedel-Crafts type allylic 

alkylation reaction of indole fused through C4-C3.a  

 

entry base solvent 
time 
(h) 

conv 
(%)b 

yield 
(%)c 

ee 
(%)d 

1 DBU THF 20 - - - 
2 Cs2CO3 THF 20 54 32 98 
3 K3PO4 THF 24 45 20 99 
4 BSA THF 24 17 10 99 
5 tBuONa THF 8 100 8 96 
6 KOAc THF 28 - 17 99 
7 Cs2CO3 DCM 18 95 56 90 
8 Cs2CO3 dioxane 8 95 28 99 
9e Cs2CO3 dioxane 8 90 32 94 
10 Cs2CO3 toluene 42 50 27 99 
11 Cs2CO3 CH3CN 44 42 18 93 
12 Cs2CO3 DME 44 28 15 99 
13 Cs2CO3 DCE 28 95 42 94 
14f Cs2CO3 DCM 18 95 60 94 

a Reaction conditions: 4 mol% of [Ir(cod)Cl]2, 8 mol% of L7, 0.2 mmol of 1a, and 
100 mol% of base in solvent (2 mL). b Determined by 1H NMR of the crude reaction 
mixture. c Isolated yield of 3a. d Determined by HPLC analysis. e Reaction at 100 oC. f 

0.04 mol/L of substrate. 
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Table S3. Screening of bases and solvents in Ir-catalyzed Friedel-Crafts type allylic 

alkylation reaction of indole fused through C4-C3.a  

entry ligand additives con. (mol/L) conv (%)b yield (%)c ee (%)d 

1 L7 - 0.1 95 56 90 
2 L8 - 0.1 100 44 83 
3 L9 - 0.1 20 - - 
4 L10 - 0.1 80 24 53 
5 L7 CuI 0.1 - 26 88 
6 L7 LiCl 0.1 - 10 88 
7 L7 - 0.04 95 60 94 
8 L7 - 0.02 95 51 95 

a Reactions were conducted under the conditions of entry 7, Table S2. b Determined 
by 1H NMR of the crude reaction mixture. c Isolated yield of 3a. d Determined by 
HPLC analysis. 

 

Table S4. Screening Different Ligands in Pd-catalyzed allylic dearomatization of 
indole fused through C4-C3.a 

 

entry ligand yield (%)b ee (%)c 

1 (S)-L1 54 19 
2 (R,R)-L2 N.R. / 
3 (S,Sa)-L11 complex / 
4 (S)-Tol-BINAP complex / 
5 (S,Sp)-L12a 40 62 
6 (R,Rp)-L12b 72 75 
7 (S,Sp)-L12c 74 78 
8 (S,Sp)-L12d 52 21 
9 (S,Rp)-L12e 32 3 
10 (S,Sp)-L12f 44 76 
11 (S,Sp)-L12g 22 66 
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a Reaction conditions: 5 mol% of [Pd(C3H5)Cl]2, 11 mol% of ligand, 0.2 mmol of 4a, 
and 100 mol% KOAc in THF (2 mL). b Isolated yield of 5a. N.R. = no reaction. c 
Determined by HPLC analysis. 

 
Table S5. Condition optimization in Ir-catalyzed Friedel-Crafts type allylic alkylation 
reaction of indole fused through C4-C5. a 

 

entry solvent base ligand conv (%)b yield 
(%)c ee (%)d

1 DCM Cs2CO3 L8 75 45 66 
2 THF Cs2CO3 L8 >95 40 83 
3 dioxane Cs2CO3 L8 92 33 67 
4 DCE Cs2CO3 L8 64 27 76 
5 DME Cs2CO3 L8 72 20 91 
6 DMF Cs2CO3 L8 65 14 76 
7 toluene Cs2CO3 L8 95 48 83 
8 Et2O Cs2CO3 L8 85 30 87 
9 MeCN Cs2CO3 L8 >95 35 84 
10 toluene Li2CO3 L8 15 / / 
11 toluene K3PO4 L8 95 38 88 
12 toluene DBU L8 complex 8 / 
13 toluene BSA L8 85 45 81 
14 toluene NaH L8 30 / / 
15 toluene tBuONa L8 complex / / 
16 toluene KHMDS L8 100 / / 
17 toluene Cs2CO3 L7 15 / / 
18 toluene Cs2CO3 L9 40 / / 
19 toluene Cs2CO3 L10 / 14 6 

a Reaction conditions: 4 mol% of [Ir(dbcot)Cl]2, 8 mol% of L8, 0.2 mmol of 4a, and 
200 mol% Cs2CO3 in solvent (2 mL). b Determined by 1H NMR of the crude reaction 
mixture. c Isolated yield of 6a. d Determined by HPLC analysis. 
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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.  

 
1H and 13C NMR spectra were recorded on a Varian instrument (300, 400 MHz 

and 75, 100 MHz, respectively) and internally referenced to tetramethylsilane signal 

or residual protio solvent signals. Data for 1H NMR are recorded as follows: chemical 

shift (δ, ppm), multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet or 

unresolved, br = broad singlet, coupling constant(s) in Hz, integration). Data for 13C 

NMR are reported in terms of chemical shift (δ, ppm).  

 

The phosphoramidite ligands1, the amine2 and (E)-4-bromo-but-2-enyl methyl 

ester3 were prepared according to the reported procedures. 

 

 

 

 

 

(1) Alexakis, A.; Rosset, S.; Allamand, J.; March, S.; Guillen, F.; Benhaim, C. Synlett 

2001, 1375. 

(2) (a) Yang, S.-D.; Sun, C.-L.; Fang, Z.; Li, B.-J.; Li, Y.-Z.; Shi, Z.-J. Angew. Chem., 

Int. Ed. 2008, 47, 1473. (b) Gagnon, D.; Spino, C. J. Org. Chem. 2009, 74, 6035. (c) 

Engler, T. A.; Henry, J. R.; Malhotra, S.; Cunningham, B.; Furness, K.; Brozinick, J. 

Burkholder, T. P.; Clay, M. P.; Clayton, J.; Diefenbacher, C.; Hawkins, E.; Iversen, P. 

W.; Li, Y. H.; Lindstrom, T. D.; Marquart, A. L.; McLean, J.; Mendel, D.; Misener, 

E.; Briere, D.; C. O’Toole, J.; Porter, W. J.; Queener, S.; Reel, J. K.; Owens, R. A.; 

Brier, R. A.; Eessalu, T. E.; Wagner, J. R.; Campbell, R. M. Vaughn, R. J. Med. Chem. 

2004, 47, 3934. 
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General Procedure for Synthesis of the Substituted Allylic Carbonates: 

Br
OCO2Me Et3N

THF
N
H

X OCO2Me

+

N
H

XH

R R
1 and 4

 
To a solution of the amine[2] (2 mmol, 1.0 equiv) and Et3N (1.2 equiv) in dry THF (25 

mL), carbonic acid (E)-4-bromo-but-2-enyl methyl ester (2.0 equiv) was added at 0 

°C. The ice bath was then removed and the reaction mixture was stirred at rt for 6-12 

h. After the reaction was complete (monitored by TLC), the crude reaction mixture 

was filtrated through a pad of celite and washed with EtOAc. The solvents were 

removed under reduced pressure. The residue was purified by silica gel column 

chromatography (PE/EA = 8/1) to afford the desired product 1 and 4. 

N
H

Bn
N

OCO2Me

1a
 

Viscous yellow oil, yield 85%. 1H NMR (300 MHz, CDCl3) δ 8.18 (br s, 1H), 

7.38-7.12 (m, 9H), 6.67 (m, 1H), 5.93 (dt, J = 6.0, 15.3 Hz, 1H), 5.75 (dt, J = 6.0, 

15.3 Hz, 1H), 4.59 (d, J = 6.0 Hz, 2H), 3.84 (s, 2H), 3.76 (s, 3H), 3.59 (s, 2H), 3.10 (d, 

J = 6.0 Hz, 2H); 13C NMR (75 MHz, CDCl3) δ 155.6, 139.6, 135.8, 134.1, 131.3, 

128.9, 128.1, 127.4, 126.7, 125.9, 123.6, 121.7, 119.9, 109.8, 101.5, 68.1, 58.3, 56.4, 

55.1, 54.7; IR (film): vmax (cm-1) = 3413, 3027, 2954, 2794, 1744, 1495, 1344, 1258, 

1115, 939, 753, 698; EI-MS (m/z): 364 (M+, 2), 288 (25), 234 (7), 130 (100), 91 (34), 

77 (7), 65 (5); HRMS (EI): Exact mass calcd. for C22H24N2O3 [M]+: 364.1787. Found: 

364.1777. 

 

Viscous yellow oil, yield 83%. 1H NMR (300 MHz, CDCl3) δ 8.30 (br s, 1H), 7.24 (d, 

J = 7.2 Hz, 1H), 7.23-7.10 (m, 3H), 6.69 (m, 1H), 5.99-5.85 (m, 2H), 5.75 (dt, J = 6.0, 

15.6 Hz, 1H), 5.19 (d, J = 18.9 Hz, 1H), 5.13 (d, J = 10.2 Hz, 1H), 4.59 (d, J = 6.0 Hz, 

2H), 3.83 (s, 2H), 3.76 (s, 3H), 3.11 (d, J = 6.0 Hz, 2H); 13C NMR (75 MHz, CDCl3) 
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δ 155.6, 135.9, 135.8, 133.9, 131.1, 127.5, 125.8, 123.7, 121.6, 119.9, 117.4, 109.8, 

101.3, 68.1, 56.9, 55.9, 55.0, 54.7; IR (film): vmax (cm-1) = 3409, 2799, 1745, 1440, 

1258, 938, 753; EI-MS (m/z): 314 (M+, 0.8), 238 (8), 130 (100), 103 (10), 41 (16); 

HRMS (EI): Exact mass calcd. for C18H22N2O3 [M]+: 314.1630. Found: 314.1635. 

 

Viscous yellow oil, yield 87%. 1H NMR (300 MHz, CDCl3) δ 8.10 (br s, 1H), 

7.37-7.13 (m, 6H), 7.05 (d, J = 7.2 Hz, 1H), 6.93 (d, J = 7.2 Hz, 1H), 6.67 (m, 1H), 

5.94 (dt, J = 6.0, 15.6 Hz, 1H), 5.75 (dt, J = 6.0, 15.6 Hz, 1H), 4.58 (d, J = 6.0 Hz, 

2H), 3.81 (s, 2H), 3.75 (s, 3H), 3.58 (s, 2H), 3.08 (d, J = 6.0 Hz, 2H), 2.44 (s, 3H); 13C 

NMR (75 MHz, CDCl3) δ 155.6, 139.7, 135.4, 134.1, 128.9, 128.4, 128.1, 127.0, 

126.7, 125.8, 123.3, 122.2, 120.2, 118.9, 102.1, 68.1, 58.2, 56.3, 55.0, 54.7, 16.5; IR 

(film): vmax (cm-1) = 3412, 2955, 2923, 2707, 1745, 1442, 1259, 941, 811, 731, 698; 

EI-MS (m/z): 378 (M+, 2), 302 (14), 144 (100), 91 (52), 43 (34); HRMS (EI): Exact 

mass calcd. for C23H26N2O3 [M]+: 378.1943. Found: 348.1937. 

N
H

Bn
N

OCO2Me

F

1d

 

Viscous yellow oil, yield 72%. 1H NMR (400 MHz, CDCl3) δ 8.45 (br s, 1H), 

7.35-7.15 (m, 6H), 7.00 (dd, J = 4.8, 8.0 Hz, 1H), 6.81 (dd, J = 8.0, 10.8 Hz, 1H), 

6.68 (m, 1H), 5.92 (dt, J = 6.0, 15.2 Hz, 1H), 5.75 (dt, J = 6.0, 15.2 Hz, 1H), 4.59 (d, 

J = 6.0 Hz, 2H), 3.77 (s, 2H), 3.76 (s, 3H), 3.56 (s, 2H), 3.07 (d, J = 6.0 Hz, 2H); 13C 

NMR (100 MHz, CDCl3) δ 155.6, 152.1 (d, J = 240.9 Hz), 139.5, 133.9, 130.8 (d, J = 

5.2 Hz), 126.9 (d, J = 3.1 Hz), 126.8, 126.0, 124.3, 124.0 (d, J = 13.4 Hz), 120.0 (d, J 

= 6.0 Hz), 106.2 (d, J = 15.6 Hz), 102.5, 68.1, 58.2, 55.9, 55.0, 54.7; 19F NMR (376 

MHz, CDCl3) δ -137.4 (m); IR (film): vmax (cm-1) = 3422, 2798, 1745, 1442, 1345, 

1260, 940, 805, 698; EI-MS (m/z): 382 (M+, 4), 306 (28), 148 (100), 91 (61); HRMS 

(EI): Exact mass calcd. for C22H23N2O3F [M]+: 382.1693. Found: 382.1691. 
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Viscous yellow oil, yield 75%. 1H NMR (300 MHz, CDCl3) δ 8.45 (br s, 1H), 

7.34-7.05 (m, 8H), 6.68 (m, 1H), 5.90 (dt, J = 6.0, 15.3 Hz, 1H), 5.73 (dt, J = 6.0, 

15.3 Hz, 1H), 4.59 (d, J = 6.0 Hz, 2H), 3.78 (s, 2H), 3.75 (s, 3H), 3.56 (s, 2H), 3.06 (d, 

J = 6.0 Hz, 2H); 13C NMR (75 MHz, CDCl3) δ 155.5, 139.4, 133.7, 132.9, 130.2, 

128.84, 128.76, 128.1, 126.8, 126.0, 124.3, 120.9, 120.7, 115.1, 102.6, 68.0, 58.2, 

55.9, 54.9, 54.7; IR (film): vmax (cm-1) = 3419, 3027, 2921, 2797, 1744, 1498, 1442, 

1337, 1295, 1123, 935, 791, 698; EI-MS (m/z): 398 (M+, 4), 322 (34), 234 (12), 164 

(100), 91 (84); HRMS (EI): Exact mass calcd. for C22H23N2O3Cl [M]+: 398.1397. 

Found: 398.1407. 

N
H

Bn
N

OCO2Me

Ph 1f

 

Viscous yellow oil, yield 70%. 1H NMR (300 MHz, CDCl3) δ 8.43 (br s, 1H), 7.60 (d, 

J = 7.5 Hz, 2H), 7.41-7.36 (m, 4H), 7.31-7.18 (m, 5H), 7.14-7.09 (m, 2H), 6.88 (s, 

1H), 5.92 (dt, J = 6.0, 15.3 Hz, 1H), 5.75 (dt, J = 6.0, 15.3 Hz, 1H), 4.58 (d, J = 6.0 

Hz, 2H), 3.83 (s, 2H), 3.71 (s, 3H), 3.59 (s, 2H), 3.10 (d, J = 6.0 Hz, 2H); 13C NMR 

(75 MHz, CDCl3) δ 155.6, 139.6, 137.2, 136.9, 133.9, 132.4, 131.1, 129.0, 128.8, 

128.1, 127.4, 126.8, 125.9, 125.0, 122.0, 120.3, 109.7, 98.9, 68.1, 58.2, 56.1, 55.0, 

54.7; IR (film): vmax (cm-1) = 3401, 3027, 2923, 2793, 1745, 1730, 1450, 1259, 972, 

757, 737, 692; EI-MS (m/z): 440 (1), 365 (6), 206 (100), 91(24); HRMS (EI): Exact 

mass calcd. for C28H28N2O3 [M]+: 440.2100. Found: 440.2099. 

 

Viscous yellow oil, yield 72%. 1H NMR (300 MHz, CDCl3) δ 8.33 (br s, 1H), 7.52 (d, 

J = 8.1 Hz, 2H), 7.40-7.37 (m, 2H), 7.30 (t, J = 7.2 Hz, 2H), 7.24-7.21 (m, 4H), 

7.12-7.09 (m, 2H), 6.84 (s, 1H), 5.94 (dt, J = 6.0, 15.3 Hz, 1H), 5.75 (dt, J = 6.0, 15.3 
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Hz, 1H), 4.59 (d, J = 6.0 Hz, 2H), 3.83 (s, 2H), 3.73 (s, 3H), 3.60 (s, 2H), 3.12 (d, J = 

6.0 Hz, 2H), 2.37 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 155.6, 139.7, 137.44, 137.39, 

136.8, 134.0, 131.1, 129.6, 129.0, 128.9, 128.1, 126.8, 125.9, 125.0, 121.8, 120.3, 

109.6, 98.4, 68.1, 58.3, 56.1, 55.1, 54.7, 21.2; IR (film): vmax (cm-1) = 3406, 3025, 

2953, 2792, 1745, 1441, 1260, 772, 731, 698; EI-MS (m/z): 454 (M+, 1), 378 (23), 

220 (100), 91 (34); HRMS (EI): Exact mass calcd. for C29H30N2O3 [M]+: 454.2256. 

