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1. General Considerations

Unless otherwise stated, all syntheses and manipulations of air- and moisture-sensitive materi-
als were carried out in a nitrogen-filled glovebox or under nitrogen atmosphere using standard
Schlenk techniques. All glassware was oven-dried prior to use. The heat source for all reactions
is oil bath. All solvents were freshly distilled and degassed according to standard methods. Re-
actions were magnetically stirred and monitored by analytical thin-layer chromatography
(TLC). TLC was performed using Merck silica gel 60 F254 TLC aluminum plates and visual-
ized under ultraviolet light. Organic solutions were concentrated by rotary evaporation at 20 —
45 °C.

All chemicals and reagents available from commercial sources were directly used without fur-
ther purification. Chromatographic purification of products was accomplished using forced-
flow chromatography on silica gel (200 — 300 mesh). 'H, °F, and '*C NMR spectra were rec-
orded on a Bruker Ascend 400 MHz or 600 MHz spectrometer at ambient temperature. High-
resolution mass spectra (HRMS) were obtained with Shimazu LC-20AT mass spectrometer.
The mass analyzer type is ion trap. Optical rotations were measured on SGW® 5 automatic
polarimeter. Enantiomeric excesses (ee values) of the products were determined by chiral HPLC
analysis using an Aglient HP 1200 instrument (n-hexane/2-propanol as eluent) with a Chiralpak
IC-3,IA-3 or OD-H Column. The phosphoramidite ligands L1 — L4 are known compounds and

were prepared according to the reported procedures. !



2. Table S1 Optimization of Reaction Conditions®

(0]
O
[Ir(cod)C1], (4 mol %) NB
CELN/\/\/OBOC ligand (28 mol %) d\ "
Bn - *
NHBnN base (200 mol %) N
solvent, T Bn/§
1a 1b
“, /, Ph
oo -, SoN O ™.
}o PN ;o JP-N P-N O/P-N)_
W Rl eo Lo o
L1 (S,S,R,,R,R) L2 (S,S,R,,R) L3 (R,,R) L4 (S,S,S)
Entry Ligand T[°C] Base Solvent  t[h] Yield® [%] ec®[%]
1 L1 70 DBU THF 2 85 92
2 L2 70 DBU THF 2 68 35
3 L3 70 DBU THF 2 72 19
4 L4 70 DBU THF 2 60 -91
5 L1 30 DBU THF 6 85 94
6 L1 40 DBU THF 4 99 97
7 L1 50 DBU THF 2 82 95
8 L1 40 DABCO THF 4 92 95
9 L1 40 K3POq4 THF 4 93 92
10 L1 40 DIPA THF 4 93 88
11 L1 40 DBU C:HsOH 4 47 60
12 L1 40 DBU PhMe 4 95 95
13 L1 40 DBU MeCN 4 90 85
14 L1 40 DBU DCM 4 89 85
15¢ L1 40 DBU THF 4 94 95
16° L1 40 DBU THF 4 85 86

“Conditions: [Ir(cod)Cl], (4 mol%), L (8 mol%), DBU (0.2 mmol), and 1a (0.1 mmol) in THF

(2.0 mL). ® Isolated yields. ¢ Determined by chiral HPLC analysis. ¢ [Ir(cod)Cl]> (2 mol%), L1
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(4 mol%) was used. * DBU (0.1 mmol)

3. Experimental Procedures

3.1 General Procedure for the Synthesis of N-Amino-benzoic Acid Derivatives 1a-

34a
o)
RISy TOH HOBt, EDCI A N E/\/\/OBOC
-— OBoc —— » I n
= + BnHNT N N DMF, rt =
NH : NH
éz R2
A B a

To a solution of substituted 2-(benzylamino) benzoic acid A (2 mmol, 1.0 equiv.) in DMF (10
mL), 1-hydroxybenzotrizole (HOBt) (297 mg, 2.2 mmol, 1.1 equiv.) and N-(3-dimethyla-
minopropyl)-N'-ethylcarbodiimide hydrochloride (EDC-HCI) (365 mg, 2.2 mmol, 1.1 equiv.)
were added. This mixture was stirred for 30 minutes at room temperature, then compounds B
(2 mmol, 1.0 equiv.) was added. After the reaction was complete (monitored by TLC), the crude
reaction mixture was diluted with EtOAc (20 mL) and washed with water (10 mL x 3) and brine
(15 mL x 3). The combined organic layers were dried over Na,SO4. Afterwards, the solvents
were removed under reduced pressure. The residue was purified by silica gel column chroma-

tography (petroleum/EtOAc =5 : 1) to afford the desired compounds 1a-34a.

(E)-4-(N-benzyl-2-(benzylamino)benzamido)but-2-en-1-yl tert-butyl carbonate (1a)
(0]

N/\/\/OBOC
Bn
NHBn

Yellow oil, 450 mg, 90% yield; "H NMR (600 MHz, CDCls) § 7.35 (d, J = 8.2 Hz, 3H), 7.33 —
7.26 (m, 5H), 7.25 (d, J= 2.8 Hz, 2H), 7.19 (t, J= 7.8 Hz, 1H), 7.14 (dd, /= 7.6, 1.6 Hz, 1H),
6.67 (d, J= 8.3 Hz, 1H), 6.64 (d, J= 7.4 Hz, 1H), 5.79 — 5.71 (m, 1H), 5.70 — 5.65 (m, 1H),
4.65 (s, 2H), 4.53 (d, J= 5.6 Hz, 2H), 4.35 (s, 2H), 4.02 — 3.82 (m, 2H), 1.50 (s, 9H). *C NMR

(151 MHz, CDCls) 6 171.78, 153.27, 146.41, 139.06, 130.93, 129.69, 128.74, 128.65, 127.54,



127.33, 127.17, 119.96, 116.27, 112.04, 82.32, 66.48, 47.72, 27.79. HRMS(ESI) calcd for

C30H35N204 [M+H]*: 487.2592, Found: 487.2588.

(E)-4-(N-benzyl-2-(benzylamino)-5-methylbenzamido)but-2-en-1-yl ferz-butyl carbonate
(2a)

0]

N/\/\/OBOC
Bn
NHBn

Yellow oil, 470 mg, 94 % yield; "H NMR (600 MHz, CDCls) & 7.35 (s, 1H), 7.34 (d, J=2.7 Hz,
2H), 7.33 — 7.28 (m, 5H), 7.28 — 7.27 (m, 1H), 7.24 (d, J = 5.0 Hz, 1H), 6.99 (d, J = 8.3 Hz,
1H), 6.94 (d, J = 2.1 Hz, 1H), 6.58 (d, J = 8.3 Hz, 1H), 5.75 — 5.70 (m, 1H), 5.69 — 5.65 (m,
1H), 4.64 (s, 2H), 4.53 (d, J= 5.6 Hz, 2H), 4.32 (s, 2H), 3.98 — 3.85 (m, 2H), 2.18 (s, 3H), 1.50
(s, 9H). *CNMR (151 MHz, CDCl3) § 171.81, 153.27,139.31, 136.87, 131.35, 129.79, 128.73,
128.71, 128.63, 128.60, 128.49, 127.52, 127.33, 127.09, 125.58, 124.46, 119.13, 112.20, 82.29,
66.49, 47.96, 27.78, 20.21. HRMS(ESI) calcd for Cs;H37N.O4 [M+H]": 501.2748, Found:

501.2744.

(E)-4-(N-benzyl-2-(benzylamino)-4-methylbenzamido)but-2-en-1-yl fert-butyl carbonate
(3a)

O
N/\/\/OBOC

NHBn
Yellow oil, 457 mg, 91% yield; '"H NMR (600 MHz, CDCls) § 7.36 (s, 1H), 7.36 — 7.34 (m, 2H),
7.33(d,J=7.4 Hz, 2H), 7.31 — 7.26 (m, 4H), 7.21 (d, J= 6.9 Hz, 2H), 7.04 (d, J= 7.7 Hz, 1H),
6.51—6.47 (m, 1H), 5.77 - 5.71 (m, 1H), 5.69 — 5.65 (m, 1H), 4.64 (s, 2H), 4.53 (d, J= 5.6 Hz,
2H), 4.34 (s, 2H), 3.97 — 3.88 (m, 2H), 2.24 (s, 3H), 1.58 (s, 9H). 13C NMR (151 MHz, CDCl)
§ 172.06, 153.27, 146.72, 141.21, 139.21, 136.90, 129.87, 128.70, 128.63, 127.71, 127.47,
127.38, 127.36, 127.29, 127.13, 117.03, 112.57, 82.28, 66.52, 47.70, 27.79, 21.86. HRMS(ESI)

caled for C31H37N204 [M+H]": 501.2748, Found: 501.2742.



(E)-4-(N-benzyl-4-(benzylamino)-4'-butyl-[1,1'-biphenyl]-3-carboxamido)but-2-en-1-yl
tert-butyl carbonate (4a)

O

OB
Bn
NHBnN

Yellow oil, 415 mg, 83% yield; 'H NMR (600 MHz, CDCls) § 7.36 (s, 1H), 7.34 (d, J= 3.8 Hz,
2H), 7.33 — 7.27 (m, 5H), 7.26 — 7.22 (m, 2H), 7.00 (dd, J = 8.4, 2.1 Hz, 1H), 6.95 (d, J=2.1
Hz, 1H), 6.60 (d, J= 8.3 Hz, 1H), 5.80 — 5.72 (m, 1H), 5.71 — 5.66 (m, 1H), 4.64 (s, 2H), 4.53
(d, J=4.7 Hz, 2H), 4.33 (s, 2H), 4.08 — 3.82 (m, 2H), 2.48 — 2.38 (m, 2H), 1.66 — 1.52 (m, 2H),
1.50 (s, 9H), 1.29 — 1.24 (m, 2H), 0.86 (t, J = 6.8 Hz, 3H). 13C NMR (151 MHz, CDCls) &
172.06, 153.27, 146.72, 141.21, 139.21, 136.90, 129.87, 128.70, 128.67, 128.63, 127.71,
127.47, 127.38, 127.35, 127.29, 127.13, 117.03, 112.57, 82.28, 66.52, 47.70, 27.79, 21.86.

HRMS(ESI) caled for C34HasN2O4 [M+H]": 543.3217, Found: 543.3208.

(E)-4-(N-benzyl-2-(benzylamino)-5-methoxybenzamido)but-2-en-1-yl  fert-butyl car-

bonate (5a)
0
_0 N A A ~_-OBoc
Bn
NHBn

Yellow oil, 470 mg, 94% yield; "H NMR (600 MHz, CDCls) § 7.36 (s, 1H), 7.33 (d, J= 7.0 Hz,
3H), 7.31 - 7.26 (m, 4H), 7.24 (d, J= 9.3 Hz, 2H), 6.79 (d, /= 9.0 Hz, 1H), 6.74 (d, J=2.9 Hz,
1H), 6.63 (d, J = 8.9 Hz, 1H), 5.81 — 5.71 (m, 1H), 5.71 — 5.67 (m, 1H), 4.63 (s, 2H), 4.52 (d, J
=5.4 Hz, 2H), 4.30 (s, 2H), 3.71 — 3.52 (m, 2H), 3.63 (s, 3H), 1.49 (s, 9H). 3C NMR (151 MHz,
CDCly) & 171.28, 153.26, 151.04, 139.30, 136.74, 134.44, 129.74, 129.63, 129.00, 128.75,
128.60, 128.26, 127.54, 127.50, 127.39, 127.12, 113.60, 112.70, 82.30, 66.44, 55.79, 48.47,

27.81, 27.78. HRMS(ESI) calcd for C3;H37;N>Os [M+H]": 517.2697, Found: 517.2698.

(E)-4-(N-benzyl-2-(benzylamino)-5-fluorobenzamido)but-2-en-1-yl fert-butyl carbonate



(62)
0]

F
N/\/\/OBOC
Bn
NHBn

Yellow oil, 426 mg, 85% yield; "H NMR (600 MHz, CDCls) & 7.34 (s, 1H), 7.34 —7.32 (m, 3H),
7.32 — 7.26 (m, 4H), 7.26 — 7.20 (m, 2H), 6.92 (dt, J = 8.6, 4.2 Hz, 1H), 6.89 (dd, J = 8.4, 3.1
Hz, 1H), 6.60 (dd, J=9.0, 4.3 Hz, 1H), 5.78 —5.71 (m, 1H), 5.71 — 5.65 (m, 1H), 4.64 (s, 2H),
4.54 (d, J=5.2 Hz, 2H), 431 (d, J = 4.4 Hz, 2H), 3.95 (d, J = 20.2 Hz, 2H), 1.50 (s, 9H). 1*C
NMR (151 MHz, CDCl) 6 170.32, 154.52 (d, J =236.9 Hz), 153.25, 142.63, 138.83, 129.52,
129.25,128.82, 128.69, 128.23, 128.12, 127.81, 127.70, 127.30 (d, /= 5.8 Hz), 121.03, 117.33
(d,J=21.8 Hz), 113.80 (d, J=24.0 Hz), 113.11 (d, J = 7.2 Hz), 82.35, 66.36, 48.21, 27.78. '°F
NMR (565 MHz, CDCl3) 6 -128.05. HRMS(ESI) calcd for C3oH34FN,O4 [M+H]": 505.2497,

Found: 505.2487.

(E)-4-(N-benzyl-2-(benzylamino)-4-fluorobenzamido)but-2-en-1-yl zert-butyl carbonate

(7a)
0]
N/\/\/OBOC
Bn
F NHBn

Yellow oil, 510 mg, 88% yield; "H NMR (600 MHz, CDCl3) & 7.35 (d, J = 2.6 Hz, 2H), 7.34 (s,
1H), 7.34 — 7.27 (m, 5H), 7.24 — 7.18 (m, 2H), 7.11 (dd, J= 8.4, 6.4 Hz, 1H), 6.35 (dd, J=11.8,
2.4 Hz, 1H), 6.31 (td, J = 8.3, 2.4 Hz, 1H), 5.76 — 5.71 (m, 1H), 5.70 — 5.65 (m, 1H), 4.64 (s,
2H), 4.54 (d, J = 4.5 Hz, 2H), 4.32 (d, J = 5.1 Hz, 2H), 3.95 (s, 2H), 1.50 (s, 9H). 13C NMR
(151 MHz, CDCls) & 171.33, 164.90 (d, J = 246.9 Hz), 153.26, 149.12 (d, J= 11.8 Hz), 138.30,
136.65,129.51, 129.01 (d, J= 10.8 Hz), 128.80, 128.78, 128.76, 128.74, 127.61, 127.56, 127.38,
127.27, 115.34, 102.67 (d, J = 22.5 Hz), 99.19 (d, J = 26.3 Hz), 82.36, 66.43, 47.61, 27.78. 1°F
NMR (565 MHz, CDCl5) & -108.56. HRMS(ESI) calcd for C3pHFN,O4 [M+H]": 505.2497,

Found: 505.2492.



(E)-4-(N-benzyl-2-(benzylamino)-4-chlorobenzamido)but-2-en-1-yl fert-butyl carbonate

(8a)
@)
N/\/\/OBOC
Bn
Cl NHBn

Yellow oil, 450 mg, 90% yield; 'H NMR (600 MHz, CDCls) § 7.35 (s, 1H), 7.34 (d, J = 1.8 Hz, 2H),
7.34—7.26 (m, 5H), 7.25 — 7.17 (m, 2H), 7.06 (d, J= 8.1 Hz, 1H), 6.66 (d, /= 1.9 Hz, 1H), 6.61 (d,
J=17.5Hz, 1H), 5.78 — 5.70 (m, 1H), 5.70 — 5.66 (m, 1H), 4.63 (s, 2H), 4.54 (d, J = 5.3 Hz, 2H),
4.32(d,J=5.4Hz, 2H), 3.94 (s, 2H), 1.50 (s, 9H). >*C NMR (151 MHz, CDCls) & 171.03, 153.25,
147.79, 138.26, 136.99, 136.55, 129.38, 128.81, 128.78, 128.29, 127.65, 127.44, 127.39,
127.36, 127.33, 117.94, 116.08, 111.94, 82.37, 66.40, 47.61, 27.79. HRMS(ESI) calcd for

C30H34CIN2O4 [M+H]": 521.2202, Found: 521.2190.

(E)-4-(N-benzyl-2-(benzylamino)-5-bromobenzamido)but-2-en-1-yl tert-butyl carbonate

(%2)
O

B OB
r Bl/\/\/ oc
n

NHBnN
Yellow oil, 463 mg, 92% yield; 'H NMR (600 MHz, CDCLs) § 7.34 (s, 1H), 7.33 — 7.32 (m, 3H),

7.32 —7.26 (m, SH), 7.26 — 7.23 (m, 2H), 7.23 — 7.20 (m, 1H), 6.54 (d, J = 8.8 Hz, 1H), 5.77 —
5.70 (m, 1H), 5.70 — 5.65 (m, 1H), 4.64 (s, 2H), 4.54 (d, J = 5.4 Hz, 2H), 4.32 (d, J = 5.4 Hz,
2H), 3.93 (s, 2H), 1.51 (s, 9H). '*C NMR (151 MHz, CDCl3) § 170.17, 153.25, 145.36, 138.48,
136.45, 133.51, 129.65, 129.16, 128.82, 128.73, 128.71, 127.95, 127.72, 127.35, 127.23,
121.64, 113.75, 107.94, 82.35, 66.36, 47.70, 27.80. HRMS(ESI) caled for C3HasBrN,O4

[M+H]": 565.1696, Found: 565.1691.

(E)-4-(N-benzyl-2-(benzylamino)-4-bromobenzamido)but-2-en-1-yl zert-butyl carbonate



(10a)

0]

N/\/\/OBOC
Bn
Br NHBnN

Yellow oil, 450 mg, 90% yield; 'H NMR (600 MHz, CDCl3) & 7.35 (s, 1H), 7.34 — 7.31 (m,
3H), 7.31-7.27 (m, 3H), 7.25 (d, J=2.2 Hz, 1H), 7.23 — 7.14 (m, 2H), 6.98 (t, /=7.3 Hz, 1H),
6.81 (d, J=4.3 Hz, 1H), 6.77 — 6.74 (m, 1H), 5.78 — 5.69 (m, 1H), 5.69 — 5.63 (m, 1H), 4.62
(s, 2H), 4.53 (d, J = 6.5 Hz, 2H), 4.30 (d, J = 5.9 Hz, 2H), 3.92 (s, 2H), 1.50 (s, 9H). *C NMR
(151 MHz, CDCl3) 6 171.19, 153.27, 138.21, 134.51, 129.78, 129.21, 129.03, 128.85, 128.79,
128.39, 127.76, 127.72, 127.47, 127.40, 127.14, 125.42, 119.10, 114.86, 82.41, 66.40, 47.60,

27.81. HRMS(ESI) calcd for C3oH34BrN,O4 [M+H]": 565.1696, Found: 565.1691.

(E)-4-(N-benzyl-4-(benzylamino)-[1,1'-biphenyl]-3-carboxamido)but-2-en-1-yl zert-butyl

carbonate (11a)

O i N/\/\/OBOC
O Bn
NHBn
Yellow oil, 405 mg, 81% yield; '"H NMR (600 MHz, CDCls) & 7.54 — 7.42 (m, 2H), 7.41 (d, J
=2.3 Hz, 1H), 7.37 (t, /= 6.4 Hz, 4H), 7.35 (s, 1H), 7.35 - 7.31 (m, 4H), 7.31 — 7.26 (m, 3H),
7.26 —7.21 (m, 2H), 6.74 (d, J = 8.5 Hz, 1H), 5.85 — 5.75 (m, 1H), 5.74 — 5.68 (m, 1H), 4.69
(s, 2H), 4.54 (d, J= 5.5 Hz, 2H), 4.41 (d, J = 5.1 Hz, 2H), 4.03 (s, 2H), 1.49 (s, 9H). *C NMR
(151 MHz, CDCl;) 6 171.74, 153.27, 140.35, 138.98, 136.82, 129.52, 128.83, 128.72, 128.70,
127.60, 127.55, 127.31, 127.24, 126.35, 126.14, 125.76, 112.52, 112.44, 82.30, 66.47, 47.77,

27.79. HRMS(ESI) calcd for C3sH39N204 [M+H]": 563.2905, Found: 563.2889.

(E)-4-(N-benzyl-4-(benzylamino)-4'-methyl-[1,1'-biphenyl]-3-carboxamido)but-2-en-1-yl

tert-butyl carbonate (12a)
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O i N/\/\/OBOC

O Bn

NHBn
Yellow oil, 472 mg, 94% yield; '"H NMR (600 MHz, CDCl;) 6 7.47 — 7.39 (m, 2H), 7.38 (d, J
=3.1 Hz, 1H), 7.36 (d, J = 5.3 Hz, 2H), 7.36 — 7.30 (m, 4H), 7.28 (dd, J = 14.1, 7.0 Hz, 3H),
7.24 (d,J=3.7Hz, 2H), 7.15 (s, 2H), 6.73 (d, J= 8.6 Hz, 1H), 5.84 — 5.74 (m, 1H), 5.73 — 5.68
(m, 1H), 4.69 (s, 2H), 4.53 (d, /= 4.4 Hz, 2H), 4.40 (s, 2H), 4.12 — 3.91 (m, 2H), 2.35 (s, 3H),
1.49 (s, 9H). *C NMR (151 MHz, CDCl3) 8 171.78, 153.27, 139.03, 137.49, 136.03, 129.65,
129.43,129.32,128.81, 128.68, 127.55, 127.53,127.30, 127.21, 127.18, 126.00, 125.53, 112.42,
82.30, 66.49,47.78, 27.78, 20.99. HRMS(ESI) calcd for C37H4iN2O4 [M+H]™: 577.3061, Found:

577.3052.

