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1. General information
All the starting materials were obtained from commercial sources and used without further 

purification unless otherwise stated. 1 H NMR spectra were recorded on Bruker AVANCE III (500 
MHz) or Bruker ASCEND (600 MHz) in CDCl3 using residual solvent signals as the internal 
standard (CDCl3 δ = 7.26 ppm). 13C NMR spectra were recorded at 126 MHz (Bruker AVANCE 
III) or 151 MHz (Bruker ASCEND) in CDCl3 using solvent signals as the internal standard 
(CDCl3 δ = 77.16 ppm). HRMS data were measured on an Agilent 6120 LC/TOF-MS with ESI 
source. Melting points (m.p.) were obtained using a Büchi B-545 apparatus and uncorrected. 
Chiral HPLC analyses were performed using Agilent 1260 chromatography. Chiralpak IB, IC, ID, 
AD and IF columns were purchased from Daicel Chemical Industries (Shanghai, China). Optical 
rotations were measured on a Rudolph Autopol IV polarimeter. Column chromatography and flash 
chromatography experiments were conducted using silica gel GF254 (200-300 mesh) eluting with 
ethyl acetate and petroleum ether. TLC experiments were carried out on glass-backed silica plates. 
The ortho-hydroxyphenyl-substituted p-QMs1 and α-bromohydroxamates2 were prepared 
according to the reported literature procedures.
[1] (a) Zhao, K.; Zhi, Y.; Shu, T.; Valkonen, A.; Rissanen, K.; Enders, D. Angew. Chem. Int. Ed. 
2016, 55, 12104. (b) Zhang, L.; Zhou, X.; Li, P.; Liu, Z.; Liu, Y.; Sun, Y.; Li, W. RSC Adv. 2017, 
7, 39216. 
[2] (a) 1. Singh, R.; Nagesh, K.; Yugandhar, D.; Prasanthi, A. V. G. Org. Lett. 2018, 20, 4848. (b) 
Zhou, S.-J.; Cheng, X.; Hu, C.-X.; Xu, G.-Y.; Xiao, W.-J.; Xuan, J. Sci. China. Chem. 2021, 64, 
61-65.
2. Experimental procedures and characterization data of products

1 2 4

O

OH

t-But-Bu

+ N
H

O
R2

Br

(1) C6, CH2Cl2 15 °C, 24h

O

N
O

HO
t-Bu

t-Bu

R2
(2) K2CO3, 15 °C, 6h

R1 R1

A flame-dried Schlenk-tube equipped with a magnetic stir bar was charged with C6 (0.05 
mmol, 10 mol%), 1 (0.1 mmol), 2 (1.2 equiv., 0.12 mmol) in 1.5mL DCM. The resulting mixture 
was stirred at 15 ℃ for 24 h. Then, the isolated conjugate adduct was treated with K2CO3 (2 
equiv., 0.2 mmol) in CH2Cl2 (1 mL) at 15 °C for 6 h. The solvent was removed under reduced 
pressure, the resulting residue was purified by column chromatography on silica gel (petroleum 
ether/ethyl acetate = 6:1) to give the 1,4-Benzoxazepines 4.

(S)-4-(benzyloxy)-5-(3,5-di-tert-butyl-4-hydroxyphenyl)-4,5-
dihydrobenzo[f][1,4]oxazepin-3(2H)-one (3a). white solid, mp 100-102 ºC, 97% 
yield, 53.7 mg, 97:3 er. The enantiomeric excess was determined by HPLC on 
Daicel Chiralpak IA-H with hexane/i-PrOH (96:4) as the eluent, flow = 1.0 

mL/min, UV = 254 nm,  (c = 1.0 in CH2Cl2). 1H NMR (600 MHz, [𝛼]25𝐷 = ‒ 34

CDCl3) δ 7.36-7.32 (m, 4H), 7.28-7.27 (m, 3H), 7.19 (t, J = 7.6 Hz, 1H), 7.11-7.10 (m, 2H), 6.94 
(s, 1H), 6.90 (t, J = 7.5 Hz, 1H), 6.84 (d, J = 7.9 Hz, 1H), 5.28 (s, 1H), 4.57 (d, J = 9.6 Hz, 1H), 
4.46 (d, J = 9.6 Hz, 1H), 4.07 (s, 2H), 1.42 (s, 18H). 13C NMR (151 MHz, CDCl3) δ 154.6, 153.6, 
136.0, 133.8, 130.1, 129.6, 129.1, 129.1, 129.0, 128.6, 126.6, 125.8, 124.6, 120.2, 116.7, 79.2, 
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62.0, 41.6, 34.4, 30.3. HRMS (ESI) m/z: [M + Na]+ Calcd for C30H36BrNO4Na 576.1720; Found 
576.1728.

(S)-4-(benzyloxy)-5-(3,5-di-tert-butyl-4-hydroxyphenyl)-4,5-
dihydrobenzo[f][1,4]oxazepin-3(2H)-one (4a). Purified by silica gel 
chromatography using PE/EA 6:1, white solid, mp 112-114 ºC, 92% yield, 43.5 
mg, 94:6 er. The enantiomeric excess was determined by HPLC on Daicel 
Chiralpak IB-H with hexane/i-PrOH (90:10) as the eluent, flow = 1.0 mL/min, 

UV = 254 nm,  (c = 1.0 in CH2Cl2). 1H NMR (500 MHz, CDCl3) δ 7.36–7.34 (m, [𝛼]25𝐷 = ‒ 44

2H), 7.32–7.27 (m, 4H), 7.08 (s, 2H), 7.05–7.00 (m, 2H), 6.81 (dd, J = 7.6, 1.4 Hz, 1H), 5.45 (s, 
1H), 5.20 (s, 1H), 5.07 (d, J = 10.7 Hz, 1H), 4.96 (d, J = 10.7 Hz, 1H), 4.72 (d, J = 15.6 Hz, 1H), 
4.43 (d, J = 15.6 Hz, 1H), 1.38 (s, 18H). 13C NMR (125 MHz, CDCl3) δ 167.6, 156.6, 153.3, 
135.9, 135.2, 131.3, 130.1, 129.9, 129.8, 128.7, 128.4, 123.7, 123.2, 121.0, 77.1, 72.3, 70.7, 34.3, 
30.2. HRMS (ESI) m/z: [M + Na]+ Calcd for C30H35NO4Na 496.2458; Found 496.2466.