Found: 454.2257. 

 
Viscous yellow oil, yield 70%. 1H NMR (300 MHz, CDCl3) δ 8.34 (br s, 1H), 7.54 (d, 

J = 8.4 Hz, 2H),  7.38 (d, J = 8.1 Hz, 4H), 7.30 (t, J = 7.2 Hz, 2H), 7.25-7.22 (m, 

2H), 7.13-7.11 (m, 2H), 6.85 (s, 1H), 5.94 (dt, J = 6.3, 15.3 Hz, 1H), 5.77 (dt, J = 6.3, 

15.9 Hz, 1H), 4.60 (d, J = 6.0 Hz, 2H), 3.83 (s, 2H), 3.74 (s, 3H), 3.60 (s, 2H), 3.12 (d, 

J = 6.3 Hz, 2H); 13C NMR (75 MHz, CDCl3) δ 155.6, 139.6, 137.0, 136.1, 133.9, 

133.2, 131.4, 130.9, 129.1, 129.0, 128.8, 128.1, 126.8, 126.2, 126.0, 122.4, 120.6, 

109.8, 99.5, 68.1, 58.3, 56.1, 55.1, 54.7; IR (film): vmax (cm-1) = 3399, 3027, 2955, 

2794, 1737, 1442, 1262, 906, 776, 728, 699; EI-MS (m/z): 474 (M+, 1), 398 (39), 240 

(100), 91 (58); HRMS (EI): Exact mass calcd. for C28H27N2O3Cl [M]+: 474.1710. 

Found: 474.1714. 

  
Viscous yellow oil, yield 80%. 1H NMR (300 MHz, CDCl3) δ 7.86 (br s, 1H), 

7.37-7.01 (m, 8H), 6.29 (s, 1H), 5.93 (dt, J = 6.3, 15.6 Hz, 1H), 5.75 (dt, J = 6.3, 15.3 

Hz, 1H), 4.59 (d, J = 6.6 Hz, 2H), 3.78 (s, 2H), 3.75 (s, 3H), 3.58 (s, 2H), 3.09 (d, J = 

6.3 Hz, 2H), 2.39 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 155.6, 139.6, 136.0, 134.5, 

134.1, 130.0, 128.9, 128.6, 128.0, 126.7, 125.8, 120.6, 119.8, 109.0, 99.2, 68.1, 58.2, 

56.2, 55.0, 54.7, 13.7; IR (film): vmax (cm-1) = 3399, 3026, 2953, 2792, 1745, 1439, 

1258, 940, 791, 738, 698; EI-MS (m/z): 302 (M+, 41), 144 (100), 91 (30); HRMS (EI): 

Exact mass calcd. for C23H26N2O3 [M]+: 378.1943. Found: 378.1940. 
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N
H

Bn
N

OCO2Me

1j
 

Viscous yellow oil, yield 65%. 1H NMR (300 MHz, CDCl3) δ 7.90 (br s, 1H), 

7.37-7.03 (m, 8H), 6.35 (s, 1H), 6.06-5.88 (m, 2H), 5.75 (dt, J = 6.0, 15.3 Hz, 1H), 

5.20 (d, J = 14.4 Hz, 1H), 5.16 (d, J = 8.7 Hz, 1H), 4.59 (d, J = 6.0 Hz, 2H), 3.79 (s, 

2H), 3.75 (s, 3H), 3.58 (s, 2H), 3.50 (d, J = 6.6 Hz, 2H), 3.09 (d, J = 6.0 Hz, 2H); 13C 

NMR (75 MHz, CDCl3) δ 155.6, 139.7, 136.4, 136.1, 134.9, 134.1, 130.5, 128.9, 

128.3, 128.0, 126.7, 125.8, 121.0, 119.8, 117.1, 109.2, 99.1, 68.1, 58.2, 56.2, 55.0, 

54.7, 32.8; IR (film): vmax (cm-1) = 3399, 3026, 2954, 2791, 1746, 1439, 1259, 940, 

791, 738, 698; EI-MS (m/z): 328 (44), 170 (100), 130 (19), 91 (28); HRMS (EI): 

Exact mass calcd. for C25H28N2O3 [M]+: 404.2100. Found: 404.2101. 

 

Viscous yellow oil, yield 74%. 1H NMR (300 MHz, CDCl3) δ 8.32 (br s, 1H), 7.24 (d, 

J = 8.1 Hz, 1H), 7.15-7.05 (m, 2H), 6.83 (d, J = 7.5 Hz, 1H), 6.50 (m, 1H), 5.85 (dt, J 

= 7.2, 15.6 Hz, 1H), 5.75 (dt, J = 6.3, 15.6 Hz, 1H), 4.57 (d, J = 6.3 Hz, 2H), 3.78 (s, 

3H), 3.67 (s, 6H), 3.57 (s, 2H), 2.62 (d, J = 7.2 Hz, 2H); 13C NMR (100 MHz, CDCl3) 

δ 171.4, 155.5, 135.7, 131.1, 128.5, 127.6, 123.9, 121.7, 120.8, 110.0, 101.1, 68.0, 

59.2, 54.7, 52.3, 35.8, 35.7; IR (film): vmax (cm-1) = 3383, 2954, 1750, 1720, 1448, 

1273, 1199, 939, 755; EI-MS (m/z): 389 (M+, 22), 282 (9), 254 (16), 130 (100); 

HRMS (EI): Exact mass calcd. for C20H23NO7 [M]+: 389.1475. Found: 389.1476. 

 

Viscous yellow oil, 65% yield. 1H NMR (300 MHz, CDCl3) δ 7.98 (br s, 1H), 

7.31-7.06 (m, 8H), 6.87 (d, J = 2.1 Hz, 1H), 6.07 (ddd, J = 6.0, 9.9, 16.2 Hz, 1H), 

5.90 (dt, J = 6.3, 15.6 Hz, 1H), 5.70 (dt, J = 6.6, 15.3 Hz, 1H), 5.04 (d, J = 9.9 Hz, 

1H), 4.97 (d, J = 17.1 Hz, 1H), 4.57 (d, J = 6.3 Hz, 2H), 3.96 (s, 2H), 3.75 (s, 3H), 
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3.73 (d, J = 6.0 Hz, 2H), 3.59 (s, 2H), 3.09 (d, J = 6.3 Hz, 2H); 13C NMR (75 MHz, 

CDCl3) δ 155.6, 139.3, 138.5, 137.1, 133.4, 132.0, 128.9, 128.0, 126.7, 125.9, 125.7, 

122.5, 121.5, 120.8, 115.1, 114.9, 110.2, 68.1, 57.8, 56.6, 54.7, 54.6, 31.5; IR (film): 

vmax (cm-1) = 3415, 3027, 2954, 2794, 1745, 1441, 1259, 940, 741, 698; EI-MS (m/z): 

404 (M+, 2), 209 (41), 168 (100), 154 (65), 91 (89); HRMS (EI): Exact mass calcd. 

for C25H28N2O3 [M]+: 404.2100. Found: 404.2095. 

N
H

N

MeO2CO

4b  
Viscous colorless oil, 72% yield. 1H NMR (300 MHz, CDCl3) δ 8.06 (br s, 1H), 

7.21-7.17 (m, 1H), 7.09-7.07 (m, 2H), 6.87 (s, 1H), 6.17-6.04 (m, 1H), 5.93-5.82 (m, 

2H), 5.72 (dt, J = 6.0, 15.6 Hz, 1H), 5.19-4.97 (m, 4H), 4.57 (d, J = 6.0 Hz, 2H), 3.91 

(s, 2H), 3.76 (s, 3H), 3.74 (d, J = 8.1 Hz, 2H), 3.12 (d, J = 6.0 Hz, 2H); 13C NMR (75 

MHz, CDCl3) δ 155.6, 138.5, 137.1, 135.5, 133.6, 131.9, 125.8, 125.7, 122.5, 121.4, 

120.9, 117.4, 115.0, 114.9, 110.2, 68.1, 56.4, 56.3, 54.7, 54.4, 31.5; IR (film): vmax 

(cm-1) = 3411, 2955, 2810, 1748, 1442, 1269, 1113, 942, 792; ESI-MS (m/z): 355 

(M+1+); HRMS (MALDI): Exact mass calcd. for C21H27N2O3 [M+1]+: 355.2016. 

Found: 355.2016. 

N
H

NBn

MeO2CO

4c  
Viscous yellow oil, 45% yield. 1H NMR (300 MHz, CDCl3) δ 7.90 (br s, 1H), 

7.32-7.05 (m, 8H), 6.86 (s, 1H), 5.92 (dt, J = 6.3, 15.6 Hz, 1H), 5.72 (dt, J = 6.3, 15.6 

Hz, 1H), 4.57 (d, J = 6.0 Hz, 2H), 4.01 (s, 2H), 3.75 (s, 3H), 3.62 (s, 2H), 3.11 (d, J = 

6.0 Hz, 2H), 2.49 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 155.6, 139.4, 137.2, 133.5, 

132.3, 128.8, 128.0, 126.6, 126.4, 125.9, 122.3, 121.5, 120.5, 112.1, 110.1, 68.1, 57.8, 

56.3, 54.7, 13.3; IR (film): vmax (cm-1) = 3412, 3027, 2952, 2795, 1745, 1441, 1259, 

940, 736, 698; EI-MS (m/z): 378 (M+, 14), 302 (14), 236 (20), 144 (100), 91 (38); 

HRMS (EI): Exact mass calcd. for C23H26N2O3 [M]+: 378.1943. Found: 378.1945. 
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Viscous colorless oil, 70% yield. 1H NMR (400 MHz, CDCl3) δ 7.95 (br s, 1H), 

7.24-7.09 (m, 13H), 6.73 (m, 1H), 5.81 (dt, J = 6.0, 15.2 Hz, 1H), 5.62 (dt, J = 6.0, 

15.2 Hz, 1H), 4.50 (d, J = 6.0 Hz, 2H), 4.36 (s, 2H), 3.82 (s, 2H), 3.75 (s, 3H), 3.46 (s, 

2H), 2.98 (d, J = 6.4 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 155.6, 142.1, 139.4, 

137.3, 133.4, 132.2, 128.8, 128.6, 128.3, 128.0, 126.6, 125.9, 125.7, 123.7, 121.8, 

120.7, 115.6, 110.2, 68.1, 57.6, 56.5, 54.7, 54.5, 33.3; IR (film): vmax (cm-1) = 3419, 

3058, 3025, 2954, 2795, 1746, 1441, 1260, 940, 740, 698; ESI-MS (m/z): 455 (M+1+); 

HRMS (MALDI): Exact mass calcd. for C29H31N2O3 [M+1]+: 455.2329. Found: 

455.2337. 

 

Viscous yellow oil, 40% yield. 1H NMR (300 MHz, CDCl3) δ 8.07 (br s, 1H), 7.33 (d, 

J = 8.1 Hz, 2H), 7.23-7.06 (m, 8H), 6.97 (d, J = 8.1 Hz, 2H), 6.66 (s, 1H), 5.80 (dt, J 

= 6.0, 15.3 Hz, 1H), 5.62 (dt, J = 6.0, 15.3 Hz, 1H), 4.51 (d, J = 5.7 Hz, 2H), 4.26 (s, 

2H), 3.76 (s, 2H), 3.73 (s, 3H), 3.44 (s, 2H), 2.97 (d, J = 6.0 Hz, 2H); 13C NMR (75 

MHz, CDCl3) δ 155.5, 141.2, 139.2, 137.2, 133.1, 131.9, 131.2, 130.3, 128.8, 128.0, 

126.6, 125.9, 125.6, 123.7, 121.7, 120.7, 119.3, 114.8, 110.2, 67.9, 57.6, 56.5, 54.6, 

54.4, 32.6; IR (film): vmax (cm-1) = 3416, 3026, 2954, 2798, 1744, 1486, 1441, 1260, 

941, 791, 740, 698; ESI-MS (m/z): 533 (M+1+); HRMS (MALDI): Exact mass calcd. 

for C29H30N2O3Br [M+1]+: 533.1434. Found: 533.1430. 

 

Viscous yellow oil, 60% yield. 1H NMR (300 MHz, CDCl3) δ 7.98 (br s, 1H), 

7.26-7.06 (m, 10H), 6.81 (d, J = 8.7 Hz, 2H), 6.75 (m, 1H), 5.83 (dt, J = 6.0, 15.3 Hz, 
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1H), 5.65 (dt, J = 6.0, 15.3 Hz, 1H), 4.52 (d, J = 6.0 Hz, 2H), 4.30 (s, 2H), 3.83 (s, 

2H), 3.78 (s, 3H), 3.76 (s, 3H), 3.48 (s, 2H), 3.01 (d, J = 6.0 Hz, 2H); 13C NMR (75 

MHz, CDCl3) δ 157.7, 155.6, 139.5, 137.3, 134.1, 133.4, 132.3, 129.5, 128.8, 128.0, 

126.6, 125.9, 125.8, 123.5, 121.8, 120.6, 116.2, 113.6, 110.1, 68.1, 57.6, 56.5, 55.2, 

54.7, 54.5, 32.5; IR (film): vmax (cm-1) = 3418, 3027, 2951, 2833, 1745, 1509, 1441, 

1244, 940, 740, 699; ESI-MS (m/z): 485 (M+1+); HRMS (MALDI): Exact mass calcd. 

for C30H33N2O4 [M+1]+: 485.2435. Found: 485.2450. 

 

Viscous yellow oil, 74% yield. 1H NMR (300 MHz, CDCl3) δ 8.16 (br s, 1H), 

7.29-7.09 (m, 8H), 6.75 (s, 1H), 6.45 (s, 2H), 5.86 (dt, J = 6.0, 15.6 Hz, 1H), 5.66 (dt, 

J = 6.0, 15.3 Hz, 1H), 4.54 (d, J = 6.3 Hz, 2H), 4.33 (s, 2H), 3.90 (s, 2H), 3.85 (s, 3H), 

3.76 (s, 9H), 3.53 (s, 2H), 3.05 (d, J = 6.0 Hz, 2H); 13C NMR (75 MHz, CDCl3) δ 

155.5, 153.1, 139.4, 137.8, 137.3, 136.0, 133.3, 132.1, 128.8, 128.0, 126.7, 126.0, 

125.8, 123.5, 121.7, 120.9, 115.9, 110.3, 105.7, 68.0, 60.9, 57.6, 56.7, 56.0, 54.7, 54.5, 

33.9; IR (film): vmax (cm-1) = 3373, 2937, 2835, 1748, 1589, 1505, 1455, 1266, 1125, 

943, 745; ESI-MS (m/z): 545 (M+1+); HRMS (MALDI): Exact mass calcd. for 

C32H37N2O6 [M+1]+: 545.2646. Found: 545.2649. 

 
Viscous colorless oil, 72% yield. 1H NMR (300 MHz, CDCl3) δ 8.45 (br s, 1H), 

7.37-7.25 (m, 5H), 7.19 (d, J = 7.8 Hz, 1H), 7.07-6.98 (m, 2H), 6.84 (d, J = 1.8 Hz, 

1H), 5.94 (dt, J = 6.6, 15.0 Hz, 1H), 5.75 (dt, J = 6.3, 15.3 Hz, 1H), 4.63 (br s, 1H), 

4.58 (d, J = 6.3 Hz, 2H), 3.91 (s, 2H), 3.76 (s, 3H), 3.73 (t, J = 6.0 Hz, 2H), 3.61 (s, 

2H), 3.09 (d, J = 6.6 Hz, 2H), 2.81 (t, J = 6.0 Hz, 2H); 13C NMR (75 MHz, CDCl3) δ 

155.5, 137.5, 137.0, 132.4, 130.0, 129.6, 128.2, 127.4, 127.3, 126.4, 123.1, 123.0, 

121.1, 113.7, 111.2, 67.9, 64.8, 58.9, 57.4, 55.0, 54.7, 29.2; IR (film): vmax (cm-1) = 
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3406, 2954, 2827, 1748, 1443, 1269, 942, 748; ESI-MS (m/z): 409 (M+1+); HRMS 

(ESI): Exact mass calcd. for C24H29N2O4 [M+1]+: 409.2122. Found: 409.2140. 