(E)-4-(N-benzyl-4-(benzylamino)-2'-methyl-[1,1'-biphenyl]-3-carboxamido)but-2-en-1-yl

tert-butyl carbonate (13a)

(e}
O N/\/\/OBOC

Clk

NHBn

Yellow oil, 400 mg, 80 % yield; 'H NMR (600 MHz, CDCL) & 7.40 (d, J = 7.5 Hz, 2H), 7.38
(s, 1H), 7.36 (d, J = 8.1 Hz, 2H), 7.30 (d, J= 7.0 Hz, 3H), 7.28 (d, J = 6.6 Hz, 2H), 7.25 - 7.24
(m, 1H), 7.22 - 7.16 (m, 4H), 7.13 (d, J=2.1 Hz, 1H), 6.73 (d, J= 8.4 Hz, 1H), 5.77 — 5.72 (m,
1H), 5.70 — 5.66 (m, 1H), 4.68 (s, 2H), 4.51 (d, J = 5.6 Hz, 2H), 4.40 (d, J = 5.1 Hz, 2H), 4.00
(s, 2H), 2.22 (s, 3H), 1.49 (s, 9H). 13C NMR (151 MHz, CDCls) & 171.70, 153.27, 153.25,
141.14, 139.07, 135.43, 131.77, 130.32, 130.00, 129.87, 128.79, 128.71, 127.59, 127.38,
127.25, 126.87, 125.81, 111.74, 82.28, 66.44, 47.88, 27.78, 20.55. HRMS(ESI) calcd for

C37HaN,O4 [M+H]*: 577.3061, Found: 577.3058.

(E)-4-(N-benzyl-4-(benzylamino)-4'-methoxy-[1,1'-biphenyl]-3-carboxamido)but-2-en-1-

11



yl tert-butyl carbonate (14a)

N/\/\/OBOC

|O Bn

NHBnN
Yellow oil, 470 mg, 94% yield; '"H NMR (600 MHz, CDCl5) & 7.41 —7.37 (m, 2H), 7.37 (s, 1H),
7.35 (d, J=1.9 Hz, 3H), 7.34 — 7.30 (m, 3H), 7.30 — 7.26 (m, 3H), 7.24 (d, /= 10.2 Hz, 2H),
6.93 — 6.82 (m, 2H), 6.72 (d, J = 8.6 Hz, 1H), 5.85 — 5.74 (m, 1H), 5.73 — 5.68 (m, 1H), 4.68
(s, 2H), 4.53 (d, J= 5.5 Hz, 2H), 4.42 — 4.36 (m, 2H), 4.11 — 3.91 (m, 2H), 3.82 (s, 3H), 1.49
(s, 9H). *CNMR (151 MHz, CDCl3) § 171.78, 158.51, 153.27, 139.06, 136.83, 133.07, 129.65,
129.11, 128.82, 128.68, 127.57, 127.53, 127.30, 127.20, 127.18, 125.32, 114.20, 112.46, 82.30,
66.48, 55.33, 47.80, 27.78. HRMS(ESI) calcd for Cs7H4N.Os [M+H]": 593.3010, Found:

593.3005.

(E)-4-(N-benzyl-3-(benzylamino)-2'-methoxy-[1,1'-biphenyl]-4-carboxamido)but-2-en-1-

yl tert-butyl carbonate (15a)

Yellow oil, 460 mg, 92% yield; 'H NMR (600 MHz, CDCL3) & 7.40 (d, J = 1.6 Hz, 1H), 7.38 (s,
1H), 7.35 (dd, J= 7.2, 1.9 Hz, 2H), 7.34 — 7.30 (m, 3H), 7.30 — 7.27 (m, 4H), 7.25 (s, 1H), 7.20
(d,J=7.8 Hz, 1H), 6.99 (t, J= 6.9 Hz, 1H), 6.94 (d, J= 8.3 Hz, 1H), 6.90 (d, J = 1.6 Hz, 1H),
6.83 (d, J=7.9 Hz, 1H), 5.85 — 5.76 (m, 1H), 5.75 — 5.69 (m, 1H), 4.72 (s, 2H), 4.56 (d, /= 5.9
Hz, 2H), 4.39 (s, 2H), 4.10 — 3.93 (m, 2H), 3.69 (s, 3H), 1.52 (s, 9H). *C NMR (151 MHz,
CDCl;) & 171.93, 156.50, 153.30, 141.27, 139.32, 130.70, 130.57, 128.78, 128.75, 128.62,
127.52, 127.40, 127.09, 126.90, 120.79, 117.64, 113.58, 111.36, 82.30, 66.54, 55.47, 47.75,

27.81. HRMS(ESI) calcd for C37H41N2Os [M+H]": 593.3010, Found: 593.3009.
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(E)-4-(N-benzyl-3-(benzylamino)-2',6'-dimethoxy-[1,1'-biphenyl]-4-carboxamido)but-2-

en-1-yl zert-butyl carbonate (16a)

Yellow oil, 472 mg, 94% yield; 'H NMR (600 MHz, CDCLs) § 7.38 (d, J= 1.8 Hz, 1H), 7.36 (s,
1H), 7.34 — 7.31 (m, 4H), 7.29 — 7.26 (m, 3H), 7.26 — 7.22 (m, 2H), 7.19 (d, J = 7.8 Hz, 1H),
6.71 (d, J = 1.6 Hz, 1H), 6.66 (dd, J = 7.8, 1.4 Hz, 1H), 6.61 (d, J = 8.3 Hz, 2H), 5.82 — 5.76
(m, 1H), 5.72 — 5.68 (m, 1H), 4.73 (s, 2H), 4.55 (d, J = 4.7 Hz, 2H), 4.34 (s, 2H), 4.06 — 3.98
(m, 2H), 3.63 (s, 6H), 1.51 (s, 9H). 3C NMR (151 MHz, CDCls) & 172.13, 157.69, 153.30,
146.34, 139.50, 137.11, 129.98, 128.71, 128.52, 127.81, 127.44, 126.95, 126.51, 119.60, 119.11,
118.01, 115.14, 104.32, 82.28, 66.56, 55.85, 47.70, 27.81. HRMS(ESI) calcd for C3sHysN2Og

[M+H]": 623.3116, Found: 623.3109.

(E)-4-(N-benzyl-4-(benzylamino)-4'-fluoro-[1,1'-biphenyl]-3-carboxamido)but-2-en-1-yl

tert-butyl carbonate (17a)

F

0O

O N/\/\/OBOC
Bn

NHBn
Yellow oil, 432 mg, 86% yield; '"H NMR (600 MHz, CDCls) & 7.38 (d, J = 7.8 Hz, 2H), 7.37
(d, J=2.9 Hz, 2H), 7.36 — 7.32 (m, 4H), 7.29 (dd, J = 8.5, 6.7 Hz, 3H), 7.27 (s, 1H), 7.26 —
7.19 (m, 2H), 7.09 — 6.95 (m, 2H), 6.73 (d, J = 8.5 Hz, 1H), 5.84 — 5.74 (m, 1H), 5.74 — 5.69
(m, 1H), 4.69 (s, 2H), 4.54 (d, J = 5.4 Hz, 2H), 4.40 (d, J = 5.0 Hz, 2H), 4.03 (s, 2H), 1.49 (s,
9H). “C NMR (151 MHz, CDCl3) 4 171.66, 161.89 (d, J = 245.3 Hz), 153.27, 138.91, 136.80,
136.49 (d, J=3.3 Hz), 129.58, 129.37, 128.85, 128.71, 128.16, 127.63, 127.57, 127.28, 127.26,
125.61, 115.52 (d, J=21.5 Hz), 112.46, 82.35, 66.46,47.74,27.77.’F NMR (565 MHz, CDCls)

8 -117.03. HRMS(ESI) calcd for C3sH3sFN,O4 [M+H]": 581.2810, Found: 581.2802.
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(E)-4-(N-benzyl-4-(benzylamino)-4'-chloro-[1,1'-biphenyl]-3-carboxamido)but-2-en-1-yl

tert-butyl carbonate (18a)

Cl o
N/\/\/OBOC
|O Bn
NHBn
Yellow oil, 471 mg, 94% yield; '"H NMR (600 MHz, CDCl3) & 7.40 (dd, J = 8.4, 2.1 Hz, 1H),
7.39 -7.36 (m, 4H), 7.35 (d, J= 2.1 Hz, 2H), 7.34 (s, 1H), 7.33 — 7.29 (m, 3H), 7.29 — 7.26 (m,
3H), 7.23 (d, J = 8.7 Hz, 2H), 6.73 (d, J = 8.6 Hz, 1H), 5.86 — 5.76 (m, 1H), 5.75 — 5.71 (m,
1H), 4.69 (s, 2H), 4.55 (d, /= 4.6 Hz, 2H), 4.40 (d, J = 5.0 Hz, 2H), 4.04 (s, 2H), 1.50 (s, 9H).
BCNMR (151 MHz, CDCl5) 8 171.60, 153.28, 138.84, 138.77, 136.80, 132.27, 129.56, 129.35,
128.87, 128.83, 128.74, 128.72, 127.68, 127.57, 127.28, 127.27, 125.55, 112.47, 82.36, 66.46,

47.70, 27.79. HRMS(ESI) calcd for C36H3sCIN,O4 [M+H]": 597.2515, Found: 597.2512.

(E)-4-(N-benzyl-4-(benzylamino)-2'-chloro-[1,1'-biphenyl]-3-carboxamido)but-2-en-1-yl

tert-butyl carbonate (19a)

Cl o
O N/\/\/OBOC
Bn
NHBn
Yellow oil, 466 mg, 92% yield; '"H NMR (600 MHz, CDCl3) § 7.44 — 7.37 (m, 4H), 7.36 (s, 1 H),
7.36 —7.33 (m, 1H), 7.31 — 7.27 (m, 6H), 7.23 (d, J = 7.1 Hz, 2H), 7.20 (t, J = 7.5 Hz, 2H),
6.74 (d, /= 8.3 Hz, 1H), 5.81 —5.72 (m, 1H), 5.71 - 5.66 (m, 1H), 4.71 (s, 2H), 4.52 (d, J= 5.8
Hz, 2H), 4.40 (d, J = 3.5 Hz, 2H), 4.02 (s, 2H), 1.49 (s, 9H). *C NMR (151 MHz, CDCl;) 3
171.53, 153.26, 146.01, 139.77, 138.93, 132.50, 132.05, 131.28, 129.93, 128.77, 128.72,
128.01,127.57,127.36, 127.27, 126.88, 119.30, 111.62, 82.28, 66.48, 47.76, 27.78. HRMS(ESI)

calcd for C36H3sCIN2O4 [M+H]*: 597.2515, Found: 597.2508.

(E)-4-(N-benzyl-2-(benzylamino)-5-(naphthalen-1-yl)benzamido)but-2-en-1-yl zert-butyl
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carbonate (20a)

Yellow oil, 455 mg, 91% yield; 'H NMR (600 MHz, CDCls) § 7.91 — 7.86 (m, 2H), 7.80 (d, J
= 8.2 Hz, 1H), 7.49 — 7.43 (m, 3H), 7.42 (s, 1H), 7.39 (d, J= 7.5 Hz, 2H), 7.37 — 7.34 (m, 2H),
7.34 —7.29 (m, 4H), 7.28 (d, J = 5.9 Hz, 2H), 7.26 — 7.21 (m, 2H), 6.81 (d, J = 8.4 Hz, 1H),
5.79 - 5.71 (m, 1H), 5.70 — 5.65 (m, 1H), 4.70 (s, 2H), 4.47 (d, J = 5.7 Hz, 2H), 4.45 (s, 2H),
4.08 — 3.95 (m, 2H), 1.47 (s, 9H). 3C NMR (151 MHz, CDCls) 5 171.65, 153.23, 145.69,
139.53, 139.02, 133.88, 132.59, 131.74, 128.79, 128.76, 128.74, 128.26, 127.74, 127.59,
127.38, 127.29, 127.22, 126.83, 125.96, 125.93, 125.70, 125.44, 111.93, 82.27, 66.42, 47.89,

27.76. HRMS(ESI) calcd for C40H41N>O4 [M+H]": 613.3061, Found: 613.3052.

(E)-4-(N-benzyl-3-(benzylamino)-[1,1':3',1'"'-terphenyl]-4-carboxamido)but-2-en-1-yl
tert-butyl carbonate (21a)

0]

N/\/\/OBOC
Bn
O NHBn

Yellow oil, 44.5 mg, 45% vield; 'H NMR (600 MHz, CDCls) § 7.41 — 7.39 (m, 2H), 7.38 (d, J
=2.5 Hz, 2H), 7.33 (d, J = 7.8 Hz, 2H), 7.31 (s, 1H), 7.30 — 7.26 (m, 4H), 7.26 — 7.18 (m, 6H),
7.14—7.11 (m, 2H), 7.01 (d, J= 7.8 Hz, 1H), 6.48 (d,J= 1.6 Hz, 1H), 6.46 (d, J=7.8 Hz, 1H),
5.79 — 5.70 (m, 1H), 5.69 — 5.63 (m, 1H), 4.63 (s, 2H), 4.53 (d, J = 6.2 Hz, 2H), 4.05 (s, 2H),
3.93 (d, J=7.4 Hz, 2H), 1.51 (s, 9H). *C NMR (151 MHz, CDCls) & 171.82, 153.28, 144.13,
141.60, 140.64, 140.46, 139.02, 130.51, 130.14, 129.74, 129.70, 128.73, 128.59, 127.93,
127.62, 127.54, 127.42, 127.40, 127.14, 126.89, 126.49, 118.06, 117.92, 114.08, 82.31, 66.50,

47.69, 27.81. HRMS(ESI) calced for C42Ha3sN>O4 [M+H]": 639.3218, Found: 639.3208.
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(E)-4-(N-benzyl-3-(benzylamino)-[1,1':4',1"'-terphenyl]-4-carboxamido)but-2-en-1-yl

tert-butyl carbonate (22a)
(0]

N/\/\/OBOC
|O Bn

O NHBn

Yellow oil, 473 mg, 94% yield. '"H NMR (600 MHz, CDCl3) § 7.64 — 7.61 (m, 3H), 7.56 (d, J
= 8.1 Hz, 2H), 7.48 — 7.40 (m, 3H), 7.40 (s, 1H), 7.36 (td, J = 7.4, 4.1 Hz, 3H), 7.34 — 7.26 (m,
5H), 7.25 (d, J = 3.1 Hz, 2H), 7.23 (d, J = 7.8 Hz, 1H), 6.99 — 6.85 (m, 2H), 5.83 — 5.75 (m,
1H), 5.73 — 5.68 (m, 1H), 4.70 (s, 2H), 4.55 (d, J = 5.6 Hz, 2H), 4.44 (s, 2H), 4.08 — 3.91 (m,
2H), 1.50 (s, 9H). 3C NMR (151 MHz, CDCL) & 171.74, 153.28, 143.39, 140.66, 140.46,
140.02, 138.99, 129.71, 128.81, 128.79, 128.77, 128.71, 128.70, 127.74, 127.56, 127.47,
127.45, 127.43, 127.41, 127.37, 127.27, 127.04, 115.13, 110.66, 82.33, 66.51, 47.83, 27.80.

HRMS(ESI) caled for C42H43sN2O4 [M+H]™: 639.3218, Found: 639.3213.

(E)-4-(4-(anthracen-9-yl)-N-benzyl-2-(benzylamino)benzamido)but-2-en-1-yl  tert-butyl

carbonate (23a)
0

N/\/\/OBOC
Bn
O NHBn

Yellow oil, 467 mg, 92% yield; "H NMR (600 MHz, CDCls) § 8.46 (s, 1H), 8.01 (d, J= 8.5 Hz,
2H), 7.68 (d, J = 8.8 Hz, 2H), 7.44 (ddd, J = 8.2, 6.4, 1.2 Hz, 2H), 7.36 (d, J = 7.6 Hz, 2H),
7.34 -7.31 (m, 6H), 7.30 (d, J= 2.9 Hz, 4H), 7.25 (t,J = 3.3 Hz, 1H), 6.81 (d, /= 1.5 Hz, 1H),
6.74 (d,J="17.6 Hz, 1H), 5.88 — 5.82 (m, 1H), 5.79 — 5.75 (m, 1H), 4.80 (s, 2H), 4.58 (d, J=5.7
Hz, 2H), 4.28 (s, 2H), 4.13 — 4.08 (m, 2H), 1.50 (s, 9H). '*C NMR (151 MHz, CDCls) 5 171.83,
153.28, 146.55, 141.72, 138.66, 136.82, 131.30, 129.90, 129.85, 128.82, 128.64, 128.59,

128.23,127.67,127.63,127.51,127.22, 126.81, 126.56, 125.36, 125.10, 119.37, 118.93, 115.23,
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82.36, 66.50, 47.72, 27.79. HRMS(ESI) calcd for C4HasN2O4 [M+H]™: 663.3217, Found:

663.3207.

(E)-4-(N-benzyl-2-(benzylamino)-5-(6-methoxypyridin-3-yl)benzamido)but-2-en-1-yl

tert-butyl carbonate (24a)

/O |N\ o
= N/\/\/OBOC
Bn
NHBnN

Yellow oil, 458 mg, 92% yield; 'H NMR (600 MHz, CDCls) & 8.20 (s, 1H), 7.36 (d, J = 2.2 Hz,
3H), 7.36 — 7.34 (m, 2H), 7.34 — 7.31 (m, 2H), 7.31 — 7.26 (m, 4H), 7.26 — 7.21 (m, 2H), 6.74
(d,J=18.5 Hz, 2H), 5.84 — 5.73 (m, 1H), 5.72 — 5.67 (m, 1H), 4.68 (s, 2H), 4.53 (d, J= 5.4 Hz,
2H), 4.40 (s, 2H), 4.10 — 3.95 (m, 2H), 3.94 (s, 3H), 1.49 (s, 9H). '*C NMR (151 MHz, CDCls)
§ 171.50, 163.03, 153.25, 145.81, 143.99, 138.86, 136.72, 129.53, 129.45, 129.07, 128.85,
128.80, 128.73, 128.72, 127.70, 127.62, 127.48, 127.26, 127.05, 125.87, 125.31, 112.63, 110.71,
82.33, 66.43, 53.47,47.73, 27.77. HRMS(ES]I) calcd for C36HsoN30s [M+H]": 594.2962, Found:

594.2949.

(E)-4-(N-benzyl-2-(benzylamino)-4-(furan-2-yl)benzamido)but-2-en-1-yl fert-butyl car-

bonate (25a)
]
B
N/\/\/O oc
Bn
~ NHBn
\ )

Yellow oil, 480 mg, 96% yield; '"H NMR (600 MHz, CDCl;) & 7.43 (d, /= 1.8 Hz, 1H), 7.39 (d,
J=17.6Hz, 2H), 7.36 — 7.30 (m, 3H), 7.30 — 7.27 (m, 3H), 7.25 - 7.19 (m, 2H), 7.16 (d, /= 7.9
Hz, 1H), 7.02 (d, /= 1.6 Hz, 1H), 6.96 (d, J= 7.9 Hz, 1H), 6.58 (d, /= 3.4 Hz, 1H), 6.43 (dd,
J=3.4,1.8 Hz, IH), 5.81 - 5.71 (m, 1H), 5.71 — 5.66 (m, 1H), 4.66 (s, 2H), 4.53 (d, J = 6.0 Hz,

2H), 4.41 (s, 2H), 4.07 — 3.84 (m, 2H), 1.50 (s, 9H). *C NMR (151 MHz, CDCLs) § 171.62,
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162.60, 153.73, 153.27, 146.96, 142.31, 138.94, 136.72, 133.15, 129.63, 128.76, 128.70,
127.76, 127.55, 127.51, 127.49, 127.28, 118.59, 111.95, 111.67, 106.98, 105.90, 82.32, 66.48,
47.78, 36.47, 31.45, 27.78. HRMS(ESI) caled for CsHyN,Os [M+H]": 553.2697, Found:

553.2688.

(E)-4-(5-(benzofuran-2-yl)-N-benzyl-2-(benzylamino)benzamido)but-2-en-1-yl zert-butyl

carbonate (26a)

N/\/\/OBOC
Bn

NHBn

Yellow oil, 457 mg, 91% yield; 'H NMR (600 MHz, CDCls) & 7.68 (d, J = 8.4 Hz, 2H), 7.52 —
7.37 (m, 3H), 7.37 — 7.34 (m, 5H), 7.33 — 7.26 (m, 4H), 7.26 — 7.15 (m, 3H), 6.74 (d, J = 8.4
Hz, 1H), 5.86 — 5.80 (m, 1H), 5.76 — 5.73 (m, 1H), 4.71 (s, 2H), 4.58 (d, J = 5.5 Hz, 2H), 4.42
(d, J=5.5 Hz, 2H), 4.03 (s, 2H), 1.50 (s, 9H). 3C NMR (151 MHz, CDCLs) § 171.30, 155.93,
154.54, 153.29, 138.63, 136.74, 129.58, 129.42, 128.85, 128.78, 128.75, 127.87, 127.79,
127.73,127.61, 127.34, 127.27, 124.21, 123.46, 122.76, 120.34, 118.72, 112.18, 110.86, 98.75,
82.34, 66.48, 47.61, 27.79. HRMS(ESI) calcd for CssHN>Os [M+H]": 603.2854, Found:

603.2845.

