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1. General Information

Unless otherwise noted, reagents were obtained from commercial sources and used without 

further purification. Non-aqueous reaction was conducted under an inert atmosphere of argon in 

flame-dried glassware. Anhydrous solvent was treated as follow: tetrahydrofuran was distilled from 

sodium under argon atmosphere, dichloromethane and toluene were distilled from calcium hydride 

under argon atmosphere. Anhydrous ethyl acetate, chloroform, 1,2-dichloroethane, N,N-

Dimethylformamide, 1,4-dioxane were commercially available (Adamas, SafeDry, with molecular 

sieves).

Thin layer chromatography was conducted on Merck 60 F254 pre-coated silica gel plates. 

Column chromatography was carried out by normal silica gel (40-60 µm, 200-400 mesh, Silicycle 

P60). NMR data including 1H NMR and 13C NMR spectra were recorded on Bruker AVANCE III 

500MHz. The chemical shifts (δ) for 1H and 13C are given in ppm relative to residual signals of the 

solvents (CHCl3 @ 7.26 ppm 1H NMR, 77.16 ppm 13C NMR). Coupling constants are given in Hz.

High resolution mass spectra were obtained from IonSpec 4.7 Tesla FTMS mass spectrometer 

(MALDI), Bruker APEXIII 7.0 TESLA FTMS (ESI).
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2. General Procedure for the Synthesis of 6.

N
H

O

N3Br
tBu

OH
tBu

+

N
H

O

N3

O
tBu

tBu

4a 5a 6a

4Å MS, RT

K2CO3, CHCl3

A 5 mL reaction tube was charged with oxindole 1 (0.10 mmol), phenol 2 (0.15 mmol), base (0.15 

mmol) and 4Å MS molecular sieves (34 mg), then anhydrous CHCl3 (1.0 mL) was added. The 

reaction mixture was stirred at room temperature until TLC showed the starting material was no 

longer consumed. The reaction mixture was directly concentrated under reduced pressure. The 

residue was purified by flash column chromatography on silica gel (ethyl acetate/petroleum ether = 

1:40 to 1:8) to yield the desired product 3.

N
H

N3

O

O
tBu

tBu

6a

This compound was prepared according to the general procedure as a white solid (42.0 mg, 99% 

yield in 0.10 mmol scale). Rf = 0.45 (ethyl acetate/petroleum ether = 1/5, v/v).

1H NMR (500 MHz, CDCl3) δ 8.76 (s, 1H), 7.02 (d, J = 4.5 Hz, 2H), 6.95 (dd, J = 13.0, 5.3 Hz, 

2H), 6.49 (d, J = 3.0 Hz, 1H), 2.93 – 2.77 (m, 2H), 2.30 (dt, J = 13.5, 8.2 Hz, 1H), 1.96 – 1.83 (m, 

1H), 1.29 (s, 9H), 1.18 (s, 3H), 1.16 (s, 9H).

13C NMR (126 MHz, CDCl3) δ 185.8, 179.5, 148.7, 148.4, 141.7, 141.7, 141.3, 129.2, 127.8, 125.5, 

122.2, 110.2, 57.7, 48.0, 43.7, 35.4, 35.2, 30.9, 29.60, 29.55, 20.2.

HRMS (ESI) m/z: [M + H] + Calcd for C25H32N4O2 421.2598; Found 421.2593.

N
H

N3

O

O
tBu

tBu

Cl
6b

This compound was prepared according to the general procedure as a white solid (33.4 mg, 73% 

yield in 0.10 mmol scale). Rf = 0.45 (ethyl acetate/petroleum ether = 1/5, v/v).

1H NMR (400 MHz, CDCl3) δ 8.44 (s, 1H), 7.01 (dd, J = 8.0, 1.9 Hz, 1H), 6.95 – 6.89 (m, 3H), 
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6.41 (d, J = 3.0 Hz, 1H), 2.96 – 2.81 (m, 2H), 2.30 (dt, J = 13.7, 8.1 Hz, 1H), 1.86 (ddd, J = 13.8, 

7.5, 4.9 Hz, 1H), 1.29 (s, 9H), 1.18 (s, 3H), 1.15 (s, 9H).

13C NMR (101 MHz, CDCl3) δ 185.7, 179.2, 149.0, 148.8, 142.7, 141.2, 140.8, 135.0, 126.3, 126.2, 

122.2, 110.8, 57.3, 47.9, 43.7, 35.4, 35.2, 30.8, 29.6, 29.5, 20.2.

HRMS (ESI) m/z: [M + H] + Calcd for C25H32ClN4O2 455.2208; Found 455.2207.

N
H

N3

O

O
tBu

tBu

Br
6c

This compound was prepared according to the general procedure as a white solid (36.4 mg, 73% 

yield in 0.10 mmol scale). Rf = 0.45 (ethyl acetate/petroleum ether = 1/5, v/v).

1H NMR (500 MHz, CDCl3) δ 9.10 – 8.99 (m, 1H), 7.17 (dd, J = 7.9, 1.8 Hz, 1H), 7.12 (d, J = 1.7 

Hz, 1H), 6.88 (dd, J = 10.6, 5.5 Hz, 2H), 6.41 (d, J = 3.0 Hz, 1H), 2.93 (ddd, J = 12.6, 7.9, 4.7 Hz, 

1H), 2.84 (dt, J = 12.3, 7.8 Hz, 1H), 2.29 (dt, J = 13.8, 8.0 Hz, 1H), 1.86 (ddd, J = 13.0, 7.4, 4.7 Hz, 

1H), 1.29 (s, 9H), 1.18 (s, 3H), 1.16 (s, 9H).

13C NMR (126 MHz, CDCl3) δ 185. 7, 179.6, 149.0, 148.7, 143.0, 141.2, 140.8, 126.7, 126.5, 

125.1, 122.7, 113.7, 57.5, 47.9, 43.6, 35.4, 35.2, 30.7, 29.6, 29.5, 20.2.

HRMS (ESI) m/z: [M + H] + Calcd for C25H32BrN4O2 499.1703; Found 499.1708.