 

Viscous yellow oil, 62% yield. 1H NMR (300 MHz, CDCl3) δ 8.12 (br s, 1H), 

7.33-7.17 (m, 7H), 7.11 (d, J = 7.8 Hz, 1H), 6.92 (d, J = 1.8 Hz, 1H), 5.95 (dt, J = 6.3, 

15.6 Hz, 1H), 5.73 (dt, J = 6.0, 15.6 Hz, 1H), 4.58 (d, J = 6.0 Hz, 2H), 3.98 (s, 2H), 

3.76 (s, 3H), 3.68 (t, J = 6.0 Hz, 2H), 3.61 (s, 2H), 3.11 (d, J = 6.3 Hz, 2H), 3.00 (t, J 

= 7.2 Hz, 2H), 2.07 (br s, 1H), 1.94-1.85 (m, 2H); 13C NMR (75 MHz, CDCl3) δ 

155.6, 139.0, 137.0, 133.4, 131.7, 129.1, 128.0, 126.8, 126.2, 125.7, 121.8, 121.5, 

121.2, 116.4, 110.3, 68.1, 62.1, 58.0, 56.8, 54.9, 54.8, 33.8, 22.9; IR (film): vmax (cm-1) 

= 3410, 2937, 2863, 1747, 1443, 1268, 941, 747; ESI-MS (m/z): 423 (M+1+); HRMS 

(MALDI): Exact mass calcd. for C25H31N2O4 [M+1]+: 423.2278. Found: 423.2294. 

 
Viscous yellow oil, 30% yield. 1H NMR (300 MHz, CDCl3) δ 8.17 (br s, 1H), 

7.32-7.06 (m, 8H), 6.90 (d, J = 1.8 Hz, 1H), 5.92 (dt, J = 6.3, 15.6 Hz, 1H), 5.74 (dt, J 

= 6.3, 15.6 Hz, 1H), 4.58 (d, J = 6.3 Hz, 2H), 3.96 (s, 2H), 3.76 (s, 3H), 3.71 (s, 6H), 

3.61 (s, 2H), 3.40 (t, J = 7.2 Hz, 2H), 3.11 (d, J = 6.0 Hz, 2H), 2.98 (t, J = 7.2 Hz, 2H), 

2.06-1.98 (m, 2H), 1.71-1.63 (m, 2H); 13C NMR (75 MHz, CDCl3) δ 169.8, 155.5, 

139.3, 137.0, 133.4, 131.9, 128.8, 128.0, 126.6, 125.9, 125.5, 121.7, 121.4, 120.6, 

116.2, 110.2, 68.0, 57.7, 56.6, 54.6, 52.4, 51.6, 28.6, 28.5, 26.8; IR (film): vmax (cm-1) 

= 3406, 2953, 1748, 1439, 1267, 1155, 943; ESI-MS (m/z): 537 (M+1+); HRMS 

(MALDI): Exact mass calcd. for C30H37N2O7 [M+1]+: 537.2595. Found: 537.2601. 
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Viscous yellow oil, 58% yield. 1H NMR (300 MHz, CDCl3) δ 8.27 (br s, 1H), 7.76 (d, 

J = 8.4 Hz, 2H), 7.34-7.18 (m, 9H), 7.11-7.05 (m, 1H), 7.01 (d, J = 2.1 Hz, 1H), 5.93 

(dt, J = 6.0, 15.0 Hz, 1H), 5.73 (dt, J = 6.0, 15.3 Hz, 1H), 4.58 (d, J = 6.0 Hz, 2H), 

4.01 (s, 2H), 3.96 (t, J = 7.8 Hz, 2H), 3.74 (s, 3H), 3.64 (s, 2H), 3.13 (d, J = 6.0 Hz, 

2H), 3.04 (t, J = 7.5 Hz, 2H), 2.38 (s, 3H), 2.21-2.11 (m, 2H), 1.29 (s, 9H); 13C NMR 

(75 MHz, CDCl3) δ 155.4, 150.8, 143.9, 139.3, 137.3, 137.0, 133.3, 131.9, 129.1, 

128.8, 127.9, 127.5, 126.5, 125.8, 125.6, 121.7, 121.3, 120.4, 115.7, 110.2, 83.9, 68.0, 

57.6, 56.5, 54.6, 54.4, 46.9, 30.9, 27.7, 24.3, 21.4; IR (film): vmax (cm-1) = 3405, 2954, 

1747, 1728, 1441, 1351, 1267, 1155, 944, 751; ESI-MS (m/z): 676 (M+1+); HRMS 

(MALDI): Exact mass calcd. for C37H46N3O7S [M+1]+: 676.3051. Found: 676.3052. 

 

Viscous colorless oil, 72% yield. 1H NMR (300 MHz, CDCl3) δ 8.15 (br s, 1H), 7.20 

(d, J = 8.4 Hz, 1H), 7.05 (dd, J = 7.2, 8.1 Hz, 1H), 6.94 (d, J = 1.8 Hz, 1H), 6.78 (d, J 

= 7.2 Hz, 1H), 6.08 (ddd, J = 6.3, 12.0, 16.5 Hz, 1H), 5.75 (dt, J = 6.9, 15.0 Hz, 1H), 

5.55 (dt, J = 6.3, 15.0 Hz, 1H), 5.10-5.04 (m, 2H), 4.50 (d, J = 6.0 Hz, 2H), 3.76 (s, 

3H), 3.74 (s, 2H), 3.69 (d, J = 6.0 Hz, 2H), 3.62 (s, 6H), 3.64 (d, J = 7.2 Hz, 2H); 13C 

NMR (75 MHz, CDCl3) δ 171.6, 155.5, 137.9, 137.3, 131.1, 128.8, 127.3, 126.1, 

123.2, 121.7, 120.2, 115.6, 114.2, 110.0, 67.9, 59.2, 54.7, 52.3, 36.4, 34.6, 31.8; IR 

(film): vmax (cm-1) = 3408, 2953, 1732, 1439, 1270, 1205, 1060, 942, 793; ESI-MS 

(m/z): 447 (M+H2O+); HRMS (MALDI): Exact mass calcd. for C23H27NO7Na 

[M+Na]+: 452.1680. Found: 452.1688. 

 
Viscous yellow oil, 65% yield. 1H NMR (300 MHz, CDCl3) δ 8.24 (br s, 1H), 7.68 (d, 

J = 8.1 Hz, 2H), 7.27-7.15 (m, 9H), 7.09-7.03 (m, 1H), 6.80 (d, J = 1.5 Hz, 1H), 5.86 

(dt, J = 6.3, 15.6 Hz, 1H), 5.68 (dt, J = 6.0, 15.6 Hz, 1H), 5.09 (t, J = 6.0 Hz, 1H), 

4.54 (d, J = 6.0 Hz, 2H), 3.86 (s, 2H), 3.74 (s, 3H), 3.54 (s, 2H), 3.04 (d, J = 6.3 Hz, 
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2H), 2.98-2.86 (m, 4H), 2.32 (s, 3H), 1.76-1.67 (m, 2H); 13C NMR (75 MHz, CDCl3) 

δ 155.5, 143.1, 139.1, 137.0, 136.8, 133.2, 131.5, 129.5, 128.8, 127.9, 126.8, 126.6, 

126.0, 125.4, 122.1, 121.3, 120.7, 115.2, 110.3, 67.9, 57.7, 56.6, 54.7, 54.6, 42.5, 30.4, 

23.6, 21.3; IR (film): vmax (cm-1) = 3407, 2923, 1747, 1443, 1268, 1157, 943, 750; 

ESI-MS (m/z): 576 (M+1+); HRMS (MALDI): Exact mass calcd. for C32H38N3O5S 

[M+1]+: 576.2527. Found: 576.2519. 

 

Viscous yellow oil, 42% yield. 1H NMR (300 MHz, CDCl3) δ 8.10 (br s, 1H), 

7.44-7.06 (m, 13H), 6.79-6.76 (m, 2H), 6.66-6.60 (m, 2H), 5.84 (dt, J = 6.3, 15.6 Hz, 

1H), 5.65 (dt, J = 6.3, 15.6 Hz, 1H), 5.10 (s, 2H), 4.52 (d, J = 6.0 Hz, 2H), 4.29 (s, 

2H), 3.85 (s, 2H), 3.77 (s, 3H), 3.73 (s, 3H), 3.49 (s, 2H), 3.01 (d, J = 6.0 Hz, 2H); 13C 

NMR (75 MHz, CDCl3) δ 155.5, 149.4, 146.2, 139.3, 137.3, 135.3, 133.3, 132.1, 

128.7, 128.4, 128.0, 127.7, 127.2, 126.6, 125.9, 125.8, 123.5, 121.6, 120.6, 120.5, 

115.9, 113.9, 112.5, 110.2, 71.0, 68.0, 57.5, 56.5, 55.8, 54.6, 54.4, 33.0; IR (film): 

vmax (cm-1) = 3394, 3030, 2953, 2798, 1745, 1509, 1449, 1257, 1153, 941, 739, 697; 

ESI-MS (m/z): 591 (M+1+); HRMS (MALDI): Exact mass calcd. for C37H39N2O5 

[M+1]+: 591.2854. Found: 591.2867. 

 
Viscous colorless oil, 50% yield. 1H NMR (400 MHz, CDCl3) δ 8.13 (br s, 1H), 

7.27-7.07 (m, 7H), 6.92 (s, 1H), 5.90 (dt, J = 6.0, 15.6 Hz, 1H), 5.72 (dt, J = 6.0, 15.6 

Hz, 1H), 4.57 (d, J = 6.0 Hz, 2H), 3.95 (s, 2H), 3.76 (s, 3H), 3.59 (s, 2H), 3.10 (d, J = 

6.0 Hz, 2H), 2.47 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 155.6, 139.2, 134.1, 133.3, 

131.3, 128.8, 128.1, 127.8, 126.7, 126.1, 123.0, 121.2, 120.7, 115.3, 113.4, 68.0, 57.7, 

55.7, 54.7, 13.1; IR (film): vmax (cm-1) = 3424, 2953, 2924, 2796, 1745, 1441, 1259, 

1082, 940, 792, 698; EI-MS (m/z): 412 (M+, 13), 336 (13), 321 (18), 236 (27), 178 

(100), 115 (30), 91 (92); HRMS (EI): Exact mass calcd. for C23H25N2O3Cl [M]+: 

412.1554. Found: 412.1557. 
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N
H

NBn

MeO2CO

3r
 

Viscous yellow oil, 52% yield. 1H NMR (300 MHz, CDCl3) δ 8.30 (br s, 1H), 

7.38-7.29 (m, 6H), 7.21-7.13 (m, 7H), 6.96 (d, J = 2.4 Hz, 1H), 5.67-5.53 (m, 2H), 

4.50 (d, J = 5.4 Hz, 2H), 3.73 (s, 3H), 3.64 (s, 2H), 3.31 (s, 2H), 2.78 (d, J = 5.1 Hz, 

2H); 13C NMR (75 MHz, CDCl3) δ 155.5, 139.3, 137.4, 136.3, 133.6, 132.5, 130.4, 

128.6, 127.9, 127.5, 126.5, 126.3, 125.4, 124.6, 123.4, 122.0, 119.8, 118.9, 109.9, 

68.1, 57.1, 55.6, 54.6, 54.2; IR (film): vmax (cm-1) = 3416, 3056, 3027, 2954, 2797, 

1745, 1442, 1260, 940, 750, 700; ESI-MS (m/z): 441 (M+1+); HRMS (ESI): Exact 

mass calcd. for C28H29N2O3 [M+1]+: 441.2173. Found: 441.2169. 

N
H

NBn

MeO2CO

Cl

3s
 

Viscous yellow oil, 64% yield. 1H NMR (300 MHz, CDCl3) δ 8.36 (br s, 1H), 

7.40-7.16 (m, 12H), 7.01 (d, J = 2.4 Hz, 1H), 5.70-5.56 (m, 2H), 4.54 (d, J = 4.8 Hz, 

2H), 3.76 (s, 3H), 3.62 (s, 2H), 3.36 (s, 2H), 2.81 (d, J = 4.5 Hz, 2H); 13C NMR (75 

MHz, CDCl3) δ 155.5, 139.2, 136.3, 135.9, 133.6, 132.5, 131.5, 128.7, 128.0, 127.7, 

126.6, 125.6, 124.5, 123.5, 122.3, 120.1, 117.8, 110.0, 68.1, 57.2, 55.7, 54.7, 54.3; IR 

(film): vmax (cm-1) = 3406, 3027, 2955, 2797, 1744, 1442, 1260, 1112, 941, 750, 699; 

ESI-MS (m/z): 475 (M+1+); HRMS (ESI): Exact mass calcd. for C28H28ClN2O3 

[M+1]+: 475.1783. Found: 475.1782. 

 

Viscous yellow oil, 68% yield. 1H NMR (300 MHz, CDCl3) δ 8.19 (br s, 1H), 

7.40-7.16 (m, 10H), 7.04 (d, J = 2.1 Hz, 1H), 6.92 (d, J = 8.4 Hz, 2H), 5.74-5.56 (m, 

2H), 4.53 (d, J = 5.7 Hz, 2H), 3.86 (s, 3H), 3.76 (s, 3H), 3.63 (s, 2H), 3.37 (s, 2H), 

2.83 (d, J = 5.1 Hz, 2H); 13C NMR (75 MHz, CDCl3) δ 158.4, 155.6, 139.5, 136.3, 
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133.8, 132.8, 131.5, 129.7, 128.7, 128.0, 126.6, 125.5, 125.0, 123.2, 122.2, 119.8, 

118.6, 113.0, 109.8, 68.2, 57.4, 55.4, 55.3, 54.7, 54.4; IR (film): vmax (cm-1) = 3414, 

3027, 2955, 2796, 1745, 1549, 1442, 1261, 940, 750, 699; ESI-MS (m/z): 471 (M+1+); 

HRMS (MALDI): Exact mass calcd. for C28H31N2O4 [M+1]+: 471.2278. Found: 

471.2295. 

 

General Procedure for Palladium-Catalyzed Friedel-Crafts Type Allylic 

Alkylation Reaction of Indole Fused through C3-C4: 

PPh2

O N

L6

N
H

X OCO2Me [Pd(C3H5)Cl]2 (5 mol %)
L6 (11 mol %)

KOAc (100 mol %)
THF, 50 oC N

H

X

1 2
R R

 

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

this flask were added [Pd(C3H5)Cl]2 (3.7 mg, 0.010 mmol, 5 mol%), ligand L6 (8.0 

mg, 0.022 mmol, 11 mol%), THF (1 mL). The reaction mixture was stirred at rt for 30 

min and then allyl carbonate 1 (0.20 mmol, dissolved in 1.0 mL THF), and KOAc 

(19.6 mg, 0.20 mmol, 100 mol%) were added. The reaction mixture was stirred at 50 

°C for 1 h. After the reaction was complete (monitored by TLC), the crude reaction 

mixture was filtrated through a pad of celite and washed with EtOAc. The solvents 

were removed under reduced pressure. Then the residue was purified by silica gel 

column chromatography (PE/EA = 10/1) to afford the desired product 2. 

N
H

BnN

2a

 
Colorless oil, yield 70%. 1H NMR (300 MHz, CDCl3) δ 7.92 (br s, 1H), 7.26-7.23 (m, 

6H), 7.07 (t, J = 6.9 Hz, 1H), 7.00 (s, 1H), 6.85 (d, J = 6.9 Hz, 1H), 5.95 (dt, J = 7.2, 

10.5 Hz, 1H), 5.62 (dt, J = 5.7, 10.8 Hz, 1H), 3.97 (s, 2H), 3.72 (d, J = 7.5 Hz, 2H), 

3.67 (s, 2H), 3.14 (d, J = 5.7 Hz, 2H); 13C NMR (75 MHz, CDCl3) δ 139.3, 137.8, 

135.6, 133.5, 129.4, 128.3, 128.0, 126.8, 126.7, 123.4, 121.4, 120.4, 115.7, 110.2, 
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59.4, 56.4, 49.6, 30.0; IR (film): vmax (cm-1) = 3411, 3140, 2993, 2926, 1642, 1442, 

1333, 1124, 740, 697; EI-MS (m/z): 288 (M+, 82), 197 (100), 183 (80), 181 (67), 154 

(39), 130 (30), 91 (73); HRMS (EI): Exact mass calcd. for C20H20N2 [M]+: 288.1626. 

Found: 288.1623. 

N
H

N

2b

 

Colorless oil, yield 40%. 1H NMR (400 MHz, CDCl3) δ 8.00 (br s, 1H), 7.23 (d, J = 

4.0 Hz, 1H), 7.07 (t, J = 7.8 Hz, 1H), 6.96 (d, J = 1.5 Hz, 1H), 6.86 (d, J = 7.2 Hz, 

1H), 5.99-5.85 (m, 2H), 5.64 (dt, J = 6.4, 11.2 Hz, 1H), 5.17 (d, J = 17.2 Hz, 1H), 

5.09 (d, J = 10.4 Hz, 1H), 3.94 (s, 2H), 3.74 (d, J = 6.8 Hz, 2H), 3.19-3.15 (m, 4H); 
13C NMR (75 MHz, CDCl3) δ 137.6, 136.6, 135.1, 132.6, 128.2, 126.2, 123.5, 121.5, 

120.8, 117.2, 115.3, 110.3, 58.0, 55.5, 48.8, 30.1; IR (film): vmax (cm-1) = 3138, 2872, 

2826, 1614, 1424, 1331, 1055, 1018, 925, 759, 707; EI-MS (m/z): 238 (M+, 100), 197 

(60), 180 (96), 168 (88), 154 (90), 130 (94), 91 (39), 44 (66); HRMS (EI): Exact mass 

calcd. for C16H18N2 [M]+: 238.1470. Found: 238.1476. 