(S)-4-(benzyloxy)-5-(3,5-di-tert-butyl-4-hydroxyphenyl)-7-fluoro-4,5-
dihydrobenzo[f][1,4]oxazepin-3(2H)-one (4b). Purified by silica gel 
chromatography using PE/EA 6:1, white solid, mp 67-59 ºC, 91% yield, 44.7 
mg, 92.5:7.5 er. The enantiomeric excess was determined by HPLC on Daicel 
Chiralpak IB-H with hexane/i-PrOH (90:10) as the eluent, flow = 1.0 mL/min, 

UV = 254 nm,  (c = 1.0 in CH2Cl2). 1H NMR (500 MHz, CDCl3) [𝛼]25𝐷 = ‒ 41

δ 7.36–7.28 (m, 5H), 7.06 (s, 2H), 7.02–6.09 (m, 2H), 6.44 (dd, J = 8.3, 2.4 Hz, 1H), 5.32 (s, 1H), 
5.22 (s, 1H), 5.08 (d, J = 10.8 Hz, 1H), 4.94 (d, J = 10.8 Hz, 1H), 4.71 (d, J = 15.8 Hz, 1H), 4.41 
(d, J = 15.8 Hz, 1H), 1.38 (s, 16H). 13C NMR (125 MHz, CDCl3) δ 167.4, 159.3, 157.4, 153.5, 
152.6 (d, 4JC-F = 2.4 Hz), 136.1, 135.1, 130.7, 130.6 (d, 2JC-F = 7.5 Hz), 130.5, 129.9, 128.9, 128.5, 
127.3 (d, 1JC-F = 196.7 Hz) 123.1, 122.3 (d, 2JC-F = 8.4 Hz), 116.4 (d, 3JC-F = 3.1 Hz), 116.2 (d, 3JC-

F = 4.1 Hz), 77.1, 72.6, 70.4, 34.3, 30.2. HRMS (ESI) m/z: [M + Na]+ Calcd for C30H34FNO4Na 
514.2364; Found 514.2369.

(S)-4-(benzyloxy)-7-chloro-5-(3,5-di-tert-butyl-4-hydroxyphenyl)-4,5-
dihydrobenzo[f][1,4]oxazepin-3(2H)-one (4c). Purified by silica gel 
chromatography using PE/EA 6:1, white solid, mp 57-59 ºC, 92% yield, 46.6 
mg, 95:5 er. The enantiomeric excess was determined by HPLC on Daicel 
Chiralpak IB-H with hexane/i-PrOH (90:10) as the eluent, flow = 1.0 mL/min, 

UV = 254 nm,  (c = 1.0 in CH2Cl2). 1H NMR (500 MHz, CDCl3) [𝛼]25𝐷 = ‒ 59

δ 7.38–7.32 (m, 3H), 7.30–7.28 (m, 2H), 7.22 (dd, J = 8.6, 2.5 Hz, 1H), 7.01 (s, 2H), 6.96 (d, J = 
8.6 Hz, 1H), 6.60 (d, J = 2.4 Hz, 1H), 5.27 (s, 1H), 5.23 (s, 1H), 5.06 (d, J = 11.0 Hz, 1H), 4.97 (d, 
J = 11.0 Hz, 1H), 4.64 (d, J = 15.5 Hz, 1H), 4.40 (d, J = 15.5 Hz, 1H), 1.38 (s, 18H). 13C NMR 
(125 MHz, CDCl3) δ 167.1, 155.0, 153.5, 136.1, 135.0, 130.7, 130.0, 129.8, 129.6, 129.3, 129.0, 
128.5, 128.2, 123.0, 122.2, 77.2, 71.9, 70.2, 34.3, 30.1. HRMS (ESI) m/z: [M + Na]+ Calcd for 
C30H34ClNO4Na 530.2069; Found 530.2070.
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(S)-4-(benzyloxy)-7-bromo-5-(3,5-di-tert-butyl-4-hydroxyphenyl)-4,5-
dihydrobenzo[f][1,4]oxazepin-3(2H)-one (4d). Purified by silica gel 
chromatography using PE/EA 6:1, colorless oil, 90% yield, 49.6 mg, 94:6 er. 
The enantiomeric excess was determined by HPLC on Daicel Chiralpak IB-H 
with hexane/i-PrOH (90:10) as the eluent, flow = 1.0 mL/min, UV = 254 nm, 

 (c = 1.0 in CH2Cl2). 1H NMR (500 MHz, CDCl3) δ 7.39–7.32 [𝛼]25𝐷 = ‒ 44

(m, 4H), 7.30–7.28 (m, 2H), 7.01 (s, 2H), 6.90 (d, J = 8.6 Hz, 1H), 6.73 (d, J = 1.9 Hz, 1H), 5.27 
(s, 1H), 5.23 (s, 1H), 5.06 (d, J = 11.1 Hz, 1H), 4.98 (d, J = 11.0 Hz, 1H), 4.62 (d, J = 15.4 Hz, 
1H), 4.39 (d, J = 15.4 Hz, 1H), 1.38 (s, 18H). 13C NMR (125 MHz, CDCl3) δ 167.1, 155.5, 153.5, 
136.2, 135.0, 132.8, 132.6, 130.7, 130.0, 129.5, 129.0, 128.5, 123.0, 122.5, 115.6, 77.2, 71.8, 70.2, 
34.3, 30.2. HRMS (ESI) m/z: [M + Na]+ Calcd for C30H34BrNO4Na 574.1563; Found 574.1571.

(S)-4-(benzyloxy)-5-(3,5-di-tert-butyl-4-hydroxyphenyl)-7-methyl-4,5-
dihydrobenzo[f][1,4]oxazepin-3(2H)-one (4e). Purified by silica gel 
chromatography using PE/EA 6:1, colorless oil, 87% yield, 42.3 mg, 92.5:7.5 
er. The enantiomeric excess was determined by HPLC on Daicel Chiralpak IB-
H with hexane/i-PrOH (90:10) as the eluent, flow = 1.0 mL/min, UV = 254 nm, 

 (c = 1.0 in CH2Cl2). 1H NMR (500 MHz, CDCl3) δ 7.36–7.34 [𝛼]25𝐷 = ‒ 26

(m, 2H), 7.33–7.28 (m, 3H), 7.11 (s, 2H), 7.07 (dd, J = 8.2, 1.7 Hz, 1H), 6.93 (d, J = 8.1 Hz, 1H), 
6.58 (d, J = 1.6 Hz, 1H), 5.37 (s, 1H), 5.19 (s, 1H), 5.07 (d, J = 10.7 Hz, 1H), 4.92 (d, J = 10.7 Hz, 
1H), 4.74 (d, J = 15.8 Hz, 1H), 4.41 (d, J = 15.8 Hz, 1H), 2.28 (s, 3H), 1.38 (s, 18H). 13C NMR 
(125 MHz, CDCl3) δ 167.6, 154.4, 153.3, 135.9, 135.3, 133.4, 131.3, 130.4, 130.4, 129.9, 129.0, 
128.6, 128.4, 123.3, 120.7, 77.0, 72.7, 70.9, 34.3, 30.2, 20.6. HRMS (ESI) m/z: [M + Na]+ Calcd 
for C31H37NO4Na 510.2615; Found 510.2615.