N
H

N3

O

O
tBu

tBu

NC

6d

This compound was prepared according to the general procedure as a white solid (43.9 mg, 99% 

yield in 0.10 mmol scale). Rf = 0.25 (ethyl acetate/petroleum ether = 1/1, v/v).

1H NMR (500 MHz, CDCl3) δ 8.63 (s, 1H), 7.59 (dd, J = 8.1, 1.5 Hz, 1H), 7.23 (s, 1H), 7.00 (d, J 

= 8.2 Hz, 1H), 6.76 (d, J = 3.0 Hz, 1H), 6.34 (d, J = 3.0 Hz, 1H), 3.04 (ddd, J = 12.2, 7.3, 4.7 Hz, 

1H), 2.85 (ddd, J = 12.5, 8.6, 6.7 Hz, 1H), 2.42 (dt, J = 15.2, 8.0 Hz, 1H), 2.00 – 1.92 (m, 1H), 1.29 

(d, J = 5.6 Hz, 12H), 1.10 (s, 9H).

13C NMR (126 MHz, CDCl3) δ 185.4, 149.5, 149.4, 145.4, 140.1, 139.9, 134.1, 129.1, 128.7, 118.7, 

110.5, 105.6, 57.2, 48.0, 43.9, 35.4, 35.1, 30.6, 30.3, 29.6, 29.4, 19.8.
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HRMS (ESI) m/z: [M + H] + Calcd for C26H32N5O2 446.2551; Found 446.2557.

N
H

PMB

O

O
tBu

tBu

Cl
6e

This compound was prepared according to the general procedure as a pale yellow solid (39.6 mg, 

89% yield in 0.10 mmol scale). Rf = 0.45 (ethyl acetate/petroleum ether = 1/5, v/v).

1H NMR (500 MHz, CDCl3) δ 8.06 (s, 1H), 7.13 – 7.05 (m, 2H), 6.97 (dd, J = 8.1, 2.0 Hz, 1H), 

6.72 – 6.63 (m, 3H), 6.54 – 6.46 (m, 3H), 3.63 (d, J = 1.5 Hz, 3H), 3.23 (d, J = 13.4 Hz, 1H), 2.79 

(d, J = 13.3 Hz, 1H), 1.33 (s, 9H), 1.23 (s, 3H), 1.18 (s, 9H).

13C NMR (126 MHz, CDCl3) δ 185.9, 179.0, 158.2, 148.7, 148.4, 142.5, 142.0, 141.5, 134.2, 131.1, 

127.5, 127.3, 126.7, 121.6, 113.3, 110.2, 60.9, 55.1, 43.8, 37.0, 35.4, 35.2, 29.7, 29.6, 20.6.

HRMS (ESI) m/z: [M + H] + Calcd for C31H37ClNO3 506.2456; Found 506.2456.

N
H

PMB

O

O
tBu

tBu

Cl

6f

This compound was prepared according to the general procedure as a white solid (26.8 mg, 53% 

yield in 0.10 mmol scale). Rf = 0.45 (ethyl acetate/petroleum ether = 1/5, v/v).

1H NMR (500 MHz, CDCl3) δ 7.93 (s, 1H), 7.14 (d, J = 2.1 Hz, 1H), 7.12 – 7.03 (m, 2H), 6.71 (d, 

J = 8.3 Hz, 2H), 6.56 (d, J = 8.2 Hz, 1H), 6.50 (dd, J = 16.9, 5.6 Hz, 3H), 3.63 (s, 3H), 3.28 (d, J = 

13.3 Hz, 1H), 2.82 (d, J = 13.3 Hz, 1H), 1.35 (s, 9H), 1.31 (s, 3H), 1.14 (s, 9H).

13C NMR (126 MHz, CDCl3) δ 185. 8, 178.6, 158.3, 148.7, 148.6, 141.7, 141.4, 139.7, 131.2, 

131.0, 128.4, 127.2, 127.1, 126.1, 113.3, 110.3, 61.2, 55.1, 43.9, 37.0, 35.4, 35.1, 29.7, 29.5, 20.4.

HRMS (ESI) m/z: [M + H] + Calcd for C31H37ClNO3 506.2456; Found 506.2458.

N
H

PMB

O

O
tBu

tBu

Br
6g

This compound was prepared according to the general procedure as a white solid (31.9 mg, 58% 
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yield in 0.10 mmol scale). Rf = 0.45 (ethyl acetate/petroleum ether = 1/5, v/v).

1H NMR (500 MHz, CDCl3) δ 7.77 (s, 1H), 7.15 – 7.07 (m, 2H), 7.03 (d, J = 8.1 Hz, 1H), 6.81 (d, 

J = 1.8 Hz, 1H), 6.68 (d, J = 8.3 Hz, 2H), 6.54 – 6.47 (m, 3H), 3.64 (s, 3H), 3.23 (d, J = 13.4 Hz, 

1H), 2.79 (d, J = 13.3 Hz, 1H), 1.34 (s, 9H), 1.24 (s, 3H), 1.18 (s, 9H).

13C NMR (126 MHz, CDCl3) δ 185.9, 178.6, 158.3, 148.8, 148.5, 142.6, 142.0, 141.4, 131.2, 128.1, 

127.3, 127.1, 124.5, 122.0, 113.4, 112.9, 61.0, 55.1, 43.8, 37.0, 35.4, 35.2, 29.7, 29.6, 20.6.

HRMS (ESI) m/z: [M + H] + Calcd for C31H37BrNO3 550.1951; Found 550.1945.

N
H

PMB

O

O
tBu

tBu

F

6h

This compound was prepared according to the general procedure as a white solid (41.5 mg, 85% 

yield in 0.10 mmol scale). Rf = 0.45 (ethyl acetate/petroleum ether = 1/4, v/v).