N
H

BnN

2c

 

Colorless oil, yield 68%. 1H NMR (300 MHz, CDCl3) δ 7.85 (br s, 1H), 7.27-7.20 (m, 

5H), 7.01 (d, J = 1.8 Hz, 1H), 6.89 (d, J = 6.9 Hz, 2H), 6.79 (d, J = 7.2 Hz, 2H), 5.94 

(dt, J = 7.2, 10.8 Hz, 1H), 5.60 (dt, J = 6.0, 11.7 Hz, 1H), 3.96 (s, 2H), 3.72 (d, J = 7.2 

Hz, 2H), 3.67 (s, 2H), 3.13 (d, J = 5.7 Hz, 2H), 2.45 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 139.4, 137.3, 135.5, 131.1, 129.4, 128.0, 127.8, 126.7, 123.1, 121.9, 120.6, 

119.1, 116.3, 59.3, 56.2, 49.4, 30.0, 16.4; IR (film): vmax (cm-1) = 3418, 3021, 2920, 

1609, 1493, 1349, 1260, 1109, 1034, 737, 699; ESI-MS (m/z): 303 ([M+1]+); HRMS 

(ESI): Exact mass calcd. for C21H23N2 [M+1]+: 303.1856. Found: 303.1852. 

N
H

BnN

F

2d
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Colorless oil, yield 57%. 1H NMR (400 MHz, CDCl3) δ 8.12 (br s, 1H), 7.23-7.19 (m, 

5H), 7.02 (s, 1H), 6.78-6.69 (m, 2H), 5.93 (dt, J = 7.2, 12.8 Hz, 1H), 5.61 (dt, J = 5.6, 

11.2 Hz, 1H), 3.90 (s, 2H), 3.70 (d, J = 7.2 Hz, 2H), 3.66 (s, 2H), 3.15 (d, J = 5.2 Hz, 

2H); 13C NMR (100 MHz, CDCl3) δ 149.0 (d, J = 240.5 Hz), 139.2, 135.4, 131.5 (d, J 

= 3.9 Hz), 129.5 (d, J = 2.6 Hz), 129.4, 128.0, 127.1, 126.8, 126.1 (d, J = 13.3 Hz), 

123.9, 119.7 (d, J = 6.0 Hz), 116.8, 105.6 (d, J = 15.5 Hz), 59.4, 56.0, 49.8, 29.7; 19F 

NMR (376 MHz, CDCl3) δ -138.6 (m); IR (film): vmax (cm-1) = 3108, 2846, 2815, 

1576, 1452, 1335, 1240, 1156, 1022, 791, 736, 696; EI-MS (m/z): 306 (M+, 19), 215 

(22), 199 (23), 186 (22), 172 (30), 148 (12), 91 (54), 84 (100); HRMS (EI): Exact 

mass calcd. for C20H19N2F [M]+: 306.1532. Found: 306.1534. 

N
H

BnN

Cl

2e

 

Colorless oil, yield 60%. 1H NMR (400 MHz, CDCl3) δ 8.15 (br s, 1H), 7.22-7.20 (m, 

5H), 7.06-7.04 (m, 2H), 6.75 (d, J = 7.6 Hz, 2H), 5.93 (dt, J = 7.6, 12.8 Hz, 1H), 5.61 

(dt, J = 5.6, 10.8 Hz, 1H), 3.91 (s, 2H), 3.69 (d, J = 7.6 Hz, 2H), 3.65 (s, 2H), 3.14 (d, 

J = 5.6 Hz, 2H); 13C NMR (75 MHz, CDCl3) δ 139.1, 135.4, 134.8, 132.9, 129.4, 

128.2, 128.0, 127.2, 126.8, 123.9, 120.7, 120.5, 117.1, 115.4, 59.5, 56.2, 49.9, 29.9; 

IR (film): vmax (cm-1) = 3421, 3022, 2788, 1614, 1415, 1294, 1121, 1074, 786, 698; 

EI-MS (m/z): 322 (M+, 33), 231 (47), 217 (44), 190 (36), 180 (31), 164 (29), 91 (100), 

84 (76); HRMS (EI): Exact mass calcd. for C20H19N2Cl [M]+: 322.1237. Found: 

322.1241. 

 
Colorless oil, yield 64%. 1H NMR (300 MHz, CDCl3) δ 8.03 (br s, 1H), 7.53-7.08 (m, 

12H), 7.11 (t, J = 6.9 Hz, 1H), 6.87 (d, J = 6.9 Hz, 1H), 6.03 (dt, J = 6.9, 11.7 Hz, 1H), 

5.69 (dt, J = 5.7, 11.1 Hz, 1H), 4.06 (s, 2H), 3.83 (d, J = 6.9 Hz, 2H), 3.69 (s, 2H), 

3.18 (d, J = 6.3 Hz, 2H); 13C NMR (75 MHz, CDCl3) δ 139.3, 136.7, 136.2, 134.9, 

133.2, 132.7, 130.4, 129.3, 128.74, 128.68, 128.1, 127.8, 127.1, 126.8, 121.8, 121.6, 

111.8, 110.0, 59.3, 55.8, 49.0, 28.4; IR (film): vmax (cm-1) = 3414, 2920, 2787, 1603, 

1489, 1449, 1331, 906, 730, 697; EI-MS (m/z): 364 (M+, 3), 273 (4), 230 (7), 91 (15), 
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84 (100); HRMS (EI): Exact mass calcd. for C26H24N2 [M]+: 364.1939. Found: 

364.1943. 

 
Colorless oil, yield 68%. 1H NMR (300 MHz, CDCl3) δ 7.98 (br s, 1H), 7.40 (d, J = 

8.4 Hz, 2H), 7.31-7.19 (m, 8H), 7.08 (t, J = 7.2 Hz, 1H), 6.85 (d, J = 7.2 Hz, 1H), 

6.02 (dt, J = 6.6, 11.4 Hz, 1H), 5.68 (dt, J = 6.3, 11.4 Hz, 1H), 4.05 (s, 2H), 3.82 (d, J 

= 6.9 Hz, 2H), 3.79 (s, 2H), 3.18 (d, J = 6.3 Hz, 2H), 2.41 (s, 3H); 13C NMR (75 MHz, 

CDCl3) δ 139.4, 137.6, 136.6, 136.3, 135.0, 132.7, 130.4, 130.3, 129.4, 129.3, 128.6, 

128.0, 127.1, 126.7, 121.7, 121.5, 111.5, 109.9, 59.3, 55.8, 49.1, 28.5, 21.2; IR (film): 

vmax (cm-1) = 3412, 2918, 2785, 1497, 1430, 1332, 821, 740, 698; EI-MS (m/z): 378 

(M+, 100), 337 (52), 287 (67), 271 (80), 244 (64), 220 (60), 91 (96); HRMS (EI): 

Exact mass calcd. for C27H26N2 [M]+: 378.2096. Found: 378.2100. 

 
Colorless oil, yield 68%. 1H NMR (300 MHz, CDCl3) δ 7.80 (br s, 1H), 7.41-7.07 (m, 

10H), 7.10 (t, J = 7.2 Hz, 1H), 6.86 (d, J = 7.2 Hz, 1H), 5.98 (dt, J = 6.9, 11.4 Hz, 1H), 

5.68 (dt, J = 6.3, 11.4 Hz, 1H), 4.03 (s, 2H), 3.79 (d, J = 6.9 Hz, 2H), 3.67 (s, 2H), 

3.16 (d, J = 6.0 Hz, 2H); 13C NMR (75 MHz, CDCl3) δ 139.3, 136.8, 134.9, 134.6, 

133.7, 133.0, 131.6, 129.9, 129.2, 128.9, 128.4, 128.0, 127.4, 126.8, 122.1, 121.6, 

112.3, 110.0, 59.4, 55.8, 49.1, 28.4; IR (film): vmax (cm-1) = 3403, 3023, 2922, 2789, 

1484, 1429, 1091, 831, 739, 698; EI-MS (m/z): 398 (M+, 32), 357 (14), 307 (29), 293 

(42), 264 (32), 240 (27), 91 (100); HRMS (EI): Exact mass calcd. for C26H23N2Cl 

[M]+: 398.1550. Found: 398.1553. 

N
H

BnN

2i

 
Colorless oil, yield 40%. 1H NMR (300 MHz, CDCl3) δ 7.72 (br s, 1H), 7.28-7.14 (m, 

6H), 7.00 (t, J = 7.5 Hz, 1H), 6.80 (d, J = 7.2 Hz, 1H), 5.93 (dt, J = 6.9, 11.1 Hz, 1H), 

5.60 (dt, J = 6.3, 11.4 Hz, 1H), 3.99 (s, 2H), 3.67 (d, J = 6.9 Hz, 2H), 3.66 (s, 2H), 
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3.13 (d, J = 6.0 Hz, 2H), 2.38 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 139.5, 135.9, 

135.1, 131.9, 131.4, 129.6, 129.3, 128.0, 126.7, 126.6, 121.0, 120.5, 110.7, 109.3, 

59.2, 56.1, 49.1, 27.8, 12.0; IR (film): vmax (cm-1) = 3357, 3013, 2911, 2795, 1609, 

1381, 1253, 1062, 739, 699; EI-MS (m/z): 302 (M+, 55), 261 (21), 211 (51), 195 (49), 

168 (56), 144 (35), 91 (100); HRMS (EI): Exact mass calcd. for C21H22N2 [M]+: 

302.1783. Found: 302.1782. 

N
H

BnN 2j

 
Colorless oil, yield 50%. 1H NMR (300 MHz, CDCl3) δ 7.78 (br s, 1H), 7.27-7.15 (m, 

6H), 7.01 (t, J = 7.5 Hz, 1H), 6.81 (d, J = 7.2 Hz, 1H), 6.03-5.86 (m, 2H), 5.60 (dt, J = 

6.3, 11.4 Hz, 1H), 5.16 (d, J = 11.1 Hz, 1H), 5.15 (d, J = 15.9 Hz, 1H), 3.99 (s, 2H), 

3.68 (d, J = 6.6 Hz, 2H), 3.67 (s, 2H), 3.52 (d, J = 6.6 Hz, 2H), 3.15 (d, J = 5.7 Hz, 

2H); 13C NMR (75 MHz, CDCl3) δ 139.4, 136.1, 135.1, 132.7, 132.6, 129.6, 129.3, 

128.0, 126.7, 120.9, 120.7, 117.0, 111.1, 109.5, 59.2, 56.3, 49.4, 30.8, 27.7; IR (film): 

vmax (cm-1) = 3393, 2878, 2824, 1639, 1428, 1377, 1205, 1066, 978, 918, 741, 700; 

EI-MS (m/z): 328 (M+, 53), 287 (34), 237 (50), 223 (50), 180 (54), 167 (41), 91 (100); 

HRMS (EI): Exact mass calcd. for C23H24N2 [M]+: 328.1939. Found: 328.1941. 

N
H

MeOOC
MeOOC

3k

 

Colorless oil, yield 70%. 1H NMR (300 MHz, CDCl3) δ 8.06 (br s, 1H), 7.15 (d, J = 

8.4 Hz, 1H), 7.02 (t, J = 7.5 Hz, 1H), 6.93 (s, 1H), 6.69 (d, J = 6.9 Hz, 1H), 5.85-5.80 

(m, 1H), 5.41-5.30 (m, 1H), 3.89-3.70 (m, 3H), 3.76 (s, 3H), 3.64 (s, 3H), 3.46-3.89 

(m, 1H), 2.87 (dd, J = 11.1, 12.6 Hz, 1H), 2.26 (dd, J = 7.5, 13.2 Hz, 1H); 13C NMR 

(75 MHz, CDCl3) δ 171.3, 171.2, 137.0, 132.8, 128.8, 128.1, 124.4, 122.7, 121.9, 

120.6, 112.5, 110.5, 61.4, 52.4, 52.1, 34.8, 29.7, 27.6; IR (film): vmax (cm-1) = 3409, 

2952, 1726, 1430, 1287, 1193, 1177, 756, 746; EI-MS (m/z): 313 (M+, 100), 194 (39), 

168 (33), 130 (55); HRMS (EI): Exact mass calcd. for C18H19NO4 [M]+: 313.1314. 

Found: 313.1317. 
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General Procedure for Iridium-Catalyzed Friedel-Crafts Type Allylic Alkylation 
Reaction of Indole Fused through C3-C4: 

 

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

this flask were added [Ir(COD)Cl]2 (5.4 mg, 0.008 mmol, 4 mol %), phosphoramidite 

ligand L7 (8.6 mg, 0.016 mmol, 8 mol %), THF (1 mL) and propylamine (0.7 mL). 

The reaction mixture was heated at 50 °C for 30 min and then the volatile solvents 

were removed in vacuo to give a pale yellow solid. After that, allyl carbonate 1 (0.20 

mmol, dissolved in 5.0 mL DCM), and cesium carbonate (65 mg, 0.20 mmol, 100 mol 

%) were added. The reaction mixture was refluxed for 24 h. After the reaction was 

complete (monitored by TLC), the crude reaction mixture was filtrated through a pad 

of celite and washed with EtOAc. The solvents were removed under reduced pressure. 

The 2/3 ratio was determined by 1H NMR of the crude reaction mixture. Then the 

residue was purified by silica gel column chromatography (PE/EA = 10/1) to afford 

the desired product 3. 

N
H

Bn
N

3a

 

Yellow oil, 60% yield, 2a/3a: 2/98, 94% ee. [Daicel CHIRALCEL OJ-H (0.46 cm x 

25 cm); n-hexane/2-propanol = 80/20; flow rate = 0.7 mL/min; detection wavelength 

= 214 nm; tR = 18.15 (minor), 22.10 (major) min]. [α]D
20 = -47.1 (c 0.5, CHCl3).

 1H 

NMR (300 MHz, CDCl3) δ 8.16 (br s, 1H), 7.36-7.18 (m, 6H), 7.09 (t, J = 7.2 Hz, 1H), 

6.91 (s, 1H), 6.78 (d, J = 6.9 Hz, 1H), 5.83 (ddd, J = 9.0, 17.1, 18.6 Hz, 1H), 5.10 (d, 

J = 17.1 Hz, 1H), 5.05 (d, J = 10.2 Hz, 1H), 4.26 (AB, JAB = 16.5 Hz, 1H), 4.17 (BA, 

JBA = 16.5 Hz, 1H), 3.97-3.82 (m, 3H), 3.30 (dd, J = 4.2, 13.5 Hz, 1H), 3.08 (dd, J = 

11.1, 13.5 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ 139.9, 139.4, 136.5, 134.5, 128.9, 

128.2, 126.9, 125.0, 122.8, 121.8, 118.1, 117.5, 114.8, 109.1, 61.1, 60.9, 58.1, 43.4; 
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IR (film): vmax (cm-1) = 3382, 2921, 1634, 1495, 1432, 1353, 1332, 1108, 1009, 905, 

753, 695; EI-MS (m/z): 288 (M+, 7), 197 (69), 168 (100), 154 (52), 91 (54); HRMS 

(EI): Exact mass calcd. for C20H20N2 [M]+: 288.1626. Found: 288.1622. 

N
H

N

3b

 

Yellow oil, 51% yield, 2b/3b: 1/99, 94% ee. [Daicel CHIRALCEL OJ-H (0.46 cm x 

25 cm); n-hexane/2-propanol = 80/20; flow rate = 0.7 mL/min; detection wavelength 

= 214 nm; tR = 10.99 (minor), 13.30 (major) min]. [α]D
20 = -19.5 (c 0.5, CHCl3).

 1H 

NMR (300 MHz, CDCl3) δ 8.25 (br s, 1H), 7.19 (d, J = 7.8 Hz, 1H), 7.09 (t, J = 7.2 

Hz, 1H), 6.90 (s, 1H), 6.84 (d, J = 7.2 Hz, 1H), 6.05-5.79 (m, 2H), 5.22-5.07 (m, 4H), 

4.26 (AB, JAB = 16.5 Hz, 1H), 4.20 (BA, JBA = 16.5 Hz, 1H), 3.83-3.77 (m, 1H), 3.44 

(dd, J = 6.0, 13.5 Hz, 1H), 3.35 (dd, J = 6.6, 13.5 Hz, 1H), 3.27 (dd, J = 4.5, 13.5 Hz, 

1H), 2.98 (dd, J = 10.5, 13.5 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 140.1, 136.7, 

136.1, 134.0, 124.9, 122.8, 121.7, 118.0, 117.45, 117.40, 114.8, 109.0, 61.7, 61.0, 

58.4, 43.5; IR (film): vmax (cm-1) = 3136, 2894, 2736, 1642, 1440, 1358, 1112, 1021, 

926, 744; EI-MS (m/z): 238 (M+, 10), 197 (43), 168 (100), 154 (62), 127 (19), 115 

(31); HRMS (EI): Exact mass calcd. for C16H18N2 [M]+: 238.1470. Found: 238.1472. 