(E)-4-(N-benzyl-2-(benzylamino)-4-(thiophen-2-yl)benzamido)but-2-en-1-yl tert-butyl
carbonate (27a)

0]

N/\/\/OBOC
Bn

N NHBnNn
\ S
Yellow oil, 467 mg, 93% yield; "H NMR (600 MHz, CDCls)  7.40 (d, J = 7.1 Hz, 2H), 7.37 (s,
1H), 7.36 — 7.32 (m, 2H), 7.32 — 7.26 (m, 4H), 7.25 (dd, /= 5.0, 1.2 Hz, 2H), 7.22 (dd, /= 3.6,
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1.2 Hz, 1H), 7.16 (d, J= 7.8 Hz, 1H), 7.04 (dd, J= 5.1, 3.6 Hz, 1H), 6.93 — 6.88 (m, 2H), 5.82
—5.73 (m, 1H), 5.72 — 5.67 (m, 1H), 4.67 (s, 2H), 4.55 (d, /= 5.8 Hz, 2H), 4.41 (d, J= 4.5 Hz,
2H), 3.97 (s, 2H), 1.51 (s, 9H). '3C NMR (151 MHz, CDCLs) § 171.55, 153.27, 147.09, 144.28,
138.87, 136.84, 129.66, 128.82, 128.77, 128.73, 128.70, 127.93, 127.88, 127.57, 127.52,
127.46, 127.30, 125.15, 123.53, 118.68, 113.98, 109.35, 82.34, 66.49, 47.80, 27.80, 27.75.

HRMS(ESI) caled for C34H37N204S [M+H]": 569.2469, Found: 569.2464.

(E)-4-(4-(benzo[b]thiophen-2-yl)-N-benzyl-2-(benzylamino)benzamido)but-2-en-1-yl zert-

butyl carbonate (28a)

Yellow oil, 425 mg, 85% vield; 'H NMR (400 MHz, CDCls) § 7.80 (d, J = 7.6 Hz, 1H), 7.75 (d,
J=6.8 Hz, 1H), 7.46 (s, 1H), 7.42 (d, J = 7.6 Hz, 2H), 7.37 (q, J = 6.6 Hz, 3H), 7.34 — 7.30 (m,
4H), 7.28 (d, J = 5.6 Hz, 2H), 7.24 — 7.18 (m, 2H), 7.06 — 6.94 (m, 2H), 5.85 — 5.74 (m, 1H),
5.73 — 5.67 (m, 1H), 4.68 (s, 2H), 4.56 (d, J = 5.2 Hz, 2H), 4.44 (s, 2H), 4.11 — 3.85 (m, 2H),
1.51 (s, 9H). *C NMR (151 MHz, CFsCOOD) § 175.66, 157.56, 151.32, 148.38, 144.81,
143.83, 143.05, 141.03, 133.85, 133.08, 133.05, 132.14, 131.89, 131.78, 131.75, 131.65,
128.81, 128.75, 127.94, 126.53, 124.28, 123.78, 118.83, 114.17, 86.61, 70.75, 52.10, 32.08.

HRMS(ESI) caled for C3gH3oN204S [M+H]*: 619.2626, Found: 619.2624.

(E)-4-(N-benzyl-2-(benzylamino)-4-(5a,9a-dihydrodibenzo[b,d] thiophen-3-yl)ben-

zamido)but-2-en-1-yl tert-butyl carbonate (29a)
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O N/\/\/OBOC
Bn

S O NHBn

Yellow oil, 450 mg, 90% yield; 'H NMR (600 MHz, CDCls) & 8.18 — 8.15 (m, 1H), 8.12 (dd, J
=17.8,1.2 Hz, 1H), 7.82 — 7.77 (m, 1H), 7.51 (t, J = 7.6 Hz, 1H), 7.45 (dd, J = 6.0, 3.1 Hz, 2H),
7.44 — 7.40 (m, 2H), 7.40 (s, 1H), 7.39 — 7.32 (m, 5H), 7.31 (dd, J = 7.5, 2.4 Hz, 4H), 7.12 (d,
J = 1.7 Hz, 1H), 7.00 (d, J = 7.8 Hz, 1H), 5.86 — 5.78 (m, 1H), 5.76 — 5.72 (m, 1H), 4.75 (s,
2H), 4.58 (d, J = 5.7 Hz, 2H), 4.4 (s, 2H), 4.12 — 3.93 (m, 2H), 1.51 (s, 9H). >C NMR (151
MHz, CDCL:) 5 171.64, 153.30, 146.87, 143.19, 139.73, 138.91, 138.54, 136.81, 136.25, 135.70,
129.68, 129.29, 128.82, 128.76, 128.35, 128.26, 127.78, 127.61, 127.46, 127.20, 126.77,
126.61, 124.96, 124.31, 122.58, 121.66, 120.63, 119.24, 116.24, 111.89, 82.34, 66.51, 47.72,

27.84,27.81. HRMS(ESI) calcd for C4,Ha3N204S [M+H]": 671.2938, Found: 671.2929.

(E)-4-(N-benzyl-2-((4-methylbenzyl)amino)benzamido)but-2-en-1-yl zert-butyl carbonate

(30a)
0

B
(:fj\N/\/\/O oc
Bn
NHT)

Yellow oil, 420 mg, 84% yield; 'H NMR (600 MHz, CDCls) § 7.35 — 7.26 (m, 4H), 7.25 (d, J
= 7.8 Hz, 3H), 7.20 — 7.18 (m, 1H), 7.15 (dd, J = 7.7, 2.1 Hz, 3H), 6.68 (d, J = 7.5 Hz, 1H),
6.64 (t,J=7.4 Hz, 1H), 5.82 — 5.71 (m, 1H), 5.70 — 5.65 (m, 1H), 4.65 (s, 2H), 4.54 (d, J= 5.8
Hz, 2H), 4.31 (s, 2H), 4.04 — 3.79 (m, 2H), 2.35 (s, 3H), 1.51 (s, 9H). 13C NMR (151 MHz,
CDCly) § 171.78, 153.27, 146.45, 136.77, 135.99, 130.92, 129.73, 129.33, 128.74, 127.53,
127.46, 127.33, 127.26, 127.15, 119.93, 116.18, 112.06, 112.01, 82.30, 66.50, 47.49, 27.80,

21.10. HRMS(ESI) calcd for C3;H37N,O4 [M+H]": 501.2748, Found: 501.2739.
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(E)-4-(N-benzyl-2-((4-methoxybenzyl)amino)benzamido)but-2-en-1-yl  tert-butyl car-
bonate (31a)

@)

(:ﬁ‘\N/\/\/OBOC
Bn
NH

: : \O/

Yellow oil, 430 mg, 86% yield; 'H NMR (600 MHz, CDCls) & 7.30 (t, J = 7.2 Hz, 2H), 7.29 —
7.26 (m, 3H), 7.25—7.17 (m, 3H), 7.14 (dd, J= 7.6, 1.6 Hz, 1H), 6.88 (d, J= 8.7 Hz, 2H), 6.69
(d,J=8.3 Hz, 1H), 6.64 (t, J = 7.5 Hz, 1H), 5.85 — 5.70 (m, 1H), 5.71 — 5.63 (m, 1H), 4.65 (s,
2H), 4.53 (d, J = 5.8 Hz, 2H), 4.27 (s, 2H), 4.04 — 3.83 (m, 2H), 3.80 (s, 3H), 1.50 (s, 9H). 13C
NMR (151 MHz, CDCls) & 171.76, 158.85, 153.27, 146.40, 136.79, 131.04, 130.91, 129.71,
128.73, 128.60, 128.53, 127.53, 127.47, 127.14, 119.97, 116.21, 114.09, 112.00, 82.31, 66.49,

55.30, 47.21, 27.79. HRMS(ESI) calcd for C31H37N>Os [M+H]": 517.2697, Found: 517.2689.

(E)-4-(N-benzyl-2-((4-fluorobenzyl)amino)benzamido)but-2-en-1-yl fert-butyl carbonate
(32a)

o)

(:fj\N/\/\/OBOC
Bn
NH

O

Yellow oil, 445 mg, 90% yield; '"H NMR (600 MHz, CDCls) & 7.32 (d, J = 6.1 Hz, 3H), 7.30 —
7.27 (m, 2H), 7.26 — 7.20 (m, 2H), 7.20 — 7.16 (m, 1H), 7.15 (dd, J = 7.6, 1.6 Hz, 1H), 7.02 (t,
J = 8.7 Hz, 2H), 6.64 (d, J = 8.1 Hz, 2H), 5.84 — 5.71 (m, 1H), 5.72 — 5.64 (m, 1H), 4.66 (s,
2H), 4.54 (d, J = 4.5 Hz, 2H), 4.32 (s, 2H), 4.08 — 3.77 (m, 2H), 1.50 (s, 9H). *C NMR (151
MHz, CDCls) § 171.76, 162.04 (d, J = 244.8 Hz), 153.26, 146.32, 136.75, 134.73 (d, J = 3.1

Hz), 130.96, 129.62, 128.83 (d, J = 8.1 Hz), 128.75, 127.72, 127.58, 127.52, 127.22, 119.93,
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116.41,115.47 (d,J=21.3 Hz), 112.03, 82.35, 66.45, 47.00, 27.78."’F NMR (565 MHz, CDCl5)

8 -115.72. HRMS(ESI) calcd for C30H34sFN,O4 [M+H]*: 505.2498, Found: 505.2488.

(E)-4-(N-benzyl-2-((4-chlorobenzyl)amino)benzamido)but-2-en-1-yl zer-butyl carbonate
(33a)

0]

@N/\/\/OBOC
Bn
NH

: Cl

Yellow oil, 450 mg, 90% vield; '"H NMR (600 MHz, CDCls) & 7.37 — 7.30 (m, 3H), 7.28 (d, J
=4.1 Hz, 5H), 7.23 (d, J = 6.9 Hz, 1H), 7.17 (t, J = 7.5 Hz, 1H), 7.15 (d, J= 7.8 Hz, 1H), 6.65
(t,J=7.6 Hz, 1H), 6.60 (d, J = 8.2 Hz, 1H), 5.82 — 5.72 (m, 1H), 5.71 — 5.65 (m, 1H), 4.66 (s,
1H), 4.55 (d, J = 5.5 Hz, 2H), 4.32 (s, 2H), 4.06 — 3.82 (m, 2H), 1.50 (s, 9H). 3C NMR (151
MHz, CDCl3) § 171.76, 153.26, 137.63, 136.77, 132.83, 130.98, 129.62, 128.79, 128.77, 128.55,

128.50, 127.79, 127.60, 127.54, 127.26, 119.84, 116.46, 112.07, 82.38, 66.47, 47.01, 27.79.

HRMS(ESI) caled for C30H34CIN2O4 [M+H]": 521.2202, Found: 521.2194.

(E)-4-(N-benzyl-2-((2-bromobenzyl)amino)benzamido)but-2-en-1-yl zert-butyl carbonate
(34a)

O

N/\/\/OBOC
Bn

NH

BID

Yellow oil, 480 mg, 96% yield; 'H NMR (600 MHz, CDCl;) § 7.57 (d, J = 7.9 Hz, 1H), 7.37

(dd,J=7.7,1.7 Hz, 1H), 7.34 — 7.27 (m, 4H), 7.24 (t, J = 6.8 Hz, 2H), 7.17 (t, J = 8.6 Hz, 2H),
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7.13 (td, J= 7.6, 1.8 Hz, 1H), 6.65 (t, J= 7.4 Hz, 1H), 6.58 (d, J= 8.2 Hz, 1H), 5.86 — 5.73 (m,
1H), 5.71 — 5.67 (m, 1H), 4.67 (s, 2H), 4.55 (d, J = 4.6 Hz, 2H), 4.43 (s, 2H), 4.11 — 3.85 (m,
2H), 1.50 (s, 9H). 3C NMR (151 MHz, CDCls) § 171.78, 153.27, 146.14, 137.81, 136.76,
132.81, 131.39, 131.02, 129.67, 128.88, 128.78, 128.66, 127.62, 127.57, 127.32, 123.29, 119.78,
116.40, 112.09, 112.05, 82.32, 66.48, 47.74, 27.80. HRMS(ESI) calcd for CsHsBrN,O4

[M+H]": 565.1696, Found: 565.1696.

23



3.2 General Procedure for the Allylic Amination of a

0
0
N N/\/\/OBOC [Ir(cod)CI], (4 mol %) NBn ., O Ph
R'-— Bn L1 (8 mol %) N O )
! — - RI-— (0] \P N
L I ¥ -
NH DBU (200 mol %) AN o gy
R? THF, 40 C He = O PH
b L1(S SR, R R)
a

In a dry Schlenk tube filled with argon, [Ir(cod)Cl], (2.7 mg, 0.004 mmol, 4 mol %), phospho-
ramidite ligand L1 (4.2 mg, 0.008 mmol, 8 mol %), and n-propylamine (0.5 mL) were dissolved
in THF (1.0 mL). The reaction mixture was heated at 50 °C for 30 min, followed by removal
of the volatile solvent under vacuum to give a yellow solid. In this tube, allylic anthranilic acid
derivatives a (0.1 mmol), DBU (30.5 mg, 0.2 mmol, 200 mol %) and THF (2.0 mL) were added
and stirred at 40°C until the reaction was complete. Then the solvent was evaporated and the
residue was purified by silica gel column chromatography using petroleum/EtOAc as the eluent

to give the desired products b.

(R)-1,4-dibenzyl-2-vinyl-1,2,3,4-tetrahydro-SH-benzo[e][1,4]diazepin-5-one (1b)

(0]
NBn

N
Bn

R¢= 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 36.4 mg, 99% yield; 97% ee [Daicel
Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v = 1.0 mLemin™!, T = 25 °C,
A = 254 nm, tg (minor) = 9.928 min, tg (major) = 13.703 min]; [a]p*® = -24.20° (¢ = 0.75,
CHCl,). '"H NMR (600 MHz, CDCl3) § 7.72 (dd, J=7.6, 1.7 Hz, 1H), 7.34 (td, J=7.8, 1.8 Hz,
2H), 7.31 -7.29 (m, 3H), 7.28 (d, J=5.7 Hz, 3H), 7.25 (d, /= 5.8 Hz, 3H), 7.07 (t, /= 7.5 Hz,
1H), 6.94 (d, J = 8.1 Hz, 1H), 5.52 — 5.46 (m, 1H), 5.23 — 5.18 (m, 1H), 5.02 —4.96 (m, 1H),
4.86 (d,J=14.8 Hz, 1H),4.74 (d, /= 14.8 Hz, 1H), 4.37 (d, J=14.1 Hz, 1H), 4.13 (d, /= 14.1
Hz, 1H), 3.67 —3.62 (m, 1H), 3.30 (dd, /= 15.2, 11.1 Hz, 1H), 3.12 (dd, J = 15.3, 5.2 Hz, 1H).

BCNMR (151 MHz, CDCl3) 8 170.72, 145.45,137.81, 137.29, 133.74, 131.61, 131.47, 129.89,

24



128.60, 128.46, 128.39, 128.18, 127.47, 127.10, 122.64, 121.21, 119.34, 66.61, 53.71, 50.78,

50.39. HRMS(ESI) calcd for C2sHasN>O [M+H]": 369.1962, Found: 369.1957.

(R)-1,4-dibenzyl-7-methyl-2-vinyl-1,2,3,4-tetrahydro-5SH-benzo|e¢][1,4]diazepin-5-one (2b)

(@]
NBn
NTN\__—
Bn

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 36.3 mg, 95% yield; 93% ee [Daicel
Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v =1.0 mLemin-1, T =25 °C,
A = 254 nm, tr (minor) = 14.876 min, tg (major) = 23.373 min]; [a]p** = -51.00° (¢ = 0.75,
CH,Cl,). "H NMR (600 MHz, CDCl;) & 7.52 (d, J= 2.2 Hz, 1H), 7.30 (td, /= 5.9, 3.1 Hz, 3H),
7.27 (d, J=2.9 Hz, 3H), 7.25 (s, 1H), 7.25 — 7.20 (m, 3H), 7.14 (dd, /= 8.1, 2.3 Hz, 1H), 6.83
(d, /J=8.1 Hz, 1H), 5.52 - 5.45 (m, 1H), 5.21 — 5.17 (m, 1H), 5.00 — 4.96 (m, 1H), 4.84 —4.76
(m, 2H), 4.34 (d, /= 14.1 Hz, 1H), 4.10 (d, J = 14.1 Hz, 1H), 3.64 — 3.59 (m, 1H), 3.28 (dd, J
=15.2,11.1 Hz, 1H), 3.10 (dd, J=15.2, 5.2 Hz, 1H), 2.32 (s, 3H). *C NMR (151 MHz, CDCl5)
o 170.89, 142.85, 138.02, 137.39, 133.82, 132.23, 131.37, 130.17, 128.58, 128.57, 128.42,
128.39, 128.16, 127.43, 127.03, 121.13, 119.21, 66.56, 53.73, 50.85, 50.32, 20.56. HRMS(ESI)

caled for Co6H27N,O [M+H]": 383.2118, Found: 383.2108.

(R)-1,4-dibenzyl-8-methyl-2-vinyl-1,2,3,4-tetrahydro-SH-benzo[e][1,4]diazepin-5-one (3b)

O

NBn
N _
Bn

R = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 35.9 mg, 94% yield; 91% ee [Daicel
Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v =1.0 mLemin-1, T =25 °C,
A = 254 nm, tg (minor) = 23.790 min, tg (major) = 30.569 min]; [o]p*® = -13.92° (¢ = 0.75,
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CH,CL). 'H NMR (600 MHz, CDCLs) § 7.62 (d, J = 7.7 Hz, 1H), 7.31 (d, J = 7.0 Hz, 1H), 7.30
—7.27 (m, 4H), 7.26 (s, 1H), 7.26 — 7.21 (m, 4H), 6.89 (d, J= 7.7 Hz, 1H), 6.75 (s, 1H), 5.52 —
5.45 (m, 1H), 5.22 — 5.18 (m, 1H), 4.99 — 4.94 (m, 1H), 4.82 (d, J = 14.8 Hz, 1H), 4.74 (d, J=
14.8 Hz, 1H), 4.37 (d, J = 14.0 Hz, 1H), 4.12 (d, J = 14.0 Hz, 1H), 3.65 — 3.58 (m, 1H), 3.29
(dd, J=15.2, 11.2 Hz, 1H), 3.08 (dd, J= 15.2, 5.2 Hz, 1H), 2.32 (s, 3H). 3C NMR (151 MHz,
CDCls) § 170.84, 145.66, 141.98, 137.96, 137.38, 133.81, 129.88, 128.58, 128.57, 128.44,
128.20, 128.19, 127.40, 127.08, 123.42, 121.84, 119.24, 66.28, 53.75, 50.79, 50.35, 21.66.

HRMS(ESI) caled for C26H27N2O [M+H]": 383.2118, Found: 383.2109.

(R)-1,4-dibenzyl-7-(4-butylphenyl)-2-vinyl-1,2,3,4-tetrahydro-5SH-benzo|e][1,4]diazepin-

5-one (4b)
(@)
NBn
NTN\_—
Bn

Rt = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 38.7 mg, 91% yield; 86% ee [Daicel
Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v =1.0 mLemin-1, T =25 °C,
A =254 nm, tg (minor) = 11.172 min, tr (major) = 12.965 min]; [a]p* = -72.45° (¢ = 0.75,
CH>CL,). '"H NMR (600 MHz, CDCls) 8 7.53 (d, J= 2.3 Hz, 1H), 7.32 — 7.29 (m, 3H), 7.28 (s,
1H), 7.27 (d, J=1.9 Hz, 2H), 7.25 (dd, J= 3.1, 1.7 Hz, 2H), 7.24 — 7.20 (m, 2H), 7.15 (dd, J =
8.2,2.3 Hz, 1H), 6.85 (d, J=8.2 Hz, 1H), 5.53 —5.45 (m, 1H), 5.22 - 5.17 (m, 1H), 5.00 — 4.94
(m, 1H), 4.84 — 4.74 (m, 2H), 4.34 (d, /= 14.0 Hz, 1H), 4.11 (d, J = 14.0 Hz, 1H), 3.65 — 3.58
(m, 1H), 3.28 (dd, /= 15.2, 11.2 Hz, 1H), 3.09 (dd, J=15.2, 5.2 Hz, 1H), 2.58 (t, /= 7.8 Hz,
2H), 1.64 — 1.60 (m, 2H), 1.39 — 1.34 (m, 2H), 0.93 (t, J = 7.4 Hz, 3H). *C NMR (151 MHz,
CDCl3) 6 170.95, 143.19, 138.05, 137.43, 137.29, 133.84, 131.57, 131.30, 129.53, 128.57,
128.43, 128.41, 128.20, 127.41, 127.02, 121.05, 119.18, 66.36, 53.74, 50.86, 50.36, 34.79,

33.41,22.43, 13.95. HRMS(ESI) calcd for CsH33N>O [M+H]": 425.2587, Found: 425.2577.
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(R)-1,4-dibenzyl-7-methoxy-2-vinyl-1,2,3,4-tetrahydro-5SH-benzo[e¢][1,4]diazepin-5-one

(5b)
@)
/O NBn
NTN\_—
Bn

R = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Orange oil, 37.0 mg, 93% yield; 88% ee [Daicel
Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v = 1.0 mLemin-1, T =25 °C,
A = 254 nm, tg (minor) = 27.140 min, tg (major) = 35.538 min]; [a]p? = -26.90° (c = 0.75,
CH>CL,). "H NMR (600 MHz, CDCl3)  7.31 (dd, J=17.5, 2.0 Hz, 3H), 7.29 (s, 1H), 7.27 (d, J
=3.0 Hz, 3H), 7.26 — 7.24 (m, 3H), 7.24 — 7.21 (m, 1H), 6.90 (dd, /= 8.7, 3.0 Hz, 1H), 6.87 (d,
J=8.7Hz, 1H), 5.50 - 5.44 (m, 1H), 522 - 5.17 (m, 1H), 5.01 —4.96 (m, 1H), 4.80 (d, J=2.7
Hz, 2H), 4.30 (d,J=13.9 Hz, 1H), 4.07 (d, /= 13.9 Hz, 1H), 3.81 (s, 3H), 3.61 — 3.56 (m, 1H),
3.25(dd,J=15.2, 11.3 Hz, 1H), 3.08 (dd, J= 15.2, 5.4 Hz, 1H). ®*C NMR (151 MHz, CDCI;)
o 170.56, 155.35, 138.56, 138.06, 137.32, 133.61, 132.70, 128.60, 128.43, 128.41, 128.17,
127.47,127.04, 122.51, 119.28, 118.08, 113.73, 66.50, 55.65, 53.88, 50.98, 50.38. HRMS(ESI)

caled for C26H27N20- [M+H]': 399.2068, Found: 399.2058.