(S)-4-(benzyloxy)-5-(3,5-di-tert-butyl-4-hydroxyphenyl)-7-methoxy-4,5-
dihydrobenzo[f][1,4]oxazepin-3(2H)-one (4f). Purified by silica gel 
chromatography using PE/EA 6:1, colorless oil, 85% yield, 42.7 mg, 91:9 er. 
The enantiomeric excess was determined by HPLC on Daicel Chiralpak IB-
H with hexane/i-PrOH (90:10) as the eluent, flow = 1.0 mL/min, UV = 254 

nm,  (c = 1.0 in CH2Cl2). 1H NMR (500 MHz, CDCl3) δ 7.39-[𝛼]25𝐷 = ‒ 17

7.38 (m, 3H), 7.33-7.32 (m, 2H), 7.12 (s, 2H), 6.98 (d, J = 8.8 Hz, 1H), 6.80 (dd, J = 8.8, 3.0 Hz, 
1H), 6.35 (d, J = 3.0 Hz, 1H), 5.36 (s, 1H), 5.20 (s, 1H), 5.08 (d, J = 10.7 Hz, 1H), 4.92 (d, J = 
10.7 Hz, 1H), 4.76 (d, J = 16.0 Hz, 1H), 4.41 (d, J = 16.0 Hz, 1H), 3.76 (s, 3H), 1.39 (s, 18H). 13C 
NMR (125 MHz, CDCl3) δ 167.7, 155.8, 153.3, 150.4, 135.9, 135.3, 130.9, 129.9, 128.7, 128.5, 
128.4, 128.0, 123.3, 121.9, 114.9, 114.9, 78.0, 73.1, 71.0, 55.7, 34.3, 30.2. HRMS (ESI) m/z: [M 
+ Na]+ Calcd for C31H37BrNO5Na 526.2564; Found 526.2577.
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(S)-4-(benzyloxy)-8-chloro-5-(3,5-di-tert-butyl-4-hydroxyphenyl)-4,5-
dihydrobenzo[f][1,4]oxazepin-3(2H)-one (4g). Purified by silica gel 
chromatography using PE/EA 6:1, colorless oil, 88% yield, 44.6 mg, 92:8 er. 
The enantiomeric excess was determined by HPLC on Daicel Chiralpak IB-H 
with hexane/i-PrOH (90:10) as the eluent, flow = 1.0 mL/min, UV = 254 nm, 

 (c = 1.0 in CH2Cl2). 1H NMR (500 MHz, CDCl3) δ 7.34–7.30 [𝛼]25𝐷 = ‒ 57

(m, 3H), 7.28–7.25 (m, 2H), 7.05 (d, J = 2.1 Hz, 1H), 7.02 (s, 2H), 6.96 (dd, J = 8.2, 2.1 Hz, 1H), 
6.65 (d, J = 8.2 Hz, 1H), 5.38 (s, 1H), 5.22 (s, 1H), 5.06 (d, J = 11.0 Hz, 1H), 4.98 (d, J = 10.9 Hz, 
1H), 4.63 (d, J = 15.3 Hz, 1H), 4.42 (d, J = 15.3 Hz, 1H), 1.38 (s, 18H). 13C NMR (125 MHz, 
CDCl3) δ 167.2, 157.0, 153.4, 136.2, 135.2, 134.6, 131.1, 131.0, 129.9, 128.8, 128.5, 126.1, 123.4, 
123.0, 121.2, 77.2, 71.8, 70.0, 34.3, 30.2. HRMS (ESI) m/z: [M + Na]+ Calcd for C30H34ClNO4Na 
530.2069; Found 530.2063.

(S)-4-(benzyloxy)-8-bromo-5-(3,5-di-tert-butyl-4-hydroxyphenyl)-4,5-
dihydrobenzo[f][1,4]oxazepin-3(2H)-one (4h). Purified by silica gel 
chromatography using PE/EA 6:1, colorless oil, 94% yield, 51.8 mg, 93:7 er. 
The enantiomeric excess was determined by HPLC on Daicel Chiralpak IB-H 
with hexane/i-PrOH (90:10) as the eluent, flow = 1.0 mL/min, UV = 254 nm, 

 (c = 1.0 in CH2Cl2). 1H NMR (500 MHz, CDCl3) δ 7.35–7.26 [𝛼]25𝐷 = ‒ 85

(m, 5H), 7.22 (s, 1H), 7.13–7.11 (m, 1H), 7.04 (s, 2H), 6.59 (d, J = 8.1 Hz, 1H), 5.38 (s, 1H), 5.26 
(s, 1H), 5.07 (d, J = 11.0 Hz, 1H), 4.98 (d, J = 10.9 Hz, 1H), 4.65 (d, J = 15.4 Hz, 1H), 4.43 (d, J 
= 15.3 Hz, 1H), 1.39 (s, 18H). 13C NMR (125 MHz, CDCl3) δ 167.0, 156.9, 153.3, 136.0, 135.0, 
131.2, 130.7, 129.7, 128.7, 128.3, 126.5, 126.2, 124.0, 122.8, 122.1, 77.0, 71.7, 69.9, 34.2, 30.0. 
HRMS (ESI) m/z: [M + Na]+ Calcd for C30H34BrNO4Na 574.1563; Found 574.1569.

