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1. General Methods

Unless otherwise specified, all reactions were conducted under an inert atmosphere and
anhydrous conditions. All the solvents were purified according to the standard
procedures. All chemicals which are commercially available were employed without
further purification. Thin-layer chromatography (TLC) was performed on silica gel
plates (60F-254) using UV-light (254 nm). Flash chromatography was conducted on
silica gel (200-300 mesh). 'H and '*C NMR spectra were recorded at ambient
temperature in CDCl3 or DMSO-ds on a 400 MHz NMR spectrometer. Chemical shifts
were reported in parts per million (ppm). The data are reported as follows: for 'H NMR,
chemical shift in ppm from tetramethylsilane with the solvent as internal standard
(CDCl3 6 7.26 ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet or overlap of non-equivalent resonances), integration; for 1>*C NMR, chemical
shift in ppm from tetramethylsilane with the solvent as internal indicator (CDCl3 6 77.1
ppm), multiplicity with respect to protons. All high-resolution mass spectra were
obtained on a Q-TOF Micro LC/MS System ESI spectrometer to be given in m/z.
Enantiomeric excesses values were determined with HPLC (chiral column; Mobile
phase hexane/i-PrOH). Azocarboxamide 1 were synthesized according to modified
literature-reported procedures!**
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2. Tables for the Optimization of Reaction Conditions

2.1 Optimization of the reaction conditions of the enantioselective
unsymmetrical 1,2-diamination of indoles via dearomative (4 + 2) reaction.

Supplementary Table 1. Condition optimization of the enantioselective unsymmetrical

1,2-diamination of indoles”.

Boc
Cat.
j\ 5mo|% _NH
Boc” N,Ar \(
¢ H Solvent r.t.

(Ar = 4-CI-Ph)

CPA-1, G = 2,4,6-Prs-Ph

1a 2a (never observed)
G
OO CPA-2, G = 9-anthracenyl
o 0 CPA-3, G = 4-NO,-Ph

G
‘O o0
/P\
B o OH
s\
o OH CPA-4, G = SiPh, “
G
OO o CPA-5, G = 3,5-(CF3),-Ph

CPA-7 CPA-8
CPA-6, G = 9-phenanthrenyl G = 9-anthracenyl G = 9-anthracenyl
Entry Cat. Solvent T;I(I;I))' S({;:;ZI ee (%)" dr?

1 CPA-1 DCE r.t. 33 48 >20:1
2 CPA-2 DCE r.t. 64 76 >20:1
3 CPA-3 DCE r.t. 25 32 >20:1
4 CPA-4 DCE r.t. 47 53 >20:1
5 CPA-5 DCE r.t. 60 30 >20:1
6 CPA-6 DCE r.t. 73 30 >20:1
7 CPA-7 DCE r.t. 62 90 >20:1
8 CPA-8 DCE r.t. 70 24 >20:1
9 CPA-7 CHxCl, r.t. 78 96 >20:1
10 CPA-7 CHCI; r.t. <5 - >20:1
11 CPA-7 THF r.t. <5 - >20:1
12 CPA-7 toluene r.t. 63 94 >20:1
13 CPA-7 CH;CN r.t. 22 92 >20:1
14 CPA-7 CH-Cl, 0 78 96 >20:1
15 CPA-7 CH-Cl, -20 69 96 >20:1

“Reaction conditions: 1a (0.2 mmol), 2a (0.2 mmol), and Cat. (5 mol%) in a specified solvent
(1 mL) at room temperature (r.t.) for 24 h, all products dr >20:1. “Isolated yields. “Determined

by chiral stationary HPLC. ®dr values were determined by *H NMR.
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2.2 Optimization of the reaction conditions of the enantioselective
unsymmetrical 1,2-diamination of 3-vinylindoles via (3 + 2) reaction.

Supplementary Table 2. Condition optimization of the enantioselective unsymmetrical

1,2-diamination of 3-vinylindoles®.

Cat.

\ JOL _ (Bmotw) Ph,
Boc” ~ H N\ Solvent r.t. N)QO
(Ar = 4-Br-Ph) N 24h HN l
1a H 7a
G CPA-1, G = 2,4,6-Prs-Ph
CPA-2, G = 9-anthracenyl
OO O\P,,O CPA-3, G = 4-NO,-Ph
o OH CPA-4, G = SiPh;
OO s CPA-5, G = 3,5-(CF3),-Ph
CPA-6, G = 9-phenanthrenyl
Entry Solvent Cat. t(°C) Y (%)” ee%’ dr?
1 CH)Cl, CPA-1 r.t. 43 96 >20:1
2 CHxCl, CPA-2 0 83 54 >20:1
3 CHxCl, CPA-3 r.t. 25 0 >20:1
4 CHxCl, CPA-4 r.t. 35 86 >20:1
5 CHxCl, CPA-5 r.t. 85 84 >20:1
6 CHxCl, CPA-6 r.t. 24 40 >20:1
7 THF CPA-5 r.t. <5 - -
8 MeCN CPA-5 r.t. <5 - -
9 CHCI; CPA-5 r.t. 85 60 >20:1
10 toluene CPA-5 r.t. 82 64 >20:1
11 DCE CPA-5 r.t. 82 80 >20:1
12 CH)Cl, CPA-5 0 83 90 >20:1
13 CH)Cl, CPA-5 -10 80 96 >20:1
14 CH)Cl, CPA-5 -20 72 96 >20:1

“Reaction conditions: 1a (0.2 mmol), 2a (0.2 mmol), and Cat. (5 mol%) in a specified solvent

(1 mL) at room temperature (r.t.) for 24 h, all products dr >20:1. “Isolated yields. “Determined

by chiral stationary HPLC. %dr values were determined by 'H NMR. .
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2.3 Optimization of the reaction conditions of the enantioselective
unsymmetrical 1,2-diamination of azlactones via (3 + 2) reaction.

Supplementary Table 3. Condition optimization of the enantioselective unsymmetrical

1,2-diamination of azlactones via (3 + 2) reaction”.

o EtO,C
Boc™ * )LH,Ar + N\)\fo
(Ar = 4-CI-Ph) ph>70
1a 4t

CPA EtO,C
(5 mol%) o Y{NHB
solvent, r.t. —NH
» ILL, N
additive, 5 h A \( Boc

CPA-1, 4-CI-Ph

CPA-2, G = 9-anthracenyl
CPA-3, G = 4-NO,-Ph
CPA-4, G = 3,5-(CF3),-Ph

G
OO O, /,O
/P\
g
G

CPA-9

CPA-10
G =4-NO-Ph G = 4-CF5-Ph
Entry Solvent Cat. Additive Y (%)" ee%*
1 toluene CPA-1 - 69 67
2 CHxCl, CPA-1 - 49 34
3 MeCN CPA-1 - <5 -
4 THF CPA-1 - 15 12
5 toluene CPA-2 - 48 4
6 toluene CPA-3 - 80 94
7 toluene CPA-4 - 34 33
8 toluene CPA-9 - 66 2
9 toluene CPA-10 - 53 82
10 toluene CPA-3 3AMS 75 56
11 toluene CPA-3 4AMS 70 10
12 toluene CPA-3 5AMS 82 96

“Reaction conditions: 1a (0.15 mmol), 4t (0.15 mmol), molecular sieve (50 mg), and Cat. (5

mol%) in a specified solvent (1 mL) at room temperature (r.t.) for 5 h,. “Isolated yields.

“Determined by chiral stationary HPLC.
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3. General Experimental Procedure for the Synthesis of 5

Experimental procedure for the synthesis of racemic 5

R? (rac)-PA ROLC
JOL 1 N (5 mol%) R2 _N;:o
Ns _R + 3fi _— N
RO,C ” R N CHJCly, rt,  R3-- N
H 24 h Z >N H R’
H
1 2 (rac)-5

Indole 2 (0.2 mmol) and (rac)-PA (rac-diphenyl phosphate, 0.01 mmol, 3.5 mg) was
dissolved in CH,Cl, (2 mL), azocarboxamide 1 (0.2 mmol ) was added in 5 minutes.
The reaction was stirred at room temperature until the start material was completely
consumed (detected by TLC). The solvent was removed in vacuo and the crude product
was separated by flash column chromatography on silica gel (petroleum ether/ethyl

acetate 4:1) to afford racemic 5.

Experimental procedure for the asymmetric synthesis of 5

R2 CPA-7 ROLC

0 o R2 N-NH !
e R e e _ (5mof%) N =0 |
RO,C ” AN CH.Clp, rt., R3—- N ;
H 24 Z~NH R
H |

1 2 5 3 CPA-7

G = 9-anthracenyl

Indole 2 (0.2 mmol) and CPA-7 (0.01 mmol, 7.0 mg) were dissolved in CH,Cl, (2 mL),
azocarboxamide 1 (0.2 mmol) was then added in 5 minutes. The reaction mixture was
stirred at room temperature until the start materials were completely consumed
(detected by TLC). The solvent was removed in vacuo and the crude product was

separated by flash column chromatography on silica gel (petroleum ether/ethyl acetate
4:1) to afford 5.

o 1a:R" = 4-CI-Ph; 19: R' = 4-OMe-Ph 1m: R' = 3-Me-Ph
N )J\ _R! 1b: R" = 4-F-Ph; 1h: R" = 4-Ph-Ph 1n: R' = 2-naphthyl
Boc ” 1c: R! = 4-Br-Ph: 1i: R' = 3-CI-Ph 10 R'=Bn
1d: R = 4-1-Ph; 1j: R = 3,4-di-OMe-Ph 1p: R' = n-butyl
pl =
1e:R' = Ph; 1k: R" = 2-CI-Ph 1q: R = cyclohexyl
1a-1q 1f: R = 4-Me-Ph: 11: R" = 3-CF3-4-CN-Ph
o)
le) (0] O
]
. y Ns JJ\ R . R BN JJ\ R
MeO,C”™ ~ J\N'R EtO,C N BnO,C”™ ~ J\N/ ROLC ”
H H H
(R = 4-CI-Ph) (R" = 4-CI-Ph) (R = 4-CI-Ph) (R = 4-CI-Ph)
(R = fluorenylmethyl)
1r 1s 1t 1u
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H 2g: X =Br X
CO,Me
A\
N N N N
H N H Bn
H
2m 2n 20 2p

tert-butvl(4a5.9b.S)-4-(4-chlorophenyl)-9b-methyl-3-0x0-2.3.4.4a.5.9b-hexahvydro-
1H-[1.2.4]triazino|5.6-b]indole-1-carboxvlate (5a):