1H NMR (500 MHz, CDCl3) δ 7.59 (s, 1H), 7.09 (d, J = 3.0 Hz, 1H), 6.91 (dd, J = 8.5, 2.6 Hz, 1H), 

6.82 (td, J = 8.7, 2.6 Hz, 1H), 6.74 – 6.67 (m, 2H), 6.57 – 6.47 (m, 4H), 3.64 (s, 3H), 3.28 (d, J = 

13.3 Hz, 1H), 2.81 (d, J = 13.3 Hz, 1H), 1.34 (s, 9H), 1.30 (s, 3H), 1.15 (s, 9H).

13C NMR (126 MHz, CDCl3) δ 185.9, 178.7, 158.3, 158.2 (d, J = 240.7 Hz), 148.6 (d, J = 18.9 

Hz), 141.6 (d, J = 58.0 Hz) 131.2, 127.3, 114.9 (d, J = 23.9 Hz), 113.8 (d, J = 25.2 Hz), 113.3, 109.8 

(d, J = 8.8 Hz), 61.5, 55.1, 43.9, 37.2, 35.3 (d, J = 34 Hz ), 29.6 (d, J = 12.6 Hz), 20.5.

HRMS (ESI) m/z: [M + H] + Calcd for C31H37FNO3 490.2752; Found 490.2778.

N
H

PMB

O

O
tBu

tBu

F
6i

This compound was prepared according to the general procedure as a white solid (29.3 mg, 60% 

yield in 0.10 mmol scale). Rf = 0.45 (ethyl acetate/petroleum ether = 1/4, v/v).

1H NMR (400 MHz, CDCl3) δ 7.51 (s, 1H), 7.12 (d, J = 3.0 Hz, 1H), 7.01 – 6.86 (m, 3H), 6.72 – 

6.66 (m, 2H), 6.56 – 6.49 (m, 3H), 3.65 (s, 3H), 3.25 (d, J = 13.3 Hz, 1H), 2.82 (d, J = 13.3 Hz, 1H), 

1.34 (s, 9H), 1.26 (s, 3H), 1.17 (s, 9H).
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13C NMR (126 MHz, CDCl3) δ 186.0, 178.3, 158.3, 148.5 (d, J = 32.8 Hz), 146.9 (d, J = 2 44.4 

Hz), 141.8 (d, J = 32.8 Hz), 131.9 (d, J = 2.52 Hz), 12 8.9 (d, J = 12.6 Hz), 122.1 (d, J = 6.3 Hz), 

121.7 (d, J = 3.78 Hz), 115.6 (d, J = 16.4 Hz), 115.5, 113.3, 61.8, 55.1, 43.8, 37.2, 35.3 (d, J = 

31.5Hz), 29.6 (d, J = 7.56 Hz), 20.6.

HRMS (ESI) m/z: [M + H] + Calcd for C31H37FNO3 490.2752; Found 490.2757.

N
H

PMB

O

O
tBu

tBu

MeO

6j

This compound was prepared according to the general procedure as a pale yellow solid (35.0 mg, 

70% yield in 0.10 mmol scale). Rf = 0.45 (ethyl acetate/petroleum ether = 1/4, v/v).

1H NMR (500 MHz, CDCl3) δ 7.95 (s, 1H), 7.20 (d, J = 2.9 Hz, 1H), 6.81 (d, J = 2.5 Hz, 1H), 6.74 

– 6.64 (m, 3H), 6.61 (d, J = 3.0 Hz, 1H), 6.56 (d, J = 8.4 Hz, 1H), 6.48 (d, J = 8.2 Hz, 2H), 3.78 (s, 

3H), 3.61 (s, 3H), 3.18 (d, J = 13.4 Hz, 1H), 2.76 (d, J = 13.4 Hz, 1H), 1.34 (s, 9H), 1.20 (d, J = 8.0 

Hz, 12H).

13C NMR (126 MHz, CDCl3) δ 186.2, 178.9, 158.1, 155.1, 148.4, 148.1, 142.7, 142.0, 135.0, 131.2, 

130.4, 127.7, 113.6, 113.2, 113.1, 109.8, 61.7, 56.1, 55.1, 43.7, 37.2, 35.4, 35.2, 29.7, 29.7, 20.8.

HRMS (ESI) m/z: [M + H] + Calcd for C32H40NO4 502.2952; Found 502.2954.

N
H

PMB

O

O
tBu

tBu

6k

This compound was prepared according to the general procedure as a pale yellow solid (37.3 mg, 

77% yield in 0.10 mmol scale). Rf = 0.45 (ethyl acetate/petroleum ether = 1/4, v/v).

1H NMR (400 MHz, CDCl3) δ 8.32 (s, 1H), 7.20 (d, J = 2.9 Hz, 1H), 7.03 (dd, J = 7.2, 1.5 Hz, 1H), 

6.98 – 6.87 (m, 2H), 6.72 – 6.66 (m, 2H), 6.62 (d, J = 2.9 Hz, 1H), 6.52 – 6.45 (m, 2H), 3.63 (s, 

3H), 3.18 (d, J = 13.3 Hz, 1H), 2.79 (d, J = 13.3 Hz, 1H), 2.12 (s, 3H), 1.33 (s, 9H), 1.20 (s, 9H), 

1.18 (s, 3H).

13C NMR (126 MHz, CDCl3) δ 186.1, 180.3, 158.1, 148.4, 148.0, 142.9, 142.2, 140.8, 131.1, 129.9, 

128.4, 128.0, 123.5, 121.6, 119.0, 113.1, 62.0, 55.1, 43.7, 37.2, 35.4, 35.3, 29.7, 20.8, 16.5.
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HRMS (ESI) m/z: [M + H] + Calcd for C32H40NO3 486.3003; Found 486.3005.

N
H

Bn

O

O
tBu

tBu

F

6l

This compound was prepared according to the general procedure as a white solid (45.5 mg, 99% 

yield in 0.10 mmol scale). Rf = 0.45 (ethyl acetate/petroleum ether = 1/4, v/v).

1H NMR (400 MHz, CDCl3) δ 7.29 (s, 1H), 7.11 (d, J = 3.0 Hz, 1H), 7.00 (dd, J = 5.0, 1.9 Hz, 3H), 

6.92 (dd, J = 8.5, 2.6 Hz, 1H), 6.84 – 6.78 (m, 3H), 6.55 – 6.49 (m, 2H), 3.34 (d, J = 13.1 Hz, 1H), 

2.85 (d, J = 13.1 Hz, 1H), 1.35 (s, 9H), 1.31 (s, 3H), 1.16 (s, 9H).