 

Yellow oil, 46% yield, 2c/3c: 1/99, 94% ee. [Daicel CHIRALPAK AD-H (0.46 cm x 

25 cm); n-hexane/2-propanol = 90/10; flow rate = 0.7 mL/min; detection wavelength 

= 254 nm; tR = 12.56 (minor), 10.40 (major) min]. [α]D
20 = -52.7 (c 0.5, CHCl3).

 1H 

NMR (300 MHz, CDCl3) δ 8.02 (br s, 1H), 7.36-7.21 (m, 5H), 6.94-6.89 (m, 2H), 

6.71 (d, J = 7.2 Hz, 1H), 5.82 (ddd, J = 9.3, 16.8, 19.2 Hz, 1H), 5.11 (dd, J = 1.2, 17.1 

Hz, 1H), 5.04 (dd, J = 1.8, 11.2 Hz, 1H), 4.24 (AB, JAB = 16.2 Hz, 1H), 4.14 (BA, JBA 

= 16.2 Hz, 1H), 3.96-3.82 (m, 3H), 3.29 (dd, J = 4.5, 13.8 Hz, 1H), 3.08 (dd, J = 10.8, 

13.8 Hz, 1H), 2.45 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 140.1, 139.5, 136.0, 132.2, 

128.9, 128.2, 126.9, 124.6, 122.5, 122.3, 118.8, 118.0, 117.6, 114.8, 61.3, 60.7, 58.0, 

43.3, 16.3; IR (film): vmax (cm-1) = 3411, 2846, 1635, 1453, 1331, 1147, 1126, 913, 
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757, 694; ESI-MS (m/z): 303 ([M+1]+); HRMS (ESI): Exact mass calcd. for C21H23N2 

[M]+: 303.1856. Found: 303.1851. 

N
H

Bn
N

F

3d

 

Yellow oil, 64% yield, 2d/3d: 4/96, 93% ee. [Daicel CHIRALCEL IC (0.46 cm x 25 

cm); n-hexane/2-propanol = 95/5; flow rate = 0.3 mL/min; detection wavelength = 

214 nm; tR = 15.93 (minor), 17.28 (major) min]. [α]D
20 = -32.4 (c 0.5, CHCl3).

 1H 

NMR (300 MHz, CDCl3) δ 8.39 (br s, 1H), 7.35-7.21 (m, 5H), 6.92 (s, 1H), 6.87-5.75 

(m, 1H), 6.64 (dd, J = 4.8, 7.8 Hz, 1H), 5.81 (ddd, J = 6.6, 16.8, 18.3 Hz, 1H), 5.12 (d, 

J = 18.3 Hz, 1H), 5.06 (d, J = 10.5 Hz, 1H), 4.19 (AB, JAB = 16.2 Hz, 1H), 4.12 (BA, 

JBA = 16.2 Hz, 1H), 3.95-3.81 (m, 3H), 3.28 (dd, J = 4.2, 13.8 Hz, 1H), 3.06 (dd, J = 

10.8, 13.8 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ 148.2 (d, J = 240.3 Hz), 139.7, 

139.3, 130.1 (d, J = 3.5 Hz), 128.9, 128.4 (d, J = 4.7 Hz), 128.2, 127.0, 124.6 (d, J = 

13.4 Hz), 123.5, 119.1, 117.2 (d, J = 5.8 Hz), 115.1, 106.2 (d, J = 16.2 Hz), 61.2, 60.3, 

58.2, 43.3; 19F NMR (282 MHz, CDCl3) δ -139.6 (m); IR (film): vmax (cm-1) = 3121, 

2845, 1633, 1583, 1441, 1237, 1142, 1082, 904, 742, 698; EI-MS (m/z): 306 (M+, 10), 

215 (68), 186 (100), 172 (63), 91 (69); HRMS (EI): Exact mass calcd. for C20H19N2F 

[M]+: 306.1532. Found: 306.1530. 

N
H

Bn
N

Cl

3e

 

Yellow oil, 62% yield, 2e/3e: 6/94, 93% ee. [Daicel CHIRALCEL OD-H (0.46 cm x 

25 cm); n-hexane/2-propanol = 90/10; flow rate = 0.7 mL/min; detection wavelength 

= 214 nm; tR = 9.81 (minor), 11.92 (major) min]. [α]D
20 = -50.7 (c 0.5, CHCl3).

 1H 

NMR (400 MHz, CDCl3) δ 8.34 (br s, 1H), 7.35-7.08 (m, 5H), 7.08 (d, J = 8.0 Hz, 

1H), 6.98 (t, J = 1.5 Hz, 1H), 6.70 (d, J = 7.6 Hz, 1H), 5.81 (ddd, J = 8.4, 10.0, 17.2 

Hz, 1H), 5.12 (d, J = 17.2 Hz, 1H), 5.06 (d, J = 10.0 Hz, 1H), 4.20 (AB, JAB = 16.0 

Hz, 1H), 4.12 (BA, JBA = 16.0 Hz, 1H), 3.94-3.81 (m, 3H), 3.28 (dd, J = 4.4, 14.0 Hz, 

1H), 3.08 (dd, J = 10.0, 14.0 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 139.7, 139.3, 

135.2, 133.6, 128.9, 128.2, 127.0, 126.5, 125.0, 123.4, 121.0, 119.5, 118.2, 115.2, 
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114.3, 61.2, 60.4, 58.3, 43.5; IR (film): vmax (cm-1) = 3147, 2773, 1638, 1447, 1330, 

1129, 1073, 1033, 915, 740, 698; EI-MS (m/z): 322 (M+, 9), 231 (75), 202 (60), 188 

(44), 168 (55), 91 (100); HRMS (EI): Exact mass calcd. for C20H19N2Cl [M]+: 

322.1237. Found: 322.1240. 

N
H

Bn
N

Ph
3f

 

Yellow oil, 78% yield, 2f/3f: 2/98, 94% ee. [Daicel CHIRALCEL OD-H (0.46 cm x 

25 cm); n-hexane/2-propanol = 99/1; flow rate = 0.7 mL/min; detection wavelength = 

214 nm; tR = 67.72 (minor), 62.29 (major) min]. [α]D
20 = -73.2 (c 0.1, CHCl3).

 1H 

NMR (300 MHz, CDCl3) δ 8.13 (br s, 1H), 7.54 (d, J = 7.2 Hz, 2H), 7.41-7.17 (m, 

9H), 7.07 (t, J = 7.8 Hz, 1H), 6.77 (d, J = 6.9 Hz, 1H), 5.92 (ddd, J = 6.6, 10.5, 17.4 

Hz, 1H), 4.83 (d, J = 10.2 Hz, 1H), 4.66 (d, J = 17.4 Hz, 1H), 4.30 (d, J = 15.9 Hz, 

1H), 3.98-3.79 (m, 4H), 3.25 (dd, J = 5.4, 13.5 Hz, 1H), 3.11 (dd, J = 3.0, 13.5 Hz, 

1H); 13C NMR (75 MHz, CDCl3) δ 142.0, 139.6, 136.1, 134.5, 133.8, 133.5, 129.1, 

128.4, 128.2, 128.1, 127.5, 126.9, 121.8, 117.9, 114.2, 114.1, 108.5, 63.1, 62.4, 61.7, 

42.8; IR (film): vmax (cm-1) = 3406, 3057, 2849, 1633, 1491, 1449, 1334, 1260, 1047, 

749, 696; EI-MS (m/z): 364 (M+, 3), 273 (85), 244 (100), 230 (41), 91 (28); HRMS 

(EI): Exact mass calcd. for C26H24N2 [M]+: 364.1939. Found: 364.1930. 

N
H

Bn
N

3g

 

Yellow oil, 76% yield, 2g/3g: 1/99, 91% ee. [Daicel CHIRALCEL OD-H (0.46 cm x 

25 cm); n-hexane/2-propanol = 95/5; flow rate = 0.5 mL/min; detection wavelength = 

230 nm; tR = 27.79 (minor), 30.21 (major) min]. [α]D
20 = +24.2 (c 0.5, CHCl3).

 1H 

NMR (300 MHz, CDCl3) δ 8.08 (br s, 1H), 7.46-7.38 (m, 4H), 7.31-7.16 (m, 6H), 

7.05 (t, J = 8.1 Hz, 1H), 6.76 (d, J = 7.2 Hz, 1H), 5.93 (ddd, J = 6.6, 10.2, 16.8 Hz, 

1H), 4.85 (d, J = 9.9 Hz, 1H), 4.68 (d, J = 17.1 Hz, 1H), 4.30 (d, J = 15.9 Hz, 1H), 

3.98-3.84 (m, 4H), 3.25 (dd, J = 5.4, 12.9 Hz, 1H), 3.13 (dd, J = 5.7, 13.2 Hz, 1H), 

2.36 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 142.2, 139.7, 137.3, 136.0, 134.6, 133.7, 

130.5, 129.2, 129.1, 128.1, 128.0, 127.0, 126.9, 121.7, 117.8, 114.2, 113.7, 108.4, 
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63.1, 62.4, 61.7, 42.8, 21.2; IR (film): vmax (cm-1) = 3410, 3057, 2925, 1723, 1501, 

1442, 1256, 1089, 820, 779, 698; EI-MS (m/z): 378 (M+, 7), 287 (100), 258 (80), 244 

(34), 91 (28); HRMS (EI): Exact mass calcd. for C27H26N2 [M]+: 378.2096. Found: 

378.2098. 

N
H

Bn
N

Cl

3h

 

Yellow oil, 68% yield, 2h/3h: 2/98, 91% ee. [Sino-Chiral OD (0.46 cm x 25 cm); 

n-hexane/ethanol = 98/2; flow rate = 1.0 mL/min; detection wavelength = 214 nm; tR 

= 20.15 (minor), 22.92 (major) min]. [α]D
20 = +24.8 (c 0.4, CHCl3).

 1H NMR (300 

MHz, CDCl3) δ 8.12 (br s, 1H), 7.48-7.05 (m, 11H), 6.77 (d, J = 7.5 Hz, 1H), 5.89 

(ddd, J = 6.6, 10.2, 16.8 Hz, 1H), 4.85 (d, J = 9.9 Hz, 1H), 4.65 (d, J = 17.1 Hz, 1H), 

4.28 (d, J = 16.2 Hz, 1H), 3.98-3.84 (m, 4H), 3.24 (dd, J = 5.7, 13.2 Hz, 1H), 3.11 (dd, 

J = 3.3, 13.5 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ 141.9, 139.6, 136.3, 134.0, 133.4, 

133.3, 131.9, 129.4, 129.1, 128.6, 128.1, 126.9, 126.8, 122.1, 118.0, 114.6, 114.5, 

108.6, 63.1, 62.4, 61.7, 42.9; IR (film): vmax (cm-1) = 3400, 3047, 2925, 1736, 1482, 

1450, 1088, 1014, 917, 829, 763, 702; EI-MS (m/z): 398 (M+, 4), 307 (82), 278 (100), 

91 (79); HRMS (EI): Exact mass calcd. for C26H23N2Cl [M]+: 398.1550. Found: 

398.1548. 

N
H

Bn
N

3i

 

Yellow oil, 40% yield, 2i/3i: 1/99, 95% ee. [Daicel CHIRALCEL OJ-H (0.46 cm x 25 

cm); n-hexane/2-propanol = 90/10; flow rate = 0.5 mL/min; detection wavelength = 

230 nm; tR = 23.63 (major), 27.96 (minor) min]. [α]D
20 = -64.0 (c 0.5, CHCl3).

 1H 

NMR (400 MHz, CDCl3) δ 7.88 (br s, 1H), 7.36 (d, J = 7.2 Hz, 2H), 7.30-7.20 (m, 

3H), 7.10 (d, J = 8.4 Hz, 1H), 6.98 (t, J = 7.2 Hz, 1H), 6.71 (d, J = 7.2 Hz, 1H), 5.93 

(ddd, J = 8.0, 10.4, 17.2 Hz, 1H), 4.93 (d, J = 10.0 Hz, 1H), 4.92 (d, J = 17.2 Hz, 1H), 

4.23 (d, J = 16.0 Hz, 1H), 3.99 (d, J = 16.0 Hz, 1H), 3.85 (s, 2H), 3.65-3.60 (m, 1H), 

3.25-3.15 (m, 2H), 2.28 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 141.6, 139.7, 135.3, 

132.9, 131.8, 129.0, 128.1, 126.8, 126.2, 120.4, 117.3, 113.2, 112.0, 107.9, 62.7, 62.4, 
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62.1, 43.6, 12.6; IR (film): vmax (cm-1) = 3396, 3059, 2930, 1632, 1450, 1329, 1144, 

1062, 994, 907, 732, 697; EI-MS (m/z): 302 (M+, 7), 211 (89), 182 (84), 168 (88), 91 

(54), 57 (100); HRMS (EI): Exact mass calcd. for C21H22N2 [M]+: 302.1783. Found: 

302.1781. 

N
H

Bn
N

3j

 

Yellow oil, 60% yield, 2i/3i: 1/99, 97% ee. [Daicel CHIRALPAK AD-H (0.46 cm x 

25 cm); n-hexane/2-propanol = 90/10; flow rate = 0.5 mL/min; detection wavelength 

= 230 nm; tR = 14.19 (major), 21.05 (minor) min]. [α]D
20 = -47.6 (c 0.5, CHCl3).

 1H 

NMR (300 MHz, CDCl3) δ 7.90 (br s, 1H), 7.38-7.21 (m, 5H), 7.12 (d, J = 7.8 Hz, 

1H), 7.00 (t, J = 7.5 Hz, 1H), 6.72 (d, J = 7.2 Hz, 1H), 6.02-5.85 (m, 2H), 5.17 (d, J = 

17.7 Hz, 1H), 5.15 (d, J = 9.9 Hz, 1H), 4.94 (d, J = 11.1 Hz, 1H), 4.93 (d, J = 16.2 Hz, 

1H), 4.25 (d, J = 16.2 Hz, 1H), 4.00 (d, J = 16.2 Hz, 1H), 3.85 (s, 2H), 3.70-3.64 (m, 

1H), 3.45 (d, J = 6.3 Hz, 2H), 3.21-3.18 (m, 2H); 13C NMR (75 MHz, CDCl3) δ 141.9, 

139.8, 135.5, 134.7, 133.3, 133.1, 129.0, 128.1, 126.9, 126.1, 120.7, 117.33, 117.25, 

113.3, 112.2, 108.1, 62.7, 62.4, 62.1, 43.4, 31.3; IR (film): vmax (cm-1) = 3373, 3059, 

3027, 2929, 1639, 1625, 1447, 1431, 1347, 1140, 1061, 1026, 913, 748, 697; EI-MS 

(m/z): 328 (M+, 8), 237 (100), 208 (40), 168 (36), 91 (45); HRMS (EI): Exact mass 

calcd. for C23H24N2 [M]+: 328.1939. Found: 328.1943. 

 

General Procedure for Palladium-Catalyzed Allylic Dearomatization of Indole 

Fused through C3-C4: 

 

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

this flask were added [Pd(C3H5)Cl]2 (3.7 mg, 0.010 mmol, 5 mol%), ligand L12c 

(11.2 mg, 0.022 mmol, 11 mol%), and THF (1 mL). The reaction mixture was stirred 

at rt for 30 min and then allyl carbonate 4 (0.20 mmol, dissolved in 1.0 mL THF), and 
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KOAc (19.6 mg, 0.20 mmol, 100 mol%) were added. The reaction mixture was stirred 

at 50 °C. After the reaction was complete (monitored by TLC), the crude reaction 

mixture was filtrated through a pad of celite and washed with EtOAc. The solvents 

were removed under reduced pressure. Then the residue was purified by silica gel 

column chromatography (PE/EA = 4/1) to afford the desired product 5. 

 
Colorless oil, 74% yield, 78% ee. [Daicel CHIRALPAK IC (0.46 cm x 25 cm); 

n-hexane/2-propanol = 95/5; flow rate = 0.5 mL/min; detection wavelength = 230nm; 

tR = 31.54 (major), 29.29 (minor) min]. [α]D
20 = -57.1 (c 0.5, CHCl3).