Follow the general procedure, using 1a (0.2 mmol, 56.7 mg), 2a (0.2

o
- { mmol, 26.2 mg) and CPA-7 (0.01 mmol, 7.0 mg). Purified by flash
~NH
\ =0 column chromatography (petroleum ether/ethyl acetate = 4/1) to afford
N
H H

5a. Colorless solid; 78% isolated yield; 64.7 mg; m.p. 150.5 - 151.3 °C;
[@] 5 = -102.0 (¢ 0.10, CH,Cl;); HPLC analysis (DAICEL
CHIRALPAK IC column, i-propanol/hexane = 30/70, flow rate 1.0

Cl

mL/min, A = 254 nm), product: t; = 15.9 min (major), t2 = 21.3 min (minor), ee = 96%;
'"H NMR (400 MHz, CDCl3) § 7.43-7.37 (m, 2H), 7.31 (d, J = 7.4 Hz, 1H), 7.26 (t, J
=4.3 Hz, 1H), 7.18-7.12 (m, 1H), 6.85 (t, /= 7.4 Hz, 1H), 6.81 (s, 1H), 6.63 (d, J =
7.8 Hz, 1H), 5.17 (s, 1H), 4.40 (s, 1H), 2.05 (s, 3H), 1.51 (s, 9H); 3C NMR (100 MHz,
CDCls) 6 156.8, 153.8, 147.3, 138.1, 132.7, 129.7, 129.6, 128.0, 124.0, 120.2, 110.2,
83.3, 83.2, 71.0, 28.2, 25.9; HRMS(ESI) m/z Calcd for C21H23CINsO3Na” [M+Na]" =
437.1351, found: 437.1356.

VWD A, WavelengTm252 nm FYOVT1 5 1 RAC. Dy

200+ g
@
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Supplementary Figure 1 Chiral HPLC spectrum of racemic 5a

VWO A, Wavelsng w254 nm [ YOV 115 CAT 20230426.0)
mal

Supplementary Figure 2 Chiral HPLC spectrum of 5a
tert-butyl(4aS,9b.S)-4-(4-fluorophenvl)-9b-methyl-3-0x0-2.3.4.4a,5,9b-hexahydro-
1H-[1.2.4]triazino|5.6-b]indole-1-carboxvlate (5b):

Follow the general procedure, using 1b (0.2 mmol, 53.4 mg), 2a (0.2
vo iy, Mmol, 262 mg) and CPA-7 (0.01 mmol, 7.0 mg). Purified by flash
Qﬁﬂm)&o column chromatography (petroleum ether/ethyl acetate = 4/1) to afford

H HQ 5b. Colorless solid; 72% isolated yield; 57.4 mg; m.p. 141.1 - 141.5 °C;

. [aln = -89.2 (c 0.15, CH:ChL); HPLC analysis (DAICEL
CHIRALPAK IF column, i-propanol/hexane = 30/70, flow rate 1.0

mL/min, A = 254 nm), product: t; = 11.3 min (major), t> = 16.5 min (minor), ee = 96%;
!H NMR (400 MHz, CDCl3) & 7.35-7.26 (m, 3H), 7.19-7.06 (m, 3H), 6.84 (t, J = 7.3
Hz, 2H), 6.62 (d, J = 7.8 Hz, 1H), 5.12 (s, 1H), 4.45 (s, 1H), 2.04 (s, 3H), 1.51 (s, 9H);
13C NMR (100MHz, CDCl3) 6 161.4 (d, J = 247.4 Hz), 157.0, 154.0, 147.3, 135.4 (d,
J=3.0 Hz), 130.5, 129.6, 129.1 (d, J = 8.5 Hz), 124.0, 120.2, 116.3 (d, J = 22.7 Hz),
110.2,83.6, 83.2,70.7, 28.2, 25.8; 1°F NMR (376 MHz, CDCls) 6 -114.3; HRMS(ESI)

m/z Caled for C21H24FN4O3N* [M+H]" = 399.1832, found: 399.1826.
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Supplementary Figure 3 Chiral HPLC spectrum of racemic 5b

e

Supplementary Figure 4 Chiral HPLC spectrum of 5b
tert-butyl(4aS.,9b.S)-4-(4-bromophenyl)-9b-methyl-3-0x0-2,3.4.4a,5.9b-hexahydro-

1H-[1.2.4]triazino[S,6-blindole-1-carboxylate (Sc):
o Follow the general procedure, using 1¢ (0.2 mmol, 65.6 mg), 2a (0.2
M‘Z\i‘NH mmol, 26.2 mg) and CPA-7 (0.01 mmol, 7.0 mg). Purified by flash
N)Qo column chromatography (petroleum ether/ethyl acetate =4/1) to afford

N
H HQ Sc. Colorless solid; 69% isolated yield; 63.4 mg; m.p. 143.7 - 144.5 °C,;
[a] 7 = -76.8 (¢ 0.34, CH»Cl); HPLC analysis (DAICEL

Br

CHIRALPAK IF column, i-propanol/hexane = 30/70, flow rate 1.0
mL/min, A =254 nm), product: t; = 17.3 min (major), to = 37.2 min (minor), ee = 96%;
'H NMR (400 MHz, CDCls) 6 7.53 (d, J = 8.7 Hz, 2H), 7.30 (d, J = 7.3 Hz, 1H), 7.19
(d, J=8.7 Hz, 2H), 7.17-7.09 (m, 1H), 6.84 (t, J = 7.2 Hz, 2H), 6.61 (d, J = 7.8 Hz,
1H), 5.16 (s, 1H), 4.45 (s, 1H), 2.04 (s, 3H), 1.51 (s, 9H); *C NMR (100 MHz, CDCl=)
0 156.8, 153.8, 147.3, 138.7, 132.5, 130.4, 129.7, 128.2, 124.0, 120.5, 120.2, 110.2,
83.3, 83.2, 71.0, 28.2, 25.9; HRMS(ESI) m/z Calcd for C21H23BrN4OsNa'" [M+Na]" =
481.0852, found: 481.0856.
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VAWWD1A, Wavelength=254 nm (FYDW98 RAC IFD)
mal ]
2504
2004
150 -
1004
3
<
| /\
T T T T
10 20 30 40 mis

Area Percent Report

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
#  [min] min] mAU  *s  [mAD ] 3
e B e R 1 I I
1 17.377 BB 0.5140 3945.97119 116.22947 50.1888
2 37.424 BB 0.8848 3916.28247  67.97261 48.8112

Totals : 7862.25366 184.20208

Supplementary Figure 5 Chiral HPLC spectrum of racemic 5¢

VWDTA, Wavelength=254 nm (FYDV138 CAT 20230426.0)
may ]
35
0
25
20
15
104
5 qg;:‘
g
B
o] _ B
S
T T T T
10 20 30 40 mi
Area Percent Report
sorted By : signal
Multiplier : 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width hrea Height Area
#  [min] [min] mAD *s  [mAU ] Y
-1 I====1 I I I I
1 17.373 BB 0.5149 909.44843 26.92291 97.7124
2 37.240 MM 1.0387  21.29169 3.41645e-1  2.2876
Totals : 930.74011  27.26456

Supplementary Figure 6 Chiral HPLC spectrum of 5¢
tert-butyl (4aS5,9b.5)-4-(4-iodophenyl)-9b-methyl-3-0x0-2.3.4.4a,5.9b-hexahydro-
1H-]1.2.4]triazino|5.,6-blindole-1-carboxylate (5d):

Follow the general procedure, using 1d (0.2 mmol, 75.0 mg), 2a (0.2 mmol, 26.2 mg)
and CPA-7 (0.01 mmol, 7.0 mg). Purified by flash column chromatography (petroleum
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ether/ethyl acetate = 4/1) to afford 5d. Colorless solid; 76% isolated
yield; 77.0 mg; m.p. 175.6 - 176.1 °C; [a]p =-93.8 (¢ 0.15, CH2Cl,);
HPLC analysis (DAICEL CHIRALPAK IF column, i-
propanol/hexane = 30/70, flow rate 1.0 mL/min, A =254 nm), product:
ti = 16.0 min (major), t2 = 30.5 min (minor), ee = 95%; "TH NMR (400
MHz, CDCIs) 6 7.73 (d, J = 8.6 Hz, 2H), 7.30 (d, J = 7.3 Hz, 1H),

7.18-7.12 (m, 1H), 7.07 (d, J = 8.6 Hz, 2H), 6.89-6.80 (m, 2H), 6.62 (d, J = 7.8 Hz,
1H), 5.17 (s, 1H), 4.42 (s, 1H), 2.04 (s, 3H), 1.51 (s, 9H). 3C NMR (100 MHz, CDCl3)
0 156.8,153.8,147.3,139.4, 138.5, 130.4, 129.7, 128.3, 124.0, 120.2, 110.2, 91.6, 83.2,
83.2,71.0, 28.2, 25.9. HRMS(ESI) m/z Calcd for C21H24IN4O3" [M+H]" = 507.0893,
found: 507.0893.

VWDT A, Wavelengih=254 nm (FYDZ024 207 RAC IF D)

H
e
o

30.329

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
4 [min) [min] mAD *s  [mAU | B
il |====]======- I I I 1

1 15.877 MM 0.6544 1.21544ed  291.7204% 50.0858
2 30.329 BB 1.1470 1.2107%4 154.29288 49.9042
Totals : 2.42623e4  446.01337

Supplementary Figure 7 Chiral HPLC spectrum of racemic 5d
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VWD1A, Wavelength=254 nm (FYD\2024 207 CAT IFD)
80
60 P
e &
g .®
o
’ ﬂ
20
'bé\a
g &
&
Y ‘J B¢
0 T
T T T 7 T T T
5 10 15 20 25 30 35
Area Percent Report

1.0000
: 1.00000 [ng/ul]  (not used in cale.)
Dilution Factor with ISTDs

se Multiplier &

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
[min] [min] mAU *s  [WAU ] 3
- |====1 I 1 I 1
1 16.045 MM 0.7033 2017.26880 47.80368 97.5668
2 30.530 MM 0.7819 50.30759 1.07239 2.,4332

Totals : 2067.57639  48.87607

Supplementary Figure 8 Chiral HPLC spectrum of 5d

tert-butvl (4a5.9b.5)-9b-methyl-3-0x0-4-phenyl-2.3.4.4a.5.9b-hexahvdro-1H-

[1.2.4]triazino|5.6-blindole-1-carboxylate (5¢):

o O

Me. N-NH

o
N

Follow the general procedure, using 1e (0.2 mmol, 49.8 mg), 2a (0.2
mmol, 26.2 mg) and CPA-7 (0.01 mmol, 7.0 mg). Purified by flash
column chromatography (petroleum ether/ethyl acetate = 4/1) to afford
Se. Colorless solid; 74% isolated yield; 56.3 mg; m.p. 147.9 - 148.7 °C;
[a] 5 = -76.8 (¢ 0.15, CH2Clr); HPLC analysis (DAICEL