(S)-4-(benzyloxy)-5-(3,5-di-tert-butyl-4-hydroxyphenyl)-9-fluoro-4,5-
dihydrobenzo[f][1,4]oxazepin-3(2H)-one (4i). Purified by silica gel 
chromatography using PE/EA 6:1, white solid, mp 121-123 ºC, 95% yield, 
46.6 mg, 97:3 er. The enantiomeric excess was determined by HPLC on Daicel 
Chiralpak IB-H with hexane/i-PrOH (90:10) as the eluent, flow = 1.0 mL/min, 

UV = 254 nm,  (c = 1.0 in CH2Cl2). 1H NMR (600 MHz, CDCl3) [𝛼]25𝐷 = ‒ 85

δ 7.37 (d, J = 7.7 Hz, 2H), 7.34-7.27 (m, 3H), 7.13-7.05 (m, 3H), 6.96 (td, J = 7.9, 4.8 Hz, 1H), 
6.59 (d, J = 7.6 Hz, 1H), 5.50 (s, 1H), 5.26 (d, J = 2.9 Hz, 1H), 5.10 (dd, J = 10.8, 1.4 Hz, 1H), 
5.00 (d, J = 10.9 Hz, 1H), 4.76 (dd, J = 15.6, 1.3 Hz, 1H), 4.53 (dd, J = 15.6, 1.1 Hz, 1H), 1.40 (s, 
18H). 13C NMR (151 MHz, CDCl3) δ 167.2, 154.1 (d, 1JC-F = 247.1 Hz), 153.5, 144.4 (d, 2JC-F = 
12.3 Hz), 136.2, 135.2, 131.2, 130.8, 129.9, 128.8, 128.5, 125.0 (d, 4JC-F = 3.4 Hz), 123.6 (d, 3JC-F 
= 7.3 Hz), 123.0, 116.6 (d, 2JC-F = 18.7 Hz), 77.2, 72.3, 70.3, 34.4, 30.2. HRMS (ESI) m/z: [M + 
Na]+ Calcd for C30H34FNO4Na 524.2364; Found 514.2367.

(S)-4-(benzyloxy)-5-(3,5-di-tert-butyl-4-hydroxyphenyl)-9-methyl-4,5-
dihydrobenzo[f][1,4]oxazepin-3(2H)-one (4j). Purified by silica gel 
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chromatography using PE/EA 6:1, white solid, mp 61-63 ºC, 87% yield, 42.3 mg, 90:10 er. The 
enantiomeric excess was determined by HPLC on Daicel Chiralpak IB-H with hexane/i-PrOH 

(90:10) as the eluent, flow = 1.0 mL/min, UV = 254 nm,  (c = 1.0 in CH2Cl2). 1H [𝛼]25𝐷 = ‒ 66

NMR (500 MHz, CDCl3) δ 7.39-7.32 (m, 5H), 7.18 (d, J = 7.5 Hz, 1H), 7.14 (s, 2H), 6.97 (t, J = 
7.6 Hz, 1H), 6.75 (d, J = 7.4 Hz, 1H), 5.49 (s, 1H), 5.23 (s, 1H), 5.13 (d, J = 10.6 Hz, 1H), 4.98 (d, 
J = 10.6 Hz, 1H), 4.86 (d, J = 16.0 Hz, 1H), 4.43 (d, J = 16.1 Hz, 1H), 2.26 (s, 3H), 1.42 (s, 18H). 
13C NMR (125 MHz, CDCl3) δ 167.6, 154.8, 153.2, 135.9, 135.3, 131.4, 131.2, 130.5, 130.4, 
129.8, 128.8, 128.5, 127.6, 123.9, 123.2, 77.0, 72.1, 71.0, 34.4, 30.3, 15.7. HRMS (ESI) m/z: [M 
+ Na]+ Calcd for C31H37NO4Na 510.2615; Found 510.2621.

(S)-4-(benzyloxy)-5-(3,5-di-tert-butyl-4-hydroxyphenyl)-9-methoxy-4,5-
dihydrobenzo[f][1,4]oxazepin-3(2H)-one (4k). Purified by silica gel 
chromatography using PE/EA 6:1, colorless oil, 89% yield, 44.7 mg, 94:6 er. 
The enantiomeric excess was determined by HPLC on Daicel Chiralpak IB-H 
with hexane/i-PrOH (90:10) as the eluent, flow = 1.0 mL/min, UV = 254 nm, 

 (c = 1.0 in CH2Cl2). 1H NMR (500 MHz, CDCl3) δ 7.38 (d, J = [𝛼]25𝐷 = ‒ 21

4.5 Hz, 1H), 7.37–7.35 (m, 2H), 7.33–7.31 (m, 1H), 7.13 (s, 2H), 7.00 (t, J = 7.9 Hz, 1H), 6.90 (dd, 
J = 8.3, 1.2 Hz, 1H), 6.51 (d, J = 7.6 Hz, 1H), 5.49 (s, 1H), 5.20 (s, 1H), 5.10 (d, J = 10.5 Hz, 1H), 
4.94 (d, J = 10.5 Hz, 1H), 4.87 (d, J = 16.0 Hz, 1H), 4.49 (d, J = 16.0 Hz, 1H), 3.86 (s, 3H), 1.39 
(s, 18H). 13C NMR (125 MHz, CDCl3) δ 167.5, 153.2, 151.5, 145.4, 135.8, 135.2, 131.9, 130.7, 
129.7, 128.7, 128.4, 128.3, 127.9, 124.3, 123.0, 121.2, 112.3, 77.9, 72.6, 70.8, 56.0, 34.2, 30.1. 
HRMS (ESI) m/z: [M + Na]+ Calcd for C31H37NO5Na 526.2564; Found 526.2569.

(S)-4-(benzyloxy)-5-(3,5-di-tert-butyl-4-hydroxyphenyl)-9-ethoxy-4,5-
dihydrobenzo[f][1,4]oxazepin-3(2H)-one (4l). Purified by silica gel 
chromatography using PE/EA 6:1, white solid, mp 169-171 ºC, 91% yield, 
47.0 mg, 95:5 er. The enantiomeric excess was determined by HPLC on 
Daicel Chiralpak IB-H with hexane/i-PrOH (90:10) as the eluent, flow = 1.0 

mL/min, UV = 254 nm,  (c = 1.0 in CH2Cl2). 1H NMR (500 MHz, [𝛼]25𝐷 = ‒ 98

CDCl3) δ 7.37-7.36 (m, 2H), 7.34–7.29 (m, 3H), 7.09 (s, 2H), 6.97 (t, J = 7.9 Hz, 1H), 6.89 (dd, J 
= 8.2, 1.2 Hz, 1H), 6.50 (d, J = 7.6 Hz, 1H), 5.48 (s, 1H), 5.16 (s, 1H), 5.09 (d, J = 10.6 Hz, 1H), 
4.95 (d, J = 10.5 Hz, 1H), 4.84 (d, J = 16.1 Hz, 1H), 4.46 (d, J = 16.1 Hz, 1H), 4.09 (q, J = 7.0 Hz, 
2H), 1.44 (t, J = 7.0 Hz, 3H), 1.38 (s, 18H). 13C NMR (125 MHz, CDCl3) δ 167.7, 153.2, 150.9, 
145.9, 135.8, 135.3, 132.3, 130.9, 129.7, 128.7, 128.4, 124.3, 123.0, 121.3, 113.9, 77.1, 72.6, 70.8, 
64.6, 34.3, 30.2, 14.8. HRMS (ESI) m/z: [M + Na]+ Calcd for C32H39NO5Na 540.2720; Found 
540.2726.