13C NMR (126 MHz, CDCl3) δ 185.9, 179.0, 158.2 (d, J = 241.9 Hz), 148.7 (d, J = 30.2 Hz), 141.6 

(d, J = 64.3 Hz), 137.3 (d, J = 2.52 Hz), 130.6 (d, J = 7.6 Hz), 128.0, 126.7, 115.0 (d, J = 22.7 Hz),, 

113.9 (d, J = 25.2 Hz), 109.9 (d, J = 3.8 Hz), 61.5, 43.8, 38.0, 35.3 (d, J = 29.0 Hz), 29.6(d, J = 8.8 

Hz), 20.5.

HRMS (ESI) m/z: [M + H] + Calcd for C30H35FNO2 460.2646; Found 460.2676.

N
H

Bn

O

O
tBu

tBu

F
6m

This compound was prepared according to the general procedure as a yellow solid (24.0 mg, 52% 

yield in 0.10 mmol scale). Rf = 0. 5 (ethyl acetate/petroleum ether = 1/4, v/v).

1H NMR (500 MHz, CDCl3) δ 8.22 (d, J = 8.2 Hz, 1H), 7.16 (d, J = 3.0 Hz, 1H), 7.01 – 6.88 (m, 

6H), 6.81 – 6.74 (m, 2H), 6.57 (d, J = 3.0 Hz, 1H), 3.30 (d, J = 13.2 Hz, 1H), 2.86 (d, J = 13.1 Hz, 

1H), 1.34 (s, 9H), 1.24 (s, 3H), 1.20 (s, 9H).

13C NMR (126 MHz, CDCl3) δ 186.0, 178.4, 148.6 (d, J = 40.3 Hz), 146.9 (d, J = 245.7 Hz), 141.7 

(d, J = 66.8 Hz), 135.4, 131.7 (d, J = 2.5 Hz), 128.9 (d, J = 12.6 Hz), 122.1 (d, J = 5.0 Hz), 121.8 

(d, J = 3.8 Hz), 115.6 (d, J = 17.6 Hz), 61.8, 43.8, 38.1, 35.5 (d, J = 27.7 Hz), 29.6 (d, J = 5.0 Hz), 

20.6.

HRMS (ESI) m/z: [M + H] + Calcd for C30H35FNO2 460.2646; Found 460.2654.
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N
H

Bn

O

O
tBu

Cl

6n

tBu

This compound was prepared according to the general procedure as a yellow solid (38.2 mg, 80% 

yield in 0.10 mmol scale). Rf = 0.4 (ethyl acetate/petroleum ether = 1/4, v/v).

1H NMR (500 MHz, CDCl3) δ 8.10 (s, 1H), 7.14 – 7.06 (m, 2H), 6.98 (q, J = 7.4, 5.3 Hz, 4H), 6.81 

– 6.71 (m, 2H), 6.67 (t, J = 2.0 Hz, 1H), 6.52 (d, J = 3.2 Hz, 1H), 3.29 (dd, J = 13.1, 3.5 Hz, 1H), 

2.84 (dd, J = 13.2, 3.5 Hz, 1H), 1.34 (d, J = 3.5 Hz, 9H), 1.24 (s, 3H), 1.20 (d, J = 3.5 Hz, 9H).

13C NMR (126 MHz, CDCl3) δ 185.9, 179.0, 148.8, 148.5, 142.5, 142.0, 141.4, 135.4, 134.2, 130.1, 

128.0, 127.3, 126.9, 126.7, 121.6, 110.1, 60.9, 43.9, 37.9, 35.4, 35.2, 29.7, 29.6, 20.6.

HRMS (ESI) m/z: [M + H] + Calcd for C30H35FNO2 476.2351; Found 476.2361.

N
H

Bn

O

O
tBu

6o

tBu

This compound was prepared according to the general procedure as a pale yellow solid (26.1mg, 

57% yield in 0.10mmol scale). Rf = 0.4 (ethyl acetate/petroleum ether = 1/4, v/v).

1H NMR (500 MHz, CDCl3) δ 9.16 (s, 1H), 7.26 – 7.22 (m, 1H), 7.06 (d, J = 7.3 Hz, 1H), 6.94 

(dtd, J = 14.6, 7.4, 2.8 Hz, 5H), 6.77 (d, J = 6.8 Hz, 2H), 6.66 (d, J = 2.9 Hz, 1H), 3.22 (d, J = 13.2 

Hz, 1H), 2.81 (d, J = 13.2 Hz, 1H), 2.17 (s, 3H), 1.33 (s, 9H), 1.24 (s, 9H), 1.16 (s, 3H).

13C NMR (126 MHz, CDCl3) δ 186.1, 180.0, 148.5, 148.0, 142.9, 142.2, 140.6, 136.0, 130.1, 129.9, 

128.2, 127.7, 126.4, 123.6, 121.6, 119.0, 61.9, 43.7, 38.1, 35.4, 35.3, 29.7, 29.7, 20.8, 16.5.

HRMS (ESI) m/z: [M + H] + Calcd for C31H38NO2 456.2897; Found 456.2900.

N
H

Bn

O

O
tBu

tBu

6p

This compound was prepared according to the general procedure as a pale yellow solid (34.9 mg, 
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77% yield in 0.10 mmol scale). Rf = 0.45 (ethyl acetate/petroleum ether = 1/4, v/v).

1H NMR (500 MHz, CDCl3) δ 7.69 (s, 1H), 7.17 (d, J = 3.0 Hz, 1H), 7.00 – 6.93 (m, 4H), 6.90 (dt, 

J = 8.0, 1.1 Hz, 1H), 6.80 – 6.76 (m, 2H), 6.57 (d, J = 3.0 Hz, 1H), 6.50 (d, J = 7.8 Hz, 1H), 3.29 

(d, J = 13.1 Hz, 1H), 2.85 (d, J = 13.1 Hz, 1H), 2.31 (s, 3H), 1.36 (s, 9H), 1.27 (s, 3H), 1.16 (s, 9H).

13C NMR (126 MHz, CDCl3) δ 186.1, 178.7, 148.3, 148.2, 142.5, 142.2, 138.8, 135.9, 131.0, 130.2, 

128.9, 128.8, 127.8, 126.7, 126.5, 109.1, 60.9, 43.9, 38.0, 35.4, 35.1, 29.7, 29.5, 21.4, 20.6.