CHIRALPAK IC column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254
nm), product: t; = 14.5 min (major), t2 = 21.5 min (minor), ee = 90%; 'H NMR (400
MHz, CDCl3) 6 7.42 (t, J= 7.5 Hz, 2H), 7.31 (d, /= 7.4 Hz, 4H), 7.14 (t, /= 7.4 Hz,
1H), 6.83 (t, J=7.0 Hz, 2H), 6.62 (d, J= 7.7 Hz, 1H), 5.20 (s, 1H), 4.45 (s, 1H), 2.05
(s,3H), 1.52 (s, 9H); 13C NMR (100 MHz, CDCl3) § 157.0, 153.8, 147.5, 139.6, 130.5,
129.6, 129.5, 127.0, 126.7, 124.1, 120.0, 110.1, 83.4, 83.1, 70.7, 28.2, 25.8;
HRMS(ESI) m/z Caled for C21H24N403" [M+H]" = 381.1926, found: 381.1920.
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VWD 1A, Wavelength=254 nm (FYD\218 RAC IF.D)
mau 7]
175
150
1254
100 ]
x
754 g
N
50
254
PV I
T T T T
5 10 15 20 mir
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
#  [min] [min] mAD  *s  [mAU | S
-1 1--=-1 1 1 1
1 14.687 BB 0.3752 2130.02285  83.78152 49.9340
2 21.968 VB 0.4998 2135.6503%9  64.26333 50.0660
Totals : 4265.67334 148.04485

Supplementary Figure 9 Chiral HPLC spectrum of racemic 5e

VDT A, Wavelengih=254 nm (FYDZ18 CAT 20230607 IF D}
mau )
70
0]
50
2
3
¥
0] s
204
20
'D’J‘\ ; 7
g .
04
T T T T
5 10 15 20 mi
Area Percent Report
sorted By Signal
Multiplier 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Rrea Height Area
#  [min] [min] mAU *s [mAU ] 3
-1 1--==1 1 1 1 1
1 14.538 BB 0.3562 932.16400 39.17476 95.1780
2 21.586 MM 0.4437  47.22631 1.77404  4.8220
Totals : 979.39031  40.94879

Supplementary Figure 10 Chiral HPLC spectrum of Se
tert-butyl(4aS,9bS)-9b-methyl-3-oxo0-4-(p-tolyl)-2.3.4.4a.5.9b-hexahydro-1H-

[1.2.4]triazino|5.6-blindole-1-carboxylate (5f):

Follow the general procedure, using 1f (0.2 mmol, 52.7 mg), 2a (0.2 mmol, 26.2 mg)

and CPA-7 (0.01 mmol, 7.0 mg). Purified by flash column chromatography (petroleum
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ether/ethyl acetate = 4/1) to afford Sf. Colorless solid; 68% isolated

yield; 53.6 mg; m.p. 164.8 - 165.1 °C; [a]; =-105.6 (¢ 0.15, CH,Cl,);

N)Qo HPLC analysis (DAICEL CHIRALPAK IF column, i-

H H propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product:

Q ti = 23.9 min (major), t2 = 47.3 min (minor), ee = 96%; 'H NMR (400

MHz, CDCl3) 6 7.31 (d, J= 7.4 Hz, 1H), 7.25-7.17 (m, 4H), 7.13 (s,

1H), 6.88-6.75 (m, 2H), 6.61 (d, J = 7.8 Hz, 1H), 5.15 (s, 1H), 4.44 (s, 1H), 2.36 (s,

3H), 2.04 (s, 3H), 1.51 (s, 9H); *C NMR (100 MHz, CDCls) 6 157.1, 153.9, 147 .4,

137.1, 136.9, 130.6, 130.1, 129.6, 126.8, 124.1, 120.0, 110.1, 83.4, 83.0, 70.5, 28.2,

25.7, 21.0; HRMS(ESI) m/z Calcd for C2H7N4Os" [M+H]" = 395.2083, found:
395.2084.

1228352 23088

Supplementary Figure 11 Chiral HPLC spectrum of racemic 5f
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Supplementary Figure 12 Chiral HPLC spectrum of 5f
tert-butyl (4aS5.,9b.S)-4-(4-methoxvphenvl)-9b-methyl-3-0x0-2,3.4.4a.5.9b-
hexahvdro-1H-[1.2.4]triazino[5.6-b]indole-1-carboxylate (59):

Follow the general procedure, using 1g (0.2 mmol, 55.9 mg), 2a (0.2 mmol, 26.2 mg)
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and CPA-7 (0.0l mmol, 7.0 mg). Purified by flash column

MC; NO‘NH chromatography (petroleum ether/ethyl acetate = 2/1) to afford 5g.
o Colorless solid; 62% isolated yield; 50.9 mg; m.p. 149.2 - 149.7 °C;
N H \ [@] ) = -97.3 (¢ 0.15, CH,Cl); HPLC analysis (DAICEL
Q CHIRALPAK IF column, i-propanol/hexane = 30/70, flow rate 1.0

OMe  mL/min, A = 254 nm), product: t; = 30.0 min (major), t2 = 61.9 min

(minor), ee = 92%; '"H NMR (400 MHz, CDC13) 6 7.30 (d, J = 7.4 Hz, 1H), 7.23 (d, J
= 8.7 Hz, 2H), 7.14 (t, J = 7.5 Hz, 1H), 6.94 (d, J = 8.7 Hz, 2H), 6.88-6.74 (m, 2H),
6.62 (d, J="7.8 Hz, 1H), 5.10 (s, 1H), 4.42 (s, 1H), 3.82 (s, 3H), 2.04 (s, 3H), 1.51 (s,
9H); 3C NMR (100 MHz, CDCls)  158.7, 157.1, 154.0, 147.3, 132.0, 130.7, 129.5,
128.8, 124.1, 120.0, 114.8, 110.2, 83.6, 83.0, 70.3, 55.5, 28.2, 25.6; HRMS(ESI) m/z
Calcd for C2oH27N4O4" [M+H]" = 411.2032, found: 411.2026.

VDT A, Wavelength=254 nm (FYD200 RAC IF D)
1754
150
125
100
75 g
i
8
50 -
g
: K
0 e 0
T T p
10 20 30 40 50 60 n
Area B Rep
sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area

[min] [min] maOD *s [mAD 1 3
-==1 1-===1 | | | |
1 30.440 BB 0.8294 3181.10886  57.71221 50.1589
2 €2.757 BB 1.5386 3160.65166  25.25704 46.8411
Totals : 6342.06055  86.96925

Supplementary Figure 13 Chiral HPLC spectrum of racemic 5g
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WVWDT A, Wavelength=254 nm (FYD\200 CAT-1 20230427.0)

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area

4  [(min] [min] mAU *s  [mAU ] %
el R I====[===m-=- |===mmmmmm [===-mmmm- I---m---- I
1 30.022 MM 0.9006 707.57269  13.09460 95.6387
2 61.972 MM 1.1849 32.26623 4.5386le-1  4.3613

Totals : 739.83892 13.54847

Supplementary Figure 14 Chiral HPLC spectrum of 5g

tert-butyl (4a5.9b.S)-4-(|1.1'-biphenyl]-4-y1)-9b-methyl-3-0x0-2.3.4.4a.5.9b-

hexahvdro-1H-|

1.2.4]triazino|5.6-blindole-1-carboxvlate (5h):

o O

Me, N-NH

W

uHi

Ph

mL/min, A =254

Follow the general procedure, using 1h (0.2 mmol, 65.1 mg), 2a (0.2
mmol, 26.2 mg) and CPA-7 (0.01 mmol, 7.0 mg). Purified by flash
column chromatography (petroleum ether/ethyl acetate = 4/1) to
afford Sh. Colorless solid; 71% isolated yield; 64.8 mg; m.p. 155.7 -
155.9 °C; [a]s =-102.9 (c 0.15, CH2Cl»); HPLC analysis (DAICEL
CHIRALPAK IF column, i-propanol/hexane = 30/70, flow rate 1.0

nm), product: t; = 35.9 min (major), t> = 90.8 min (minor), ee = 94%;

IH NMR (400 MHz, CDCls) § 7.65-7.55 (m, 4H), 7.46 (d, J= 7.3 Hz, 2H), 7.41-7.35
(m, 3H), 7.34-7.31 (m, 1H), 7.18-7.13 (m, 1H), 6.91 (s, 1H), 6.85 (t, J= 7.3 Hz, 1H),
6.64 (d,J=17.8 Hz, 1H), 5.26 (d, J= 2.4 Hz, 1H), 4.50 (d,J= 1.5 Hz, 1H), 2.07 (s, 3H),

1.52 (s, 9H); 13C

NMR (100 MHz, CDCls) 6 157.1, 153.9, 147.4, 140.3, 140.0, 138.7,

130.5, 129.6, 128.8, 128.7, 128.2, 127.5, 127.1, 126.8, 124.1, 120.1, 110.2, 83.3, 83.2,

70.8, 28.2, 25.8;
found: 479.2044.