(R)-1,4-dibenzyl-7-fluoro-2-vinyl-1,2,3,4-tetrahydro-SH-benzo|¢] [1,4]diazepin-5-one (6b)

O

F NBn
N _
Bn

R = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 36.7 mg, 95% yield; 92% ee [Daicel
Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v = 1.0 mLemin-1, T =25 °C,
A =254 nm, tg (minor) = 16.602 min, tg (major) = 27.280 min]; [a]p® =-117.30 ° (¢ = 0.75,
CH>Cl,). '"H NMR (600 MHz, CDCl3) 8 7.42 (dd, J = 8.6, 3.1 Hz, 1H), 7.30 (dd, J= 7.7, 1.8
Hz, 3H), 7.28 (s, 1H), 7.27 (d, J = 1.6 Hz, 2H), 7.25 (d, J = 2.0 Hz, 2H), 7.25 — 7.20 (m, 2H),
7.03 (td, J= 8.3, 3.1 Hz, 1H), 6.88 (dd, J = 8.8, 4.6 Hz, 1H), 5.51 — 5.41 (m, 1H), 5.25 - 5.18
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(m, 1H), 5.03 — 4.96 (m, 1H), 4.84 (d, J= 14.8 Hz, 1H), 4.74 (d, J= 14.8 Hz, 1H), 431 (d, J =
14.0 Hz, 1H), 4.09 (d, J = 14.0 Hz, 1H), 3.65 — 3.57 (m, 1H), 3.26 (dd, J= 15.3, 11.2 Hz, 1H),
3.12 (dd, J = 15.3, 5.3 Hz, 1H). *C NMR (151 MHz, CDCls) § 169.43, 158.47 (d, J = 242.9
Hz), 14131 (d,J=2.7 Hz), 137.57, 137.06, 133.29, 133.26, 133.21, 128.66, 128.44 (d, /= 17.6
Hz), 128.21, 127.60, 127.21, 122.61 (d, J= 7.7 Hz), 119.63, 118.17 (d, J=22.3 Hz), 116.46 (d,
J=23.9 Hz), 66.60, 53.95, 50.80, 50.42. °F NMR (565 MHz, CDCls)  -120.16. HRMS(ESI)

calcd for CpsH24FN,O [M+H]": 387.1868, Found: 387.1858.

(R)-1,4-dibenzyl-8-fluoro-2-vinyl-1,2,3,4-tetrahydro-SH-benzo|¢][1,4]diazepin-5-one (7b)

(@]
NBn
F N __
Bn

R = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Orange oil, 35.5 mg, 92% yield; 87% ee [Daicel
Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v = 1.0 mLemin-1, T =25 °C,
A = 254 nm, tg (minor) = 17.834 min, tr (major) = 25.655 min]; [a]p* = -22.75° (¢ = 0.75,
CHCl,). "H NMR (600 MHz, CDCl3) 8 7.73 (dd, J = 8.6, 6.8 Hz, 1H), 7.33 — 7.29 (m, 2H),
7.29 (s, 1H), 7.29 — 7.26 (m, 2H), 7.25 (dd, J= 5.3, 2.0 Hz, 3H), 7.23 (q, J= 2.6 Hz, 2H), 6.75
(td, J=8.2,2.4 Hz, 1H), 6.62 (dd, J=10.9, 2.4 Hz, 1H), 5.53 — 5.47 (m, 1H), 5.25 — 5.22 (m,
1H), 5.02 - 4.98 (m, 1H), 4.92 (d, /= 14.8 Hz, 1H), 4.65 (d, J=14.8 Hz, 1H), 4.33 (d, /= 14.2
Hz, 1H), 4.11 (d, /= 14.2 Hz, 1H), 3.69 — 3.64 (m, 1H), 3.33 (dd, J=15.3, 10.8 Hz, 1H), 3.16
(dd, J=15.3, 5.0 Hz, 1H). 3C NMR (151 MHz, CDCl;) & 169.84, 165.06 (d, J = 250.3 Hz),
147.74 (d,J=9.7 Hz), 137.12, 133.55, 132.11 (d, J = 10.3 Hz), 128.65, 128.58, 128.23 (d, J =
7.8 Hz), 127.56, 127.37, 127.29, 126.92 (d, J = 2.9 Hz), 119.69, 119.52, 109.38 (d, J = 21.7
Hz), 108.15 (d,J=23.3 Hz), 66.84, 53.84, 50.62, 50.56. "’"F NMR (565 MHz, CDCl3) 5 -108.10.

HRMS(ESI) caled for CasH2sFN>O [M+H]": 387.1868, Found: 387.1859.
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(R)-1,4-dibenzyl-8-chloro-2-vinyl-1,2,3,4-tetrahydro-5H-benzo|e][1,4]diazepin-5-one (8b)

(@]
NBn

Cl N
Bn

R = 0.40 (petroleum/EtOAc = 4 : 1, v/v); colorless oil, 38.6 mg, 96% yield; 94% ee [Daicel
Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 70/30, v =1.0 mLemin-1, T =25 °C,
A =254 nm, tg (minor) = 12.257 min, tr (major) = 16.315 min]; [a]p* = -25.80° (¢ = 0.75,
CH>Cl,). '"H NMR (600 MHz, CDCls) § 7.66 (d, J = 8.3 Hz, 1H), 7.31 (d, J= 6.8 Hz, 1H), 7.30
(s, 1H), 7.29 — 7.26 (m, 3H), 7.25 (d, J= 1.3 Hz, 3H), 7.24 (dd, /= 3.9, 1.9 Hz, 2H), 7.04 (dd,
J=28.2,2.0 Hz, 1H), 6.92 (d, J= 2.0 Hz, 1H), 5.52 — 5.44 (m, 1H), 5.26 — 5.21 (m, 1H), 5.01 —
4.95 (m, 1H), 4.87 (d, J = 14.8 Hz, 1H), 4.67 (d, J = 14.8 Hz, 1H), 4.34 (d, J = 14.0 Hz, 1H),
4.11 (d, J=14.0 Hz, 1H), 3.67 — 3.60 (m, 1H), 3.30 (dd, /= 15.3, 11.0 Hz, 1H), 3.13 (dd, J =
15.3, 5.1 Hz, 1H). *C NMR (151 MHz, CDCl3) & 169.73, 146.84, 137.53, 137.13, 137.01,
133.36,131.30, 129.51, 128.66, 128.58, 128.37,128.22, 127.59, 127.33, 122.67,121.32, 119.80,
66.53, 53.78, 50.58, 50.49. HRMS(ESI) calcd for CysH24CIN,O [M+H]": 403.1572, Found:

403.1562.

(R)-1,4-dibenzyl-7-bromo-2-vinyl-1,2,3,4-tetrahydro-5H-benzo|e][1,4]diazepin-5-one (9b)

O

Br NBn
N—\__
Bn

R = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 41.0 mg, 92% yield; 94% ee [Daicel
Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v=1.0 mLemin-1, T =25 °C,
A = 254 nm, tg (minor) = 15.426 min, tr (major) = 20.121 min]; [a]p* = -26.25° (¢ = 0.75,
CH>Cl,). '"H NMR (600 MHz, CDCls) 8 7.83 (d, /= 2.5 Hz, 1H), 7.41 (dd, J = 8.6, 2.5 Hz, 1H),
7.30 (d, J=6.9 Hz, 3H), 7.28 (s, 1H), 7.27 (d, J= 5.0 Hz, 2H), 7.26 — 7.21 (m, 4H), 6.79 (d, J
=8.6 Hz, 1H), 5.51 — 5.43 (m, 1H), 5.25 - 5.20 (m, 1H), 5.04 —4.98 (m, 1H), 4.87 (d, J= 14.8
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Hz, 1H), 4.70 (d, J = 14.8 Hz, 1H), 4.33 (d, J= 14.2 Hz, 1H), 4.11 (d, J = 14.2 Hz, 1H), 3.69 -
3.61 (m, 1H), 3.29 (dd, J = 15.3, 10.9 Hz, 1H), 3.15 (dd, J = 15.3, 5.1 Hz, 1H). 13C NMR (151
MHz, CDCL) § 169.14, 144.33, 137.29, 136.99, 134.35, 133.45, 132.94, 132.74, 128.68, 128.56,
128.25,128.20, 127.62, 127.27, 122.81, 119.68, 115.23, 66.77, 53.74, 50.59, 50.51. HRMS(ESI)

calcd for CosH24BrN,O [M+H]*: 447.1067, Found: 447.1057.

(R)-1,4-dibenzyl-8-bromo-2-vinyl-1,2,3,4-tetrahydro-5H-benzo|e][1,4]diazepin-5-one

(10b)
(@)
NBn
Br N _
Bn

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 40.1 mg, 90% yield; 95% ee [Daicel
Chiralcel [1A-3 (4.6 mm x 250 mmL), n-hexane/2-propanol = 60/40, v = 1.0 mLemin-1, T =
25 °C, A = 254 nm, tr (minor) = 40.730 min, tg (major) = 15.617 min]; [a]p® = -95.73° (c =
0.75, CH>Cl). "H NMR (600 MHz, CDCl3) § 7.60 (d, J = 8.2 Hz, 1H), 7.39 — 7.31 (m, 3H),
7.31 (s, 1H), 7.30 — 7.26 (m, 4H), 7.25 (d, J = 2.8 Hz, 2H), 7.22 (dd, /= 8.2, 1.8 Hz, 1H), 7.09
(d, /=19 Hz, 1H), 5.52 — 5.45 (m, 1H), 5.26 — 5.22 (m, 1H), 5.02 —4.97 (m, 1H), 4.87 (d, J=
14.8 Hz, 1H), 4.69 (d, J= 14.7 Hz, 1H), 4.35 (d, J= 14.0 Hz, 1H), 4.12 (d, /= 14.0 Hz, 1H),
3.67-3.61 (m, 1H), 3.31 (dd, J=15.3, 11.1 Hz, 1H), 3.13 (dd, J=15.3, 5.1 Hz, 1H). *C NMR
(151 MHz, CDCl3) 6 169.78, 146.93, 137.12, 136.99, 133.31, 131.43, 130.04, 128.67, 128.59,
128.41, 128.23, 127.60, 127.36, 125.90, 125.65, 124.30, 119.87, 66.50, 53.78, 50.57, 50.48.

HRMS(ESI) calcd for CosH24BrN,O [M+H]*: 447.1067, Found: 447.1057.

(R)-1,4-dibenzyl-7-phenyl-2-vinyl-1,2,3,4-tetrahydro-5H-benzo|e][1,4]diazepin-5-one

(11b)
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J_J

N
Bn

R¢ = 0.40 (petroleum/EtOAc = 4 : 1, v/v); colorless oil, 41.3 mg, 93% yield; 92% ee [Daicel
Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 70/30, v = 1.0 mLemin-1, T =25 °C,
A = 254 nm, tg (minor) = 23.255 min, tg (major) = 15.547 min]; [a]p? = -15.65° (c = 0.75,
CHCL). '"H NMR (600 MHz, CDCl3)  8.00 (d, J=2.4 Hz, 1H), 7.61 (dd, J= 8.3, 1.3 Hz, 2H),
7.60 — 7.56 (m, 1H), 7.42 (t, J = 7.7 Hz, 2H), 7.34 — 7.32 (m, 2H), 7.31 (d, J = 1.3 Hz, 2H),
7.30 (d, J=4.1 Hz, 3H), 7.29 — 7.27 (m, 1H), 7.27 (s, 1H), 7.25 (d, J = 6.7 Hz, 2H), 7.01 (d, J
=8.3 Hz, 1H), 5.57 - 5.51 (m, 1H), 5.26 — 5.21 (m, 1H), 5.04 —4.99 (m, 1H), 4.89 (d, J=14.8
Hz, 1H), 4.77 (d, J = 14.8 Hz, 1H), 4.43 (d, /= 14.1 Hz, 1H), 4.18 (d, /= 14.1 Hz, 1H), 3.72 -
3.66 (m, 1H), 3.38 (dd, J=15.3, 11.0 Hz, 1H), 3.17 (dd, J = 15.3, 5.1 Hz, 1H). ®C NMR (151
MHz, CDCl;) 8 170.63, 144.76, 139.97, 137.74, 137.26, 135.31, 133.84, 131.46, 130.03, 128.76,
128.69, 128.64, 128.54, 128.52, 128.36, 128.20, 127.51, 127.23, 127.16, 127.07, 126.69,
121.50, 119.42, 66.66, 53.77, 50.76, 50.49. HRMS(ESI) caled for C3HxN>O [M+H]":

445.2275, Found: 445.2265.

(R)-1,4-dibenzyl-7-(p-tolyl)-2-vinyl-1,2,3,4-tetrahydro-5H-benzo|e][1,4]diazepin-5-one
(12b)

DU
L7

N
Bn

R = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 42.6 mg, 93% yield; 92% ee [Daicel
Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 60/40, v = 1.0 mLemin-1, T =25 °C,
A = 254 nm, tr (minor) = 25.595 min, tr (major) = 13.119 min]; [o]p*® = -40.73° (¢ = 0.75,
CH>Cl,). '"H NMR (600 MHz, CDCls) 8 7.98 (d,J=2.3 Hz, 1H), 7.57 (dd, J = 8.3, 2.4 Hz, 1H),
7.51(d,J=8.1 Hz, 2H), 7.33 - 7.32 (m, 1H), 7.31 (d, /=2.0 Hz, 2H), 7.30 (s, 1H), 7.30 — 7.26
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(m, 4H), 7.26 — 7.24 (m, 2H), 7.23 (d, J = 7.9 Hz, 2H), 7.00 (d, J = 8.3 Hz, 1H), 5.57 - 5.50 (m,
1H), 5.24 — 5.21 (m, 1H), 5.04 — 4.98 (m, 1H), 4.88 (d, J= 14.8 Hz, 1H), 4.77 (d, J= 14.8 Hz,
1H), 4.42 (d, J = 14.1 Hz, 1H), 4.17 (d, J = 14.1 Hz, 1H), 3.72 — 3.65 (m, 1H), 3.37 (dd, J =
15.3, 11.0 Hz, 1H), 3.16 (dd, J = 15.3, 5.1 Hz, 1H), 2.39 (s, 3H). 3C NMR (151 MHz, CDCl)
§ 170.70, 144.50, 137.79, 137.29, 137.08, 136.81, 135.31, 133.85, 131.47, 129.82, 129.49,
128.63, 128.50, 128.38, 128.26, 128.20, 127.49, 127.14, 126.52, 121.49, 119.39, 66.61, 53.77,

50.77, 50.47, 21.09. HRMS(ESI) calcd for C3;H31N,O [M+H]": 459.2431, Found: 459.2423.

(R)-1,4-dibenzyl-7-(o-tolyl)-2-vinyl-1,2,3,4-tetrahydro-SH-benzo|e][1,4] diazepin-5-one
(13b)

LS

(7

N __
Bn

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 42.6 mg, 93% yield; 93% ee [Daicel
Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 70/30, v = 1.0 mLemin-1, T =25 °C,
A =254 nm, tg (minor) = 10.920 min, tz (major) = 14.338 min]; [a]p* = -175.6° (¢ = 0.75,
CH>Cly). '"H NMR (600 MHz, CDCl3) 8 7.72 (d, J = 2.3 Hz, 1H), 7.34 — 7.31 (m, 3H), 7.31 (s,
1H), 7.31 —7.26 (m, 5H), 7.25 (dd, J = 3.6, 2.0 Hz, 3H), 7.24 (d, /= 1.9 Hz, 2H), 7.23 — 7.21
(m, 1H), 6.99 (d, J = 8.2 Hz, 1H), 5.58 — 5.52 (m, 1H), 5.25 — 5.21 (m, 1H), 5.03 — 4.97 (m,
1H), 4.88 (d, /= 14.8 Hz, 1H), 4.73 (d, /= 14.8 Hz, 1H), 4.43 (d, /= 14.0 Hz, 1H), 4.18 (d, J
=14.0 Hz, 1H), 3.71 — 3.64 (m, 1H), 3.39 (dd, J=15.3, 11.1 Hz, 1H), 3.17 (dd, /=153, 5.1
Hz, 1H), 2.33 (s, 3H). *C NMR (151 MHz, CDCls) § 170.60, 144.40, 140.78, 137.80, 137.30,
136.14, 135.38, 133.83, 132.44, 130.89, 130.68, 130.40, 129.87, 128.61, 128.49, 128.46,
128.24, 127.47, 127.20, 127.13, 125.81, 120.75, 119.39, 66.39, 53.78, 50.84, 50.49, 20.60.

HRMS(ESI) calcd for C3;H31N,O [M+H]": 459.2431, Found: 459.2422.
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(R)-1,4-dibenzyl-7-(4-methoxyphenyl)-2-vinyl-1,2,3,4-tetrahydro-5SH-benzo|e][1,4]diaze-
pin-5-one (14b)

O

oy

N __
Bn

Rr=0.40 (petroleum/EtOAc =4 : 1, v/v); Dark green oil, 43.6 mg, 92% yield; 91% ee [Daicel
Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 65/35, v=1.0 mLemin-1, T =25 °C,
A = 254 nm, tg (minor) = 35.008 min, tg (major) = 23.326 min]; [a]p? = -62.47° (c = 0.75,
CH>CL,). '"H NMR (600 MHz, CDCl3) 4 7.94 (d, J=2.3 Hz, 1H), 7.54 (dd, J = 8.6, 2.5 Hz, 3H),
7.35-7.30 (m, 3H), 7.30 (s, 1H), 7.29 — 7.26 (m, 3H), 7.26 — 7.23 (m, 3H), 6.99 (d, J = 8.4 Hz,
1H), 6.96 (d, J = 8.7 Hz, 2H), 5.58 — 5.49 (m, 1H), 5.25 — 5.20 (m, 1H), 5.04 —4.98 (m, 1H),
4.88 (d,J=14.8 Hz, 1H), 4.77 (d, /= 14.8 Hz, 1H), 4.41 (d, /= 14.1 Hz, 1H), 4.16 (d, /= 14.1
Hz, 1H), 3.85 (s, 3H), 3.71 — 3.65 (m, 1H), 3.37 (dd, J=15.3, 11.0 Hz, 1H), 3.16 (dd, J=15.3,
5.1 Hz, 1H). "C NMR (151 MHz, CDCls) & 170.70, 159.02, 144.17, 137.82, 137.31, 135.06,
133.86, 132.59, 131.54, 129.57, 128.62, 128.49, 128.37, 128.19, 128.00, 127.72, 127.48,
127.12, 121.51, 119.36, 114.22, 66.62, 55.34, 53.76, 50.79, 50.46. HRMS(ESI) calcd for

CsH31NL O, [M+H]+i 475.2381, Found: 475.2377.

(R)-1,4-dibenzyl-8-(2-methoxyphenyl)-2-vinyl-1,2,3,4-tetrahydro-5SH-benzo|e] [1,4]diaze-

pin-5-one (15b)

R = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 44.1 mg, 93% yield; 92% ee [Daicel
Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 70/30, v = 1.0 mLemin-1, T =25 °C,
A = 254 nm, tg (minor) = 17.323 min, tr (major) = 23.123 min]; [a]p* = -80.45° (¢ = 0.75,
CH>Cly). '"H NMR (600 MHz, CDCl3) 8 7.77 (d, J = 7.9 Hz, 1H), 7.35 — 7.31 (m, 4H), 7.31 (s,
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1H), 7.31 — 7.26 (m, 3H), 7.26 — 7.24 (m, 4H), 7.23 (dd, J= 7.5, 1.8 Hz, 1H), 7.12 (d, J = 1.6
Hz, 1H), 7.02 (td, J = 7.5, 1.1 Hz, 1H), 6.98 (d, J = 8.3 Hz, 1H), 5.58 — 5.51 (m, 1H), 5.22 —
5.18 (m, 1H), 5.03 —4.97 (m, 1H), 4.89 (d, J= 14.8 Hz, 1H), 4.77 (d, J= 14.8 Hz, 1H), 4.44 (d,
J=14.1 Hz, 1H), 4.16 (d, J = 14.1 Hz, 1H), 3.76 (s, 3H), 3.69 — 3.64 (m, 1H), 3.39 (dd, J =
15.2, 11.1 Hz, 1H), 3.15 (dd, J = 15.2, 5.1 Hz, 1H). *C NMR (151 MHz, CDCls) & 170.78,
156.53, 145.16, 142.04, 138.03, 137.38, 133.93, 130.67, 130.09, 129.68, 129.56, 129.05,
128.60, 128.48, 128.46, 128.19, 127.44, 127.09, 123.87, 122.61, 120.92, 119.21, 111.54, 66.51,
55.65, 53.81, 50.80, 50.41. HRMS(ESI) caled for CsHsNoOo[M+H]": 475.2381, Found:

475.2383.