HRMS (ESI) m/z: [M + H] + Calcd for C31H38NO2 456.2897; Found 456.2897.

N
H

NPht

O

O
tBu

tBu

MeO

6q

This compound was prepared according to the general procedure as a pale yellow solid (54.9 mg, 

99% yield in 0.10 mmol scale). Rf = 0.35 (ethyl acetate/petroleum ether = 1/4, v/v).

1H NMR (500 MHz, CDCl3) δ 8.60 (s, 1H), 7.71 – 7.56 (m, 4H), 6.97 (s, 1H), 6.69 (d, J = 8.5 Hz, 

1H), 6.52 (d, J = 16.2 Hz, 2H), 6.39 (d, J = 8.6 Hz, 1H), 3.60 – 3.38 (m, 5H), 2.34 (ddd, J = 33.4, 

14.3, 7.9 Hz, 2H), 1.28 (s, 9H), 1.14 (s, 12H).

13C NMR (126 MHz, CDCl3) δ 185.9, 178.9, 167.9, 155.1, 148.5, 148.2, 142.0, 141.6, 135.0, 133.8, 

131.9, 129.9, 123.0, 113.1, 112.0, 110.6, 58.4, 55.5, 43.8, 35.3, 35.1, 34.8, 30.3, 29.7, 29.6, 28.8, 

20.3.

HRMS (ESI) m/z: [M + H] + Calcd for C34H39N2O5 555.2853; Found 555.2848.

N
H

O

O
tBu

tBu

Br
OTIPS

6r

This compound was prepared according to the general procedure as a white solid (40.8 mg, 65% 

yield in 0.10 mmol scale; 0.7480 g, 59% yield in gram scale). Rf = 0.65 (acetone/petroleum ether = 

1/2, v/v).

1H NMR (500 MHz, CDCl3) δ 7.93 (s, 1H), 7.32 (dd, J = 8.2, 2.0 Hz, 1H), 7.10 (d, J = 1.9 Hz, 1H), 

6.90 (d, J = 3.0 Hz, 1H), 6.71 (d, J = 8.2 Hz, 1H), 6.42 (d, J = 2.9 Hz, 1H), 3.34 (dd, J = 7.8, 5.3 
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Hz, 2H), 2.37 (dt, J = 13.5, 7.7 Hz, 1H), 1.89 – 1.80 (m, 1H), 1.30 (s, 9H), 1.22 (s, 3H), 1.12 (s, 

9H), 0.89 (s, 21H).

13C NMR (126 MHz, CDCl3) δ 185.7, 179.0, 148.6, 148.5, 141.6, 141.4, 140.5, 131.3, 131.1, 128.8, 

114.3, 110.8, 60.0, 57.2, 43.8, 35.3, 35.1, 34.5, 29.7, 29.5, 19.9, 18.0, 17.9, 12.0.

HRMS (ESI) m/z: [M + H] + Calcd for C34H53BrNO3Si 630.2973; Found 630.2974.

N
H

N3

O

O

tBu
tBu

6s

This compound was prepared according to the general procedure as a white solid (36.5mg, 84% 

yield in 0.10 mmol scale). Rf = 0.5 (ethyl acetate/petroleum ether = 1/4, v/v).

1H NMR (400 MHz, CDCl3) δ 9.14 (s, 1H), 7.28 – 7.23 (m, 1H), 7.07 – 7.01 (m, 2H), 6.98 – 6.89 

(m, 2H), 6.43 (d, J = 3.0 Hz, 1H), 2.90 – 2.77 (m, 2H), 2.25 (dt, J = 13.7, 8.1 Hz, 1H), 1.88 – 1.82 

(m, 1H), 1.80 – 1.69 (m, 1H), 1.60 (dd, J = 13.6, 7.2 Hz, 1H), 1.29 (s, 9H), 1.19 (s, 9H), 0.48 (t, J = 

7.4 Hz, 3H).

13C NMR (101 MHz, CDCl3) δ 186.2, 180.0, 151.0, 150.5, 141.9, 140.9, 140.4, 129.1, 128.0, 125.5, 

122.18, 110.4, 58.1, 48.6, 47.8, 35.5, 35.5, 31.1, 29.7, 25.5, 8.5.

HRMS (ESI) m/z: [M + H] + Calcd for C26H35N4O2 435.2755; Found 435.2750.

6t

N
H

N3

O

O

tBu
tBu

This compound was prepared according to the general procedure as a white solid (24 mg, 54% yield 

in 0.10 mmol scale). Rf = 0.6 (ethyl acetate/petroleum ether = 1/4, v/v).

1H NMR (400 MHz, CDCl3) δ 8.66 (s, 1H), 7.27 (dd, J = 8.1, 4.3 Hz, 1H), 7.03 (d, J = 4.5 Hz, 2H), 

6.98 (d, J = 3.0 Hz, 1H), 6.93 (d, J = 7.8 Hz, 1H), 6.46 (d, J = 3.0 Hz, 1H), 5.26 – 5.12 (m, 1H), 
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4.84 (dd, J = 13.8, 2.3 Hz, 2H), 2.90 – 2.77 (m, 2H), 2.45 (dd, J = 13.3, 7.1 Hz, 1H), 2.40 – 2.22 

(m, 2H), 1.88 (ddd, J = 13.3, 7.6, 4.9 Hz, 1H), 1.28 (s, 9H), 1.16 (s, 9H).

13C NMR (101 MHz, CDCl3) δ 186.3, 179.4, 150.4, 150.1, 141.7, 140.4, 134.0, 132.1, 129.3, 127.6, 

125.6, 122.3, 118.4, 110.3, 57.6, 47.8, 47.4, 37.3, 35.5, 35.4, 31.1, 29.6.

HRMS (ESI) m/z: [M + H] + Calcd for C26H35N4O2 447.2755; Found 447.2749.

N
H

N3

O

O

tBu
tBu

Ph

6u

This compound was prepared according to the general procedure as a white solid (41 mg, 83% yield 

in 0.10 mmol scale). Rf = 0.45 (ethyl acetate/petroleum ether = 1/4, v/v).