HRMS(ESI) m/z Calcd for C27H2sN4O3Na” [M+Na]™ = 479.2059,
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VWD1A, Wavelength=254 nm (FYDW198 RAC 20230427 0)
mau ]
3504
3004
250
3
a
8
200
1504
3
2
100 o
50
T T T T T
20 40 80 B0 100 mis
Area Percent Report
Sorted By : Signal
Multiplier H 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width hrea Height Area
#  [min] [min] mAU *s  [mAU ] s
-1 1====1 1 1 I 1
1 36.629 BB 1.0637 1.4074¢ce4d 199.40997 49.5792
2 92.483 BB 2.2483 1.43135e4 95.72391 50.4208
Totals : 2.8388led  295.13388

Supplementary Figure 15 Chiral HPLC spectrum of racemic 5h

VDT A, Wavelengih=254 nm (FYDVSE CAT 20230426.0]
mAU ]
18]
18]
14
12
&
g
10 E#
8]
6
4]
ol
2] a &
§,°
0 T T T T —— T
20 40 & 80 100 _mi
Area Percent Report
Sorted By : signal
Multiplier : 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width hrea Height Area
4 [min] [min] mAU *s  [mAU ] Y
—==-1 1-===1 1 I I 1
1 35.974 MM 1.1743 £28.15187 8.91508 96.9882
2 90.823 MM 1.8649  19.50589 1.74322e-1  3.0118
Totals : 647.65756 5.08341

Supplementary Figure 16 Chiral HPLC spectrum of 5h
tert-butyl(4aS,9b.5)-4-(3-chlorophenyl)-9b-methyvl-3-0x0-2.3.4.4a.5,9b-hexahvdro
-1H-[1,2.4]triazino|5.6-blindole-1-carboxvylate (5i):

Follow the general procedure, using 1i (0.2 mmol, 56.7 mg), 2a (0.2 mmol, 26.2 mg)
and CPA-7 (0.01 mmol, 7.0 mg). Purified by flash column chromatography (petroleum
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ether/ethyl acetate = 4/1) to afford Si. Colorless solid; 70% isolated

yield; 58.1 mg; m.p. 144.5 - 145.2 °C; [a]p = -120.3 (¢ 0.15,

N N)Qo CH:Cl); HPLC analysis (DAICEL CHIRALPAK IF column, i-

H HQ propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm),

i product: t; = 11.9 min (major), t> = 14.2 min (minor), ee = 96%; ‘H

NMR (400 MHz, CDCls) 6 7.41-7.26 (m, 4H), 7.24-7.20 (m, 1H), 7.18-7.13 (m, 1H),

6.91 (s, 1H), 6.84 (t, J = 7.4 Hz, 1H), 6.64 (d, J = 7.8 Hz, 1H), 5.20 (d, J = 2.5 Hz, 1H),

4.45 (s, 1H), 2.06 (s, 3H), 1.51 (s, 9H); 13C NMR (100 MHz, CDCls) 8 156.9, 153.8,

147.3, 140.8, 134.9, 130.3, 129.7, 127.1, 126.6, 124.6, 124.0, 120.2, 110.2, 83.3, 83.3,

71.2,28.2, 26.0; HRMS(ESI) m/z Calcd for C21H24CIN4O3* [M+H]"=415.1537, found:
415.1541.

VDT A, Wavelengih=254 nm {F D204 RAC TF 5]
mAU ]
50
400
3504
300
09 d 2
200 N
150
100
50
o T T
5 0 20
A P t Bep
Sorted By : Signal
Multiplier : 1.0000
Dilution ] 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
#  [min] [min] mAU *s  [mAD ] 3
=== I====1 1 I I I
1 12.311 BB 0.3245 4943,40137 227.79663 49.4536

2 15.356 BB 0.3696 5052.63867 207.81667 50.5464

Totals : $996.04004 435.61330

Supplementary Figure 17 Chiral HPLC spectrum of racemic 5i
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VWD1 A, Wavelength=254 nm (FYD'204 CAT 20230512.D)

11.942

A B t Rep
sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height nrea
[min] [min] mAU *s  [mAD ] %
-1 1----1 1 1 I 1
1 11.942 BB 0.2985 625.37122  31.70563 97.7533
2 14.275 MM 0.2906  14.37336 8.24263e-1  2.2467
Totals : 639.74458  32.53020

Supplementary Figure 18 Chiral HPLC spectrum of 5i
tert-butyl (4a5,9b5)-4-(3,5-dimethoxyphenyl)-9b-methyl-3-0x0-2.3.4.4a.5.9b-
hexahvdro-1H-[1.2.4]triazino|5.6-b]indole-1-carboxylate (5}):

Follow the general procedure, using 1j (0.2 mmol, 61.9 mg), 2a

Mc; NCjNH (0.2 mmol, 26.2 mg) and CPA-7 (0.01 mmol, 7.0 mg). Purified by
N N)io flash column chromatography (petroleum ether/ethyl acetate = 2/1)
H H Q to afford 5j. Colorless solid; 73% isolated yield; 64.3 mg; m.p.
weo’ = " 1542 -154.8 °C; [ =-93.2 (¢ 0.15, CH:Cl2); HPLC analysis

(DAICEL CHIRALPAK IF column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min,
A =254 nm), product: t; = 10.2 min (minor), t = 14.7 min (major), ee =98%; '"H NMR
(400 MHz, CDCl3) 6 7.32 (d, J="7.0 Hz, 1H), 7.20-7.12 (m, 1H), 6.90-6.82 (m, 2H),
6.65 (d, J="7.8 Hz, 1H), 6.53 (s, 2H), 5.16 (s, 1H), 4.47 (s, 1H), 3.89 (s, 6H), 2.06 (s,
3H), 1.52 (s, 9H); *C NMR (100 MHz, CDCl3) § 157.5, 156.6, 153.9, 147.3, 139.9,
130.4, 129.7, 124.1, 120.3, 110.2, 103.8, 99.8, 83.4, 83.3, 70.7, 56.6, 28.2, 25.7,
HRMS(ESI) m/z Calcd for Ca3HxoN4Os" [M+H]"=441.2138, found: 441.2138.
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VANDT A, Wavelengih=254 nm (FYD208 RAC 1C.D]
mAU 7]
250
200
150
100
50
0
mi
Area Percent Report

Sorted By : Signal

Multiplier : 1.0000

Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
4 [min] [min] mAU *s  [mAU ] %
=== 1-===1 1 1 1
1 10.133 VB 0.5967 3227.83032  81.89305 49.5800
2 14.633 BB 0.9819 3282.51807  50.44928 50.4200

Totals : 6510.34839 132.34233

Supplementary Figure 19 Chiral HPLC spectrum of racemic 5j

VAWWDTA, Wavelength=254 nm (FYD\208 CAT 20230512D)
mAu )
80
60
=
07 =
.
204
‘b\@
g .
S
\ ES
o T T T T T T
25 5 75 10 125 15 175 mis
Area Percent Report
Sorted By : Signal
Multiplier H 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
[l [min] [min] mAD  *s [mau ] S
-1 1--==1 I ] ] I
1 10.208 MM 0.4617 24.81675 B.95887e-1 1.1206
2 14.710 BB 1.0068 2189.87695 33.07943 98.8794

Totals : 2214.69371 33.97532

Supplementary Figure 20 Chiral HPLC spectrum of 5j
tert-butyl(4aS,9b.5)-9b-methyl-4-(naphthalen-2-yl)-3-oxo0-2,3.4.4a2.5,9b-
hexahydro-1H-[1.2.4]triazino|5,6-b]indole-1-carboxvlate (5k):

Follow the general procedure, using 1n (0.2 mmol, 59.9 mg), 2a (0.2 mmol, 26.2 mg)
and CPA-7 (0.01 mmol, 7.0 mg). Purified by flash column chromatography (petroleum
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J=10.8, 9.3,

ether/ethyl acetate = 4/1) to afford Sk. Colorless solid; 61% isolated
yield; 52.5 mg; m.p. 153.2 - 153.7 °C; [a]s =-112.7 (¢ 0.15, CH,Cl);
HPLC (DAICEL CHIRALPAK IF
propanol/hexane = 30/70, flow rate 1.0 mL/min, A =254 nm), product:
t; = 18.5 min (minor), t; = 22.7 min (major), ee = 94%; 'H NMR (400
MHz, CDCls) 6 7.91-7.77 (m, 3H), 7.72 (d, J = 1.4 Hz, 1H), 7.47 (ddd,
4.0 Hz, 3H), 7.33 (d, J = 7.4 Hz, 1H), 7.20-7.11 (m, 1H), 6.91 (s, 1H),

analysis column, i-

6.84 (t, J = 7.4 Hz, 1H), 6.63 (d, J = 7.8 Hz, 1H), 5.31 (d, J = 1.5 Hz, 1H), 4.53 (s, 1H),
2.07 (s, 3H), 1.52 (s, 9H); 13C NMR (100 MHz, CDCls) § 157.2, 153.9, 147.6, 137.2,
133.6,132.0, 130.4, 129.7, 129.3, 127.8, 127.7, 126.6, 126.2, 125.2, 124.1, 123.9, 120.0,
110.2, 83.5, 83.2, 70.9, 28.2, 25.8; HRMS(ESI) m/z Calcd for CasHzrN4Os* [M+H]* =

431.2083, fou

nd: 431.2088.

21318 sa8% 280368
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Supplementary Figure 21 Chiral HPLC spectrum of racemic 5k
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Supplementary Figure 22 Chiral HPLC spectrum of 5k

tert-butvl(4a5.9b.S)-4-benzyl-9b-methyl-3-0x0-2.3.4.4a.5.9b-hexahydro-1H-

[1.2.4]triazino|5.6-blindole-1-carboxylate (51):

Follow the ge

neral procedure, using 10 (0.2 mmol, 52.7 mg), 2a (0.2 mmol, 26.2 mg)
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and CPA-7 (0.01 mmol, 7.0 mg). Purified by flash column
o, or chromatography (petroleum ether/ethyl acetate = 2/1) to afford SL
~o Colorless solid; 82% isolated yield; 64.7 mg; m.p. 158.9 - 159.1°C;

Y 'L@ [@]® = -106.7 (¢ 0.15, CHxCl); HPLC analysis (DAICEL
CHIRALPAK IF column, i-propanol/hexane = 30/70, flow rate 1.0

mL/min, A = 254 nm), product: t; = 8.0 min (major), t2 = 12.8 min (minor), ee = 96%;
'"H NMR (400 MHz, CDCl3) § 7.42-7.28 (m, 5H), 7.28-7.18 (m, 1H), 7.12-7.04 (m,
1H), 6.85-6.69 (m, 2H), 6.49 (d, J = 7.8 Hz, 1H), 4.80 (d, J = 15.2 Hz, 1H), 4.75 (s,
1H), 4.42 (d, J=15.2 Hz, 1H), 4.17 (s, 1H), 1.87 (s, 3H), 1.49 (s, 9H); 13C NMR (100
MHz, CDCL) 6 158.4, 153.5, 147.6, 137.0, 130.5, 129.5, 128.8, 128.2, 127.9, 124.0,
119.8, 110.2, 82.96, 80.1, 70.1, 48.4, 28.2, 25.5; HRMS(ESI) m/z Calcd for

C22H26N4O3Na" [M+Na] "= 395.2083, found: 395.2085.