(R)-1,4-dibenzyl-8-(2,6-dimethoxyphenyl)-2-vinyl-1,2,3,4-tetrahydro-5SH-benzo|e][1,4] di-

azepin-5-one (16b)

R¢=0.40 (petroleum/EtOAc =4 : 1, v/v); White oil, 47.3 mg, 94% yield; 91% ee [Daicel Chi-
ralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 60/40, v=1.0 mLemin-1, T=25 °C, A=
254 nm, tg (minor) = 13.686 min, tr (major) = 20.212 min]; [a]p? = -175.6° (¢ = 0.75, CH2CL).
"H NMR (600 MHz, CDCl;) 6 7.76 (d, J = 7.8 Hz, 1H), 7.32 (t, J = 1.4 Hz, 1H), 7.31 (s, 1H),
7.30 (d, J= 2.5 Hz, 4H), 7.29 — 7.26 (m, 2H), 7.26 — 7.22 (m, 3H), 7.10 (dd, J = 7.8, 1.5 Hz,
1H), 6.98 (d, J = 1.5 Hz, 1H), 6.64 (d, J = 8.4 Hz, 2H), 5.59 — 5.52 (m, 1H), 5.22 — 5.17 (m,
1H), 5.02 — 4.96 (m, 1H), 4.86 —4.79 (m, 2H), 4.40 (d, /= 14.1 Hz, 1H), 4.13 (d, /= 14.0 Hz,
1H), 3.67 (s, 6H), 3.67 — 3.64 (m, 1H), 3.41 (dd, J=15.2, 11.1 Hz, 1H), 3.14 (dd, J=15.2, 5.2
Hz, 1H). "'CNMR (151 MHz, CDCl3) § 170.99, 157.64, 144.99, 138.22, 137.88, 137.47, 134.04,
129.38,129.07, 128.97,128.57,128.51, 128.40, 128.14, 127.37, 126.96, 125.44, 124.12, 119.09,
119.04, 104.46, 66.13, 55.93, 53.69, 50.79, 50.36. HRMS(ESI) calcd for C33H33N>03; [M+H]™:

505.2486, Found: 505.2474.
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(R)-1,4-dibenzyl-7-(4-fluorophenyl)-2-vinyl-1,2,3,4-tetrahydro-5H-benzo|e] [1,4]diazepin-
5-one (17b)

T3

o0

NTN\__—
Bn

R¢=0.40 (petroleum/EtOAc =4 : 1, v/v); Dark green oil, 43.0 mg, 93% yield; 91% ee [Daicel
Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v = 1.0 mLemin-1, T =25 °C,
A = 254 nm, tgx (minor) = 23.603 min, tg (major) = 17.089 min]; [a]p> = -28.50° (c = 0.75,
CHCL,). '"H NMR (600 MHz, CDCl3) 6 7.93 (d,J = 2.4 Hz, 1H), 7.56 (d, J = 5.3 Hz, 1H), 7.55
(d, J=5.3 Hz, 1H), 7.52 (dd, J = 8.3, 2.4 Hz, 1H), 7.34 — 7.31 (m, 3H), 7.30 (s, 1H), 7.29 —
7.27 (m, 3H), 7.27 - 7.26 (m, 1H), 7.25 (d, J= 5.3 Hz, 2H), 7.10 (t, /= 8.7 Hz, 2H), 7.00 (d, J
=8.3 Hz, 1H), 5.58 — 5.50 (m, 1H), 5.26 — 5.21 (m, 1H), 5.05 - 5.00 (m, 1H), 4.90 (d, J=14.8
Hz, 1H), 4.76 (d, J = 14.8 Hz, 1H), 4.42 (d, /= 14.2 Hz, 1H), 4.17 (d, /=142 Hz, 1H), 3.72 -
3.66 (m, 1H), 3.37 (dd, J=15.3, 10.9 Hz, 1H), 3.18 (dd, J = 15.3, 5.1 Hz, 1H). *C NMR (151
MHz, CDCl3) 6 170.52, 162.34 (d, J = 246.0 Hz), 144.70, 137.45 (d, /= 68.7 Hz), 136.14 (d, J
= 3.3 Hz), 134.32, 133.81, 131.49, 129.87, 128.59 (d, J = 17.7 Hz), 128.43, 128.35, 128.32,
128.25, 128.20, 128.17, 127.54, 127.17, 121.54, 119.45, 115.61 (d, J=21.3 Hz), 66.73, 53.77,
50.76, 50.52. F NMR (565 MHz, CDCl;) 8 -116.04. HRMS(ESI) calcd for C3HxsFN,O

[M+H]": 463.2181, Found: 463.2169.

(R)-1,4-dibenzyl-7-(4-chlorophenyl)-2-vinyl-1,2,3,4-tetrahydro-5H-benzo|e][1,4]diaze-
pin-5-one (18b)
Cl 0

l oo

N
Bn

_—

R¢=0.40 (petroleum/EtOAc = 4 : 1, v/v); Dark green oil, 45.4 mg, 95% yield; 88% ee [Daicel

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v =1.0 mLemin-1, T =25 °C,
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A = 254 nm, tg (minor) = 21.607 min, tg (major) = 17.476 min]; [a]p? = -35.25° (¢ = 0.75,
CHCL,). "H NMR (600 MHz, CDCls) 4 7.95 (d, J = 2.4 Hz, 1H), 7.56 — 7.53 (m, 1H), 7.53 —
7.50 (m, 2H), 7.40 — 7.36 (m, 2H), 7.32 (t, J = 2.0 Hz, 1H), 7.32 — 7.30 (m, 2H), 7.30 (s, 1H),
7.29 —7.26 (m, 4H), 7.26 — 7.22 (m, 2H), 7.00 (d, J = 8.4 Hz, 1H), 5.58 — 5.49 (m, 1H), 5.26 —
5.22 (m, 1H), 5.05 —5.00 (m, 1H), 4.90 (d, /= 14.8 Hz, 1H), 4.75 (d, J=14.8 Hz, 1H), 4.42 (d,
J=14.2 Hz, 1H), 4.18 (d, /= 14.2 Hz, 1H), 3.73 — 3.67 (m, 1H), 3.37 (dd, J = 15.3, 10.9 Hz,
1H), 3.19 (dd, J = 15.3, 5.0 Hz, 1H). '*C NMR (151 MHz, CDCls) & 170.44, 145.01, 138.44,
137.61,137.19,133.92,133.80, 133.11, 131.46, 129.84, 128.91, 128.65, 128.54, 128.46, 128.30,
128.21, 127.89, 127.55, 127.19, 121.55, 119.48, 66.76, 53.77, 50.73, 50.54. HRMS(ESI) calcd

for C31HasCIN,O [M+H]": 479.1885, Found: 479.1877.

(R)-1,4-dibenzyl-7-(2-chlorophenyl)-2-vinyl-1,2,3,4-tetrahydro-5H-benzo|e]|1,4]diaze-

pin-5-one (19b)

CIO
I{

N
Bn

_—

Re= 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 44.9 mg, 94% yield; 95% ee [Daicel
Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 60/40, v =1.0 mLemin-1, T = 25 °C,
A = 254 nm, tg (minor) = 36.773 min, tr (major) = 41.401 min]; [a]p* = -62.10° (¢ = 0.75,
CHCl,). '"H NMR (600 MHz, CDCl3) 4 7.84 (d, J=2.3 Hz, 1H), 7.49 (dd, J= 8.3, 2.3 Hz, 1H),
7.46 (dd, J=17.8, 1.4 Hz, 1H), 7.39 (dd, J=7.5, 1.8 Hz, 1H), 7.33 (s, 1H), 7.31 (dd, /=6.5, 3.9
Hz, 3H), 7.29 (d, J=2.1 Hz, 2H), 7.29 — 7.26 (m, 3H), 7.25 — 7.23 (m, 3H), 6.99 (d, /= 8.3 Hz,
1H), 5.60 — 5.52 (m, 1H), 5.26 — 5.21 (m, 1H), 5.04 — 4.98 (m, 1H), 4.90 (d, J = 14.8 Hz, 1H),
4.72 (d,J=14.8 Hz, 1H), 4.44 (d,J=14.1 Hz, 1H), 4.19 (d, /= 14.1 Hz, 1H), 3.73 — 3.66 (m,
1H), 3.41 (dd, J = 15.3, 10.9 Hz, 1H), 3.18 (dd, J = 15.3, 5.0 Hz, 1H). *C NMR (151 MHz,
CDCl3) 6 170.43, 145.09, 139.40, 137.68, 137.24, 133.86, 132.77, 132.44, 131.41, 131.14,

130.01, 128.62, 128.51, 128.42, 128.39, 128.24, 127.49,127.16, 126.88, 120.50, 119.42, 66.51,
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53.76, 50.75, 50.54. HRMS(ESI) caled for C3H23CIN,O [M+H]": 479.1885, Found: 479.1879.

(R)-1,4-dibenzyl-7-(naphthalen-1-yl)-2-vinyl-1,2,3,4-tetrahydro-5H-benzo|e][1,4]diaze-

pin-5-one (20b)

Bn
R = 0.40 (petroleum/EtOAc = 4 : 1, v/v); colorless oil, 45.0 mg, 91% yield; 92% ee [Daicel

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 70/30, v =1.0 mLemin-1, T =25 °C,
A =254 nm, tg (minor) = 13.016 min, trx (major) = 22.227 min]; [a]p* = -14.95° (¢ = 0.75,
CH,Cl,). "H NMR (600 MHz, CDCls) 8 7.98 (d, J = 8.3 Hz, 1H), 7.93 — 7.87 (m, 2H), 7.84 (d,
J=28.1 Hz, 1H), 7.53 — 7.48 (m, 3H), 7.47 — 7.43 (m, 2H), 7.34 (d, J = 3.1 Hz, 2H), 7.33 (s,
2H), 7.32 (d, J=2.4 Hz, 1H), 7.31 (d, /= 2.1 Hz, 1H), 7.31 — 7.26 (m, 2H), 7.25 (s, 1H), 7.24
(d, J=1.8 Hz, 1H), 7.07 (d, J = 8.2 Hz, 1H), 5.64 — 5.55 (m, 1H), 5.29 — 5.24 (m, 1H), 5.06 —
5.00 (m, 1H), 4.89 (d, J = 14.8 Hz, 1H), 4.75 (d, J = 14.8 Hz, 1H), 4.47 (d, J = 14.1 Hz, 1H),
4.22 (d,J=14.1 Hz, 1H), 3.74 — 3.69 (m, 1H), 3.46 (dd, J=15.3, 11.0 Hz, 1H), 3.21 (dd, J =
15.3, 5.1 Hz, 1H). *C NMR (151 MHz, CDCls) § 170.55, 144.84, 139.17, 137.77, 137.29,
134.93, 133.89, 133.83, 133.29, 131.53, 131.47, 131.16, 128.62, 128.54, 128.46, 128.31,
128.26, 127.64, 127.50, 127.18, 127.06, 126.07, 125.96, 125.75, 125.40, 120.93, 119.47, 66.49,

53.83, 50.86, 50.53. HRMS(ESI) calcd for C3sH31N,O [M+H]": 495.2431, Found: 495.2422.

(R)-8-(|1,1'-biphenyl]-3-yl)-1,4-dibenzyl-2-vinyl-1,2,3,4-tetrahydro-5H-benzo|e] [1,4]diaz-

epin-5-one (21b)
0

SO eSi
) e
Bn
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R¢ = 0.40 (petroleum/EtOAc = 4 : 1, v/v); colorless oil, 48.4 mg, 93% yield; 92% ee [Daicel
Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 60/40, v = 1.0 mLemin-1, T =25 °C,
A = 254 nm, tg (minor) = 10.821 min, tg (major) = 14.387 min]; [a]p? = -30.40° (c = 0.75,
CHCL). '"H NMR (600 MHz, CDCl3) 4 7.70 (d, J= 7.8 Hz, 1H), 7.46 — 7.40 (m, 4H), 7.28 (dd,
J=28.0, 6.2 Hz, 2H), 7.26 — 7.23 (m, 3H), 7.23 — 7.20 (m, 4H), 7.19 (s, 1H), 7.16 — 7.14 (m,
2H), 7.14 - 7.12 (m, 2H), 7.12 — 7.09 (m, 2H), 6.54 (d, J = 1.6 Hz, 1H), 5.12 — 5.05 (m, 2H),
4.85-4.79 (m, 1H), 4.75 (s, 2H), 3.75 — 3.68 (m, 2H), 3.52 — 3.46 (m, 1H), 3.20 (dd, J=15.2,
11.4 Hz, 1H), 3.01 (dd, J = 15.2, 5.3 Hz, 1H). C NMR (151 MHz, CDCls) § 170.64, 145.21,
144.87,141.57,140.72,139.88, 137.77,137.24, 133.46, 130.65, 130.11, 129.89, 129.77, 129.52,
128.57, 128.51, 128.35, 128.15, 128.05, 127.87, 127.60, 127.41, 127.00, 126.49, 124.13,
123.78, 119.10, 65.54, 53.24, 50.75, 50.32. HRMS(ESI) calcd for Cs;H33N.O [M+H]":

521.2588, Found: 521.2580.

(R)-8-([1,1'-biphenyl]-4-yl)-1,4-dibenzyl-2-vinyl-1,2,3,4-tetrahydro-5H-benzo[e][1,4] diaz-
epin-5-one (22b)

O

O NBn
N/<¢
Bn

R¢=0.40 (petroleum/EtOAc =4 : 1, v/v); White oil, 47.8 mg, 92% yield; 91% ee [Daicel Chi-
ralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 60/40, v = 1.0 mLemin-1, T =25 °C, A=
254 nm, tg (minor) = 17.024 min, tg (major) = 19.583 min]; [a]p> = -22.60° (¢ = 0.75, CH>CL).
"H NMR (600 MHz, CDCls) 8 7.81 (d, J = 7.9 Hz, 1H), 7.67 (d, J = 8.3 Hz, 2H), 7.64 (d, J =
7.0 Hz, 2H), 7.59 (d, J = 8.3 Hz, 2H), 7.46 (t, J = 7.8 Hz, 2H), 7.39 — 7.34 (m, 2H), 7.32 (d, J
=4.4Hz, 6H), 7.28 (dd, J= 8.4, 2.5 Hz, 2H), 7.24 (d, /= 8.2 Hz, 2H), 7.17 (s, 1H), 5.58 - 5.51
(m, 1H), 5.24 — 5.21 (m, 1H), 5.04 — 5.00 (m, 1H), 4.91 (d, /= 14.7 Hz, 1H), 4.75 (d, /= 14.7
Hz, 1H), 4.49 (d, J = 14.0 Hz, 1H), 4.21 (d, /= 14.0 Hz, 1H), 3.72 — 3.67 (m, 1H), 3.39 (dd, J
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=15.3, 11.1 Hz, 1H), 3.17 (dd, J = 15.3, 5.1 Hz, 1H). *C NMR (151 MHz, CDCl5) § 170.59,
145.87, 144.10, 140.73, 140.58, 139.49, 137.78, 137.31, 133.80, 130.56, 130.19, 128.85,
128.63, 128.53, 128.45, 128.22, 127.54, 127.50, 127.48, 127.20, 127.07, 127.05, 121.29,
120.03, 119.44, 66.71, 53.94, 50.80, 50.46. HRMS(ESI) calcd for CsHzsN,O [M+H]':

521.2588, Found: 521.2586.

(R)-8-(anthracen-9-yl)-1,4-dibenzyl-2-vinyl-1,2,3,4-tetrahydro-SH-benzo[e][1,4] diazepin-

5-one (23b)

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 49.5 mg, 91% yield; 90% ee [Daicel
Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 70/30, v = 1.0 mLemin-1, T =25 °C,
A = 254 nm, tg (minor) = 18.187 min, tr (major) = 26.311 min]; [a]p* = -60.27° (¢ = 0.75,
CH>Cl,). '"H NMR (600 MHz, CDCl;) & 8.52 — 8.42 (m, 1H), 8.04 (d, J = 8.5 Hz, 1H), 8.01 (d,
J=8.5Hz, 1H),7.93 (d,J=7.7 Hz, 1H), 7.60 (d, J= 8.9 Hz, 1H), 7.48 — 7.41 (m, 3H), 7.40 (s,
1H), 7.33 (dt, J=10.5, 7.7 Hz, 4H), 7.31 — 7.27 (m, 3H), 7.27 - 7.27 (m, 1H), 7.23 (dd, /= 6.8,
1.9 Hz, 2H), 7.22 - 7.19 (m, 1H), 7.13 (dd, /= 7.6, 1.5 Hz, 1H), 6.99 (d, /= 1.6 Hz, 1H), 5.62
—5.56 (m, 1H), 5.21 — 5.17 (m, 1H), 5.08 — 5.03 (m, 1H), 5.03 (d, /= 8.2 Hz, 1H), 4.82 (d, J =
14.7 Hz, 1H), 4.35 (d, J = 14.5 Hz, 1H), 4.05 (d, J = 14.5 Hz, 1H), 3.80 — 3.74 (m, 1H), 3.56
(dd, J = 15.3, 10.8 Hz, 1H), 3.31 (dd, J = 15.3, 5.1 Hz, 1H). *C NMR (151 MHz, CDCls) §
170.70, 144.93, 142.37, 137.66, 137.42, 136.08, 133.92, 131.29, 131.24, 130.63, 130.00,
129.91, 129.83, 128.69, 128.59, 128.44, 128.27, 128.23, 128.15, 127.58, 127.03, 126.79,
126.58, 126.40, 125.71, 125.68, 125.47, 125.19, 125.02, 124.31, 119.37, 67.63, 53.83, 51.07,

50.58. HRMS(ESI) calcd for C39H33N,0 [M+H]": 545.2588, Found: 545.2578.
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(R)-1,4-dibenzyl-7-(6-methoxypyridin-3-yl)-2-vinyl-1,2,3,4-tetrahydro-5H-

benzo|e][1,4]diazepin-5-one (24b)

/O | N\ o
P NBn
N __
Bn

R¢=0.40 (petroleum/EtOAc =4 : 1, v/v); Drak green oil, 43.2 mg, 91% yield; 91% ee [Daicel
Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 75/25, v =1.0 mLemin-1, T =25 °C,
A = 254 nm, tg (minor) = 40.432 min, tg (major) = 36.747 min]; [a]p? = -23.25° (¢ = 0.75,
CHCl,). '"H NMR (600 MHz, CDCls) & 8.38 (d, J= 2.5 Hz, 1H), 7.90 (d, J = 2.4 Hz, 1H), 7.80
(dd, J= 8.6, 2.6 Hz, 1H), 7.50 (dd, J= 8.3, 2.4 Hz, 1H), 7.32 (d, /=2.4 Hz, 1H), 7.31 (d, J =
1.8 Hz, 2H), 7.30 (s, 1H), 7.29 — 7.26 (m, 3H), 7.26 — 7.23 (m, 3H), 7.01 (d, J = 8.4 Hz, 1H),
6.80 (d, J = 8.6 Hz, 1H), 5.57 — 5.49 (m, 1H), 5.25 — 5.20 (m, 1H), 5.05 —4.99 (m, 1H), 4.91
(d,/J=14.8 Hz, 1H),4.74 (d, /= 14.8 Hz, 1H), 4.42 (d, /= 14.2 Hz, 1H), 4.17 (d, /= 14.2 Hz,
1H), 3.98 (s, 3H), 3.72 — 3.66 (m, 1H), 3.38 (dd, /= 15.3, 10.9 Hz, 1H), 3.18 (dd, /= 15.3, 5.0
Hz, 1H). ®*CNMR (151 MHz, CDCl3) 8 170.44, 163.48, 144.74, 144.61, 137.64, 137.19, 137.11,
133.78,132.06, 131.67, 129.55, 129.06, 128.65, 128.53,128.32, 128.21, 128.11, 127.55, 127.18,
121.70, 119.47, 110.76, 66.76, 53.76, 53.54, 50.76, 50.54. HRMS(ESI) calcd for C31H30N30:

[M+H]": 476.2333, Found: 476.2323.

(R)-1,4-dibenzyl-8-(furan-2-yl)-2-vinyl-1,2,3,4-tetrahydro-5H-benzo|e][1,4]diazepin-5-

one (25b)
0]
NBn
x
NTN\_—
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R = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Orange oil, 40.4 mg, 93% yield; 89% ee [Daicel
Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 60/40, v = 1.0 mLemin-1, T =25 °C,
A = 254 nm, tg (minor) = 13.514 min, tg (major) = 15.032 min]; [o]p** = -90.50° (¢ = 0.75,
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CH,CL). 'H NMR (600 MHz, CDCLs) & 7.74 (d, J = 8.0 Hz, 1H), 7.48 (d, J = 1.8 Hz, 1H), 7.37
(dd, /= 8.0, 1.6 Hz, 1H), 7.31 (s, 1H), 7.30 (q, J = 2.5 Hz, 4H), 7.27 (d, J = 1.6 Hz, 2H), 7.25
(d, J = 2.4 Hz, 2H), 7.25 — 7.22 (m, 2H), 6.68 (d, J = 3.4 Hz, 1H), 6.48 (dd, J= 3.4, 1.8 Hz,
1H), 5.56 — 5.48 (m, 1H), 5.24 — 5.20 (m, 1H), 5.02 — 4.96 (m, 1H), 4.85 (d, J = 14.8 Hz, 1H),
4.74 (d, J= 14.8 Hz, 1H), 4.45 (d, J= 13.9 Hz, 1H), 4.19 (d, J = 13.9 Hz, 1H), 3.68 — 3.63 (m,
1H), 3.34 (dd, J = 15.3, 11.2 Hz, 1H), 3.12 (dd, J = 15.2, 5.2 Hz, 1H). 3C NMR (151 MHz,
CDCls) § 170.41, 153.30, 146.17, 142.60, 137.73, 137.24, 133.90, 133.69, 130.50, 130.07,
128.62, 128.50, 128.22, 127.49, 127.18, 119.49, 118.07, 116.36, 111.87, 106.35, 66.36, 53.84,

50.76, 50.42. HRMS(ESI) caled for C29H27N20, [M+H]": 435.2067, Found: 435.2058.