 1H NMR (300 

MHz, CDCl3) δ 7.93 (s, 1H), 7.55 (d, J = 7.2 Hz, 1H), 7.47-7.25 (m, 6H), 7.08 (d, J = 

7.5 Hz, 1H), 6.01-5.90 (m, 2H), 5.37-5.23 (m, 1H), 5.97 (d, J = 17.1 Hz, 1H), 4.87 (d, 

J = 9.9 Hz, 1H), 4.03 (d, J = 13.5 Hz, 1H), 3.69-3.56 (m, 3H), 2.98-2.95 (m, 1H), 

2.84-2.76 (m, 2H), 2.66-2.58 (m, 2H), 2.10-2.00 (m, 1H); 13C NMR (75 MHz, CDCl3) 

δ 178.9, 155.4, 140.7, 139.4, 133.1, 132.4, 130.0, 129.8, 128.8, 128.3, 127.7, 127.1, 

120.5, 118.1, 63.4, 58.9, 51.5, 46.6, 35.9, 28.0; IR (film): vmax (cm-1) = 3019, 2923, 

2833, 1567, 1474, 1262, 1113, 915, 738; EI-MS (m/z): 328 (27, M+), 287 (47), 223 

(59), 180 (27), 167 (27), 115 (21), 91 (100); HRMS (EI): Exact mass calcd. for 

C23H24N2 [M]+: 328.1939. Found: 328.1933. 

 

Colorless oil, 56% yield, 76% ee. [Daicel CHIRALPAK AD-H (0.46 cm x 25 cm); 

n-hexane/2-propanol = 95/5; flow rate = 0.5 mL/min; detection wavelength = 230nm; 

tR = 14.38 (major), 10.87 (minor) min]. [α]D
20 = -98.8 (c 1.0, CHCl3).

 1H NMR (400 

MHz, CDCl3) δ 7.94 (s, 1H), 7.56 (d, J = 7.6 Hz, 1H), 7.33 (t, J = 8.0 Hz, 1H), 7.16 (d, 

J = 7.6 Hz, 1H), 6.04-5.86 (m, 3H), 5.35-5.21 (m, 3H), 4.99 (d, J = 18.0 Hz, 1H), 4.88 

(d, J = 10.0 Hz, 1H), 3.66 (AB, JAB = 12.8 Hz, 1H), 3.61 (BA, JBA = 12.8 Hz, 1H), 

3.49 (dd, J = 5.6, 13.2 Hz, 1H), 3.16 (dd, J = 6.8, 13.2 Hz, 1H), 3.04-3.01 (m, 1H), 

2.82-2.58 (m, 4H), 2.08-1.00 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 178.9, 155.5, 
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140.7, 136.5, 132.9, 132.5, 129.9, 129.8, 128.5, 127.8, 120.5, 118.2, 117.7, 63.4, 57.9, 

51.6, 46.5, 35.9, 28.0; IR (film): vmax (cm-1) = 3073, 2921, 2850, 1640, 1568, 1457, 

1443, 1120, 992, 918, 753; EI-MS (m/z): 278 (M+, 30), 237 (81), 180 (91), 167 (100), 

154 (68), 115 (72); HRMS (EI): Exact mass calcd. for C19H22N2 [M]+: 278.1783. 

Found: 278.1782. 

N

BnN

5c  
Colorless oil, 62% yield, 74% ee. [Daicel CHIRALCEL OJ-H (0.46 cm x 25 cm); 

n-hexane/2-propanol = 90/10; flow rate = 0.5 mL/min; detection wavelength = 214nm; 

tR = 12.62 (major), 20.41 (minor) min]. [α]D
20 = -17.3 (c 0.5, CHCl3).

 1H NMR (300 

MHz, CDCl3) δ 7.88 (s, 1H), 7.57 (d, J = 7.8 Hz, 1H), 7.47-7.26 (m, 6H), 7.10 (d, J = 

7.8 Hz, 1H), 6.03-5.90 (m, 2H), 4.04 (d, J = 12.9 Hz, 1H), 3.74-3.58 (m, 3H), 

2.98-2.95 (m, 1H), 2.84-2.76 (m, 1H), 2.63-2.55 (m, 1H), 2.10-2.00 (m, 1H), 1.39 (s, 

3H); 13C NMR (75 MHz, CDCl3) δ 180.4, 154.9, 142.6, 139.4, 133.0, 129.9, 129.7, 

128.9, 128.7, 128.4, 127.6, 127.1, 120.5, 59.2, 59.0, 51.4, 46.5, 28.9, 16.6; IR (film): 

vmax (cm-1) = 3004, 2925, 2852, 2788, 1571, 1455, 1358, 1071, 873, 756; ESI-MS 

(m/z): 303 (M+1+); HRMS (ESI): Exact mass calcd. for C21H23N2 [M]+: 303.1856. 

Found: 303.1852. 

 
Colorless oil, 68% yield, 74% ee. [Daicel CHIRALPAK AD-H (0.46 cm x 25 cm); 

n-hexane/2-propanol = 90/10; flow rate = 0.5 mL/min; detection wavelength = 214nm; 

tR = 17.53 (major), 18.58 (minor) min]. [α]D
20 = -147.6 (c 0.5, CHCl3).

 1H NMR (300 

MHz, CDCl3) δ 7.94 (s, 1H), 7.52-7.21 (m, 7H), 7.09-7.01 (m, 4H), 6.80 (s, 2H), 

6.18-6.00 (m, 2H), 4.08-4.00 (m, 1H), 3.90-3.85 (m, 1H), 2.73-2.67 (m, 2H), 3.29 (s, 

2H), 2.90-2.73 (m, 3H), 2.15-2.00 (m, 1H); 13C NMR (75 MHz, CDCl3) δ 178.6, 

155.4, 140.3, 139.4, 136.0, 133.0, 130.0, 129.7, 128.9, 128.8, 128.6, 128.4, 127.7, 

127.1, 126.4, 120.4, 64.7, 58.8, 51.4, 46.5, 37.9, 28.6; IR (film): vmax (cm-1) = 3023, 
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2833, 2799, 1565, 1492, 1451, 1027, 830, 741, 705; ESI-MS (m/z): 379 (M+1+); 

HRMS (ESI): Exact mass calcd. for C27H27N2 [M]+: 379.2169. Found: 379.2167. 

 
Colorless oil, 56% yield, 35% ee. [Daicel CHIRALPAK AD-H (0.46 cm x 25 cm); 

n-hexane/2-propanol = 90/10; flow rate = 0.5 mL/min; detection wavelength = 214nm; 

tR = 23.38 (major), 28.23 (minor) min]. [α]D
20 = -67.9 (c 0.5, CHCl3).

 1H NMR (400 

MHz, CDCl3) δ 7.92 (s, 1H), 7.49 (d, J = 7.6 Hz, 2H), 7.42-7.22 (m, 5H), 7.10-7.07 

(m, 3H), 6.63 (d, J = 8.0 Hz, 2H), 6.17-5.98 (m, 2H), 4.05 (d, J = 13.6 Hz, 1H), 3.84 

(d, J = 12.4 Hz, 1H), 3.70 (d, J = 13.2 Hz, 2H), 3.32-3.21 (m, 2H), 3.02-2.72 (m, 3H), 

2.18-1.05 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 178.2, 155.5, 139.8, 139.4, 135.0, 

133.1, 130.8, 130.6, 130.2, 129.9, 128.9, 128.4, 128.3, 127.9, 127.2, 120.6, 120.5, 

64.6, 58.6, 51.5, 46.6, 37.4, 28.9; IR (film): vmax (cm-1) = 3019, 2925, 2850, 1588, 

1567, 1487, 1452, 1071, 1010, 740, 698; ESI-MS (m/z): 457 (M+1+); HRMS (ESI): 

Exact mass calcd. for C27H26BrN2 [M]+: 457.1274. Found: 457.1270. 

N

BnN

OMe
5f  

Colorless oil, 65% yield, 78% ee. [Daicel CHIRALPAK AS-H (0.46 cm x 25 cm); 

n-hexane/2-propanol = 95/5; flow rate = 0.5 mL/min; detection wavelength = 214nm; 

tR = 28.23 (major), 23.96 (minor) min]. [α]D
20 = -189.5 (c 0.5, CHCl3).

 1H NMR (300 

MHz, CDCl3) δ 7.94 (s, 1H), 7.50 (d, J = 7.2 Hz, 2H), 7.42-7.22 (m, 5H), 7.09-7.06 

(m, 1H), 6.72 (d, J = 8.4 Hz, 2H), 6.55 (d, J = 9.0 Hz, 2H), 6.17-5.99 (m, 2H), 4.07 (d, 

J = 12.6 Hz, 1H), 3.86 (d, J = 12.9 Hz, 1H), 3.75-3.67 (m, 2H), 3.65 (s, 3H), 3.24 (s, 

2H), 3.02-2.82 (m, 3H), 2.20-2.00 (m, 1H); 13C NMR (75 MHz, CDCl3) δ 178.9, 

158.0, 155.5, 140.5, 139.5, 133.1, 130.0, 129.7, 129.6, 128.9, 128.7, 128.4, 128.2, 

127.7, 127.1, 120.4, 113.1, 64.9, 58.8, 55.0, 51.5, 46.6, 37.1, 28.7; IR (film): vmax 

(cm-1) = 2961, 1511, 1300, 1026, 799, 731, 698; ESI-MS (m/z): 409 (M+1+); HRMS 

(ESI): Exact mass calcd. for C28H29N2O [M]+: 409.2274. Found: 409.2271. 
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N

BnN

OMe

OMe

MeO

5g
 

Colorless oil, 60% yield, 60% ee. [Daicel CHIRALPAK OD-H (0.46 cm x 15 cm); 

n-hexane/2-propanol = 80/20; flow rate = 0.6 mL/min; detection wavelength = 214nm; 

tR = 23.33 (major), 27.63 (minor) min]. [α]D
20 = -117.5 (c 1.0, CHCl3).

 1H NMR (300 

MHz, CDCl3) δ 7.93 (s, 1H), 7.49-7.12 (m, 7H), 7.10 (d, J = 7.5 Hz, 1H), 6.14-5.94 

(m, 2H), 5.94 (s, 2H), 4.06 (d, J = 12.3 Hz, 1H), 3.90 (d, J = 12.9 Hz, 1H), 3.70 (s, 

3H), 3.72-3.65 (m, 2H), 3.57 (s, 6H), 3.33-3.18 (m, 2H), 2.99-2.66 (m, 3H), 2.20-2.02 

(m, 1H); 13C NMR (75 MHz, CDCl3) δ 178.8, 155.7, 152.3, 140.6, 139.3, 136.4, 

132.9, 131.8, 130.2, 129.7, 128.8, 128.4, 127.8, 127.1, 120.6, 105.8, 64.5, 60.7, 58.9, 

55.7, 51.6, 46.4, 38.1, 28.9; IR (film): vmax (cm-1) = 3012, 2935, 1590, 1507, 1457, 

1420, 1332,1241, 1127, 751; ESI-MS (m/z): 469 (M+1+); HRMS (MALDI): Exact 

mass calcd. for C30H33N2O3 [M]+: 469.2486. Found: 469.2479. 

N
H

BnN

O

5h  

Colorless oil, 56% yield, 63% ee. [Daicel CHIRALPAK IC (0.46 cm x 25 cm); 

n-hexane/2-propanol = 90/10; flow rate = 0.5 mL/min; detection wavelength = 230 

nm; tR = 23.13 (major), 20.38 (minor) min]. [α]D
20 = - 46.0 (c 1.0, CHCl3).

 1H NMR 

(300 MHz, CDCl3) δ 7.45 (d, J = 7.5 Hz, 2H), 7.35 (t, J = 7.8 Hz, 2H), 7.29-7.24 (m, 

1H), 7.04 (t, J = 7.5 Hz, 1H), 6.61 (d, J = 7.5 Hz, 1H), 6.51 (d, J = 7.5 Hz, 1H), 

6.04-6.02 (m, 1H), 5.82-5.73 (m, 1H), 5.24 (s, 1H), 4.61 (br s, 1H), 4.02-3.91 (m, 2H), 

3.62 (d, J = 12.9 Hz, 2H), 3.55-3.45 (m, 2H), 3.03-3.29 (m, 2H), 2.63 (dd, J = 8.7, 

13.2 Hz, 1H), 2.41 (m, 1H), 2.22-2.17 (m, 2H); 13C NMR (75 MHz, CDCl3) δ 149.4, 

139.7, 134.5, 131.7, 130.4, 128.9, 128.3, 127.8, 127.0, 122.9, 107.3, 101.9, 67.6, 59.5, 

51.3, 47.4, 37.6, 35.6; IR (film): vmax (cm-1) = 3332, 2937, 2860, 1605, 1588, 1455, 

1262, 1057, 1026, 744, 698; ESI-MS (m/z): 333 (M+1+); HRMS (ESI): Exact mass 

calcd. for C22H25N2O [M]+: 333.1961. Found: 333.1975. 
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Colorless oil, 72% yield, 35% ee. [Daicel CHIRALPAK AD-H (0.46 cm x 25 cm); 

n-hexane/2-propanol = 70/30; flow rate = 0.5 mL/min; detection wavelength = 214 

nm; tR = 14.83 (major), 12.48 (minor) min]. [α]D
20 = -20.5 (c 1.0, CHCl3).

 1H NMR 

(300 MHz, CDCl3) δ 7.42 (d, J = 7.5 Hz, 2H), 7.34 (t, J = 8.1 Hz, 2H), 7.31-7.25 (m, 

1H), 7.03 (t, J = 7.5 Hz, 1H), 6.62 (t, J = 7.2 Hz, 2H), 5.95-5.76 (m, 2H), 4.76 (s, 1H), 

4.32 (br s, 1H), 3.92 (AB, JAB = 13.2 Hz, 1H), 3.81-3.73 (m, 1H), 3.67 (BA, JBA = 

13.2 Hz, 1H), 3.60-3.51 (m, 2H), 3.44 (d, J = 12.0 Hz, 1H), 2.92 (dd, J = 5.7, 12.6 Hz, 

1H), 2.80 (dd, J = 9.6, 13.2 Hz, 1H), 2.58 (dd, J = 8.4, 13.2 Hz, 1H), 2.37-2.18 (m, 

2H), 1.89-1.80 (m, 1H), 1.62-1.55 (m, 1H), 1.47-1.35 (m, 1H); 13C NMR (75 MHz, 

CDCl3) δ 148.5, 139.7, 135.6, 133.2, 130.4, 128.8, 128.5, 128.2, 127.2, 126.9, 122.8, 

108.5, 96.2, 61.4, 59.3, 52.0, 50.2, 47.9, 35.7, 27.6, 20.9; IR (film): vmax (cm-1) = 3299, 

3008, 2906, 1603, 1582, 1457, 1262, 1079, 1020, 949, 739, 698; ESI-MS (m/z): 347 

(M+1+); HRMS (MALDI): Exact mass calcd. for C23H26N2O [M]+: 347.2118. Found: 

347.2122. 

 
Corlorless oil, 48% yield, 47% ee. [Daicel CHIRALPAK IC (0.46 cm x 15 cm); 

n-hexane/2-propanol = 95/5; flow rate = 0.5 mL/min; detection wavelength = 230nm; 

tR = 10.73 (major), 9.08 (minor) min]. [α]D
20 = -14.0 (c 1.0, CHCl3).

 1H NMR (300 

MHz, CDCl3) δ 7.40-7.27 (m, 5H), 6.95-6.90 (m, 1H), 6.54-6.45 (m, 2H), 5.73-5.65 

(m, 1H), 4.46 (br s, 2H), 3.82-3.65 (m, 4H), 3.77 (s, 3H), 3.75 (s, 3H), 3.60-3.40 (m, 

1H), 3.22-3.09 (m, 2H), 2.64-2.44 (m, 2H), 1.96-1.88 (m, 1H), 1.76-1.55 (m, 4H); 13C 

NMR (75 MHz, CDCl3) δ 171.3, 170.9, 148.7, 139.4, 135.3, 130.7, 129.2, 128.2, 

127.9, 127.0, 126.9, 123.2, 108.8, 60.8, 56.9, 54.8, 53.0, 52.8, 51.5, 50.9, 34.2, 29.7, 

25.2, 17.9; IR (film): vmax (cm-1) = 3393, 2950, 1731, 1589, 1454, 1434, 1246, 745; 

ESI-MS (m/z): 461 (M+1+); HRMS (MALDI): Exact mass calcd. for C28H33N2O4 

[M]+: 461.2435. Found: 461.2428. 
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White solid, 62% yield, 75% ee. [Daicel CHIRALPAK IC (0.46 cm x 15 cm); 

n-hexane/2-propanol = 60/40; flow rate = 0.6 mL/min; detection wavelength = 214nm; 

tR = 31.88 (major), 36.58 (minor) min]. [α]D
20 = -45.6 (c 1.0, CHCl3).