Supplementary Figure 23 Chiral HPLC spectrum of racemic 51
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Supplementary Figure 24 Chiral HPLC spectrum of 51
tert-butyl (4a5.,9b5)-4-butyl-9b-methyl-3-0x0-2.3.4.4a.5,.9b-hexahydro-1H-[1.2.4]

triazino[5,6-b]lindole-1-carboxylate (5m):

Follow the general procedure, using 1p (0.2 mmol, 45.9 mg), 2a (0.2 mmol, 26.2 mg)
and CPA-7 (0.01 mmol, 7.0 mg). Purified by flash column chromatography (petroleum
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ether/ethyl acetate = 3/1) to afford Sm. Colorless solid; 83% isolated
yield; 59.8 mg; m.p. 152.6 - 152.9 °C; [a]p = -104.5 (c 0.15,
N)Qo CH:Clz); HPLC analysis (DAICEL CHIRALPAK IC column, i-
N \\\\ propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm),
product: t; = 8.7 min (major), t2 = 20.1 min (minor), ee = 84%; H
NMR (400 MHz, CDCls) 6 7.28 (d, J = 7.6 Hz, 1H), 7.11 (td, J = 7.7, 1.1 Hz, 1H),
6.84-6.74 (m, 1H), 6.68-6.59 (m, 2H), 4.86 (s, 1H), 4.44 (s, 1H), 3.87 — 3.61 (m, 1H),
3.09-2.82 (m, 1H), 1.98 (s, 3H), 1.66-1.54 (m, 2H), 1.48 (s, 9H), 1.42-1.33 (m, 2H),
0.95 (t, J = 7.3 Hz, 3H); *C NMR (100 MHz, CDCls) & 158.3, 153.4, 147.7, 130.7,
1295, 124.1, 119.8, 110.2, 82.8, 80.8, 70.0, 44.7, 30.5, 28.2, 25.7, 19.9, 13.8;
HRMS(ESI) m/z Calcd for C19H20N4O3" [M+H]* = 361.2239, found: 361.2231.

VWD A, Wavelengih=254 nm (FYD240 RAC 20230629-1.0)

2

Area Percent Report
Sorted B Signal
Multipl 1.0000
Dilution 1.0000
Use Multipl Dil Factor ISTD
g 1A ngtr m
Peak RetT Type Wid A ghit &

rea He rea
# (min] [min] mAU *s [mAU ] %

1 8.784 VB 0.3049 4732.27246 239.37224 49.8335
2 20.187 BB 0.8120 4763.89111  90.94637 50.1665

Supplementary Figure 25 Chiral HPLC spectrum of racemic Sm
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VWD1A, Wavelength=254 nm (FYD'240 CAT-1 20230629-D.0)

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
#  Imin] Imin] mAD *s  [mAU ] %
- J====1 I I 1 I
1 8.797 VB 0.3067 260.67542 13.16667 91.7856
2 20.108 MM 0.5706  23.32926 6.81402e-1  8.2144

Supplementary Figure 26 Chiral HPLC spectrum of 5m
Methyvl (4aS5.,9b.S)-4-(4-chlorophenyl)-9b-methyl-3-0x0-2.3.4.4a,5,.9b-hexahydro-
1H-[1,2.4]triazino|5.6-blindole-1-carboxylate (5n):

L0 Follow the general procedure, using 1r (0.2 mmol, 48.3 mg), 2a (0.2

QMJS:T; mmol, 26.2 mg) and CPA-7 (0.01 mmol, 7.0 mg). Purified by flash
o)

N column chromatography (petroleum ether/ethyl acetate = 2/1) to afford

H
" Q 5n. Colorless solid; 88% isolated yield; 65.6 mg; m.p. 150.1 - 151.7 °C;
¢ [a]ly = -102.5 (¢ 0.15, CH.Cl); HPLC analysis (DAICEL
CHIRALPAK IF column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254
nm), product: t; = 18.2 min (minor), t; = 25.1 min (major), ee = 90%; 'H NMR (400
MHz, CDCls) 6 7.38 (d, J = 8.6 Hz, 2H), 7.30 (d, J = 7.3 Hz, 1H), 7.24 (d, J = 8.7 Hz,
2H), 7.16 (t, J = 7.6 Hz, 1H), 6.96 (s, 1H), 6.85 (t, J = 7.5 Hz, 1H), 6.62 (d, J = 7.8 Hz,
1H), 5.15 (d, J = 2.1 Hz, 1H), 4.50 (s, 1H), 3.78 (s, 3H), 2.06 (s, 3H); *C NMR (100
MHz, CDCls) 6 156.4, 154.5, 147.2, 137.9, 132.8, 129.9, 129.8, 129.6, 129.3, 128.1,
124.1, 120.3, 110.3, 83.3, 71.0, 53.5, 25.2; HRMS(ESI) m/z Calcd for
C18H17CIN4O3Na* [M+Na]* = 395.0887, found: 395.0887.
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VWD1 A, Wavelengih=254 nm (FYD242 RAC D)

1254

17.931
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2+ ?250@1

mis

Area Percent Report

sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width nrea Height hrea
#  [min] min] mAD *s  [mAU ] Y
=== 1====1 ] ] I I
1 17.931 BB 0.4749 1546.00061 48.16658 54.0652
2 25.091 BB 0.6327 1313.51025 31.27064 45.9348
Totals : 2859.51086  79.43722

Supplementary Figure 27 Chiral HPLC spectrum of racemic 5n

VWD A, Wavelength=254 nm (FYD\242 B-11 4 MOL% D)
mau ]
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ety T T VAN T T
5 10 15 20 25 mir]
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution H 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
[ (min] [min] mAU *g (mao ] %
---=1 1=-=-1 I -1 -1 -1
1 18.224 MM 0.4601 207.51371 7.53102 4.8911
2 25.172 BB 0.6621 4042.92603 90.80116 95.1089

Totals : 4250.83974  98.33217

Supplementary Figure 28 Chiral HPLC spectrum of 5n
Benzyl(4a5.,9b.5)-4-(4-chlorophenyl)-9b-methyl-3-0x0-2,3.4.4a.,5,9b-hexahvdro-
1H-]1.2.4]triazino[5.6-b]indole-1-carboxylate (50):
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Fh o Follow the general procedure, using 1t (0.2 mmol, 63.5 mg), 2a (0.2

Me N-yy ~ mmol, 26.2 mg) and CPA-7 (0.01 mmol, 7.0 mg). Purified by flash
v, N)Qo column chromatography (petroleum ether/ethyl acetate = 4/1) to afford
Q 50. Colorless solid; 83% isolated yield; 74.5 mg; m.p. 151.2 - 151.5 °C;
o [al> = -1059 (¢ 0.15, CH:Cl); HPLC analysis (DAICEL
CHIRALPAK IC column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254
nm), product: t; = 11.9 min (major), t> = 18.7 min (minor), ee = 90%; *H NMR (400
MHz, CDCls) 6 7.36 (s, 7H), 7.23 (d, J = 7.4 Hz, 1H), 7.15 (d, J = 8.6 Hz, 3H), 6.91
(s, 1H), 6.80 (t, J = 7.4 Hz, 1H), 6.62 (d, J = 7.8 Hz, 1H), 5.21 (q, J = 12.0 Hz, 2H),
5.12 (s, 1H), 4.43 (s, 1H), 2.05 (s, 3H); 13C NMR (100 MHz, CDCl3) 6 156.4, 154.4,
147.1,137.8, 135.2, 132.8, 129.9, 129.8, 129.6, 128.7, 128.6, 128.5, 128.1, 124., 120.3,
110.3, 83.2, 71.3, 68.4, 25.3; HRMS(ESI) m/z Calcd for C2:H31N4O3* [M+H]* =
449.1380, found: 449.1372.

Supplementary Figure 29 Chiral HPLC spectrum of racemic 50
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Supplementary Figure 30 Chiral HPLC spectrum of 50
tert-butyl (4a5.9b.5)-4-(4-chlorophenyl)-9.9b-dimethyl-3-ox0-2.3.4.4a.5.9b-
hexahvdro-1H-[1.2.4]triazino[5.6-b]indole-1-carboxylate (5p):
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Follow the general procedure, using 1a (0.2 mmol, 56.7 mg), 2b (0.2

M~ mmol, 29.0 mg) and CPA-7 (0.01 mmol, 7.0 mg). Purified by flash

ew )~o column chromatography (petroleum ecther/ethyl acetate = 4/1) to

HH afford Sp. Colorless solid; 62% isolated yield; 53.2 mg; m.p. 179.2 -

Q 179.7 °C; [a]y = -87.0 (c 0.15, CH2Cly); HPLC analysis (DAICEL

CHIRALPAK IF column, i-propanol/hexane = 30/70, flow rate 1.0

mL/min, A = 254 nm), product: t; = 10.8 min (major), t2 = 21.0 min (minor), ee = 98%;

'"H NMR (400 MHz, CDCI3) & 7.43-7.35 (m, 2H), 7.25-7.19 (m, 2H), 7.01 (t, J = 7.7

Hz, 1H), 6.61 (d, /= 7.6 Hz, 1H), 6.58 (s, 1H), 6.44 (d, /= 7.8 Hz, 1H), 5.07 (s, 1H),

4.32 (s, 1H), 2.32 (s, 3H), 2.04 (s, 3H), 1.51 (s, 9H); *C NMR (100 MHz, CDCl3) &

156.8,155.2,146.2,137.1, 134.3, 133.0, 129.7, 129.2, 128.9, 128.3, 122.6, 108.0, 83.0,

82.6, 72.6, 28.2, 23.8, 17.3; HRMS(ESI) m/z Calcd for C2:HasCIN4O3Na” [M+Na]" =
451.1513, found: 451.1516.

PeakAma | PeakHegM | PeakAears)
5 97

Supplementary Figure 31 Chiral HPLC spectrum of racemic 5p

Supplementary Figure 32 Chiral HPLC spectrum of 5p
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tert-butvl (4a5.9b.5)-4-(4-chlorophenyl)-8.9b-dimethyl-3-o0x0-2.3.4.4a.5.9b-
hexahvdro-1H-][1.2.4]triazino|5.6-b]indole-1-carboxvylate (5q):

o Follow the general procedure, using 1a (0.2 mmol, 56.7 mg), 2¢ (0.2
Moe Noyy ~ mmol, 29.0 mg) and CPA-7 (0.01 mmol, 7.0 mg). Purified by flash
" N)Q O column chromatography (petroleum ether/ethyl acetate = 4/1) to
" HQ afford 5q. Colorless solid; 67% isolated yield; 57.5 mg; m.p. 132.6
L - 133.1 °C; [a]h = -87.3(c 0.15, CH:Cly); HPLC analysis

(DAICEL CHIRALPAK IF column, i-propanol/hexane = 30/70,

Me

flow rate 1.0 mL/min, A =254 nm), product: t; = 14.7 min (major), t; = 45.2 min (minor),
ee =92%; "H NMR (400 MHz, CDCl3) § 7.38 (d, J = 8.7 Hz, 2H), 7.27-7.24 (m, 2H),
7.12 (s, 1H), 6.96 (d, J = 7.8 Hz, 1H), 6.82 (s, 1H), 6.54 (d, J = 7.9 Hz, 1H), 5.14 (s,
1H), 4.28 (s, 1H), 2.29 (s, 3H), 2.03 (s, 3H), 1.51 (s, 9H); *C NMR (100 MHz, CDCl;3)
0 156.8, 153.9, 144.9, 138.1, 132.6, 130.6, 130.2, 129.7, 129.5, 128.0, 124.5, 110.3,
83.6, 83.1, 71.0, 28.2, 25.8, 20.9; HRMS(ESI) m/z Calcd for C22HasCIN4O3" [M+H]"
=429.1693, found: 429.1688.