(R)-7-(benzofuran-2-yl)-1,4-dibenzyl-2-vinyl-1,2,3,4-tetrahydro-5H-benzo|e] [1,4] diaze-

pin-5-one (26b)

Bn
Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 45.5 mg, 94% yield; 93% ee [Daicel

Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 70/30, v = 1.0 mLemin-1, T =25 °C,
A =254 nm, tg (minor) = 21.620 min, tr (major) = 15.458 min]; [a]p* = -12.60° (¢ = 0.75,
CH>Cl,). '"H NMR (600 MHz, CDCls) 8 8.23 (d,J=2.2 Hz, 1H), 7.83 (dd, J = 8.4, 2.3 Hz, 1H),
7.57 (d, J=17.0 Hz, 1H), 7.49 (dd, /= 8.0, 1.1 Hz, 1H), 7.33 (t, J = 2.0 Hz, 1H), 7.32 (s, 1H),
7.32 = 7.28 (m, 3H), 7.28 — 7.26 (m, 4H), 7.26 — 7.23 (m, 2H), 7.22 (td, J = 7.4, 1.1 Hz, 1H),
7.01 (d, J = 8.4 Hz, 1H), 6.97 (d, J = 1.0 Hz, 1H), 5.57 — 5.51 (m, 1H), 5.26 — 5.23 (m, 1H),
5.07-5.01 (m, 1H), 4.92 (d, /= 14.7 Hz, 1H), 4.76 (d, /= 14.7 Hz, 1H), 4.44 (d, /= 14.3 Hz,
1H), 4.19 (d, J=14.3 Hz, 1H), 3.74 —3.71 (m, 1H), 3.38 (dd, /= 15.4, 10.7 Hz, 1H), 3.21 (dd,
J=15.4,49 Hz, 1H). *C NMR (151 MHz, CDCls) 4 170.17, 155.33, 154.82, 145.63, 137.47,
137.13, 133.82, 131.24, 129.38, 128.68, 128.56, 128.26, 128.21, 127.95, 127.57, 127.24,

126.99, 124.82, 124.02, 122.89, 121.37, 120.79, 119.55, 111.06, 100.65, 66.86, 53.78, 50.61,
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50.57. HRMS(ESI) calcd for C33HaoN20, [M+H]': 485.2224, Found: 485.2213.

(R)-1,4-dibenzyl-8-(thiophen-2-yl)-2-vinyl-1,2,3,4-tetrahydro-5SH-benzo|e][1,4]diazepin-

5-one (27b)
@)
NBn
S
NTN\_—
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Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 42.7 mg, 95% yield; 92% ee [Daicel
Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v =1.0 mLemin-1, T =25 °C,
A = 254 nm, tr (minor) = 29.452 min, tr (major) = 35.638 min]; [a]p* = -12.50° (¢ = 0.75,
CH,Cl,). '"H NMR (600 MHz, CDCl;) 6 7.74 (d, J = 8.0 Hz, 1H), 7.33 (s, 1H), 7.32 — 7.32 (m,
1H), 7.32 - 7.31 (m, 3H), 7.30 (d, J = 4.7 Hz, 3H), 7.30 — 7.27 (m, 2H), 7.27 — 7.26 (m, 2H),
7.25(dd, J=5.8,2.4 Hz, 1H), 7.15 (d, /= 1.7 Hz, 1H), 7.09 (dd, /= 5.1, 3.6 Hz, 1H), 5.58 —
5.51 (m, 1H), 5.26 — 5.21 (m, 1H), 5.05 — 4.99 (m, 1H), 4.91 (d, J= 14.8 Hz, 1H), 4.72 (d, J =
14.8 Hz, 1H), 4.45 (d, J = 14.0 Hz, 1H), 4.19 (d, J = 14.0 Hz, 1H), 3.71 — 3.65 (m, 1H), 3.37
(dd, J = 15.3, 11.0 Hz, 1H), 3.16 (dd, J = 15.3, 5.1 Hz, 1H). *C NMR (151 MHz, CDCls) §
170.32, 146.00, 143.69, 137.63, 137.59, 137.26, 133.79, 130.73, 130.15, 128.63, 128.53,
128.44, 128.22, 128.11, 127.51, 127.21, 125.58, 123.87, 120.07, 119.51, 118.66, 66.72, 53.89,

50.75, 50.47. HRMS(ESI) caled for C29H27N>OS [M+H]": 451.1839, Found: 451.1829.

(R)-8-(benzo[b]thiophen-2-yl)-1,4-dibenzyl-2-vinyl-1,2,3,4-tetrahydro-5H-

benzo|e][1,4]diazepin-5-one (28b)
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R¢=0.40 (petroleum/EtOAc =4 : 1, v/v); White oil, 46.5 mg, 93% yield; 95% ee [Daicel Chi-
ralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 60/40, v = 1.0 mLemin-1, T =25 °C, A=
254 nm, tg (minor) = 15.980 min, tr (major) = 17.733 min]; [a]p*® = -20.70° (¢ = 0.75, CH,CL,).
"HNMR (600 MHz, CDCls) 6 7.83 (dd, J=7.9, 1.2 Hz, 1H), 7.81 — 7.76 (m, 2H), 7.54 (s, 1H),
7.42 (dd, J = 8.0, 1.7 Hz, 1H), 7.37 (dd, J = 7.2, 1.3 Hz, 1H), 7.34 (dd, J=5.7, 1.4 Hz, 1H),
7.32 (s, 3H), 7.32 (s, 3H), 7.30 — 7.26 (m, 3H), 7.26 — 7.24 (m, 2H), 5.59 — 5.52 (m, 1H), 5.27
—5.22 (m, 1H), 5.06 — 5.00 (m, 1H), 4.92 (d, J = 14.7 Hz, 1H), 4.72 (d, J = 14.7 Hz, 1H), 4.48
(d, J=13.9 Hz, 1H), 4.22 (d, J = 13.9 Hz, 1H), 3.72 — 3.67 (m, 1H), 3.38 (dd, J = 15.4, 11.0
Hz, 1H),3.17 (dd,J=15.3,5.1 Hz, IH). "C NMR (151 MHz, CDCl5) 6 170.17, 146.02, 143.45,
140.52, 139.67, 137.55, 137.52, 137.21, 133.74, 130.89, 130.77, 128.65, 128.57, 128.45,
128.24, 127.55, 127.26, 124.66, 123.76, 122.30, 120.60, 120.35, 119.59, 119.23, 66.76, 53.91,

50.74, 50.50. HRMS(ESI) calcd for C33H2N,OS [M+H]*: 501.1995, Found: 501.1983.

(R)-1,4-dibenzyl-8-(5a,9a-dihydrodibenzo[b,d]thiophen-3-yl)-2-vinyl-1,2,3,4-tetrahydro-
SH-benzo|e][1,4]diazepin-5-one (29b)
)

O NBn
W )

Rt = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Brown oil, 50.8 mg, 92% yield; 90% ee [Daicel
Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 60/40, v =1.0 mLemin-1, T =25 °C,
A = 254 nm, tg (minor) = 18.498 min, tr (major) = 25.193 min]; [a]p* = -80.30° (¢ = 0.75,
CHCl,). "H NMR (600 MHz, CDCls) § 8.20 — 8.14 (m, 2H), 7.89 (d, J = 7.8 Hz, 1H), 7.83 —
7.80 (m, 1H), 7.55 (t, J="7.6 Hz, 1H), 7.48 — 7.46 (m, 2H), 7.44 (dd, J=7.5, 1.1 Hz, 1H), 7.41
—7.40 (m, 1H), 7.38 (d, J=1.7 Hz, 1H), 7.35 (d, J=2.7 Hz, 2H), 7.34 (d, /= 2.1 Hz, 3H), 7.32
(t,J=1.8 Hz, 1H), 7.30 — 7.29 (m, 1H), 7.28 (s, 1H), 7.27 — 7.26 (m, 2H), 5.60 — 5.54 (m, 1H),
5.24 -5.20 (m, 1H), 5.05—-4.99 (m, 1H), 4.93 (d, /= 14.7 Hz, 1H), 4.78 (d, /= 14.7 Hz, 1H),

4.53 (d, J=14.1 Hz, 1H), 4.21 (d, J = 14.1 Hz, 1H), 3.74 — 3.68 (m, 1H), 3.44 (dd, J = 15.3,
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11.1 Hz, 1H), 3.20 (dd, J = 15.3, 5.1 Hz, 1H). 3C NMR (151 MHz, CDCls) & 170.50, 145.93,
143.96, 139.55, 138.52, 137.73, 137.23, 136.36, 136.33, 135.69, 133.75, 130.67, 130.65,
128.66, 128.56, 128.54, 128.22, 127.53, 127.20, 126.90, 126.70, 125.09, 124.45, 122.63,
122.58, 121.74, 121.09, 120.85, 119.52, 66.66, 53.89, 50.81, 50.49. HRMS(ESI) calcd for

C37H33N,0S [M+H]": 553.2308, Found: 553.2305.

(R)-4-benzyl-1-(4-methylbenzyl)-2-vinyl-1,2,3,4-tetrahydro-5SH-benzo|e][1,4]diazepin-5-

one (30b)
0]
NBn
NTN\_—

Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 35.1 mg, 92% yield; 93% ee [Daicel
Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 60/40, v =1.0 mLemin-1, T =25 °C,
A =254 nm, tr (minor) = 10.088 min, tr (major) = 13.627 min]; [a]p> = -112.99° (¢ = 0.75,
CH>Cly). '"H NMR (600 MHz, CDCls) 8 7.71 (dd, J = 7.6, 1.7 Hz, 1H), 7.35 — 7.32 (m, 1H),
7.30 (dd, J = 7.4, 2.3 Hz, 2H), 7.27 — 7.22 (m, 3H), 7.16 (d, J = 7.9 Hz, 2H), 7.10 (d, J = 7.8
Hz, 2H), 7.08 — 7.05 (m, 1H), 6.94 (d, J = 8.1 Hz, 1H), 5.51 — 5.45 (m, 1H), 5.24 — 5.18 (m,
1H), 5.02 -4.96 (m, 1H), 4.83 (d, /= 14.8 Hz, 1H),4.77 (d, J=14.8 Hz, 1H), 4.33 (d, /= 13.9
Hz, 1H), 4.09 (d, J=13.9 Hz, 1H), 3.68 — 3.63 (m, 1H), 3.29 (dd, /= 15.2, 11.1 Hz, 1H), 3.11
(dd,J=15.2,5.2 Hz, 1H), 2.34 (s, 3H). *C NMR (151 MHz, CDCl;3) § 170.75, 145.57, 137.33,
136.64, 134.72, 133.77, 131.60, 131.44, 129.87, 129.14, 128.59, 128.34, 128.18, 127.44,
122.55, 121.23, 119.28, 66.40, 53.42, 50.78, 50.36, 21.12. HRMS(ESI) calcd for C26H27N>O

[M+H]": 383.2118, Found: 383.2109.
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(R)-4-benzyl-1-(4-methoxybenzyl)-2-vinyl-1,2,3,4-tetrahydro-5H-benzo|e][1,4]diazepin-

5-one (31b)
O
NBn

0
/

R¢ = 0.40 (petroleum/EtOAc =4 : 1, v/v); Yellow oil, 36.6 mg, 92% yield; 93% ee [Daicel
Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol =60/40, v = 1.0 mLemin-1, T = 25 °C,
A = 254 nm, tg (minor) = 13.674 min, tr (major) = 19.474 min]; [a]p* = -71.55° (¢ = 0.75,
CH>CL,). "H NMR (600 MHz, CDCl3) 8 7.71 (dd, J = 7.6, 1.7 Hz, 1H), 7.35 — 7.33 (m, 1H),
7.30 (dd, J=17.5, 2.0 Hz, 2H), 7.29 — 7.26 (m, 1H), 7.25 (d, J = 2.1 Hz, 2H), 7.18 (d, /= 8.6
Hz, 2H), 7.07 (t,J=7.5 Hz, 1H), 6.93 (d, /= 8.0 Hz, 1H), 6.83 (d, /= 8.6 Hz, 2H), 5.50 — 5.44
(m, 1H), 5.21 — 5.18 (m, 1H), 5.00 — 4.96 (m, 1H), 4.83 (d, /= 14.8 Hz, 1H), 4.75 (d, /= 14.8
Hz, 1H), 4.29 (d, /= 13.8 Hz, 1H), 4.07 (d, /= 13.7 Hz, 1H), 3.80 (s, 3H), 3.66 — 3.61 (m, 1H),
3.29 (dd, J=15.2,11.2 Hz, 1H), 3.10 (dd, J=15.2, 5.2 Hz, 1H). *C NMR (151 MHz, CDCI;)
0 170.74, 158.69, 145.53, 137.34, 133.76, 131.57, 131.55, 129.82, 129.77, 129.53, 128.59,
128.19, 127.46, 122.60, 121.29, 119.25, 113.85, 66.30, 55.26, 53.08, 50.83, 50.35. HRMS(ESI)

calcd for C6H27N20, [M+H]*: 399.2068, Found: 399.2059.

(R)-4-benzyl-1-(4-fluorobenzyl)-2-vinyl-1,2,3,4-tetrahydro-5SH-benzo|e][1,4]diazepin-5-

one (32b)
@)
NBn
N _—
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R¢ = 0.40 (petroleum/EtOAc =4 : 1, v/v); Yellow oil, 36.7 mg, 95% yield; 92% ee [Daicel
Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 60/40, v = 1.0 mLemin-1, T =25 °C,
A = 254 nm, tg (minor) = 10.915 min, tg (major) = 16.970 min]; [a]p? = -21.93° (¢ = 0.75,
CH>CL). "H NMR (600 MHz, CDCl3) 8 7.72 (dd, J = 7.6, 1.7 Hz, 1H), 7.37 — 7.33 (m, 1H),
7.33 —7.30 (m, 2H), 7.30 — 7.26 (m, 3H), 7.23 — 7.19 (m, 2H), 7.09 (t, /= 7.5 Hz, 1H), 7.00 —
6.94 (m, 2H), 6.92 (d, J = 8.1 Hz, 1H), 5.52 — 5.45 (m, 1H), 5.23 — 5.19 (m, 1H), 5.01 —4.96
(m, 1H), 4.89 (d, /= 14.7 Hz, 1H), 4.71 (d, J = 14.7 Hz, 1H), 4.32 (d, J = 14.0 Hz, 1H), 4.09
(d, J=14.0 Hz, 1H), 3.61 — 3.56 (m, 1H), 3.31 (dd, J=15.2, 11.2 Hz, 1H), 3.12 (dd, J = 15.2,
5.2 Hz, 1H). ®*C NMR (151 MHz, CDCls) 8 170.59, 161.93 (d, J = 244.9 Hz), 145.16, 137.31,
133.63, 133.42 (d,J=2.9 Hz), 131.67, 131.60, 129.87 (d, /= 2.4 Hz), 129.83, 128.61, 128.23,
127.55, 122.87,121.22, 119.41, 115.28 (d, J = 21.3 Hz), 66.68, 52.97, 50.86, 50.40. ’F NMR
(565 MHz, CDCls) 6 -115.61. HRMS(ESI) calcd for C,sHosFN,O [M+H]": 387.1867, Found:

387.1859.

(R)-4-benzyl-1-(4-chlorobenzyl)-2-vinyl-1,2,3,4-tetrahydro-5H-benzo|e][1,4] diazepin-5-

one (33b)
@)
NBn
NTN\_—

Cl
Rt = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 37.9 mg, 94% yield; 92% ee [Daicel
Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 60/40, v = 1.0 mLemin-1, T =25 °C,
A = 254 nm, tg (minor) = 11.258 min, tr (major) = 20.833 min]; [a]p* = -73.82° (¢ = 0.75,
CHCl,). "H NMR (600 MHz, CDCls) 4 7.73 (d, J = 7.6 Hz, 1H), 7.38 — 7.35 (m, 1H), 7.34 —
7.31 (m, 2H), 7.30 — 7.27 (m, 4H), 7.26 (d, /=2.0 Hz, 1H), 7.20 (d, J= 8.2 Hz, 2H), 7.11 (t, J

= 7.7 Hz, 1H), 6.92 (d, J = 8.0 Hz, 1H), 5.52 — 5.46 (m, 1H), 5.25 — 5.20 (m, 1H), 5.02 — 4.97
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(m, 1H), 4.91 (d, J = 14.7 Hz, 1H), 4.72 (d, J = 14.7 Hz, 1H), 4.33 (d, J = 14.1 Hz, 1H), 4.10
(d, J=14.1 Hz, 1H), 3.61 — 3.55 (m, 1H), 3.32 (dd, /= 15.2, 11.2 Hz, 1H), 3.14 (dd, J = 15.2,
5.2 Hz, 1H). 3C NMR (151 MHz, CDCls) & 170.53, 145.08, 137.29, 136.32, 133.55, 132.76,
131.66, 131.64, 129.89, 129.70, 128.63, 128.25, 127.58, 122.94, 121.16, 119.52, 66.78, 53.04,

50.83, 50.39. HRMS(ESI) caled for CosH24CIN,O [M+H]™: 403.1572, Found: 403.1562.

(R)-4-benzyl-1-(2-bromobenzyl)-2-vinyl-1,2,3,4-tetrahydro-5SH-benzo[e][1,4] diazepin-5-
one (34b)

(0]
NBn

Br
Rf = 0.40 (petroleum/EtOAc = 4 : 1, v/v); Yellow oil, 41.9 mg, 94% yield; 92% ee [Daicel
Chiralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 60/40, v =1.0 mLemin-1, T =25 °C,
A = 254 nm, tg (minor) = 11.367 min, tg (major) = 13.856 min]; [a]p? = +175.6° (¢ = 0.75,
CH>Cl,). '"H NMR (600 MHz, CDCl3) 8 7.72 (dd, J=7.6, 1.7 Hz, 1H), 7.54 (d, J= 8.0 Hz, 1H),
7.34 (dd, J=17.7, 1.7 Hz, 1H), 7.32 — 7.29 (m, 3H), 7.25 — 7.24 (m, 2H), 7.23 (d, J = 2.2 Hz,
2H), 7.20 (d, J=7.4 Hz, 1H), 7.07 (d, J= 7.6 Hz, 1H), 6.92 (d, /= 8.4 Hz, 1H), 5.60 — 5.54 (m,
1H), 5.26 — 5.23 (m, 1H), 5.11 — 5.07 (m, 1H), 4.97 (d, J = 14.8 Hz, 1H), 4.66 (d, /= 14.7 Hz,
1H), 4.46 (d, J = 15.2 Hz, 1H), 4.23 (d, J = 15.2 Hz, 1H), 3.65 — 3.61 (m, 1H), 3.32 (dd, J =
15.3, 10.7 Hz, 1H), 3.18 (dd, J = 15.2, 5.0 Hz, 1H). *C NMR (151 MHz, CDCl;) & 170.59,
144.76, 137.27, 136.62, 134.15, 132.97, 131.65, 130.22, 130.13, 128.61, 128.27, 127.49,
127.35, 124.05, 122.72, 121.11, 119.46, 67.63, 53.41, 50.72, 50.48. HRMS(ESI) calcd for

C2sH24BrN,O [M+H]": 447.1067, Found: 447.1057.
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3.3 General Procedure for the Synthetic Applications

3.3.1 Gram-scale Reaction

o 0
/O\)‘\N/\/\/OBOC [Ir(cod)CI], (4 mol %), L1 (8 mol %) /@6\"‘5”
Bn > .
Br NHBnR DBU (200 mol %), THF, 40 ‘C, 4 h Br g’gi::
n
10a 10b
1.13 g, 2 mmol 0.81 g, 1.8 mmol

90% vyield, 95% ee

Representative Procedure: in a dry Schlenk tube (50.0 mL) filled with argon, [Ir(cod)ClI], (53.76
mg, 0.080 mmol, 4 mol %), ligand L1 (84 mg, 0.16 mmol, 8mol %), and n-propylamine (5.0
mL) were dissolved in THF (5.0 mL). The reaction mixture was heated at 50 °C for 30 min and
then the volatile solvents were removed in vacuum to give a yellow solid. In glove box, sub-
strate (1.13 g, 2 mmol), DBU (0.61 g, 4 mmol, 200 mol %) and solvent (20.0 mL) were added
into the above tube and stirred at 40 °C until the reaction was complete. Then the solvent was
evaporated and the residue was purified by silica gel column chromatography using petro-

leum/EtOAc as the eluent to give the desired product 10b (90% yield, 95% ee).