 1H NMR (300 

MHz, CDCl3) δ 7.92 (s, 1H), 7.65 (d, J = 8.4 Hz, 2H), 7.57 (d, J = 7.5 Hz, 1H), 7.46 

(d, J = 7.2 Hz, 2H), 7.39-7.22 (m, 6H), 7.09 (d, J = 7.2 Hz, 1H), 5.92 (m, 2H), 4.02 (d, 

J = 13.2 Hz, 1H), 3.70-3.54 (m, 5H), 2.98-2.65 (m, 3H), 2.40 (s, 3H), 2.12-2.06 (m, 

2H), 1.29 (s, 9H), 1.33-1.22 (s, 2H), 0.91-0.87 (m, 1H); 13C NMR (75 MHz, CDCl3) δ 

179.1, 155.3, 150.7, 144.1, 140.5, 139.3, 137.1, 133.4, 129.9, 129.7, 129.1, 128.8, 

128.5, 128.3, 127.70, 127.66, 127.0, 120.5, 112.4, 84.1, 63.4, 58.8, 51.1, 46.8, 46.5, 

36.6, 28.5, 27.7, 24.8, 21.5; IR (film): vmax (cm-1) = 3022, 2931, 1727, 1455, 1356, 

1280, 1155, 1087, 752; ESI-MS (m/z): 600 (M+1+); HRMS (MALDI): Exact mass 

calcd. for C35H42N3O4S [M]+: 600.2891. Found: 600.2905. 

 

Colorless oil, 78% yield, 42% ee. [Phenomenex Lux 5u Cellulose-2 (0.46 cm x 25 

cm); n-hexane/2-propanolgxs = 80/20; flow rate = 0.5 mL/min; detection wavelength 

= 230nm; tR = 22.88 (major), 33.29 (minor) min]. [α]D
20 = -68.8 (c 1.0, CHCl3).

 1H 

NMR (400 MHz, CDCl3) δ 7.93 (s, 1H), 7.52 (d, J = 7.2 Hz, 1H), 7.23 (t, J = 8.0 Hz, 

1H), 6.78 (d, J = 7.6 Hz, 1H), 6.01-5.94 (m, 1H), 5.57-5.50 (m, 1H), 5.31-5.22 (m, 

1H), 5.01 (d, J = 16.8 Hz, 1H), 4.87 (d, J = 10.0 Hz, 1H), 3.82 (s, 3H), 3.79 (s, 3H), 

3.31 (AB, JAB = 14.0 Hz, 1H), 3.11 (BA, JBA = 14.0 Hz, 1H), 2.76 (dd, J = 7.2, 14.4 

Hz, 1H), 2.67 (dd, J = 8.0, 13.6 Hz, 1H), 2.60 (dd, J = 7.2, 14.4 Hz, 1H), 2.49 (dd, J = 

4.8, 13.2 Hz, 1H), 2.34 (dd, J = 13.2, 13.2 Hz, 1H), 2.07 (dd, J = 8.8, 13.2 Hz, 1H); 
13C NMR (100 MHz, CDCl3) δ 179.2, 171.2, 170.7, 156.0, 140.9, 132.2, 129.6, 128.5, 

128.04, 127.95, 120.5, 118.3, 63.8, 61.6, 52.8, 52.4, 34.7, 34.6, 29.2, 28.4; IR (film): 

vmax (cm-1) = 2951, 1735, 1450, 1289, 1200, 924, 752; ESI-MS (m/z): 354 (M+1+); 

HRMS (MALDI): Exact mass calcd. for C21H24NO4 [M]+: 354.1700. Found: 

354.1709. 
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White solid, 82% yield. 1H NMR (300 MHz, CDCl3) δ 8.09 (br s, 1H), 7.70 (d, J = 

8.1 Hz, 2H), 7.31-7.04 (m, 10H), 6.91 (d, J = 1.8 Hz, 1H), 6.07 (dt, J = 7.5, 15.3 Hz, 

1H), 5.68 (dt, J = 5.7, 15.3 Hz, 1H), 3.87 (s, 2H), 3.63 (d, J = 5.7 Hz, 2H), 3.60 (s, 

2H), 3.23 (t, J = 6.6 Hz, 2H), 3.06-3.00 (m, 4H), 2.40 (s, 3H), 1.95-1.85 (m, 2H); 13C 

NMR (75 MHz, CDCl3) δ 143.2, 140.2, 137.3, 135.9, 131.2, 130.2, 129.7, 128.5, 

128.1, 127.0, 126.6, 125.7, 122.3, 122.0, 121.1, 117.2, 110.5, 58.0, 55.9, 54.8, 51.9, 

51.2, 33.8, 25.5, 21.4; IR (film): vmax (cm-1) = 3406, 2923, 2791, 1598, 1450, 1334, 

1157, 1100, 975, 753; ESI-MS (m/z): 500 (M+1+); HRMS (MALDI): Exact mass 

calcd. for C30H34N3O2S [M]+: 500.2366. Found: 500.2384. m.p. 152-153 oC. 

 
Colorless oil, 60% yield, 54% ee. [Daicel CHIRALPAK IC (0.46 cm x 15 cm); 

n-hexane/2-propanol = 60/40; flow rate = 0.7 mL/min; detection wavelength = 214nm; 

tR = 31.63 (major), 14.18 (minor) min]. [α]D
20 = -70.1 (c 1.0, CHCl3).

 1H NMR (300 

MHz, CDCl3) δ 7.47 (d, J = 7.2 Hz, 2H), 7.36 (t, J = 7.2 Hz, 2H), 7.28 (d, J = 7.2 Hz, 

1H), 6.99 (t, J = 7.5 Hz, 1H), 6.59 (d, J = 7.5 Hz, 1H), 6.54 (d, J = 7.5 Hz, 1H), 6.39 

(s, 1H), 6.17-6.08 (m, 1H), 5.85-5.75 (m, 1H), 4.94 (s, 1H), 4.02 (d, J = 11.1 Hz, 1H), 

4.00 (s, 3H), 3.79 (s, 3H), 3.77 (s, 3H), 3.69 (d, J = 12.0 Hz, 1H), 3.64 (d, J = 13.2 Hz, 

1H), 3.49 (d, J = 12.6 Hz, 1H), 3.35 (AB, JAB = 16.8 Hz, 1H), 3.27 (BA, JBA = 16.8 

Hz, 1H), 3.04-2.83 (m, 3H), 2.49-2.45 (m, 1H); 13C NMR (75 MHz, CDCl3) δ 154.4, 

149.9, 149.6, 140.2, 139.8, 137.4, 134.9, 134.7, 131.1, 128.9, 128.3, 127.7, 127.4, 

127.0, 122.8, 109.0, 102.9, 76.3, 60.9, 60.6, 59.7, 59.3, 56.0, 51.4, 47.2, 43.5, 37.7; IR 

(film): vmax (cm-1) = 3358, 2929, 1601, 1485, 1456, 1340, 1260, 1120, 1037, 749; 

ESI-MS (m/z): 469 (M+1+); HRMS (MALDI): Exact mass calcd. for C30H33N2O3 

[M]+: 469.2486. Found: 469.2502. 
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Corlorless oil, 80% yield, 73% ee. [Daicel CHIRALPAK IC (0.46 cm x 15 cm); 

n-hexane/2-propanol = 60/40; flow rate = 0.7 mL/min; detection wavelength = 214nm; 

tR = 18.63 (major), 15.48 (minor) min]. [α]D
20 = -54.3 (c 0.5, CHCl3).

 1H NMR (300 

MHz, CDCl3) δ 7.77 (d, J = 8.4 Hz, 2H), 7.36-7.21 (m, 7H), 6.94 (t, J = 7.5 Hz, 1H), 

6.53 (d, J = 6.9 Hz, 1H), 6.48 (d, J = 7.5 Hz, 1H), 5.69-5.66 (m, 2H), 5.18 (s, 1H), 

3.89 (s, 1H), 3.77-3.66 (m, 4H), 3.29-3.03 (m, 4H), 2.48 (s, 3H), 1.87-1.82 (m, 1H), 

1.60-1.54 (m, 5H); 13C NMR (100 MHz, CDCl3) δ 147.3, 143.7, 139.3, 137.3, 135.5, 

130.0, 129.5, 129.1, 128.2, 127.1, 126.9, 123.3, 109.1, 59.8, 54.3, 50.9, 48.6, 40.1, 

33.2, 29.8, 29.3, 21.6, 20.0; IR (film): vmax (cm-1) = 3361, 2918, 2849, 1595, 1456, 

1338, 1261, 1155, 798, 747; ESI-MS (m/z): 500 (M+1+); HRMS (MALDI): Exact 

mass calcd. for C30H34N3O2S [M]+: 500.2366. Found: 500.2379. 

 

General Procedure for Iridium-Catalyzed Friedel-Crafts Type Allylic Alkylation 

Reaction of Indole Fused through C4-C5: 

 

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

this flask were added [Ir(dbcot)Cl]2 (6.9 mg, 0.008 mmol, 4 mol %), phosphoramidite 

ligand L8 (9.6 mg, 0.016 mmol, 8 mol %), THF (1 mL) and n-propylamine (0.7 mL). 

The reaction mixture was heated at 50 °C for 30 min and then the volatile solvents 

were removed in vacuo to give a pale yellow solid. After that, allyl carbonate 4 (0.20 

mmol, dissolved in 2.0 mL toluene), cesium carbonate (130 mg, 0.40 mmol, 200 mol 

%) were added. The reaction mixture was heated at 50 oC. After the reaction was 

complete (monitored by TLC), the crude reaction mixture was filtrated through a pad 

of celite and washed with EtOAc. The solvents were removed under reduced pressure. 

Then the residue was purified by silica gel column chromatography (PE/EA = 10/1) to 
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afford the desired product 6. 

 
Colorless oil, 48% yield, 83% ee. [Daicel CHIRALCEL OD-H (0.46 cm x 25 cm); 

n-hexane/2-propanol = 90/10; flow rate = 0.7 mL/min; detection wavelength = 230 

nm; tR = 12.18 (major), 13.97 (minor) min]. [α]D
20 = -81.9 (c 0.5, CHCl3).

 1H NMR 

(300 MHz, CDCl3) δ 7.93 (br s, 1H), 7.42-7.23 (m, 5H), 7.12 (d, J = 8.1 Hz, 1H), 6.98 

(d, J = 8.4 Hz, 1H), 6.84 (s, 1H), 6.02-5.86 (m, 2H), 5.16 (d, J = 17.1 Hz, 1H), 5.06 (d, 

J = 9.9 Hz, 1H), 4.95 (d, J = 9.9 Hz, 1H), 4.88 (d, J = 17.7 Hz, 1H), 4.13 (AB, JAB = 

15.3 Hz, 1H), 4.05 (BA, JBA = 15.3 Hz, 1H), 3.79-3.65 (m, 3H), 3.47 (d, J = 6.0 Hz, 

2H), 2.90 (dd, J = 5.1, 11.4 Hz, 1H), 2.61 (dd, J = 6.9, 11.1 Hz, 1H); 13C NMR (75 

MHz, CDCl3) δ 142.0, 138.3, 138.2, 135.3, 129.1, 128.2, 127.4, 127.0, 126.4, 123.7, 

123.2, 122.6, 115.3, 114.9, 114.3, 109.6, 62.8, 56.2, 54.4, 44.4, 31.6; IR (film): vmax 

(cm-1) = 3412, 3074, 2970, 2792, 1636, 1602, 1492, 1453, 1349, 1025, 911, 801, 734, 

698; ESI-MS (m/z): 329 (M+1+); HRMS (ESI): Exact mass calcd. for C23H25N2 

[M+1]+: 329.2012. Found: 329.2008. 

 

Colorless oil, 40% yield, 90% ee. [Daicel CHIRALCEL OD-H (0.46 cm x 25 cm); 

n-hexane/2-propanol = 80/20; flow rate = 0.5 mL/min; detection wavelength = 230 

nm; tR = 10.27 (major), 12.46 (minor) min]. [α]D
20 = -60.8 (c 1.0, CHCl3).

 1H NMR 

(400 MHz, CDCl3) δ 8.02 (br s, 1H), 7.13 (d, J = 8.4 Hz, 1H), 6.98 (d, J = 8.4 Hz, 1H), 

6.87 (s, 1H), 6.11-5.87 (m, 3H), 5.30-5.00 (m, 6H), 4.20 (AB, JAB = 15.2 Hz, 1H), 

4.02 (BA, JBA = 15.2 Hz, 1H), 3.72-3.66 (m, 1H), 3.58 (d, J = 6.0 Hz, 2H), 3.26 (dd, J 

= 6.4, 13.2 Hz, 1H), 3.19 (dd, J = 6.8, 13.2 Hz, 1H), 2.91(dd, J = 5.2, 11.4 Hz, 1H), 

2.58 (dd, J = 7.6, 11.4 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 141.9, 138.3, 135.44, 

135.36, 127.4, 126.5, 123.8, 123.3, 122.5, 117.8, 115.5, 115.2, 114.7, 109.5, 61.5, 

56.2, 54.4, 44.3, 31.8; IR (film): vmax (cm-1) = 3405, 2921, 1748, 1637, 1441, 1265, 
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994, 917, 754; EI-MS (m/z): 278 (M+, 7), 209 (84), 194 (44), 180 (65), 168 (100), 154 

(6); HRMS (EI): Exact mass calcd. for C19H22N2 [M]+: 278.1783. Found: 278.1779. 

 

Colorless oil, 56% yield, 79% ee. [Daicel CHIRALPAK IC (0.46 cm x 25 cm); 

n-hexane/2-propanol = 95/5; flow rate = 0.5 mL/min; detection wavelength = 214 nm; 

tR = 17.50 (major), 22.61 (minor) min]. [α]D
20 = -69.8 (c 0.5, CHCl3).

 1H NMR (300 

MHz, CDCl3) δ 7.81 (br s, 1H), 7.43-7.22 (m, 5H), 7.09 (d, J = 8.4 Hz, 1H), 6.95 (d, J 

= 8.4 Hz, 1H), 6.80 (s, 1H), 5.96 (ddd, J = 8.7, 9.9, 17.1 Hz, 1H), 5.14 (d, J = 17.1 Hz, 

1H), 5.06 (d, J = 9.9 Hz, 1H), 4.19 (AB, JAB = 16.2 Hz, 1H), 4.14 (BA, JBA = 16.2 Hz, 

1H), 3.78 (AB, JAB = 13.2 Hz, 1H), 3.71 (BA, JBA = 13.2 Hz, 1H), 3.68-3.61 (m, 1H), 

2.87 (dd, J = 5.1, 11.1 Hz, 1H), 2.60 (dd, J = 6.6, 11.1 Hz, 1H), 2.34 (s, 3H); 13C 

NMR (75 MHz, CDCl3) δ 142.1, 138.4, 135.3, 129.1, 128.2, 127.7, 127.0, 126.4, 

124.3, 123.3, 122.2, 114.8, 111.9 109.5, 62.8, 56.0, 54.6, 44.3, 13.1; IR (film): vmax 

(cm-1) = 3414, 3028, 2858, 1637, 1459, 1216, 1092, 914, 797, 760, 699; ESI-MS 

(m/z): 303 (M+1+); HRMS (MALDI): Exact mass calcd. for C21H23N2 [M]+: 303.1856. 

Found: 303.1849. 

N
H

Bn
N

Ph

6d  

Colorless oil, 63% yield, 86% ee. [Daicel CHIRALPAK IC (0.46 cm x 25 cm); 

n-hexane/2-propanol = 95/5; flow rate = 0.5 mL/min; detection wavelength = 230 nm; 

tR = 14.78 (major), 19.58 (minor) min]. [α]D
20 = -76.0 (c 0.5, CHCl3).

 1H NMR (300 

MHz, CDCl3) δ 7.92 (br s, 1H), 7.32-7.07 (m, 11H), 6.98 (d, J = 8.1 Hz, 1H), 6.70 (s, 

1H), 5.94 (ddd, J = 7.2, 9.9, 17.1 Hz, 1H), 5.14 (d, J = 17.1 Hz, 1H), 5.04 (d, J = 9.9 

Hz, 1H), 4.08 (s, 2H), 3.96 (AB, JAB = 15.6 Hz, 1H), 3.89 (BA, JBA = 15.6 Hz, 1H), 

3.66-3.55 (m, 3H), 2.82 (dd, J = 5.1, 11.1 Hz, 1H), 2.54 (dd, J = 6.9, 11.1 Hz, 1H); 
13C NMR (75 MHz, CDCl3) δ 142.1, 141.6, 138.3, 135.5, 129.0, 128.6, 128.3, 128.2, 

127.6, 127.0, 126.7, 125.8, 123.7, 123.6, 123.5, 115.4, 114.9, 109.5, 62.8, 56.0, 54.5, 

44.4, 33.6; IR (film): vmax (cm-1) = 3649, 3415, 3026, 2970, 1634, 1601, 1492, 1453, 
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1126, 1028, 914, 697; ESI-MS (m/z): 379 (M+1+); HRMS (MALDI): Exact mass 

calcd. for C27H27N2 [M]+: 379.2169. Found: 379.2176. 