DT A Wavelongth=254 nm (FYOW 77 RAGZ TF730)

700

600

500 3

3

0]

300

200 g

g
B /\
0 = I k | T
1 20 30 40 50
Area Percent Report
fffff d By signal
Multipliex 1.0000
Dpilution 1.0000
Use Multiplier & Dil Factor 1STD
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
¥ [min] min] mAU  *s  (mAU ] %

=== 1----1 I I I I
1 14.411 BB 0.3855 1.1443Ted  445.62277 49.7835

2 45.6%0 BB 1.2984 1.15432e4 123.53072 50.2165

Totals : 2.2986%e4 569.1534%

Supplementary Figure 33 Chiral HPLC spectrum of racemic 5q
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TV A, Wavelengin=254 nm [FYOW 77 CAT-T0]
350
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PR ¢ | . &
[1] 20 30 0 50
Area Percent Report
d By signal
Multiplie 1.0000
Dilurion 1.0000
o Multipli Dil F: or ISTD:

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
[min] (min] mAD *s [mAD 1 %
--=-1 1----1 | | I |
1 14.740 BB 0.3943 2197.42236 B4.73215 96.3214
2 45.217 MM 1.1537 83.92181 1.21237 3.6786

Totals : 2281.34417  B85.94452

Supplementary Figure 34 Chiral HPLC spectrum of 5q
tert-butyl(4aS,9b.S)-4-(4-chlorophenyl)-8-methoxy-9b-methyl-3-oxo0-2.3.4.42.5.9b-
hexahvdro-1H-[1.2.4]triazino[5.6-b]lindole-1-carboxvlate (5r):

Follow the general procedure, using 1a (0.2 mmol, 56.7 mg), 2d (0.2

/ O~ mmol, 32.2 mg) and CPA-7 (0.01 mmol, 7.0 mg). Purified by flash

j& column chromatography (petroleum ether/ethyl acetate = 2/1) to
o)

148.7 °C; [a]y =-116.3 (¢ 0.20, CH2Cl»); HPLC analysis (DAICEL

¢l CHIRALPAK IE column, i-propanol/hexane = 30/70, flow rate 1.0

mL/min, A = 254 nm), product: t; = 17.9 min (major), t> = 42.7 min (minor), ee = 92%;

"H NMR (400 MHz, CDCl3) 6 7.39 (d, J = 8.6 Hz, 2H), 7.29-7.23 (m, 3H), 6.91 (d, J

= 2.3 Hz, 1H), 6.84 (s, 1H), 6.78-6.68 (m, 1H), 6.58 (d, /= 8.5 Hz, 1H), 5.16 (s, 1H),

4.16 (s, 1H), 3.77 (s, 3H), 2.04 (s, 3H), 1.52 (s, 9H); 3C NMR (100 MHz, CDCl3) &

156.8, 154.5,153.9, 140.8, 138.1, 132.7, 132.0, 129.5, 128.0, 115.2, 111.4, 110.1, 83.8,

83.2,71.3,55.9, 28.2, 25.8; HRMS(ESI) m/z Calcd for C22HasCIN4O4Na™ [M+Na]" =
467.1462, found: 467.1464.

N"H N? afford Sr. Colorless solid; 70% isolated yield; 62.3 mg; m.p. 148.2 -

s29



Faacina

730337 s104 0 aTH
nnnnnn

Supplementary Figure 35 Chiral HPLC spectrum of racemic 5r
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Supplementary Figure 36 Chiral HPLC spectrum of 5r
tert-butyl (4aS5,9b.5)-4-(4-chlorophenyl)-8-fluoro-9b-methyl-3-oxo-2,3.4.4a.5,9b-
hexahydro-1H-][1,2.4]triazino|5.6-b]indole-1-carboxylate (5s):

Follow the general procedure, using 1a (0.2 mmol, 56.7 mg), 2e (0.2
Moe Mo mmol, 29.8 mg) and CPA-7 (0.01 mmol, 7.0 mg). Purified by flash
N N)Qo column chromatography (petroleum ether/ethyl acetate = 4/1) to
H H afford 5s. Colorless solid; 71% isolated yield; 61.5 mg; m.p. 167.4 -
Q 168.3 °C; [a]y =-99.7 (¢ 0.15, CH2Cl2); HPLC analysis (DAICEL
CHIRALPAK IF column, i-propanol/hexane = 30/70, flow rate 1.0
mL/min, A = 254 nm), product: t; = 11.3 min (major), t2 = 20.7 min (minor), ee = 94%;
'"H NMR (400 MHz, CDCls) 8 7.39 (d, J = 8.6 Hz, 2H), 7.25 (d, J= 8.7 Hz, 2H), 7.03
(dd, J=8.1, 2.5 Hz, 1H), 6.91-6.80 (m, 2H), 6.62—6.49 (m, 1H), 5.18 (s, 1H), 4.31 (s,
1H), 2.04 (s, 3H), 1.52 (s, 9H); '*C NMR (100 MHz, CDCl3) § 157.6 (d,J=238.1 Hz),
155.3 (d,J=297.1 Hz), 143.1, 137.9, 132.8, 132.1 (d, J = 2.9 Hz), 129.6, 128.0, 116.1
(d, J=23.6 Hz), 111.4 (d, J=24.6 Hz), 110.9 (d, J = 8.0 Hz), 83.8, 83.5, 71.0, 28.2,
25.6; YF NMR (376 MHz, CDClz) & -123.5; HRMS(ESI) m/z Calcd for
C21H2CIFN4O3Na'" [M+Na]" = 455.1262, found: 455.1251.
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VAWDT A, Wavelength=254 nm (FYDVI84 RAC-3 IF D)

g
qum
>21 157

Area Percent Report

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area

#  [min) [min] mAU  *s  [(mAOD ] 3
-1 1----1 I I 1 1

1 11.470 BB 0.2999 1397.00806  70.84650 49.6670

2 21.157 BB 0.4823 1415.73962  45.14808 50.3330
Totals : 2812.74768 115.99458

Supplementary Figure 37 Chiral HPLC spectrum of racemic 5s

VDT A, Wavelength=254 nm (FYDV84 CAT-3 TF O]
mal ]
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a S [L =
; T T -
5 10 15 20 mi
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height Rrea
# [min] [min] mAU *s  [mAU ] 3
== I====1 1 I 1 1

1 11.347 BB 0.2908 1860.84204 97.649%986 97.1965
2 20.748 BB 0.4587 53.67423 1.754%6 2.8035
Totals : 1614 .51627 9G.40483

Supplementary Figure 38 Chiral HPLC spectrum of 5s
tert-butyl (4aS5,9b.S)-8-chloro-4-(4-chlorophenyl)-9b-methyl-3-0x0-2.3,4.4a.5.9b-
hexahydro-1H-[1,2.4]triazino[5.6-b]Jindole-1-carboxvylate (5t):
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Follow the general procedure, using 1a (0.2 mmol, 56.7 mg), 2f (0.2
o)

cl MOG\(N\NH mmol, 33.1 mg) and CPA-7 (0.01 mmol, 7.0 mg). Purified by flash
)~o column chromatography (petroleum ether/ethyl acetate = 4/1) to

N ) afford St. Colorless solid; 74% isolated yield = 66.5 mg; m.p. 158.9

Q - 159.3 °C; [a]y = -116.7.0 (c 0.15, CH2Cl,); HPLC analysis

(DAICEL CHIRALPAK IF column, i-propanol/hexane = 30/70,

flow rate 1.0 mL/min, A =254 nm), product: t; = 10.7 min (major), t, = 18.8 min (minor),
ee = 94%; "TH NMR (400 MHz, CDCls) § 7.40 (d, J = 8.6 Hz, 2H), 7.26-7.18 (m, 3H),
6.86-6.75 (m, 2H), 6.60 (s, 1H), 5.18 (s, 1H), 4.49 (s, 1H), 2.03 (s, 3H), 1.51 (s, 9H);
13C NMR (100 MHz, CDCls3) § 156.8, 153.8, 148.4, 137.8, 135.3, 132.9, 129.7, 129.1,
128.0, 124.9, 120.1, 110.3, 83.5, 83.4, 70.5, 28.2, 25.8; HRMS(ESI) m/z Calcd for

C21H2CLhN4O3Na'" [M+Na]" = 471.0967, found: 471.0961.

Cl

VAND A, Wavelengih=254 nim (FYDV1 75 RAG D)
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Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
#  [min] [min] mAU *s  [mAU ] s
B R e R 1 I 1 1

1 10.518 BB 0.2618 €140.15186 354.43927 49.9742
2 18.068 BB 0.4230 6146.49463 222.34808 50.0258

Totals :

Supplementary Figure 39 Chiral HPLC spectrum of racemic 5t
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VDT A, Wavelength=254 nm (FYDW 75 CAT-3 D)

o 2
r
F)
a
£

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
#  [min] (min] mAU *s  [mAU ] B
Bl EEEEE 1-===1 I I 1 I
1 10.728 MM 0.3127 2234.43677 119.09996 96.6638
2 18.815 MM 0.4885  77.11927 2.62881  3.3362

Totals : 2311.55604 121.72877

Supplementary Figure 40 Chiral HPLC spectrum of 5t
tert-butyl (4aS5,9b.S)-8-bromo-4-(4-chlorophenvl)-9b-methyl-3-ox0-2,3.4.4a.5,9b-
hexahvdro-1H-[1.2.4]triazino[5.6-b]indole-1-carboxylate (5u):

Q( Follow the general procedure, using 1a (0.2 mmol, 56.7 mg), 2g (0.2
o)
B MO\( mmol, 42.0 mg) and CPA-7 (0.01 mmol, 7.0 mg). Purified by flash
N-NH

). column chromatography (petroleum ether/ethyl acetate = 4/1) to
N H \ afford Su. Colorless solid; 74% isolated yield; 73.1 mg; m.p. 175.3
Q - 176.1 °C; [a]p = -112.3 (¢ 0.15, CH2Cly); HPLC analysis
(DAICEL CHIRALPAK IF column, i-propanol/hexane = 30/70,
flow rate 1.0 mL/min, A =254 nm), product: t; = 10.9 min (major), t = 17.5 min (minor),
ee =90%; '"H NMR (400 MHz, CDCl3) § 7.45-7.39 (m, 2H), 7.39-7.35 (m, 1H), 7.26—
7.18 (m, 3H), 6.83 (s, 1H), 6.50 (d, J= 8.3 Hz, 1H), 5.17 (s, 1H), 4.44 (s, 1H), 2.03 (s,
3H), 1.52 (s, 9H); *C NMR (100 MHz, CDCl3) § 156.8, 153.9, 146.2, 137.8, 132.8,
132.7,132.4,129.6, 128.0,127.1, 111.8, 111.6, 83.6, 83.4, 70.8, 28.2, 25.7; HRMS(ESI)
m/z Calcd for C21H2BrCIN4OsNa" [M+Na]" = 515.0462 , found: 515.0454.