(S)-5-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-methoxy-4,5-
dihydrobenzo[f][1,4]oxazepin-3(2H)-one (4m). Purified by silica gel 
chromatography using PE/EA 6:1, white solid, mp 186-188 ºC, 96% yield, 
38.1 mg, 94.5:5.5 er. The enantiomeric excess was determined by HPLC on 
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Daicel Chiralpak ID-H with hexane/i-PrOH (90:10) as the eluent, flow = 1.0 mL/min, UV = 254 

nm,  (c = 1.0 in CH2Cl2). 1H NMR (500 MHz, CDCl3) δ 7.36–7.32 (m, 2H), 7.16 (td, [𝛼]25𝐷 = ‒ 31

J = 7.5, 1.2 Hz, 1H), 7.11 (s, 2H), 7.08 (dd, J = 8.0, 1.0 Hz, 1H), 5.77 (s, 1H), 5.22 (s, 1H), 4.77 (d, 
J = 15.8 Hz, 1H), 4.42 (d, J = 15.8 Hz, 1H), 3.85 (s, 3H), 1.39 (s, 18H). 13C NMR (125 MHz, 
CDCl3) δ 167.2, 156.6, 153.3, 136.0, 131.0, 130.2, 129.9, 129.8, 124.2, 123.1, 121.4, 72.5, 69.2, 
62.4, 34.3, 30.2. HRMS (ESI) m/z: [M + Na]+ Calcd for C24H31NO4Na 420.2145; Found 
420.2149.

(S)-5-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-ethoxy-4,5-
dihydrobenzo[f][1,4]oxazepin-3(2H)-one (4n). Purified by silica gel 
chromatography using PE/EA 6:1, white solid, mp 168-170 ºC, 95% yield, 
39.0 mg, 93:7 er. The enantiomeric excess was determined by HPLC on Daicel 
Chiralpak ID-H with hexane/i-PrOH (90:10) as the eluent, flow = 1.0 mL/min, 

UV = 254 nm,  (c = 1.0 in CH2Cl2). 1H NMR (500 MHz, CDCl3) [𝛼]25𝐷 = ‒ 32

δ 7.34-7.31 (m, 2H), 7.15 (td, J = 7.5, 1.1 Hz, 1H), 7.12 (s, 2H), 7.08 (d, J = 8.0 Hz, 1H), 5.75 (s, 
1H), 5.22 (s, 1H), 4.72 (d, J = 15.7 Hz, 1H), 4.42 (d, J = 15.7 Hz, 1H), 4.08 (ddq, J = 39.3, 9.0, 7.1 
Hz, 2H), 1.39 (s, 18H), 1.28 (t, J = 7.1 Hz, 3H). 13C NMR (125 MHz, CDCl3) δ 167.4, 156.6, 
153.3, 135.9, 131.3, 130.1, 129.2, 123.9, 123.2, 121.3, 72.3, 70.3, 69.9, 34.3, 30.2, 13.7. HRMS 
(ESI) m/z: [M + Na]+ Calcd for C25H33NO4Na 434.2302; Found 434.2300.

(S)-5-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-(dodecyloxy)-4,5-
dihydrobenzo[f][1,4]oxazepin-3(2H)-one (4o). Purified by silica gel 
chromatography using PE/EA 6:1, colorless oil, 90% yield, 49.5 mg, 91:9 
er. The enantiomeric excess was determined by HPLC on Daicel 
Chiralpak IA-H with hexane/i-PrOH (95:5) as the eluent, flow = 1.0 

mL/min, UV = 254 nm,  (c = 1.0 in CH2Cl2). 1H NMR (600 [𝛼]25𝐷 = ‒ 37

MHz, CDCl3) δ 7.35-7.30 (m, 2H), 7.28 (s, 1H), 7.16-7.14 (m, 3H), 7.09 (dd, J = 8.0, 1.0 Hz, 1H), 
5.74 (s, 1H), 5.21 (s, 1H), 4.72 (d, J = 15.7 Hz, 1H), 4.41 (d, J = 15.7 Hz, 1H), 4.05-3.96 (m, 2H), 
1.68-1.69 (m, 2H), 1.40 (s, 18H), 1.33-1.28 (m, 18H), 0.91 (t, J = 7.0 Hz, 3H). 13C NMR (151 
MHz, CDCl3) δ 167.2, 156.6, 153.3, 135.9, 131.4, 130.1, 129.3, 123.9, 123.4, 121.3, 75.0, 72.3, 
69.9, 34.4, 31.9, 30.2, 29.7, 29.6, 29.6, 29.5, 29.4, 29.4, 28.2, 26.0, 22.7, 14.1. HRMS (ESI) m/z: 
[M + Na]+ Calcd for C35H53NO4Na 574.3867; Found 574.3864.

(S)-4-(allyloxy)-5-(3,5-di-tert-butyl-4-hydroxyphenyl)-4,5-
dihydrobenzo[f][1,4]oxazepin-3(2H)-one (4p). Purified by silica gel 
chromatography using PE/EA 6:1, white solid, mp 118-120 ºC, 94% yield, 
39.7 mg, 95.5:4.5 er. The enantiomeric excess was determined by HPLC on 
Daicel Chiralpak ID-H with hexane/i-PrOH (90:10) as the eluent, flow = 1.0 

mL/min, UV = 254 nm,  (c = 1.0 in CH2Cl2). 1H NMR (500 [𝛼]25𝐷 = ‒ 29

MHz, CDCl3) δ 7.34–7.28 (m, 2H), 7.14 (td, J = 7.5, 1.2 Hz, 1H), 7.12 (s, 2H), 7.08 (dd, J = 8.0, 
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1.0 Hz, 1H), 6.00 (ddt, J = 17.0, 10.3, 6.5 Hz, 1H), 5.75 (s, 1H), 5.28– 5.22 (m, 2H), 5.22 (s, 1H), 
4.72 (d, J = 15.7 Hz, 1H), 4.50 (ddd, J = 35.3, 11.6, 6.5 Hz, 2H), 4.41 (d, J = 15.7 Hz, 1H), 1.39 (s, 
18H). 13C NMR (125 MHz, CDCl3) δ 167.6, 156.7, 153.3, 136.0, 132.0, 131.2, 130.1, 130.1, 
129.1, 123.9, 123.2, 121.2, 120.8, 76.0, 72.3, 70.2, 34.3, 30.2. HRMS (ESI) m/z: [M + Na]+ Calcd 
for C26H33NO4Na 446.2303; Found 446.2305.