 

Colorless oil, 64% yield, 81% ee. [Daicel CHIRALPAK IC (0.46 cm x 25 cm); 

n-hexane/2-propanol = 95/5; flow rate = 0.5 mL/min; detection wavelength = 214 nm; 

tR = 14.16 (major), 18.52 (minor) min]. [α]D
20 = -60.4 (c = 0.5, CHCl3).

 1H NMR (300 

MHz, CDCl3) δ 8.03 (br s, 1H), 7.31-7.27 (m, 7H), 7.12 (d, J = 8.4 Hz, 1H), 6.98 (d, J 

= 8.7 Hz, 1H), 6.88 (d, J = 8.1 Hz, 2H), 6.69 (s, 1H), 5.94 (ddd, J = 7.8, 9.9, 17.1 Hz, 

1H), 5.15 (d, J = 17.1 Hz, 1H), 5.06 (d, J = 9.9 Hz, 1H), 3.99 (s, 2H), 3.88 (AB, JAB = 

15.6 Hz, 1H), 3.82 (BA, JBA = 15.6 Hz, 1H), 3.80-3.56 (m, 3H), 2.85 (dd, J = 5.1, 

11.1 Hz, 1H), 2.56 (dd, J = 6.9, 11.1 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ 141.9, 

140.6, 138.2, 135.5, 131.3, 130.1, 128.9, 128.5, 128.2, 127.4, 127.1, 127.0, 126.8, 

123.7, 123.6, 119.5, 115.0, 114.5, 109.6, 62.9, 56.2, 54.3, 44.4, 32.8; IR (film): vmax 

(cm-1) = 3412, 3028, 2957, 1635, 1487, 1455, 1260, 1089, 1071, 1012, 799, 761; 

ESI-MS (m/z): 457 (M+1+); HRMS (MALDI): Exact mass calcd. for C27H26N2Br 

[M]+: 457.1274. Found: 457.1278. 

N
H

Bn
N OMe

6f  

Colorless oil, 54% yield, 85% ee. [Daicel CHIRALPAK AD-H (0.46 cm x 25 cm); 

n-hexane/2-propanol = 70/30; flow rate = 0.7 mL/min; detection wavelength = 230 

nm; tR = 16.33 (major), 14.78 (minor) min]. [α]D
20 = -45.8 (c 1.0, CHCl3).

 1H NMR 

(300 MHz, CDCl3) δ 7.96 (br s, 1H), 7.35-7.11 (m, 5H), 7.11 (d, J = 8.1 Hz, 1H), 

7.00-6.96 (m, 3H), 6.77 (d, J = 8.7 Hz, 2H), 6.66 (d, J = 2.4 Hz, 1H), 5.94 (ddd, J = 

7.2, 9.9, 17.1 Hz, 1H), 5.13 (d, J = 17.1 Hz, 1H), 5.04 (d, J = 9.9 Hz, 1H), 4.01 (s, 

2H), 3.96 (AB, JAB = 15.6 Hz, 1H), 3.91 (BA, JBA = 15.6 Hz, 1H), 3.77 (s, 3H), 

3.66-3.60 (m, 3H), 2.82 (dd, J = 5.1, 11.1 Hz, 1H), 2.55 (dd, J = 7.2, 11.1 Hz, 1H); 
13C NMR (75 MHz, CDCl3) δ 157.7, 142.0, 138.3, 135.5, 133.7, 129.4, 129.0, 128.2, 

127.6, 127.0, 126.6, 123.7, 123.5, 123.4, 115.9, 114.9, 113.7, 109.5, 62.8, 56.0, 55.2, 
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54.5, 44.4, 32.6; IR (film): vmax (cm-1) = 3413, 2927, 1610, 1510, 1459, 1245, 1028, 

799, 761; ESI-MS (m/z): 409 (M+1+); HRMS (MALDI): Exact mass calcd. for 

C28H29N2O [M]+: 409.2274. Found: 409.2282. 

 

Colorless oil, 50% yield, 85% ee. [Phenomenex Lux 5u Cellulose-4 (0.46 cm x 25 

cm); n-hexane/2-propanol = 80/20; flow rate = 0.4 mL/min; detection wavelength = 

214 nm; tR = 22.63 (major), 25.13 (minor) min]. [α]D
20 = -43.5 (c 1.0, CHCl3).

 1H 

NMR (300 MHz, CDCl3) δ 8.14 (br s, 1H), 7.35-7.24 (m, 5H), 7.15 (d, J = 8.4 Hz, 

1H), 6.98 (d, J = 8.4 Hz, 1H), 6.68 (s, 1H), 6.39 (s, 2H), 5.93 (ddd, J = 7.5, 9.9, 17.4 

Hz, 1H), 5.14 (d, J = 17.1 Hz, 1H), 5.05 (d, J = 9.9 Hz, 1H), 4.05 (d, J = 7.5 Hz, 1H), 

3.84 (s, 3H), 3.76 (s, 6H), 3.62-3.60 (m, 3H), 2.84 (dd, J = 5.1, 11.1 Hz, 1H), 2.57 (dd, 

J = 6.9, 11.4 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ 153.1, 142.0, 138.2, 137.3, 136.0, 

135.5, 129.0, 128.2, 127.5, 127.0, 126.7, 123.7, 123.6, 123.5, 115.4, 114.9, 109.6, 

105.6, 62.7, 60.9, 56.0, 55.8, 54.7, 44.3, 34.0; IR (film): vmax (cm-1) = 3364, 2935, 

2835, 1590, 1506, 1456, 1419, 1329, 1233, 1125, 1005; ESI-MS (m/z): 469 (M+1+); 

HRMS (MALDI): Exact mass calcd. for C30H33N2O3 [M+1]+: 469.2486. Found: 

469.2490. 

 

Colorless oil, 56% yield, 80% ee. [Daicel CHIRALPAK AD-H (0.46 cm x 25 cm); 

n-hexane/2-propanol = 70/30; flow rate = 0.5 mL/min; detection wavelength = 230 

nm; tR = 28.53 (major), 31.18 (minor) min]. [α]D
20 = -87.3 (c 0.5, CHCl3).

 1H NMR 

(300 MHz, CDCl3) δ 8.03 (br s, 1H), 7.44-7.22 (m, 11H), 7.10 (d, J = 8.4 Hz, 1H), 

6.96 (d, J = 8.4 Hz, 1H), 6.73-6.69 (m, 2H), 6.63 (d, J = 2.1 Hz, 1H), 6.50 (dd, J = 2.1, 

8.4 Hz, 1H), 5.93 (ddd, J = 7.2, 9.9, 17.1 Hz, 1H), 5.13 (d, J = 17.1 Hz, 1H), 5.10 (s, 

2H), 5.04 (d, J = 9.9 Hz, 1H), 4.02 (s, 2H), 3.95 (s, 2H), 3.78 (s, 3H), 3.64-3.60 (m, 
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3H), 2.82 (dd, J = 5.1, 11.1 Hz, 1H), 2.55 (dd, J = 7.2, 11.1 Hz, 1H); 13C NMR (75 

MHz, CDCl3) δ 149.4, 146.2, 142.0, 138.2, 137.3, 135.5, 134.8, 128.9, 128.5, 128.1, 

127.7, 127.5, 127.2, 127.1, 127.0, 126.6, 123.7, 123.5, 123.4, 120.4, 115.6, 114.9, 

114.0, 112.3, 109.5, 71.0, 62.7, 56.0, 55.8, 54.5, 44.4, 33.2; IR (film): vmax (cm-1) = 

3402, 3029, 2929, 2858, 1509, 1455, 1259, 1218, 1136, 1024, 799, 760; ESI-MS 

(m/z): 515 (M+1+); HRMS (MALDI): Exact mass calcd. for C35H35N2O2 [M]+: 

515.2693. Found: 515.2695. 

 

Colorless oil, 40% yield, 97% ee. [Daicel CHIRALPAK AD (0.46 cm x 25 cm); 

n-hexane/2-propanol = 95/5; flow rate = 0.5 mL/min; detection wavelength = 230 nm; 

tR = 22.73 (major), 40.78 (minor) min]. [α]D
20 = -40 (c 0.25, CHCl3).

 1H NMR (300 

MHz, CDCl3) δ 8.04 (br s, 1H), 7.42-7.24 (m, 5H), 6.98 (s, 1H), 6.89 (s, 1H), 5.92 

(ddd, J = 8.7, 10.2, 17.4 Hz, 1H), 5.17 (d, J = 17.7 Hz, 1H), 5.09 (d, J = 9.9 Hz, 1H), 

4.16 (AB, JAB = 14.7 Hz, 1H), 4.07 (BA, JBA = 16.2 Hz, 1H), 3.78 (AB, JAB = 13.2 Hz, 

1H), 3.72 (BA, JBA = 13.2 Hz, 1H), 3.65-3.58 (m, 1H), 2.88 (dd, J = 5.7, 11.1 Hz, 1H), 

2.58 (dd, J = 6.0, 11.1 Hz, 1H), 2.33 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 141.4, 

138.2, 132.4, 129.1, 128.3, 127.7, 127.1, 126.7, 125.8, 122.7, 122.2, 115.6, 114.7 

113.1, 62.7, 55.8, 54.2, 44.3, 13.0; IR (film): vmax (cm-1) = 3207, 2925, 1634, 1455, 

1273, 1085, 923, 754; ESI-MS (m/z): 337 (M+1+); HRMS (ESI): Exact mass calcd. 

for C21H21N2Cl [M]+: 337.1466. Found: 337.1476. 

 
Colorless oil, 78% yield [4.3:(3.2/1)], 85% ee. [Daicel CHIRALCEL OD-H (0.46 cm 

x 25 cm); n-hexane/2-propanol = 80/20; flow rate = 0.5 mL/min; detection 

wavelength = 230 nm; tR = 12.29 (major), 13.98 (minor) min]. [α]D
20 = -38.2 (c 1.0, 

CHCl3).
 1H NMR (300 MHz, CDCl3) δ 8.18 (br s, 1H), 7.31-7.19 (m, 9H), 7.12-7.02 

(m, 4H), 5.94 (ddd, J = 7.5, 10.2, 17.1 Hz, 1H), 5.18 (dd, J = 1.8, 17.1 Hz, 1H), 5.07 

(dd, J = 2.1, 10.2 Hz, 1H), 3.67 (q, J = 7.2 Hz, 1H), 3.53-3.42 (m, 4H), 2.87 (dd, J = 
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5.1, 11.1 Hz, 1H), 2.56 (dd, J = 6.9, 11.1 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ 

142.0, 137.7, 136.9, 134.4, 130.5, 129.2, 128.0, 127.6, 127.5, 127.1, 126.8, 126.5, 

123.7, 123.1, 122.9, 119.1, 115.0, 109.6, 62.7, 56.5, 55.2, 44.5; IR (film): vmax (cm-1) 

= 3413, 2927, 2855, 1602, 1510, 1490, 1457, 12165, 1026, 801, 763; ESI-MS (m/z): 

365 (M+1+); HRMS (ESI): Exact mass calcd. for C26H25N2 [M]+: 365.2012. Found: 

365.2020. 

 
Colorless oil, 52% yield, 56% ee. [Daicel CHIRALPAK AD-H (0.46 cm x 25 cm); 

n-hexane/2-propanol = 85/15; flow rate = 0.5 mL/min; detection wavelength = 214 

nm; tR = 10.13 (major), 12.43 (minor) min]. [α]D
20 = -43.7 (c 0.5, CHCl3).

 1H NMR 

(300 MHz, CDCl3) δ 8.20 (br s, 1H), 7.23-7.04 (m, 11H), 6.94 (d, J = 2.4 Hz, 1H), 

5.96 (ddd, J = 7.5, 9.6, 17.1 Hz, 1H), 5.20 (d, J = 17.1 Hz, 1H), 5.08 (d, J = 9.9 Hz, 

1H), 3.69 (q, J = 6.9 Hz, 1H), 3.54 (AB, JAB = 12.9 Hz, 1H), 3.44 (BA, JBA = 12.9 Hz, 

1H), 4.42-4.36 (m, 2H), 2.92 (dd, J = 5.4, 11.1 Hz, 1H), 2.60 (dd, J = 6.9, 11.1 Hz, 

1H); 13C NMR (75 MHz, CDCl3) δ 141.9, 137.6, 135.3, 135.2, 134.4, 132.4, 131.6, 

129.2, 128.1, 127.6, 127.4, 127.3, 126.9, 123.8, 123.0, 117.7, 115.1, 109.7, 63.1, 57.0, 

55.0, 44.6; IR (film): vmax (cm-1) = 3416, 2926, 1483, 1458, 1216, 1089, 1015, 801, 

762; ESI-MS (m/z): 399 (M+1+); HRMS (ESI): Exact mass calcd. for C29H24ClN2 

[M]+: 399.1623. Found: 399.1636. 

N
H

Bn
N

OMe

6t  
Colorless oil, 80% yield [4.4:(2.7/1)], 78% ee. [Daicel CHIRALCEL OD-H (0.46 cm 

x 25 cm); n-hexane/2-propanol = 80/20; flow rate = 0.5 mL/min; detection 

wavelength = 230 nm; tR = 17.96 (major), 16.13 (minor) min]. [α]D
20 = -64.6 (c 0.5, 

CHCl3).
 1H NMR (300 MHz, CDCl3) δ 8.19 (br s, 1H), 7.24-7.11 (m, 8H), 7.03 (d, J = 

8.4 Hz, 1H), 6.95 (d, J = 2.7 Hz, 1H), 6.82 (d, J = 12.0 Hz, 2H), 5.95 (ddd, J = 7.2, 
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9.9, 17.1 Hz, 1H), 5.18 (d, J = 17.1 Hz, 1H), 5.07 (dd, J = 2.1, 10.2 Hz, 1H), 3.87 (s, 

3H), 3.68 (q, J = 7.2 Hz, 1H), 3.56-3.40 (m, 4H), 2.91 (dd, J = 5.4, 11.1 Hz, 1H), 2.57 

(dd, J = 7.2, 11.1 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ 158.4, 141.9, 137.6, 134.4, 

131.5, 129.2, 129.1, 128.0, 127.4, 126.9, 126.8, 123.5, 123.3, 122.9, 118.5, 115.0, 

112.9, 109.6, 62.8, 56.6, 55.2, 55.0, 44.4; IR (film): vmax (cm-1) = 3419, 2958, 1549, 

1501, 1284, 1259, 1025, 797, 758; ESI-MS (m/z): 395 (M+1+); HRMS (ESI): Exact 

mass calcd. for C27H27N2O [M]+: 395.2118. Found: 395.2129. 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S45

 

 
 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S46

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S47

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S48

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S49

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S50

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S51

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S52

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S53

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S54

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S55

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S56

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S57

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S58

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S59

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S60

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S61

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S62

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S63

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S64

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S65

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S66

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S67

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S68

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S69

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S70

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S71

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S72

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S73

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S74

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S75

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S76

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S77

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S78

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S79

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S80

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S81

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S82

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S83

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S84

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S85

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S86

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S87

 

N
H

Bn
N

3a

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S88

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S89

 

N
H

N

3b

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S90

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S91

N
H

Bn
N

3c

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S92

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S93

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S94

N
H

Bn
N

F

3d

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S95

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S96

 

N
H

Bn
N

Cl

3e

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S97

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S98

 

N
H

Bn
N

Ph
3f

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S99

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S100

N
H

Bn
N

3g

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S101

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S102

N
H

Bn
N

Cl

3h

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S103

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S104

N
H

Bn
N

3i

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S105

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S106

N
H

Bn
N

3j

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S107

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S108

 

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S109

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S110

 

N

N

5b
 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S111

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S112

 

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S113

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S114

 

 

 
 
 
 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S115

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S116

 

 

 
 
 
 
 
 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S117

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S118

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S119

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S120

 

N

BnN

OMe

OMe

MeO

5g
 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S121

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S122

 

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S123

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S124

 

 

 

 
 
 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S125

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S126

 

 

 
 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S127

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S128

 

 
 
 
 
 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S129

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S130

 

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S131

 
 
 
 
 
 
 
 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S132

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S133

 

 
 
 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S134

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S135

 

 
 
 
 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S136

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S137

 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S138

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S139

 

N
H

N

6b

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S140

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S141

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S142

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S143

 

 

 
 
 
 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S144

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S145

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S146

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S147

 

 

 
 
 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S148

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S149

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S150

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S151

 

 
 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S152

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S153

 
 
 
 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S154

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S155

 

 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S156

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S157

 
 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S158

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012



 S159

 

N
H

Bn
N

OMe

6t

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2012