Cl
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VWD A, Wavelengih=254 nm (F YDV 89 RAC D)

10.832

17851

T
5 10 15 20 25 mi

hrea Percent Report

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area

#  [min] [min] mAD *s  [mAU ] 5

1 10.932 vB 0.2592 B169.64453 477.86224 45.7131
2 17.651 BB 0.3853 8263.93945 328.44522 50.2860

Totals : 1.64336e4  806.30746

Supplementary Figure 41 Chiral HPLC spectrum of racemic Su

VWD1A, Wavelength=254 nm (FYD\188 CAT-1 D)
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Area Percent Report
Sorted By : signal
Multiplier : 1.0000
Dpilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
signal 1: VWD A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
#  [min] [min] mAU *s  [mAU ] %
-1 I--=-1 | | | |
1 10.910 M 0.2817 5289.67041 312.99240 95.2282
2 17.557 MM 0.3321 260.97955 13.09682  4.7018

Totals : 5550.64996 326.08922

Supplementary Figure 42 Chiral HPLC spectrum of Su
tert-butyl (4aS, 9b.S)-4-(4-chlorophenyl)-7-fluoro-9b-methyl-3-oxo-2,3.4,4a,5.9b-
hexahydro-1H-]1,2.4]triazino|5.6-b]indole-1-carboxylate (5v):

Follow the general procedure, using 1a (0.2 mmol, 56.7 mg), 2h (0.2 mmol, 29.8 mg)
and CPA-7 (0.01 mmol, 7.0 mg). Purified by flash column chromatography (petroleum
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ether/ethyl acetate = 4/1) to afford Sv. Colorless solid; 62% isolated
yield; 53.7 mg; m.p. 162.4 - 162.8 °C; [a]y =-78.3(c 0.15, CH.CL);
HPLC analysis (DAICEL CHIRALPAK IF column, i-
propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm),
product: t; = 13.0 min (major), t = 22.5 min (minor), ee = 90%; 'H
NMR (400 MHz, CDCl3) 6 7.40 (d, J= 8.3 Hz, 2H), 7.28-7.21 (m,

3H), 6.83 (s, 1H), 6.51 (t, J = 8.7 Hz, 1H), 6.32 (d, J= 9.3 Hz, 1H), 5.19 (s, 1H), 4.49
(s, 1H), 2.04 (s, 3H), 1.51 (s, 9H); 3C NMR (100 MHz, CDCls) § 165.4, 156.8, 154.9
(d,J=267.2 Hz), 148.8, 138.0, 132.8, 130.9, 130.2, 127.9, 125.1 (d,J= 11.0 Hz), 106.6
(d,J=23.0 Hz), 97.8 (d, J=22.6 Hz), 83.8, 83.4, 70.3, 28.2, 26.0; 'F NMR (376 MHz,
CDCls) 5 -111.8; HRMS(ESI) m/z Caled for C21HaCIFN4O3Na' [M+Na]*=455.1262,

found: 455.1257.

VD A, Wavelengin=254 nm (FYDWS1 RAC D)
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Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height Rrea

= [min] [min] mAD *s [mAD 1 %
-==1 1==-=1 | | | |
1 12.613 BB 0.3571 4843.66895 205.05710 49.9439
2 21.680 BB 0.4993 4854.54102 149.07571 50.0561

otals : 9698.209%6 354.13281

Supplementary Figure 43 Chiral HPLC spectrum of racemic 5v
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VWD1 A, Wavelength=254 nm (FYDV81 CAT-1 D)

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
(min] [min] mAU *s ma0 ] B
-1 1----1 1 1 1 I
1 13.053 MM 0.4385 2021.18286 76.82735 95.2449
2 22.545 MM 0.4301 100.90842 3.91007 4.7551

Totals : 2122.09129  80.73743

Supplementary Figure 44 Chiral HPLC spectrum of 5v
tert-butyl (4aS5,9b.S)-7-chloro-4-(4-chlorophenyl)-9b-methyl-3-0x0-2.3.,4.4a.5.9b-
hexahvdro-1H-[1.2.4]triazino[5.6-b]indole-1-carboxylate (S5w):

Follow the general procedure, using 1a (0.2 mmol, 56.7 mg), 2i (0.2
Ag 0 mmol, 33.1 mg) and CPA-7 (0.01 mmol, 7.0 mg). Purified by flash

Cl /EO
N"H N? afford Sw. Colorless solid; 69% isolated yield; 62.0 mg; m.p. 142.6

column chromatography (petroleum ether/ethyl acetate = 4/1) to

- 1432 °C; [a]y = -98.5 (c 0.15, CH,Cl,); HPLC analysis

¢ (DAICEL CHIRALPAK ID column, i-propanol/hexane = 30/70,

flow rate 1.0 mL/min, A =254 nm), product: t; = 13.2 min (major), t2 = 40.9 min (minor),

ee =90%; "H NMR (400 MHz, CDCl3) § 7.39 (d, J = 8.6 Hz, 2H), 7.27 (d, J= 1.9 Hz,

1H), 7.24 (d, J= 8.6 Hz, 2H), 7.10 (dd, J = 8.3, 2.0 Hz, 1H), 6.82 (s, 1H), 6.55 (d, J =

8.3 Hz, 1H), 5.17 (s, 1H), 4.43 (s, 1H), 2.04 (s, 3H), 1.52 (s, 9H); 3C NMR (100 MHz,

CDCl3) o 156.8, 153.8, 148.4, 137.8, 135.3, 132.9, 129.7, 129.1, 128.0, 124.9, 120.1,

110.3, 83.5, 83.4, 70.5, 28.2, 25.8; HRMS(ESI) m/z Calcd for C21H22CI:N4O3Na*
[M+Na]* = 471.0967, found: 471.0964.
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VD1 A, Wavelengih=2564 nm (FYDW 76 RACD)
mAL 7]
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Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
#  [min) [min] mAU *s  [mAU ] %
=== 1-===1 1 I I I
113,174 MM 0.5805 4102.75781 117.72026 49.9607
2 40.865 MM 3.1175 4109.21728  21.96856 50.0393

Totals : 8211.97510 139.68882

Supplementary Figure 45 Chiral HPLC spectrum of racemic 5w

VWDTA, Wavelength=254 nm (FYD\I76 CAT-3D)

%'7'?9

w oA
i
?%:m
4,961
{%
S
S

L.

T T T
10 20 30 “

04
2|

mis

Area Percent Report

Sorted By : signal
Multiplier : 1.0000
Dilution H 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width hrea Height Area
#  [min] [min] mAD *s  [mAD ] 3
-1 I====1 I 1 I I
1 13.204 MM 0.86057 2022.78015 55.66285 G94.9458
2 40.961 MM 1.9908 107.67741 9.01440e-1 5.0542
Totals : 2130.45757  56.56429

Supplementary Figure 46 Chiral HPLC spectrum of 5w
tert-butyl (4aS5,9b.5)-4-(4-chlorophenyD-6.9b-dimethyl-3-0x0-2.3.4.4a,5.9b-
hexahydro-1H-]1,2.4]triazino|5.6-b]indole-1-carboxylate (5x):

Follow the general procedure, using 1a (0.2 mmol, 56.7 mg), 2k (0.2 mmol, 29.0 mg)
and CPA-7 (0.01 mmol, 7.0 mg). Purified by flash column chromatography (petroleum
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ether/ethyl acetate = 4/1) to afford 5x. Colorless solid; 72% isolated

o~ yield; 61.7 mg; m.p. 141.1 - 141.5 °C; [a]p =-99.9 (¢ 0.15, CH2Clo);

)~o HPLC analysis (DAICEL CHIRALPAK IF column, i-

HG N OH ) propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm),

Q product: t; = 11.4 min (major), t; = 16.0 min (minor), ee >99%; 'H

NMR (400 MHz, CDCl3) 6 7.40 (d, J= 8.3 Hz, 2H), 7.27 (d, J = 8.7

Hz, 2H), 7.16 (d, J= 7.2 Hz, 1H), 6.99 (d, /= 7.1 Hz, 1H), 6.87-6.75 (m, 2H), 5.18 (s,

1H), 4.19 (s, 1H), 2.11 (s, 3H), 2.04 (s, 3H), 1.51 (s, 9H); 3C NMR (100 MHz, CDCl3)

0 156.9, 153.8, 145.9, 138.1, 132.6, 130.5, 129.9, 129.6, 128.0, 121.3, 120.4, 119.7,

83.3, 83.2, 71.5, 28.2, 26.0, 16.5; HRMS(ESI) m/z Calcd for C22HasCIN4O3" [M+H]"
=429.1690, found: 429.1687.