1H NMR (400 MHz, CDCl3) δ 8.95 (s, 1H), 7.31 (ddd, J = 7.8, 6.7, 2.2 Hz, 1H), 7.17 (d, J = 3.0 

Hz, 1H), 7.12 – 7.07 (m, 2H), 7.05 – 6.98 (m, 4H), 6.82 – 6.76 (m, 2H), 6.58 (d, J = 3.0 Hz, 1H), 

3.03 (d, J = 12.7 Hz, 1H), 3.00 – 2.82 (m, 3H), 2.36 (dt, J = 13.8, 8.2 Hz, 1H), 1.94 (ddd, J = 13.1, 

7.5, 5.0 Hz, 1H), 1.19 (s, 9H), 1.00 (s, 9H).

13C NMR (101 MHz, CDCl3) δ 185.6, 179.8, 179.7, 149.7, 149.5, 141.8, 140.1, 139.7, 135.6, 130.2, 

129.4, 127.7, 127.2, 127.2, 126.8, 125.6, 122.4, 110.5, 57.7, 48.9, 47.9, 39.5, 35.4, 35.2, 31.4, 29.3, 

29.2, 29.1, 29.1.

HRMS (ESI) m/z: [M + H] + Calcd for C31H37N4O2 497.2911; Found 497.2906.

N
H

N3

O

O

tBu
tBu

MeO O

6v

This compound was prepared according to the general procedure as a white solid (38.4 mg, 78% 

yield in 0.10 mmol scale). Rf = 0.4 (ethyl acetate/petroleum ether = 1/4, v/v).



S12

1H NMR (500 MHz, CDCl3) δ 8.53 (s, 1H), 7.27 (s, 1H), 7.03 (d, J = 5.8 Hz, 2H), 6.94 (d, J = 7.8 

Hz, 2H), 6.44 (d, J = 3.0 Hz, 1H), 3.58 (s, 3H), 2.85 (d, J = 2.4 Hz, 2H), 2.34 – 2.23 (m, 1H), 2.15 

– 1.97 (m, 2H), 1.92 – 1.83 (m, 3H), 1.29 (s, 9H), 1.18 (s, 9H).

13C NMR (126 MHz, CDCl3) δ 185.6, 179.1, 173.4, 151.4, 151.0, 141. 7, 139.9, 139.4, 129.4, 

127.5, 125.5, 122.3, 110.5, 57.9, 51.9, 47.8, 47.6, 35.6, 35.5, 31.1, 29.6, 29.6, 29.0, 27.3.

HRMS (ESI) m/z: [M + H] + Calcd for C28H37N4O2 493.2809; Found 493.2813.

9

N
H

N3

O

HO
tBu

tBu

This compound was prepared according to the general procedure as a white solid (31.2 mg, 77% 

yield in 0.10 mmol scale). Rf = 0.5 (ethyl acetate/petroleum ether = 1/4, v/v).

1H NMR (400 MHz, CDCl3) δ 8.36 (s, 1H), 7.33 – 7.21 (m, 2H), 7.18 (s, 2H), 7.11 (td, J = 7.5, 

1.1 Hz, 1H), 6.96 (d, J = 7.8 Hz, 1H), 5.18 (s, 1H), 3.24 – 2.99 (m, 2H), 2.74 (ddd, J = 13.5, 9.4, 6.8 Hz, 

1H), 2.40 (ddd, J = 13.9, 9.4, 4.9 Hz, 1H), 1.37 (s, 18H).

13C NMR (101MHz, CDCl3) δ 180.4, 153.3, 140.9, 135.8, 131.6, 129.8, 128.6, 125.2, 123.5, 122.7, 

110.3, 55.1, 47.9, 36.9, 34.6, 30.3, 30.3, 29.8.

HRMS (ESI) m/z: [M + H] + Calcd for C24H31N4O2 407.2442; Found 407.2436.

6w

N
H

N3

O

O
OMe

MeO

This compound was prepared according to the general procedure as a white solid (18.5 mg, 50% 

yield in 0.10 mmol scale). Rf = 0.45 (ethyl acetate/petroleum ether = 1/4, v/v).

1H NMR (500 MHz, CDCl3) δ 9.49 (s, 1H), 7.12 (tt, J = 7.7, 1.1 Hz, 1H), 6.94 – 6.81 (m, 2H), 6.74 

(tt, J = 7.6, 1.0 Hz, 1H), 6.14 (t, J = 0.7 Hz, 2H), 3.72 (ddd, J = 12.4, 9.7, 5.3 Hz, 1H), 3.64 (d, J = 

0.7 Hz, 6H), 3.53 (ddd, J = 12.1, 9.5, 6.3 Hz, 1H), 2.56 – 2.39 (m, 2H), 2.16 (d, J = 0.8 Hz, 3H).
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13C NMR (101 MHz, CDCl3) δ 153.4, 141.5, 134.4, 131.6, 130.0, 125.9, 125.4, 125.4, 121.9, 110.4, 

105.41, 83.1, 55.6, 46.4, 37.2, 22.0.

HRMS (ESI) m/z: [M + H] + Calcd for C19H21N4O2 369.1557; Found369.1554.

N
H

N3

O

O
Br

Br

6x

This compound was prepared according to the general procedure as a white solid (44 mg, 94% yield 

in 0.10 mmol scale). Rf = 0.5 (ethyl acetate/petroleum ether = 1/4, v/v).

1H NMR (400 MHz, CDCl3) δ 9.26 (s, 1H), 7.23-7.18 (m, 1H), 7.17 (dd, J = 1.7, 0.8 Hz, 2H), 6.93 

– 6.89 (m, 1H), 6.85 – 6.78 (m, 2H), 3.66-3.63 (m, 1H), 3.60 – 3.49 (m, 1H), 3.01-2.93 (m, 1H), 

2.61 – 2.46 (m, 1H), 2.17 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 177.0, 148.7, 141.417, 137.137, 133.4, 133.1, 130.9, 125.9, 

125.139, 122.8, 119.9, 111.0, 84.9, 45.9, 38.9, 20.2.