3.3.2 Procedure for the Synthesis of 10c

Q o)
NBn NBn
Pd/C, H,
Br NN\ EtOAc, rt, 12 h Br N’ii,—
Bn Bn
30 mg, 96% ee 24 mg, 80% yield, 96% ee
10b 10¢c

10b (0.05 mmol), palladium on activated carbon (10% Pd) (5.3 mg) and EtOAc (2.0 mL) were
added to a round bottom flask fitted with a hydrogen balloon. The tube was degassed and back-
filled with hydrogen for three cycles. The mixture was stirred until TLC showed that the reac-
tion completed. The reaction mixture was filtered through a celite pad, and the filtrate was con-
centrated. The residue was purified by silica gel column chromatography (petroleum

ether/EtOAc = 5/1) to give product 10c (80% yield, 96% ee).
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(R)-1,4-dibenzyl-8-bromo-2-ethyl-1,2,3,4-tetrahydro-5H-benzo|e][1,4]diazepin-5-one

(10¢)
(0]
NBn
Br N
Bn

R¢= 0.40 (petroleum/EtOAc = 5 : 1, v/v); Yellow oil, 24 mg, 80% yield; 96% ee [Daicel Chi-
ralcel [A-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 60/40, v = 1.0 mLemin-1, T =25 °C, A
=254 nm, tg (minor) = 37.165 min, tr (major) = 14.703 min]; [a]p* =-18.00° (¢ = 0.75, CH,CL).
'H NMR (600 MHz, CDCl3) 8 7.59 (d, J = 8.2 Hz, 1H), 7.33 (d, J = 8.2 Hz, 2H), 7.31 (d, J =
3.9 Hz, 3H), 7.28 (d, J = 10.5 Hz, 5H), 7.18 (dd, J= 8.2, 1.8 Hz, 1H), 7.09 (d, /= 1.8 Hz, 1H),
4.81(d,J=14.6 Hz, 1H),4.76 (d, /= 14.7 Hz, 1H), 4.44 (d, /= 14.1 Hz, 1H), 4.25 (d, /= 14.1
Hz, 1H), 3.28 — 3.24 (m, 1H), 3.24 — 3.20 (m, 1H), 3.17 (d, J = 8.3 Hz, 1H), 1.72 — 1.64 (m,
2H), 0.69 (t, J = 7.5 Hz, 3H). *C NMR (151 MHz, CDCls) 8 169.93, 147.29, 137.30, 137.09,
131.36, 130.39, 128.67, 128.60, 128.32, 128.24, 127.60, 127.36, 125.80, 125.43, 124.84, 63.85,
53.87,50.49, 50.06,21.24,9.71. HRMS(ESI) calcd for CsH26BrN,O [M+H]": 449.1223, Found:

449.1212.

3.3.3 Procedure for the Synthesis of 10d

O H O
N
NBn Q NBn
Br N/*a/ N N/*</
Bn — Pd,(dba)s, S-Phos, Cs,CO4 Bn *—
100 ‘C, PhMe
30 mg, 95% ee 26 mg, 86% vyield, 95% ee
10b 10d

In a dry Schlenk tube filled with argon, 10b (30.0 mg, 0.07 mmol, 1.0 equiv), Pdx(dba); (2.0
mg, 0.002 mmol, 0.03 equiv), S-Phos (2.3 mg, 0.006 mmol, 0.08 equiv) and Cs>COj3 (44.0 mg,
0.14 mmol, 2.0 equiv) were dissolved in PhMe (3.0 mL). The mixture reacted at 40°C until
color change occurred, followed by the addition of pyrrolidine (9.0 mg, 0.13 mmol, 1.8 equiv).
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The reaction mixture was heated at 100 °C for 24 h. Then the solvent was evaporated under
reduced pressure and the residue was purified by silica gel column chromatography using pe-

troleum/EtOAc (5 : 1) as the eluent to give the desired product 10d (86% yield, 95% ee).

(R)-1,4-dibenzyl-8-(pyrrolidin-1-yl)-2-vinyl-1,2,3,4-tetrahydro-5H-benzo|e][1,4]diazepin-

5-one (10d)

NBn

SRatS
Bn

R = 0.40 (petroleum/EtOAc = 5 : 1, v/v); Yellow oil, 26 mg, 86% yield; 95% ee [Daicel Chi-
ralcel OD-H (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v = 1.0 mLemin-1, T =25 °C, A
=254 nm, tg (minor) = 16.443 min, tr (major) = 8.277 min]; [a]p>=-40.85° (¢ = 0.75, CH,Cl,).
'H NMR (600 MHz, CDCls) 8 7.63 (d, J = 8.6 Hz, 1H), 7.31 (s, 1H), 7.29 (d, J = 4.9 Hz, 4H),
7.25 -7.23 (m, 2H), 7.23 — 7.22 (m, 2H), 7.22 — 7.20 (m, 1H), 6.25 (d, /= 10.8 Hz, 1H), 6.01
(d,J=2.3 Hz, 1H), 5.58 — 5.52 (m, 1H), 5.20 — 5.17 (m, 1H), 4.98 — 4.95 (m, 1H), 4.86 (d, J=
14.9 Hz, 1H), 4.68 (d, /= 14.9 Hz, 1H), 4.41 (d, /= 14.0 Hz, 1H), 4.12 (d, J = 14.0 Hz, 1H),
3.62 (d, J= 5.2 Hz, 1H), 3.36 (dd, J = 15.0, 11.1 Hz, 1H), 3.30 — 3.24 (m, 4H), 3.09 (dd, J =
15.0, 5.2 Hz, 1H), 2.02 — 1.96 (m, 4H). *C NMR (151 MHz, CDCls) 6 171.48, 150.48, 147.31,
138.36, 137.87, 134.44, 131.55, 128.49, 128.40, 128.23,128.18, 127.21, 126.97, 118.85, 118.07,
105.92, 103.76, 66.59, 54.12, 50.95, 50.44, 47.53, 25.43. HRMS(ESI) calcd for C»9H3,N3O

[M+H]": 438.2540, Found: 438.2536.

3.3.4 Procedure for the Synthesis of 10e

O O

NBn NBn
NH,
. F F .
Br N N NN\ _
Bn Pd,(dba)s, S-Phos, Cs,CO4 H Bn

100 C, PhMe
30 mg, 95% ee 26 mg, 87% yield, 95% ee

10b 10e
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In a dry Schlenk tube filled with argon, 10b (30.0 mg, 0.07 mmol, 1.0 equiv), Pd>(dba); (2.0
mg, 0.002 mmol, 0.03 equiv), S-Phos (2.3 mg, 0.006 mmol, 0.08 equiv) and Cs>COj3 (44.0 mg,
0.14 mmol, 2.0 equiv) were dissolved in PhMe (3.0 mL). The mixture reacted at 40°C until
color change occurred, followed by the addition of 3-fluorobenzylamine (15.7 mg, 0.13 mmol,
1.8 equiv). The reaction mixture was heated at 100 °C for 24 h. Then the solvent was evaporated
under reduced pressure and the residue was purified by silica gel column chromatography using

petroleum/EtOAc (5 : 1) as the eluent to give the desired product 10e (87% yield, 95% ee).

(R)-1,4-dibenzyl-8-((3-fluorophenyl)amino)-2-vinyl-1,2,3,4-tetrahydro-SH-

benzo|e][1,4]diazepin-5-one (10e)
0
NBn

O

\©AH Bn
R = 0.40 (petroleum/EtOAc = 5 : 1, v/v); Yellow oil, 26 mg, 87% yield; 95% ee [Daicel Chi-
ralcel OD-H (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v = 1.0 mLemin-1, T =25 °C, A
=254 nm, tr (minor) = 20.863 min, tr (major) = 15.758 min]; [a]p* =-40.75° (¢ =0.75, CH:Cl,).
"H NMR (600 MHz, CDCl3) & 7.58 (d, J= 8.4 Hz, 1H), 7.28 (d, J = 3.2 Hz, 2H), 7.28 (s, 1H),
7.27 —7.26 (m, 2H), 7.24 (d, J = 7.4 Hz, 2H), 7.23 — 7.21 (m, 3H), 7.21 — 7.19 (m, 1H), 7.07
(d, J=7.6 Hz, 1H), 7.01 (d, J = 9.6 Hz, 1H), 6.98 — 6.92 (m, 1H), 6.29 (dd, J = 8.4, 2.2 Hz,
1H), 6.08 (d, /= 2.2 Hz, 1H), 5.52 — 5.46 (m, 1H), 5.19 — 5.14 (m, 1H), 4.98 —4.92 (m, 1H),
4.88 (d, J=14.9 Hz, 1H), 4.64 (d, J = 14.9 Hz, 1H), 4.30 (s, 2H), 4.26 (d, J = 14.3 Hz, 1H),
4.03 (d, J=14.0 Hz, 1H), 3.64 — 3.59 (m, 1H), 3.35 (dd, /= 15.1, 10.8 Hz, 1H), 3.12 (dd, J =
15.1, 5.0 Hz, 1H). C NMR (151 MHz, CDCls) § 171.16, 163.23 (d, J = 246.9 Hz), 150.93,
147.49, 141.82, 137.90 (d, J=46.9 Hz), 134.29, 131.91, 130.30 (d, /= 8.2 Hz), 128.62, 128.54,
128.37, 128.35, 128.25, 128.24, 127.26 (d, J = 41.7 Hz), 122.85, 120.29, 119.11, 114.33 (d, J
=13.0Hz), 114.19 (d, J= 12.7 Hz), 106.94, 104.92, 66.63, 54.00, 50.91, 50.60, 47.50. ’F NMR
(565 MHz, CDCl3) 6 -112.75. HRMS(ESI) calcd for C3;H3FN3O [M+H]": 492.2446, Found:

492.2443.

51



3.3.5 Procedure for the Synthesis of 1b’

0 (0]
NBn NBn
/&/ LiAlH,4, THF /{/
Br N ° N
N N—= 50 'C, 12 h Bn =
30 mg, 95% ee 26 mg, 90% yield, 90% ee
10b 1b’

To a solution of 10b 10b (30.0 mg, 0.07 mmol, 1.0 equiv) in THF (10 mL) at 0 °C, LiAlH4
(7.66 mg, 0.21 mmol, 3.0 equiv) was added in three portions. The reaction mixture was stirred
for 12 h at 50 °C. It was cooled back down to 0 °C and MeOH was added. Then the mixture
was filtered through celite and the obtained solution was concentrated in vacuo. The crude res-

idue was purified using column chromatography (eluent: petroleum ether/EtOAc =5 : 1) to

provide the desired product 1b’ (90% yield, 90% ee).

(R)-1,4-dibenzyl-2-vinyl-1,2,3,4-tetrahydro-5SH-benzo|e]|1,4]diazepin-5-one (1b’)

(0]

NBn
N __
Bn

R¢= 0.40 (petroleum/EtOAc = 5 : 1, v/v); Yellow oil, 26 mg, 90% yield; 90% ee [Daicel Chi-
ralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v = 1.0 mLemin™!, T =25 °C, A =
254 nm, tr (minor) = 13.081 min, tr (major) = 7.952 min]; [a]p** = -21.50° (¢ = 0.75, CH:CL).
"H NMR (600 MHz, CDCl3) & 7.72 (dd, J = 7.6, 1.7 Hz, 1H), 7.34 (td, J = 7.7, 1.8 Hz, 2H),
7.30 (dd, J = 7.2, 2.1 Hz, 3H), 7.28 — 7.27 (m, 2H), 7.26 — 7.21 (m, 4H), 7.07 (t, /= 7.5 Hz,
1H), 6.94 (d, J = 8.1 Hz, 1H), 5.52 — 5.45 (m, 1H), 5.23 — 5.18 (m, 1H), 5.02 — 4.96 (m, 1H),
4.86 (d,J=14.8 Hz, 1H),4.74 (d, /= 14.8 Hz, 1H), 4.37 (d, J=14.1 Hz, 1H), 4.13 (d, /= 14.0
Hz, 1H), 3.68 —3.61 (m, 1H), 3.30 (dd, J=15.2, 11.1 Hz, 1H), 3.12 (dd, J = 15.2, 5.2 Hz, 1H).
BCNMR (151 MHz, CDCls) 6 170.73, 145.46, 137.81, 137.28, 133.71, 131.63, 131.46, 129.89,
128.61, 128.47, 128.40, 128.19, 127.48, 127.11, 122.65, 121.21, 119.38, 66.61, 53.71, 50.76,

50.37. HRMS(ESI) calcd for C,5H2sN,O [M+H]": 369.1961, Found: 369.1954.
52



3.3.6 Procedure for the Synthesis of 2¢

0
NBn
NBn LiAIH,, THF m/
* j > N * /
En/{ﬁ 50 C, 12 h N
30 mg, 93% ee 25 mg, 83% vyield, 92% ee
2b 2¢

To a solution of 2b (30 mg, 0.08 mmol, 1.0 equiv) in THF (10 mL) at 0 °C, LiAlH4 (18 mg,
0.48 mmol, 6.0 equiv) was added in three portions. The reaction mixture was stirred for 12 h
at 50 °C. It was cooled back down to 0 °C and MeOH was added. Then the mixture was fil-
tered through celite and the obtained solution was concentrated in vacuo. The crude residue
was purified using column chromatography (eluent: petroleum ether/EtOAc =5 : 1) to pro-

vide the desired product 2¢ (83% yield, 92% ee).

(R)-1,4-dibenzyl-7-methyl-2-vinyl-2,3,4,5-tetrahydro-1H-benzo|e][1,4]diazepine (2¢)

Bn
R¢=0.40 (petroleum/EtOAc = 5 : 1, v/v); Yellow oil, 25 mg, 83% yield; 92% ee [Daicel Chi-

ralcel IC-3 (0.46 cm x 25 cm), n-hexane/2-propanol = 80/20, v =1.0 mLemin-1, T=25 °C, A =
254 nm, tg (minor) = 4.749 min, tr (major) = 5.018 min]; [a]p® = -17.65° (¢ = 0.75, CH.CL).
'H NMR (600 MHz, CDCls) § 7.41 (d, J = 7.5 Hz, 2H), 7.36 — 7.33 (m, 4H), 7.33 — 7.31 (m,
2H), 7.30 (s, 1H), 7.25 - 7.23 (m, 1H), 7.02 (d, J= 8.1 Hz, 1H), 6.89 — 6.88 (m, 1H), 6.83 (d, J
=8.0 Hz, 1H), 5.77 — 5.61 (m, 1H), 5.09 — 5.06 (m, 1H), 5.03 —4.99 (m, 1H), 4.42 (d, J=13.9
Hz, 1H), 4.16 (d, J = 13.9 Hz, 1H), 3.82 (d, J = 12.9 Hz, 1H), 3.76 (d, J = 12.9 Hz, 1H), 3.70
(d,/J=13.4 Hz, 1H), 3.64 (d, J=13.4 Hz, 1H), 3.60 —3.55 (m, 1H), 2.78 (dd, /= 12.8, 5.1 Hz,
1H), 2.69 (d, J = 12.9 Hz, 1H), 2.28 (s, 3H). *C NMR (151 MHz, CDCl3) & 146.50, 139.40,
136.54, 131.43, 130.80, 130.58, 128.84, 128.51, 128.39, 128.31, 128.22, 127.01, 126.92,
124.00, 119.24, 116.46, 61.68, 60.28, 58.67, 55.76, 29.73, 20.58. HRMS(ESI) calcd for

Ca6H2oN2 [M+H]"™: 369.2325, Found: 369.2315.
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4.Copies of NMR Spectra

Figure S1. '"H NMR (600 MHz, CDCl;) spectrum of 1a
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Figure S3. '"H NMR (600 MHz, CDCl;) spectrum of 2a
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Figure S5. '"H NMR (600 MHz, CDCl;) spectrum of 3a
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Figure S7. '"H NMR (600 MHz, CDCl;) spectrum of 4a
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Figure S8. *C NMR (151 MHz, CDCl;) spectrum of 4a

16°€1 —

91t —
9L’LT

6L°LT
L9°€E \
rrve —

86'LY —

75799 —

€1DdD 18°9L

€10dD £0°LL \
€10dD YTLL
878 4

80°CII —

16°9C1
orLzr
9¢€°LTI

WLl
6¥°LT1 )
09°871 7|
$9°821
1821
PL'STI
6L°6T1
TLOET
$8°0€T |
L8'9ET
SE'6ET |
PTPPI |
szest

S ———

—

66°ILT —

~_0__0
N jo(j<

NH

1 (ppm)

58



Figure S9. '"H NMR (600 MHz, CDCl;) spectrum of 5a
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Figure S10. *C NMR (151 MHz, CDCl;) spectrum of 5a
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Figure S11. "TH NMR (600 MHz, CDCl;) spectrum of 6a
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Figure S13. F NMR (565 MHz, CDCI;) spectrum of 6a
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Figure S14. '"H NMR (600 MHz, CDCl;) spectrum of 7a
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Figure S16. F NMR (565 MHz, CDCl;) spectrum of 7a
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Figure S17. '"H NMR (600 MHz, CDCl;) spectrum of 8a
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Figure S18. *C NMR (151 MHz, CDCl;) spectrum of 8a
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Figure S19. '"H NMR (600 MHz, CDCl;) spectrum of 9a
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Figure S21. '"H NMR (600 MHz, CDCl;) spectrum of 10a
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Figure S23. '"H NMR (600 MHz, CDCl;) spectrum of 11a
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Figure S25. '"H NMR (600 MHz, CDCl;) spectrum of 12a
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Figure S27. '"H NMR (600 MHz, CDCl;) spectrum of 13a
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Figure S28. *C NMR (151 MHz, CDCl;) spectrum of 13a
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Figure S29. '"H NMR (600 MHz, CDCl;) spectrum of 14a
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Figure S31. '"H NMR (600 MHz, CDCl;) spectrum of 15a
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Figure S32. *C NMR (151 MHz, CDCl;) spectrum of 15a

18°LT—

Ys'99 —

€100 L8'IL\

€1DAD 80°LL \

€100D 6T'LL
s

9€° 11T
8S°E1l
v9'LIT
6L°0TT
06°9C1
60°LTT
oV LTI
LT
79871
SL'8C1
8L°8¢1
hm.o_ﬂ\
oL oET
TE6ET ~
LTIV~

0€°€ST —
0S°9ST —

€6°ILT —

1 (ppm)

71



Figure S33. '"H NMR (600 MHz, CDCl;) spectrum of 16a
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Figure S34. *C NMR (151 MHz, CDCl;) spectrum of 16a
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Figure S35. '"H NMR (600 MHz, CDCl;) spectrum of 17a
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Figure S36. *C NMR (151 MHz, CDCl;) spectrum of 17a
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Figure S37. YF NMR (565 MHz, CDCIl;) spectrum of 17a
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Figure S38. '"H NMR (600 MHz, CDCl;) spectrum of 18a
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Figure S39. *C NMR (151 MHz, CDCl;) spectrum of 18a
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Figure S40. '"H NMR (600 MHz, CDCl;) spectrum of 19a
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Figure S41. *C NMR (151 MHz, CDCl;) spectrum of 19a
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Figure S42. '"H NMR (600 MHz, CDCl;) spectrum of 20a
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Figure S43. *C NMR (151 MHz, CDCI;) spectrum of 20a
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Figure S44. '"H NMR (600 MHz, CDCl;) spectrum of 21a
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Figure S45. *C NMR (151 MHz, CDCl;) spectrum of 21a
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Figure S46. '"H NMR (600 MHz, CDCl;) spectrum of 22a
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Figure S47. *C NMR (151 MHz, CDCl;) spectrum of 22a
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Figure S48. '"H NMR (600 MHz, CDCl;) spectrum of 23a
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Figure S50. '"H NMR (600 MHz, CDCl;) spectrum of 24a
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Figure S51. *C NMR (151 MHz, CDCl;) spectrum of 24a
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Figure S52. '"H NMR (600 MHz, CDCl;) spectrum of 25a
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Figure S53. *C NMR (151 MHz, CDCl;) spectrum of 25a
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Figure S54. '"H NMR (600 MHz, CDCl;) spectrum of 26a
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Figure S55. *C NMR (151 MHz, CDCl;) spectrum of 26a

6LLT

19°Ly—

8+°99—

100D 18°9L

a0 Wil
100D €TLL
rezs’
SL867
98°0TT+
STTIN
Nh.a_:H
PEOTI
9L°TTN |
9P ETT
:..,N:F
LTLTl
PELTI
1oLz
€LLTI
6LLTTA
LELTI
SL'8TI
8L8TI
S8'8z1
6T1
8S6T1
+LOCT
£9°8¢T
6TEST
FSFST—
6551/

0€TLT—

f1 (ppm)