(S,E)-4-((3-chloroallyl)oxy)-5-(3,5-di-tert-butyl-4-hydroxyphenyl)-
4,5-dihydrobenzo[f][1,4]oxazepin-3(2H)-one (4q). Purified by silica gel 
chromatography using PE/EA 6:1, colorless oil, 91% yield, 41.6 mg, 93:7 
er. The enantiomeric excess was determined by HPLC on Daicel 
Chiralpak IF-H with hexane/i-PrOH (95:5) as the eluent, flow = 1.0 

mL/min, UV = 254 nm,  (c = 1.0 in CH2Cl2). 1H NMR (400 [𝛼]25𝐷 = ‒ 19

MHz, Chloroform-d) δ 7.33 (dd, J = 20.9, 9.5 Hz, 2H), 7.17 (t, J = 7.4 Hz, 1H), 7.09 (d, J = 9.2 
Hz, 3H), 6.23 (s, 1H), 6.09 (dt, J = 13.9, 7.2 Hz, 1H), 5.71 (s, 1H), 5.23 (s, 1H), 4.74 (d, J = 15.8 
Hz, 1H), 4.56 – 4.51 (m, 1H), 4.45 – 4.41 (m, 2H), 1.40 (s, 18H). 13C NMR (101 MHz, CDCl3) δ 
167.75, 156.61, 153.42, 136.03, 130.99, 130.21, 130.19, 128.96, 127.35, 125.18, 124.16, 123.13, 
121.32, 72.86, 72.35, 70.73, 34.36, 30.19. HRMS (ESI) m/z: [M + Na]+ Calcd for 
C26H32ClNO4Na 480.1912; Found 480.1915.

(S)-5-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-((4-
methoxybenzyl)oxy)-4,5-dihydrobenzo[f][1,4]oxazepin-3(2H)-
one (4r). Purified by silica gel chromatography using PE/EA 6:1, 
colorless oil, 88% yield, 44.2 mg, 93:7 er. The enantiomeric excess 
was determined by HPLC on Daicel Chiralpak IA-H with hexane/i-
PrOH (90:10) as the eluent, flow = 1.0 mL/min, UV = 254 nm, 

 (c = 1.0 in CH2Cl2). 1H NMR (500 MHz, CDCl3) δ [𝛼]25𝐷 = ‒ 13

7.29-7.25 (m, 3H), 7.07 (s, 2H), 7.04–6.99 (m, 2H), 6.81 (d, J = 7.5 Hz, 1H), 6.77 (d, J = 8.5 Hz, 
2H), 5.42 (s, 1H), 5.22 (s, 1H), 5.05 (d, J = 10.7 Hz, 1H), 4.91 (d, J = 10.7 Hz, 1H), 4.69 (d, J = 
15.5 Hz, 1H), 4.42 (d, J = 15.5 Hz, 1H), 3.79 (s, 3H), 1.38 (s, 18H). 13C NMR (125 MHz, CDCl3) 
δ 167.4, 160.0, 156.5, 153.2, 135.9, 131.4, 130.2, 129.7, 128.1, 127.3, 123.3, 123.1, 120.8, 113.7, 
76.6, 72.0, 70.6, 55.1, 34.3, 30.1. HRMS (ESI) m/z: [M + Na]+ Calcd for C31H37BrNO5Na 
526.2564; Found 526.2562.

(S)-5-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-((2,4-
dichlorobenzyl)oxy)-4,5-dihydrobenzo[f][1,4]oxazepin-3(2H)-one (4s). 
Purified by silica gel chromatography using PE/EA 6:1, colorless oil, 86% 
yield, 46.6 mg, 93:7 er. The enantiomeric excess was determined by 
HPLC on Daicel Chiralpak IF-H with hexane/i-PrOH (90:10) as the 

eluent, flow = 1.0 mL/min, UV = 254 nm,  (c = 1.0 in [𝛼]25𝐷 = ‒ 16

CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.43 –7.21 (m, 3H), 7.07 – 7.02 (m, 5H), 6.88 (d, J = 7.3 
Hz, 1H), 5.52 (s, 1H), 5.25 – 5.15 (m, 2H), 5.10 (d, J = 11.4 Hz, 1H), 4.64 (d, J = 15.3 Hz, 1H), 
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4.41 (d, J = 15.3 Hz, 1H), 1.37 (s, 18H). 13C NMR (101 MHz, CDCl3) δ 167.44, 156.29, 153.39, 
135.98, 135.47, 135.36, 132.95, 131.50, 131.34, 130.07, 129.91, 129.33, 127.15, 127.05, 123.33, 
123.22, 120.82, 73.03, 71.63, 70.40, 34.34, 30.15. HRMS (ESI) m/z: [M + Na]+ Calcd for 
C30H33Cl2NO4Na 564.1679; Found 564.1674.

(S)-5-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-isopropoxy-4,5-
dihydrobenzo[f][1,4]oxazepin-3(2H)-one (4t). Purified by silica gel 
chromatography using PE/EA 6:1, colorless oil, 74% yield, 31.4 mg, 83:17 er. 
The enantiomeric excess was determined by HPLC on Daicel Chiralpak AD-
H with hexane/i-PrOH (90:10) as the eluent, flow = 1.0 mL/min, UV = 254 

nm,  (c = 1.0 in CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.34 [𝛼]25𝐷 = ‒ 2.7

(ddd, J = 8.0, 7.3, 1.7 Hz, 1H), 7.27 (dd, J = 7.6, 1.7 Hz, 1H), 7.13 (td, J = 7.4, 1.2 Hz, 1H), 7.09 – 
7.07 (m, 3H), 5.74 (s, 1H), 5.22 (s, 1H), 4.59 (d, J = 15.2 Hz, 1H), 4.44 – 4.37 (m, 2H), 1.38 (s, 
18H), 1.29 (d, J = 6.2 Hz, 3H), 1.26 (d, J = 6.2 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 168.79, 
156.62, 153.28, 135.93, 131.84, 130.52, 129.91, 127.13, 123.21, 123.09, 121.07, 76.82, 71.61, 
70.44, 34.35, 30.18, 21.22, 20.80. HRMS (ESI) m/z: [M + Na]+ Calcd for C26H35NO4Na 448.2458; 
Found 448.2461.
Scheme S1 List of unsuccessful α-haloamides
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N-(benzyloxy)-2-bromo-N-((S)-(3,5-di-tert-butyl-4-hydroxyphenyl)(2-
hydroxyphenyl)methyl)propanamide (3u). Purified by silica gel 
chromatography using PE/EA 6:1, colorless oil, 93% yield, 52.8 mg, 1:1 dr, 
93.5:6.5 er. The enantiomeric excess was determined by HPLC on Daicel 
Chiralpak IF-H with hexane/i-PrOH (90:10) as the eluent, flow = 1.0 