HRMS (ESI) m/z: [M + Na] + Calcd for C17H15N4O2Na 486.9376; Found 486.9370.

6y

N
H

N3

O

HO
tBu

tBu

This compound was prepared according to the general procedure as a white solid (31.2 mg, 77% 

yield in 0.10 mmol scale). Rf = 0.5 (ethyl acetate/petroleum ether = 1/4, v/v).

1H NMR (400 MHz, CDCl3) δ 8.36 (s, 1H), 7.33 – 7.21 (m, 2H), 7.18 (s, 2H), 7.11 (td, J = 7.5, 1.1 

Hz, 1H), 6.96 (d, J = 7.8 Hz, 1H), 5.18 (s, 1H), 3.24 – 2.99 (m, 2H), 2.74 (ddd, J = 13.5, 9.4, 6.8 

Hz, 1H), 2.40 (ddd, J = 13.9, 9.4, 4.9 Hz, 1H), 1.37 (s, 18H).

13C NMR (101MHz, CDCl3) δ 180.4, 153.3, 140.9, 135.8, 131.6, 129.8, 128.6, 125.2, 123.5, 122.7, 

110.3, 55.1, 47.9, 36.9, 34.6, 30.3, 30.3, 29.8.

HRMS (ESI) m/z: [M + H] + Calcd for C24H31N4O2 407.2442; Found 407.2436.
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N
H

N3

O

OH

7a

This compound was prepared according to the general procedure as a white solid (12 mg, 39% yield 

in 0.10 mmol scale). Rf = 0.45 (ethyl acetate/petroleum ether = 1/2, v/v).

1H NMR (400 MHz, CDCl3) δ 9.59 (s, 1H), 8.75 (s, 1H), 7.35 (td, J = 7.6, 1.4 Hz, 1H), 7.32 – 7.28 

(m, 1H), 7.22 (dd, J = 7.5, 1.1 Hz, 1H), 7.02 (dt, J = 7.7, 0.8 Hz, 1H), 7.01 – 6.96 (m, 1H), 6.90 (d, 

J = 8.1 Hz, 1H), 6.77 (d, J = 2.1 Hz, 1H), 3.32 – 3.16 (m, 1H), 3.07 (dd, J = 8.0, 6.3 Hz, 2H), 2.39 

– 2.32 (m, 1H), 2.15 (s, 3H).

13C NMR (101 MHz, CDCl3) δ 183.4, 154.1, 140.4, 130.4, 129.9, 129.8, 129.2, 128.5, 126.3, 123.6, 

123.5, 120.1, 111.3, 56.4, 47.7, 33.9, 20.7.

HRMS (ESI) m/z: [M + Na] + Calcd for C17H17N4O2 331.1171; Found 331.1201.

8a

N
H

O N3

O

This compound was prepared according to the general procedure as a white solid (5.8 mg, 19% yield 

in 0.10 mmol scale). Rf = 0.6 (ethyl acetate/petroleum ether = 1/2, v/v).

1H NMR (400 MHz, CDCl3) δ 7.84 (s, 1H), 7.35 – 7.31 (m, 1H), 7.28 (td, J = 7.7, 1.3 Hz, 1H), 

7.07 (td, J = 7.6, 1.0 Hz, 1H), 6.90 – 6.79 (m, 3H), 6.66 – 6.57 (m, 2H), 3.55 (qdd, J = 12.5, 8.8, 6.1 

Hz, 2H), 2.49 (ddd, J = 13.9, 8.9, 6.7 Hz, 1H), 2.39 (s, 1H), 2.17 (s, 3H)..

13C NMR (101 MHz, CDCl3) δ 176.7, 153.1, 140.1, 132.9, 130.4, 129.8, 127.4, 125.0, 123.4, 119.6, 

110.9, 82.1, 45.9, 37.7, 20.7.

HRMS (ESI) m/z: [M + Na] + Calcd for C17H16N4O2Na 331.1171; Found 331.1173.
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3. Derivatization of 6r

NaH, CH3I

DMF, 0°C~RT, 5 h
89%N

H

O

O
tBu

tBu

Br
OTIPS

6r

N
O

O
tBu

tBu

Br
OTIPS

9

The compound 9 was synthesized by a slight modification of literature known procedure[3]. A 

solution of 6r (50.0 mg, 0.079 mmol) in dry DMF (0.32 mL) was added to a suspension of NaH 

(60% in mineral oil, 3.8 mg, 0.159 mmol) in DMF (0.64 mL) at 0 °C under nitrogen atmosphere. 

After the mixture was stirred at the same temperature for 10 min, MeI (7 μL, 0.119 mmol) was 

added under the same conditions. This solution was stirred at room temperature after 5 h, the 

reaction mixture was quenched with water and extracted with EA. The extract was washed with 

brine, dried over MgSO4, and concentrated under reduced pressure. The residue was purified by 

silica gel column chromatography with ethyl acetate− petroleum ether (1:8) as an eluent to give 9 

(45.6 mg, 89%) as a white solid.

This compound was prepared according to the general procedure as a white solid (45.6 mg, 89% 

yield). Rf = 0.45 (ethyl acetate/petroleum ether = 1/2, v/v).

1H NMR (500 MHz, CDCl3) δ 7.36 (dd, J = 8.3, 1.9 Hz, 1H), 7.08 (d, J = 2.0 Hz, 1H), 6.90 (d, J = 

3.0 Hz, 1H), 6.64 (d, J = 8.2 Hz, 1H), 6.30 (d, J = 3.0 Hz, 1H), 3.28 (ddd, J = 10.2, 8.3, 5.5 Hz, 2H), 

3.16 (s, 3H), 2.38 (dt, J = 14.5, 7.5 Hz, 1H), 1.85 (dt, J = 13.7, 5.3 Hz, 1H), 1.29 (s, 9H), 1.17 (s, 

3H), 1.07 (s, 9H), 0.86 (t, J = 2.1 Hz, 21H).

13C NMR (126 MHz, CDCl3) δ 185.5, 176.8, 148.3, 143.4, 141.6, 141.3, 131.0, 130.3, 128.3, 114.1, 

109.0, 59.9, 56.6, 43.9, 35.1, 34.8, 34.1, 29.5, 29.3, 26.1, 19.6, 17.8, 17.8, 11.8.