83



Figure S56. '"H NMR (600 MHz, CDCl;) spectrum of 27a
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Figure S57. *C NMR (151 MHz, CDCI;) spectrum of 27a
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Figure S58. '"H NMR (600 MHz, CDCl;) spectrum of 28a
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Figure S59. *C NMR (151 MHz, CDCl;) spectrum of 28a
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Figure S60. '"H NMR (600 MHz, CDCl;) spectrum of 29a
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Figure S61. *C NMR (151 MHz, CDCl;) spectrum of 29a
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Figure S62. '"H NMR (600 MHz, CDCl;) spectrum of 30a
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Figure S63. *C NMR (151 MHz, CDCl;) spectrum of 30a
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Figure S64. '"H NMR (600 MHz, CDCl;) spectrum of 31a
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Figure S65."3C NMR (151 MHz, CDCl;) spectrum of 31a
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Figure S66. '"H NMR (600 MHz, CDCl;) spectrum of 32a
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Figure S67. *C NMR (151 MHz, CDCl;) spectrum of 32a
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Figure S68. ”F NMR (565 MHz, CDCIl;) spectrum of 32a
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Figure S69. '"H NMR (600 MHz, CDCl;) spectrum of 33a
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Figure S71.'"H NMR (600 MHz, CDCI;) spectrum of 34a
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Figure S73. '"H NMR (600 MHz, CDCl;) spectrum of (R)-1b
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Figure S74. *C NMR (151 MHz, CDCIl;) spectrum of (R)-1b
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Figure S75. '"H NMR (600 MHz, CDCl;) spectrum of (R)-2b
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Figure S76."3C NMR (151 MHz, CDCls) spectrum of (R)-2b
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Figure S77. '"H NMR (600 MHz, CDCl;) spectrum of (R)-3b
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Figure S78. *C NMR (151 MHz, CDCIl;) spectrum of (R)-3b
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Figure S79. '"H NMR (600 MHz, CDCl;) spectrum of (R)-4b
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Figure 80. *C NMR (151 MHz, CDCI;) spectrum of (R)-4b
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Figure S81. '"H NMR (600 MHz, CDCl;) spectrum of (R)-5b
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Figure S82. *C NMR (151 MHz, CDCl;) spectrum of (R)-5b
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Figure S83. '"H NMR (600 MHz, CDCl;) spectrum of (R)-6b
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Figure S84. *C NMR (151 MHz, CDCIl;) spectrum of (R)-6b
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Figure S85. F NMR (565 MHz, CDCI;) spectrum of (R)-6b
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Figure S86. '"H NMR (600 MHz, CDCl;) spectrum of (R)-7b
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Figure S87. *C NMR (151 MHz, CDCIl;) spectrum of (R)-7b
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Figure S88. ’F NMR (565 MHz, CDCI;) spectrum of (R)-7b
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Figure S89.'H NMR (600 MHz, CDCI;) spectrum of (R)-8b
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Figure S90.*C NMR (151 MHz, CDCls) spectrum of (R)-8b
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Figure S91. '"H NMR (600 MHz, CDCl;) spectrum of (R)-9b
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Figure S92. *C NMR (151 MHz, CDCl;) spectrum of (R)-9b
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Figure S93. '"H NMR (600 MHz, CDCl;) spectrum of (R)-10b
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Figure S94. *C NMR (151 MHz, CDCls) spectrum of (R)-10b
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Figure S95. '"H NMR (600 MHz, CDCl;) spectrum of (R)-11b
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Figure S96. 3C NMR (151 MHz, CDCl;) spectrum of (R)-11b
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Figure S97. '"H NMR (600 MHz, CDCl;) spectrum of (R)-12b
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Figure S98. *C NMR (151 MHz, CDCl3) spectrum of (R)-12b
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Figure S99. '"H NMR (600 MHz, CDCl;) spectrum of (R)-13b
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Figure S100. *C NMR (151 MHz, CDCl;) spectrum of (R)-13b
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Figure S101. '"H NMR (600 MHz, CDCl;) spectrum of (R)-14b
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Figure S102. 3C NMR (151 MHz, CDCl;) spectrum of (R)-14b
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Figure S103. '"H NMR (600 MHz, CDCl;) spectrum of (R)-15b
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Figure S104. *C NMR (151 MHz, CDCl;) spectrum of (R)-15b
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Figure S105. '"H NMR (600 MHz, CDCl;) spectrum of (R)-16b
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Figure S106. *C NMR (151 MHz, CDCl3) spectrum of (R)-16b
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Figure S107. '"H NMR (600 MHz, CDCl;) spectrum of (R)-17b
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Figure S108. *C NMR (151 MHz, CDCl;) spectrum of (R)-17b
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Figure S109. YF NMR (565 MHz, CDCI;) spectrum of (R)-17b
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Figure S110. '"H NMR (600 MHz, CDCl;) spectrum of (R)-18b
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Figure S111. *C NMR (151 MHz, CDCl;) spectrum of (R)-18b
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Figure S112. '"H NMR (600 MHz, CDCl;) spectrum of (R)-19b
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Figure S113. *C NMR (151 MHz, CDCI;) spectrum of (R)-19b
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Figure S114. '"H NMR (600 MHz, CDCl;) spectrum of (R)-20b
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Figure S115. *C NMR (151 MHz, CDCl;) spectrum of (R)-20b
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Figure S116. '"H NMR (600 MHz, CDCl;) spectrum of (R)-21b
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Figure S117. ®C NMR (151 MHz, CDCIl;) spectrum of (R)-21b
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Figure S118. '"H NMR (600 MHz, CDCl;) spectrum of (R)-22b
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Figure S119. °C NMR (151 MHz, CDCl;) spectrum of (R)-22b
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Figure S120. '"H NMR (600 MHz, CDCl;) spectrum of (R)-23b
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Figure S121. 3C NMR (151 MHz, CDCl;) spectrum of (R)-23b
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Figure S122. '"H NMR (600 MHz, CDCl;) spectrum of (R)-24b
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Figure S124. '"H NMR (600 MHz, CDCl;) spectrum of (R)-25b
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Figure S125. *C NMR (151 MHz, CDCl3) spectrum of (R)-25b
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Figure S126. '"H NMR (600 MHz, CDCl;) spectrum of (R)-26b
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Figure S127. 3C NMR (151 MHz, CDCl;) spectrum of (R)-26b
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Figure S128. '"H NMR (600 MHz, CDCl;) spectrum of (R)-27b
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Figure S129. *C NMR (151 MHz, CDCls) spectrum of (R)-27b

w99 —

€10dD €8°9L /
€10dD vO'LL W
€10dD STLL

99°811 |
IS'61T |
L0°0TT
L8'ETT |
8S°STI |
17LT1 |
1S°LTT
11821
TTRII
P8I |
£5°8T1 #
£9°871
ST0ET /W
£L°0E1
6LEET
9TLEL
6SLEL
£9°LET

69°€PT ~
00°9v1 —

TE0LT —

S

1 (ppm)

122



Figure S130. '"H NMR (600 MHz, CDCl;) spectrum of (R)-28b
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Figure S131.*C NMR (151 MHz, CDCls) spectrum of (R)-28b
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Figure S132 'H NMR (600 MHz, CDCI;) spectrum of (R)-29b
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Figure S133. *C NMR (151 MHz, CDCl3) spectrum of (R)-29b
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Figure S134. '"H NMR (600 MHz, CDCl;) spectrum of (R)-30b
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Figure S135. *C NMR (151 MHz, CDCl;) spectrum of (R)-30b
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Figure S136. '"H NMR (600 MHz, CDCl;) spectrum of (R)-31b
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Figure S137. *C NMR (151 MHz, CDCl3) spectrum of (R)-31b
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Figure S138. '"H NMR (600 MHz, CDCl;) spectrum of (R)-32b
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Figure S139. *C NMR (151 MHz, CDCl3) spectrum of (R)-32b
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Figure S140. YF NMR (565 MHz, CDCl;) spectrum of (R)-32b
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Figure S141. '"H NMR (600 MHz, CDCl;) spectrum of (R)-33b
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Figure S142. *C NMR (151 MHz, CDCl3) spectrum of (R)-33b
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Figure S143. '"H NMR (600 MHz, CDCl;) spectrum of (R)-34b
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Figure S144. 3C NMR (151 MHz, CDCl;) spectrum of (R)-34b
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Figure S145. '"H NMR (600 MHz, CDCI;) spectrum of (R)-10c
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Figure S146. 3*C NMR (151 MHz, CDCl;) spectrum of (R)-10c
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Figure S147."H NMR (600 MHz, CDCI;) spectrum of (R)-10d
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Figure S148. 3C NMR (151 MHz, CDCl;) spectrum of (R)-10d

eV'eT—

£G°LY~
P05~
56057
ZLps

6599—

€10a2 s0°LL

€120 ¢m.mhv.
€10a2 92°LL

9L'€0L ~
26°60L—

L0811~
58’8l
16921
(FAFrA
818zl
£z8zl
or'8zl
6¥°'8Z1
sgLEl
el
187281
og"sel \
LeLvl x

8v°0st

8¥LLL—

QIO
f1 (pprm)

132



Figure S149. '"H NMR (600 MHz, CDCI;) spectrum of (R)-10e
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Figure S150. 3C NMR (151 MHz, CDCls) spectrum of (R)-10e
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Figure S151. F NMR (565 MHz, CDCI;) spectrum of (R)-10e
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Figure S152. '"H NMR (600 MHz, CDCI;) spectrum of (R)-1b’
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Figure S153. *C NMR (151 MHz, CDCl;) spectrum of (R)-1b’
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Figure S154. '"H NMR (600 MHz, CDCI;) spectrum of (R)-2¢
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Figure S155. 3C NMR (151 MHz, CDCls) spectrum of (R)-2¢
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5. Copies of HPLC Chromatograms

Figure S156. HPLC spectra of (R)-1b

1b (The top one is racemic, and the bottom one is chiral)
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Figure S157. HPLC spectra of (R)-2b

2b (The top one is racemic, and the bottom one is chiral)
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Figure S158. HPLC spectra of (R)-3b

3b (The top one is racemic, and the bottom one is chiral)
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Figure S159. HPLC spectra of (R)-4b

4b (The top one is racemic, and the bottom one is chiral)
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Figure S160. HPLC spectra of (R)-5b

5b (The top one is racemic, and the bottom one is chiral)
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Figure S161. HPLC spectra of (R)-6b

6b (The top one is racemic, and the bottom one is chiral)
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Figure S162. HPLC Analysis of (R)-7b

7b (The top one is racemic, and the bottom one is chiral)
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Figure S163. HPLC Analysis of (R)-8b

8b (The top one is racemic, and the bottom one is chiral)
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Figure S164. HPLC Analysis of (R)-9b

9b (The top one is racemic, and the bottom one is chiral)
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Figure S165. HPLC Analysis of (R)-10b

10b (The top one is racemic, and the bottom one is chiral)
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Figure S166. HPLC Analysis of (R)-11b

11b (The top one is racemic, and the bottom one is chiral)
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Figure S167. HPLC Analysis of (R)-12b

12b (The top one is racemic, and the bottom one is chiral)
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Figure S168. HPLC Analysis of (R)-13b

13b (The top one is racemic, and the bottom one is chiral)
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Figure S169. HPLC Analysis of (R)-14b

14b (The top one is racemic, and the bottom one is chiral)
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Figure S170. HPLC Analysis of (R)-15b

15b (The top one is racemic, and the bottom one is chiral)
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Figure S171. HPLC Analysis of (R)-16b

16b (The top one is racemic, and the bottom one is chiral)
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Figure S172. HPLC Analysis of (R)-17b

17b (The top one is racemic, and the bottom one is chiral)
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Figure S173. HPLC Analysis of (R)-18b

18b (The top one is racemic, and the bottom one is chiral)
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Figure S174. HPLC Analysis of (R)-19b

19b (The top one is racemic, and the bottom one is chiral)
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Figure S175. HPLC Analysis of (R)-20b

20b (The top one is racemic, and the bottom one is chiral)
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Figure S176. HPLC Analysis of (R)-21b

21b (The top one is racemic, and the bottom one is chiral)
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e R B e e R R === |
1 10.786 BB 0.3467 2.57482e4 1152.12366 49.%673
2 14.417 BB 0.4853 2.57819%e4 827.88818 50.0327
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el R B e R |=mmmmmmm- e r
1 10.821 MM 0.3810 3175.40112 138.91943 3.8020
2 14.387 MM 0.5555 8.03440e4 2410.72510 96.1980
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Figure S177. HPLC Analysis of (R)-22b

22b (The top one is racemic, and the bottom one is chiral)
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173.40660 49.9678

2 19.623 BB 0.7130 7952.23828
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4.4307

1 17.024 MM 0.6723 1101.32971 27.303%94
2 19.583 MM 509.37354 95.5693

0.7773 2.37554e4
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Figure S178. HPLC Analysis of (R)-23b

23b (The top one is racemic, and the bottom one is chiral)
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1 18.175 BB 0.6157 2.26833e4 570.76727 49.9621
2 25.812 BB 0.8975 2.27177e4 392.34137 50.0379
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1 18.187 MM 0.8386 2778.71509 72.52562 1170
1.0760 5.15253e4 798.06409 94.8830

2 26.311 MM
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Figure S179. HPLC Analysis of (R)-24b

24b (The top one is racemic, and the bottom one is chiral)
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e |—=——=]==—— |—————— |—————— |—=————— |
1 37.028 BV 1.3019 5948.52734 69.82379 49.5107
2 40.239 VB 1.4488 6066.09668 62.69772 50.4893
—_ | DAD1 B, Sig=254,16 Ref=off (F.\HPLC DATAPBD\WWYRWYR-016-(EE).D)
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el |—===l—===-= | === |——————— |—=————— |
1 36.747 MM 1.4389 3.4025%e4 394.11526 95.6628
2 40.432 MM 1.2515 1542.69275 20.54523 4.3372
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Figure S180. HPLC Analysis of (R)-25b

25b (The top one is racemic, and the bottom one is chiral)

__| DAD1 B, Sig=254,16 Ref=off (F:\HPLC DATAIPBDIWYRWYR-054-(00).D}

@ o
oy
iz
A A
II ‘| |
[ [
| [
| [
||‘ I' \'I II.
| \'\I .‘II \
e _,_}I \\._/" S~
T — T — — — — — — .
75 10 125 15 175 20 225 mil
# [min] [min] [mAU*s] [mAU] %

1 13.368 vv 0.4149 3.56558e4 1337.82837 49.7862
2 14.8992 VB 0.4591 3.59620e4 1222.67859 50.2138

__| DAD1 B, Sig=254,16 Ref=off (F:\HPLC DATA\PBD\WYR\WYR-054-(EE).D)

1 13.514 MM 0.4675 2769.58911 98.74653 5.4360
2 15.032 MM 0.4967 4.81795e4 16l6.51624 94.5640
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Figure S181. HPLC Analysis of (R)-26b

26b (The top one is racemic, and the bottom one is chiral)

__| DAD1B, Sig=254,16 Ref=off (F:\HPLC DATAPBDWYRWYR-022-(00).D}
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1 15.458 MM 0.6033 7970.59375 220.20822 96.4985
2 21.620 MM 0.8738 289.21707 5.51660 3.5015
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Figure S182. HPLC Analysis of (R)-27b

27b (The top one is racemic, and the bottom one is chiral)
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| [ [————— R —— R — [
1 29.370 BB 0.7852 6078.64648 120.37775 50.021%
2 35.645 BB 0.9228 e074.31592 101.99316 49.9781
__| DAD1 B, Sig=254,16 Ref=off (F:\HPLC DATA\PBD\WYR\WYR-038-(EE).D)
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0.8535 482.65375 9.42480 3.9487

1 29.452 MM
1.0224 1.17405e4 191.39067 96.0513

2 35.63%8 MM
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Figure S183. HPLC Analysis of (R)-28b

28b (The top one is racemic, and the bottom one is chiral)

[ DADT B, Sig=254 18 Ref=off (FIHPLC DATAWPBDWYYRWYR-052-(00) )

# [min] [min] [mAU*s] [mAU] B
e R e | === e | == ee | == |
1 16.731 BB 0.5658 8191.82422 223.38947 495 _9835
2 158.595 BB 0.6184 8197.2460% 205.05785 50.0165
T DAD1 B, Sig=254,16 Ref=off (F\HPLC DATAPBDWYRWYR-052-(EE) D)
@A
f‘
IS
(=] .‘“
@®
3
. @
L — 4 - —
I I
12 14 16 18 20 2 2% m
# [min] [min] [mAU*s] [mAU] %

1 15.980 MM 0.5044 202.06464 6.67714 2.5119
2 17.733 MM 0.6269 7842.37549 208.49625 97.4881
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Figure S184. HPLC Analysis of (R)-29b

29b (The top one is racemic, and the bottom one is chiral)

] DADT B, Sig=254.16 Ref=off (F.HPLC DATAPBDWYRIWYR-050-(00).D)
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el B e [-==mmmmom [-===mmm |-=------ r
1 18.206 VB 0.6415 7180.9057¢ 173.26481 50.0827
2 24.735 BB 0.8820 7154.335%4 124.53268 49.9073

__| DAD1B, Sig=254,16 Ref=off (F\HPLC DATA\PBD'WYR\WYR-050-(EE).D)

[min] [mAU*s] [mAU]

el e e R [ - R r
1 18.4%8 VB 0.7042 528.90186 10.89869 4.8997

2 25.183 BB 0.9234 1.02656e4 171.73819 95.1003
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Figure S185. HPLC Analysis of (R)-30b

30b (The top one is racemic, and the bottom one is chiral)
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- [———— - |—————— |- |———————— |
1 10.245 VB 0.2751 1.22178e4 695,10071 50.3282
2 13.928 BB 0.3801 1.20585e4 495.22195 49.6718
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1 10.088 MM 0.2662 403.27432 25.25102 3.3948
2 13.627 BB 0.3688 1.14760e4 487.25967 96.6052
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Figure S186. HPLC Analysis of (R)-31b

31b (The top one is racemic, and the bottom one is chiral)

__| DAD1 B, Sig=254,16 Ref=off (F\HPLC DATA\PBD\WYRWYR-062-(00).D)
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1 13.344 VB 0.3776 7726.3681le 317.79971 50.0401
2 18.682 BB 0.5268 7713.99805 227.97527 49.9599
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1 13.674 MM 0.3878 1086.93384 46.71397 3.4372
2 19.474 MM 0.6217 3.05354e4 818.53687 96.5628
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Figure S187. HPLC Analysis of (R)-32b

32b (The top one is racemic, and the bottom one is chiral)

1 DAD1 B, Sig=254.16 Ref=off (F\HPLC DATAPEDWYRWYR-060-(00).D)

10875
> 16.926

. S o S S
T T T T T ] ' ' T T T T T T T ’ ' T T T
6 8 10 12 14 16 18 n
#  [min] [min]  [mAU*s] [mAU] %
e [====l-==———= [ === [ === [=—=——-— [
1 10.875 BB 0.2873 1.06380e4 576.45734 49.994¢

2 16.92¢ BB 0.4570 1.086403e4 361.90051 50.0054
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1 10.915 MM 0.2895 1460.61414 84.07654 4.0853
2 16.970 MM 0.5061 3.42047e4 1126.37329 95.9047
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Figure S188. HPLC Analysis of (R)-33b

33b (The top one is racemic, and the bottom one is chiral)

T DAD1 B, Sig=254,16 Rei=off (F.HPLC DATAPBDWYRWYR-056-(00) D)

11184

20.756

_— e — — \-—'— —
— T — 7 — — — T
15 10 125 15 175 20 225 min
# [min] [min] [mAU*s] [mAU] %
- |- |- | ——— | —————— |
1 11.194 VB 0.3098 1.79926e4 905.63239 49.9906
2 20.756 BB 0.6012 1.79993e4 467.43301 50.0094
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e |—=——=]===— |————— |———=——— |—=———— |
1 11.258 MM 0.3210 2397.9%951 124.51e81 3.8348
2 20.833 MM 0.60677 ©.01343=e4 1500.88779 S6.1l652
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Figure S189. HPLC Analysis of (R)-34b

34b (The top one is racemic, and the bottom one is chiral)
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e |———= == === | === |—=—=——— |
1 11.558 BB 0.3138 2037.71204 100.81480 50.3312
2 14.090 BB 0.3895 2010.89099 80.47341 49.6688
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1 11.367 MM 0.3253 200.52440 10.147%90 4.1365
2 13.856 MM 0.4117 4647.10645 188.14307 95.8635
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Figure S190. HPLC Analysis of (R)-10c

10c (The top one is racemic, and the bottom one is chiral)
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1 14.401 VB 0.5087 2526.39575 77.41867 50.9167
2 36.043 BB 1.5383 2435.42749 20.52583 49.0833
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1 14.703 BB 1.1500 7.66150e4d 781.35791 97.9369
2 37.165 BB 1.0545 1613.93152 21.53222 2.0631
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Figure S191. HPLC Analysis of (R)-10d
10d (The top one is racemic, and the bottom one is chiral)

[ ] DAD1B, Sig=254,16 Ref=off (F:\HPLC DATA\PBD\WYR\WYR-E-00.D)

B
==}
[ b
| \ (o]
[ =
{ x 1/
— T . S — - —
T T ! T T T T T T T
8 10 12 14 16 18 mit
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1 8.374 BB 0.4068 5407.58398 204.31845 50.5018
2 16.437 BB 0.9688 5300.11182 84.37703 49.4982
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ol e [——mmm R r
1 8.277 VB 0.4085 3.47227e4 1312.92590 97.4055
2 16.443 VB 0.8729 924.86115 14.80250 2.5945
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Figure S192. HPLC Analysis of (R)-10e

10e (The top one is racemic, and the bottom one is chiral)
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1 16.410 BB 1.0333 2633.74170 37.78043 50.4166
2 21.057 BB 1.3163 2590.21680 27.46482 49.5834
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1 15.758 BB 1.0269 1.79663e4d 268.41965 87.3729
2 20.863 MM 1.50%4 484.73385 5.35249 2.8271
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Figure S193. HPLC Analysis of (R)-1b’

1b’ (The top one is racemic, and the bottom one is chiral)
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1 8.090 VvV 0.2737 3.02762e4 1564.67200 49.5474
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2 13.081 MM
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Figure S194. HPLC Analysis of (R)-2¢

2¢ (The top one is racemic, and the bottom one is chiral)
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1 4.792 MM 0.1383 3654.85327 440.33969 49.947¢
2 5.105 MM 0.1530 3662.48022 388.94604 50.0521
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1 4.749 vv 0.1411 ©95.41%5¢ 70.5136¢6 3.8437
2 5.018 VB 0.1380 1.73969e4 1915.22229 96.1563
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6. X-ray Crystallogaphic Data

Figure S195. X-Ray Crystallographic Data for Compound (R)-3b

Qc
H

Qv
@
- D)

Structure factors have been supplied for datablock(s) (CCDC: 2495915)

Bond precision:

Cell:

Temperature:

Volume

Space group
Hall group
Moiety formula
Sum formula
Mr

Dx,g cm-3

Z

Mu (mm-1)
F000

F000’

C-C=0.0023 A
a=8.42816(5)
alpha=90
294 K
Calculated
2143.36(3)
P212121
P 2ac 2ab
C26 H26 N2 O
C26 H26 N2 O
382.49
1.185
4
0.561
816.0

818.20
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b=11.09278(9)

beta=90

Wavelength=1.54184
c=22.92566(15)

gamma=90

Reported
2143.36(3)
P212121
P 2ac 2ab
C26 H26 N2 O
C26 H26 N2 O
382.49
1.185
4
0.561

816.0



h,k,Imax 10,13,28 10,13,28

Nref 4492[ 2567] 4394
Tmin, Tmax 0.979,0.984 0.624,1.000
Tmin’ 0.975

Correction method= # Reported T Limits: Tmin=0.624 Tmax=1.000

AbsCorr = MULTI-SCAN

Data completeness= 1.71/0.98 Theta(max)=76.210
R(reflections)= 0.0370( 4250) wR2(reflections)= 0.1028( 4394)
S=1.017 Npar= 264
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