mL/min, UV = 254 nm,  (c = 1.0 in CH2Cl2). 1H NMR (400 MHz, [𝛼]25𝐷 = 8

CDCl3) δ 7.39 – 7.35 (m, 4H), 7.28 (s, 1H), 7.24 – 7.20 (m, 3H), 7.14 (d, J = 5.7 Hz, 2H), 6.90 (dd, 

t-Bu
OH

t-Bu

N
OBn

OH O

Br
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J = 16.3, 7.7 Hz, 2H), 6.73 (s, 1H), 5.27 (s, 1H), 4.82 (s, 1H), 4.69 (s, 1H), 4.53 (s, 1H), 1.68 (d, J 
= 6.7 Hz, 3H), 1.40 (s, 18H). 13C NMR (101 MHz, CDCl3) δ 153.66, 133.31, 130.67, 129.81, 
129.23, 129.10, 128.70, 126.00, 125.54, 119.99, 116.43, 77.24, 63.23, 37.13, 33.67, 30.27, 21.15. 
HRMS (ESI) m/z: [M + Na]+ Calcd for C31H38NBrNO4Na 590.1876; Found 590.1881.

N-(benzyloxy)-2-bromo-N-((6-hydroxybenzo[d][1,3]dioxol-5-yl)(4-
methoxyphenyl)methyl)acetamide (8a). Purified by silica gel 
chromatography using PE/EA 3:1, colorless oil, 85% yield, 42.5 mg, 
92.5:7.5 er. The enantiomeric excess was determined by HPLC on 
Daicel Chiralpak IC-H with hexane/i-PrOH (80:20) as the eluent, flow 

= 1.0 mL/min, UV = 254 nm,  (c = 1.0 in CH2Cl2). 1H NMR [𝛼]25𝐷 = 6

(400 MHz, CDCl3) δ 7.43 (s, 1H), 7.37-7.34 (m, 4H), 7.18 (dd, J = 6.5, 3.2 Hz, 2H), 6.91 (d, J = 
8.8 Hz, 2H), 6.83 (s, 1H), 6.79 (d, J = 2.1 Hz, 1H), 5.92-5.91 (m, 2H), 4.58-4.46 (m, 2H), 4.05 (d, 
J = 1.5 Hz, 1H), 3.82 (s, 3H), 1.73 (s, 2H). 13C NMR (100 MHz, CDCl3) δ 159.3, 149.6, 148.1, 
141.2, 133.6, 129.8, 129.8, 129.4, 129.3, 129.2, 128.7, 116.3, 114.5, 114.1, 109.1, 101.2, 99.0, 
79.5, 60.8, 55.3, 26.1. HRMS (ESI) m/z: [M + Na]+ Calcd for C24H22BrNO6Na 522.0523; Found 
522.0519.

3. Scale-up experiment

1a
3 mmol

2a
3.6 mmol

4a 1.30 g
92% yield, 93:7 er

O

OH

t-But-Bu

+ N
H

O
BnO

Br

(1) C6, CH2Cl2 15 °C, 24h

O

N
O

HO
t-Bu

t-Bu

OBn
(2) base, 15 °C, 6h

A Schlenk tube equipped with a magnetic stir bar was charged with C6 (0.3 mmol), 1 (3 mmol), 
2 (3.6 mmol) in 1.5mL DCM. The resulting mixture was stirred at 15 ℃ for 24 h. Then K2CO3 (6 
mmol) was added to the solution and the resulting mixture was stirred at 15 °C for 6 h. The 
solvent was removed under reduced pressure, the resulting residue was purified by column 
chromatography on silica gel (petroleum ether/ethyl acetate = 6:1) to give the 1,4-Benzoxazepines 
4a.
4. Synthetic transformations of products
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4a
93:7 er

H2, MeOH
10% Pd/C, rt, 4h

5
95% yield, 93:7 er

 Compound 4a (0.1mmol) was dissolved in MeOH (2 mL) and then 10% Pd/ C (3 mg) was 
added. The reaction mixture was stirred under H2 atmosphere for 4 h at room temperature. After 
filtration through a plug of Celite, the resulting residue was purified by column chromatography 
on silica gel (petroleum ether/ethyl acetate = 4:1) to give the 5. (48 mg, 94% yield).
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(S)-5-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-hydroxy-4,5-
dihydrobenzo[f][1,4]oxazepin-3(2H)-one (5). Purified by silica gel 
chromatography using PE/EA 4:1, white solid, mp 173-175 ºC, 95% yield, 
36.3 mg, 93:7 er. The enantiomeric excess was determined by HPLC on Daicel 
Chiralpak IB-H with hexane/i-PrOH (95:5) as the eluent, flow = 1.0 mL/min, 

UV = 254 nm,  (c = 1.0 in CH2Cl2). 1H NMR (600 MHz, CDCl3) [𝛼]25𝐷 = ‒ 60

δ 8.89 (s, 1H), 7.39-7.36 (m, 2H), 7.28 (s, 1H), 7.21 (t, J = 7.3 Hz, 1H), 7.17 (s, 2H), 7.15 (d, J = 
7.8 Hz, 1H), 5.88 (s, 1H), 5.22 (s, 1H), 5.00 (d, J = 15.8 Hz, 1H), 4.54 (d, J = 15.7 Hz, 1H), 1.41 
(s, 18H). 13C NMR (151 MHz, CDCl3) δ 156.6, 153.5, 135.9, 131.3, 130.5, 129.9, 129.7, 125.2, 
123.3, 121.9, 72.0, 68.3, 34.3, 30.2. HRMS (ESI) m/z: [M + Na]+ Calcd for C23H29NO4Na 
406.1989; Found 406.1995.

O
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HO
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t-Bu

OBn

O

NH

HO
t-Bu

t-Bu

4a
93:7 er

SmI2, THF
rt, 12h

O

6
86% yield, 93:7 er

A 50 mL Schlenk tube equipped with a magnetic stir bar was charged with 4a (0.1 mmol) under 
Argon, and anhydrous THF (2 mL) was added at room temperature. Then SmI2 (3 mL, 0.1 M in 
THF) was added to the stirring solution dropwise via syringe. After the reaction is complete, the 
solution was diluted with CH2Cl2 (5 mL) and quenched with a 10% solution of Na2S2O3 (5 mL). 
The layers were separated, and the aqueous layer was extracted with CH2Cl2 (3×5 mL). The 
combined organic layers were washed with brine. The solvent was removed under reduced 
pressure, the resulting residue was purified by column chromatography on silica gel (petroleum 
ether/ethyl acetate = 3:1) to give the 6.