HRMS (ESI) m/z: [M + H] + Calcd for C35H55BrNO3Si 644.3129; Found 644.3126.

THF, RT, 2 h

TBAF

77%N
H

O

O
tBu

tBu

Br
OTIPS

6r

N
H

O

O
tBu

tBu

Br
OH

10

The compound 10 was synthesized by a slight modification of literature known procedure[1]. A 

reacion tube was charged with 6r (50.0 mg, 0.079 mmol). THF (0.20 mL) and TBAF (0.24 mL, 1 
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M solution in THF) were added. After stirring at room temperature for 2 h, The reaction mixture 

was directly concentrated under reduced pressure and was purified by flash column chromatography 

on silica gel (ethyl acetate/petroleum ether = 1:2 to 1:1) to give 10 as a white solid (29.0 mg, 77%).

This compound was prepared according to the general procedure as a white solid (29.0 mg, 77% 

yield). Rf = 0.35 (ethyl acetate/petroleum ether = 1/1, v/v).

1H NMR (500 MHz, CDCl3) δ 8.68 (d, J = 20.7 Hz, 1H), 7.32 (dd, J = 8.3, 1.9 Hz, 1H), 7.09 (d, J 

= 2.0 Hz, 1H), 6.87 (d, J = 2.9 Hz, 1H), 6.73 (dd, J = 8.2, 1.5 Hz, 1H), 6.40 (d, J = 3.0 Hz, 1H), 3.40 

(ddd, J = 10.6, 6.5, 3.7 Hz, 1H), 3.13 (q, J = 9.9 Hz, 1H), 2.35 (ddd, J = 13.8, 9.6, 6.5 Hz, 1H), 1.86 

(dt, J = 14.0, 4.6 Hz, 1H), 1.29 (s, 9H), 1.20 (s, 3H), 1.12 (s, 9H).

13C NMR (126 MHz, CDCl3) δ 185.7, 180.5, 148.8, 148.6, 141.4, 141.1, 140.8, 131.6, 130.9, 128.5, 

114.5, 111.4, 59.5, 57.5, 43.6, 35.3, 35.1, 34.4, 29.7, 29.5, 20.0.

HRMS (ESI) m/z: [M + H] + Calcd for C25H33BrNO3 474.1638; Found 474.1632.

 

CBr4, PPh3

DCM, 0°C~RT, 2 h
82%

N
H

O

O
tBu

tBu

Br
OH

10

N
H

O

O
tBu

tBu

Br
Br

11

The compound 11 was synthesized by a slight modification of literature known procedure[2]. In a 

reacion tube, 10 (43.0 mg, 0.091 mmol) and triphenylphosphine (28.5 mg, 0.109 mmol) was 

dissolved in dry CH2Cl2 (0.20 mL). In an addition funnel, carbon tetrabromide (36.1 mg, 0.109 

mmol) dissolved in dry CH2Cl2 (60 μL) was added drop-wise under nitrogen atmosphere at 0 °C 

until the addition was completed. The reaction was allowed to stir at room temperature for an 

additional 3h, or until complete disappearance of starting materials by TLC. Solvent was removed 

under reduced pressure and the residue was purified by column chromatography on silica gel (ethyl 

acetate/petroleum ether = 1:8) to yield 11 as a white solid (40.8 mg, 82%).

This compound was prepared according to the general procedure as a white solid (40.8 mg, 82% 

yield). Rf = 0.45 (ethyl acetate/petroleum ether = 1/2, v/v).

1H NMR (500 MHz, CDCl3) δ 8.33 (s, 1H), 7.37 (dd, J = 8.3, 1.9 Hz, 1H), 7.12 (d, J = 1.9 Hz, 1H), 

6.80 – 6.75 (m, 2H), 6.36 (d, J = 3.0 Hz, 1H), 2.93 (ddd, J = 11.0, 9.6, 5.7 Hz, 1H), 2.76 (ddd, J = 
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10.9, 9.6, 4.6 Hz, 1H), 2.63 (ddd, J = 13.4, 11.0, 5.7 Hz, 1H), 2.23 (ddd, J = 13.3, 11.1, 4.6 Hz, 1H), 

1.30 (s, 9H), 1.29 (s, 3H), 1.09 (s, 9H).

13C NMR (126 MHz, CDCl3) δ 185.4, 178.2, 149.2, 149.0, 140.5, 140.4, 140.2, 132.1, 130.0, 128.4, 

115.1, 111.3, 59.2, 44.0, 35.4, 35.0, 29.8, 29.7, 29.4, 27.1, 20.0.

HRMS (ESI) m/z: [M + H] + Calcd for C25H32Br2NO2 536.0794; Found 536.0783.
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5. NMR Data for Substrate Scope and Derivatization

1H NMR Spectrum of 6a (500 MHz, CDCl3)
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1H NMR Spectrum of 6b (400 MHz, CDCl3)
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1H NMR Spectrum of 6c (500 MHz, CDCl3)
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1H NMR Spectrum of 6d (500 MHz, CDCl3)
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1H NMR Spectrum of 6e (500 MHz, CDCl3)
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1H NMR Spectrum of 6g (500 MHz, CDCl3)
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1H NMR Spectrum of 6h (500 MHz, CDCl3)
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1H NMR Spectrum of 6t (400 MHz, CDCl3)
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1H NMR Spectrum of 6u (400 MHz, CDCl3)
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1H NMR Spectrum of 6v (500 MHz, CDCl3)
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1H NMR Spectrum of 6w (400 MHz, CDCl3)
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1H NMR Spectrum of 6x (400 MHz, CDCl3)
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1H NMR Spectrum of 6y (400 MHz, CDCl3)
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1H NMR Spectrum of 7a (400 MHz, CDCl3)
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1H NMR Spectrum of 8a (400 MHz, CDCl3)
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1H NMR Spectrum of 9 (500 MHz, CDCl3)
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1H NMR Spectrum of 10 (500 MHz, CDCl3)
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1H NMR Spectrum of 11 (500 MHz, CDCl3)
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