(S)-5-(3,5-di-tert-butyl-4-hydroxyphenyl)-4,5-
dihydrobenzo[f][1,4]oxazepin-3(2H)-one (6), Purified by silica gel 
chromatography using PE/EA 3:1, colorless oil, 86% yield, 31.5 mg, 93:7 
er. The enantiomeric excess was determined by HPLC on Daicel Chiralpak 
IA-H with hexane/i-PrOH (90:10) as the eluent, flow = 1.0 mL/min, UV = 

254 nm,  (c = 1.0 in CH2Cl2). 1H NMR (600 MHz, [𝛼]25𝐷 = ‒ 23

Chloroform-d) δ 7.34 (td, J = 7.7, 1.4 Hz, 1H), 7.31-7.28 (m, 1H), 7.26-7.23 (m, 1H), 7.17-7.16 
(m, 1H), 7.10 (td, J = 7.6, 1.0 Hz, 1H), 6.82-6.80 (m, 1H), 6.60 (d, J = 2.1, 1H), 5.89 (d, J = 2.9 
Hz, 1H), 5.36 (s, 1H), 4.81 (d, J = 16.9 Hz, 1H), 4.51 (d, J = 16.9 Hz, 1H), 1.46 (s, 18H).13C NMR 
(151 MHz, CDCl3) δ 171.87, 157.51, 153.86, 136.66, 136.03, 129.88, 129.27, 128.32, 128.15, 
127.98, 127.10, 124.85, 124.26, 121.11, 72.77, 57.09, 34.49, 30.26. HRMS (ESI) m/z: [M + Na]+ 
Calcd for C23H29NO3Na 390.2040; Found 390.2043.

5. HPLC spectra of products
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6. NMR spectra of products

1H NMR of compound 3a (600 MHz in CDCl3)
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13C NMR of compound 3a (150 MHz in CDCl3)

1H NMR of compound 4a (500 MHz in CDCl3)
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13C NMR of compound 4a (125 MHz in CDCl3)

1H NMR of compound 4b (500 MHz in CDCl3)
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13C NMR of compound 4b (125 MHz in CDCl3)

1H NMR of compound 4c (500 MHz in CDCl3)
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13C NMR of compound 4c (125 MHz in CDCl3)

1H NMR of compound 4d (500 MHz in CDCl3)
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13C NMR of compound 4d (125 MHz in CDCl3)

1H NMR of compound 4e (500 MHz in CDCl3)
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13C NMR of compound 4e (125 MHz in CDCl3)

1H NMR of compound 4f (500 MHz in CDCl3)
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13C NMR of compound 4f (125 MHz in CDCl3)

1H NMR of compound 4g (500 MHz in CDCl3)
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13C NMR of compound 4g (125 MHz in CDCl3)

1H NMR of compound 4h (500 MHz in CDCl3)
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13C NMR of compound 4h (125 MHz in CDCl3)

1H NMR of compound 4i (600 MHz in CDCl3)
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13C NMR of compound 4i (150 MHz in CDCl3)
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1H NMR of compound 4j (500 MHz in CDCl3)

13C NMR of compound 4j (125 MHz in CDCl3)
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1H NMR of compound 4k (500 MHz in CDCl3)

13C NMR of compound 4k (125 MHz in CDCl3)
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1H NMR of compound 4l (500 MHz in CDCl3)

13C NMR of compound 4l (125 MHz in CDCl3)
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1H NMR of compound 4m (500 MHz in CDCl3)

13C NMR of compound 4m (125 MHz in CDCl3)
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1H NMR of compound 4n (500 MHz in CDCl3)

13C NMR of compound 4n (125 MHz in CDCl3)
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1H NMR of compound 4o (600 MHz in CDCl3)

13C NMR of compound 4o (150 MHz in CDCl3)
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1H NMR of compound 4p (600 MHz in CDCl3)

13C NMR of compound 4p (150 MHz in CDCl3)
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1H NMR of compound 4q (400 MHz in CDCl3)

13C NMR of compound 4q (100 MHz in CDCl3)
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1H NMR of compound 4r (500 MHz in CDCl3)

13C NMR of compound 4r (125 MHz in CDCl3)
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1H NMR of compound 4s (400 MHz in CDCl3)

13C NMR of compound 4s (100 MHz in CDCl3)
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1H NMR of compound 4t (400 MHz in CDCl3)

13C NMR of compound 4t (100 MHz in CDCl3)
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1H NMR of compound 3u (400 MHz in CDCl3)

13C NMR of compound 3u (100 MHz in CDCl3)
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1H NMR of compound 5 (600 MHz in CDCl3)

13C NMR of compound 5 (150 MHz in CDCl3)
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1H NMR of compound 6 (600 MHz in CDCl3)

13C NMR of compound 6 (150 MHz in CDCl3)
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1H NMR of compound 8a (400 MHz in CDCl3)

13C NMR of compound 8a (100 MHz in CDCl3)
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9. Crystal data and structure refinement for enantiopure 4i.
Crystals of enantiopure 4i suitable for X-ray analysis were obtained from crystallization in a 
solution of CH2Cl2 and n-hexan

O

N

t-Bu
t-Bu

HO

OBn

O

F

CCDC deposition number 2226867

Empirical formula C30 H34 F N O4

Formula weight 491.60

Temperature 213.00 K

Wavelength 1.34139 Å

Crystal system Orthorhombic

Space group P212121

Unit cell dimensions a = 10.13420(10) Å = 90°.

b = 10.9767(2) Å = 90°.

c = 27.3919(4) Å  = 90°.

Volume 3047.08(8) Å3

Z 4

Density (calculated) 1.257 Mg/m3

Absorption coefficient 1.486 mm-1

F(000) 1216

Crystal size 0.1 x 0.07 x 0.07 mm3

Theta range for data collection 3.774 to 54.997°.

Index ranges -12<=h<=9, -13<=k<=13, -33<=l<=33

Reflections collected 32680

Independent reflections 5782 [R(int) = 0.0460]

Completeness to theta = 25.242° 99.3 % 

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.7508 and 0.5934

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 5782 / 1 / 362

Goodness-of-fit on F2 1.064

Final R indices [I>2sigma(I)] R1 = 0.0754, wR2 = 0.2166

R indices (all data) R1 = 0.0910, wR2 = 0.2322

Absolute structure parameter 0.032(11)

Extinction coefficient n/a
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Largest diff. peak and hole 1.123 and -0.939 e.Å-3