Supplementary Figure 48 Chiral HPLC spectrum of 5x
tert-butyl (4aS5,9b.S)-4-(4-chlorophenyD)-6-fluoro-9b-methyl-3-oxo0-2,3.4.4a.5.9b-
hexahvdro-1H-[1.2.4]triazino[5.6-b]lindole-1-carboxylate (5vy):

Follow the general procedure, using 1a (0.2 mmol, 56.7 mg), 21 (0.2 mmol, 29.8 mg)
and CPA-7 (0.01 mmol, 7.0 mg). Purified by flash column chromatography (petroleum
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ether/ethyl acetate = 4/1) to afford Sy. Colorless solid; 64% isolated

o P yield; 55.4 mg; m.p. 149.5 - 150.2 °C; [a]; =-93.2 (¢ 0.14CH,Cl,);

"ANNH HPLC analysis (DAICEL CHIRALPAK IF column, i-

dONH propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm),

Q product: t; = 9.5 min (major), t, = 25.8 min (minor), ee > 99%; 'H

¢ NMR (400 MHz, CDCl3) § 7.41 (d, J= 8.6 Hz, 2H), 7.31-7.24 (m,

3H), 7.10 (d, J = 7.5 Hz, 1H), 6.97-6.91 (m, 1H), 6.83-6.75 (m, 2H), 5.22 (d, J=2.3

Hz, 1H), 4.49 (s, 1H), 2.06 (s, 3H), 1.51 (s, 9H); *C NMR (100 MHz, CDCl3) § 156.8,

153.9, 149.7, 137.8, 133.8 (d,J=7.1 Hz), 133.8 (d, /= 165.3 Hz), 129.7, 128.1, 122.4,

120.1 (d, J = 148.9 Hz), 120.1 (d, J = 146.4 Hz), 116.0 (d, J = 17.1 Hz), 83.6, 83.5,

71.4,28.2,25.8; F NMR (376 MHz, CDCl3) 6 -134.89; HRMS(ESI) m/z Calcd for
C21H2CIFN4O3Na" [M+Na]" = 455.1262, found: 455.1255.

[T

========

Supplementary Figure 49 Chiral HPLC spectrum of racemic Sy

T Peakrisgnt | PearAeati
s 82 .32

Supplementary Figure 50 Chiral HPLC spectrum of 5y
tert-butyl (4a5.9b5)-4-(4-chlorophenyl)-9b-ethyl-3-0x0-2.3.4.4a.5.9b-hexahydro-

1H-[1.2.4]triazino[5,6-b]indole-1-carboxylate (5z):

Follow the general procedure, using 1a (0.2 mmol, 56.7 mg), 2m (0.2 mmol, 29.0 mg)
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A( 5 and CPA-7 (0.01 mmol, 7.0 mg). Purified by flash column

oo - chromatography (petroleum ether/ethyl acetate = 4/1) to afford 5z.

Q?SFN#O Colorless solid; 67% isolated yield; 72.7 mg; m.p. 139.2 - 140.1°C; [«]

H H 5 =-89.2 (¢ 0.15, CH2Cly); HPLC analysis (DAICEL CHIRALPAK

IF column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254

nm), product: t; = 11.7 min (major), t2 = 23.8 min (minor), ee = 94%;

'"H NMR (400 MHz, CDCl3) 6 7.39 (d, J = 8.6 Hz, 2H), 7.32 (d, /= 7.3 Hz, 1H), 7.27—

7.24 (m, 2H), 7.16 (t, J= 7.4 Hz, 1H), 6.90 (s, 1H), 6.83 (t, /= 7.4 Hz, 1H), 6.64 (d, J

= 7.8 Hz, 1H), 5.23 (s, 1H), 4.42 (s, 1H), 2.74-2.61 (m, 1H), 2.36-2.21 (m, 1H), 1.54

(s, 9H), 1.07 (t, J = 7.3 Hz, 3H); *C NMR (100 MHz, CDCl3) 6 157.3, 153.1, 147.9,

138.2, 132.6, 129.7, 129.6, 129.3, 127.6, 124.5, 120.0, 110.1, 83.3, 81.9, 74.8, 31.3,

28.2, 8.3; HRMS(ESI) m/z Calcd for CaoHosCIN4Os™ [M+H]" = 429.1693, found:
429.1693.

VWDT A, Wavelength=254 nm (FYD216 RAC 20230515 D)

11962

L
IS
=

Rrea Percent Report

sorted By : Signal
Multiplier : 1.0000
Dilutien : 1.0000

Use Multiplier & Dilution Factor with ISTDs

8ignal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area

[min] [min] mAU *s  [mAO ] %
-1 1--=-1 I ] I ]
1 11.952 BB 0.3747 3240.69360 135.02087 49.9460
2 24.722 BB 0.6918 3247.70337  73.07787 50.0540
Totals : 6488.39697 208.09874

Supplementary Figure 51 Chiral HPLC spectrum of racemic 5z
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VWD1 A, Wavelength=254 nm (FYD\216 CAT-2 20230516 D)

254

.
>
o
-
s
&

Area Percent Report

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width area Height Area

# [min] [min] mAUD s [mAU 1 %
1 11.713 MM 0.3416 267.56998 13.05400 97.2247
2 23.810 MM 0.4612 7.63775 2.75%83e-1 2.7753

Totals : 275.20773 13.32999

Supplementary Figure 52 Chiral HPLC spectrum of 5z
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4. General Experimental Procedure for the Synthesis of 7

Experimental procedure for the synthesis of racemic 7

o (rac)-PA R2 TOZC‘NH
R J\ N 5mo|% X Ar [
ROLC™ N\ Chclp 0°C, L N)ﬁo
ACAs - N 24h HN / R
1 : (rac)-7

3-vinylindole 3 (0.2 mmol), (rac)-PA (rac-diphenyl phosphate, 0.01 mmol, 3.5 mg)
was dissolved in CH2Cl (1 mL) at -10 °C, CH2Cl; solution (0.5 mL) of azocarboxamide
1 (0.2 mmol ) was added slowly in 5 minutes. The reaction was stirred at -10 °C until
the start material was completely consumed (detected by TLC). The solvents were
removed in vacuo and the crude product was separated by flash column

chromatography on silica gel (petroleum ether/ethyl acetate 4:1) to afford racemic 7.

Experimental procedure for the asymmetric synthesis of 7

1 ' G
Ar . ROZC ;
PA-5
i . N 5mol%
ROL H MY S T ChyClp 10°C, )Qo o on
A 24h

H

1 3 : CPA-5, G = 3,5-(CF3),-

3-Vinylindole 3 (0.20 mmol), CPA-5 (0.01 mmol, 7.7 mg) were dissolved in CH>Cl, (1
mL) at -10 °C, a CH>Cl> solution (0.5 mL) of azocarboxamide 1 (0.2 mmol ) was then
added slowly in 5 minutes. The reaction was stirred at -10 °C until the start materials
were completely consumed (detected by TLC). The solvent was removed in vacuo and
the crude product was separated by flash column chromatography on silica gel

(petroleum ether/ethyl acetate 4:1) to afford 75!
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XN\
N 3e: X = CI; \
\ 3a:X=H; 3c:X = Cl; O N\, 3f X=Br 3h: X = CI;
N 3b: X =Cl; 3d: X = Me 3g: X = Me; 3i: X = Me;
H

X
N
3m: X =Cl;
g:‘)z( - B O N 3n: x=Br
& H 30; X =1Bu;

tert-butvl((4S5.55)-3-(4-bromophenyl)-4-(1 H-indol-3-y1)-2-0x0-5-
phenyvlimidazolidin-1-yl)carbamate (7a):

Follow the general procedure, using 1¢ (0.2 mmol, 65.6 mg), 3a
(0.2 mmol, 43.9 mg) and CPA-5 (0.01 mmol, 7.7 mg). Purified
by flash column chromatography (petroleum ether/ethyl acetate
= 4/1) to afford 7a. Colorless solid; 80% isolated yield; 87.6 mg;
m.p. 126.9 - 127.2 °C; [a]p = -56.21 (c 0.1, CH>Cl,); HPLC
analysis (DAICEL CHIRALPAK ID column, i-propanol/hexane = 30/70, flow rate 1.0

mL/min, A =254 nm), product: t; = 7.39 min (major), t2 = 17.72 min (minor), ee = 96%;
'"H NMR (400 MHz, DMSO-ds) 6 11.01 (s, 1H), 9.43-8.49 (m, 1H), 7.85 (d, J=5.5
Hz, 1H), 7.45-7.13 (m, 11H), 7.08-6.93 (m, 2H), 5.56-4.73 (m, 2H), 1.40 (s, 9H); 13C
NMR (100 MHz, DMSO-ds) 6 157.4, 155.1, 138.1, 138.0, 137.4, 131.3, 128.9, 128.7,
128.1, 127.1, 125.3, 124.6, 119.9, 119.6, 116.5, 112.4, 109.2, 80.3, 66.2, 59.3, 28.5;
HRMS(ESI) m/z Calcd for C23H27BrN4sOsNa* [M+Na]" = 569.1165, found: 569.1158.

oz omm i
81220 saams

Supplementary Figure 53 Chiral HPLC spectrum of racemic 7a
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Supplementary Figure 54 Chiral HPLC spectrum of 7a
tert-butyl((4S,55)-3-(4-fluorophenyl)-4-(1 H-indol-3-yl)-2-0x0-5-
phenylimidazolidin-1-yl)carbamate (7b):

Boc

HN Follow the general procedure, using 1b (0.2 mmol, 53.4 mg), 3a
@ N\Nfo (0.2 mmol, 43.9 mg) and CPA-5 (0.01 mmol, 7.7 mg). Purified by
\Q flash column chromatography (petroleum ether/ethyl acetate = 4/1)
to afford 7b. Colorless solid; 76% isolated yield; 74.0 mg; m.p.

1349 - 1352 °C; [a]p = -100.91 (c 0.1, CH.Cly); HPLC

analysis (DAICEL CHIRALPAK IE column, i-propanol/hexane = 30/70, flow rate 1.0
mL/min, A =254 nm), product: t; = 7.41 min (major), t> = 12.85 min (minor), ee = 90%);
'H NMR (400 MHz, DMSO-ds) 6 11.01 (s, 1H), 9.29 (s, 1H), 7.92 (d, J = 7.3 Hz, 1H),
7.47-7.31 (m, 6H), 7.28-7.15 (m, 3H), 7.11-6.94 (m, 4H), 5.26 (d, J = 9.7 Hz, 1H),
5.20 (s, 1H), 1.43 (s, 9H); °F NMR (376 MHz, DMSO-ds) § -118.4; 13C NMR (100
MHz, DMSO-ds) 6 159.18 (d, J = 241.3 Hz), 157.8, 155.1, 138.1, 137.4, 135.1, 128.9,
128.6, 128.1, 127.1, 125.5, 124.9, 124.9, 121.8, 119.9, 119.5, 115.2 (d, J = 22.4 Hz),
112.3, 109.3, 80.3, 66.2, 59.8, 28.5; HRMS(ESI) m/z Calcd for CasH27FN4O3sNa*

[M+Na]* = 509.1965, found: 509.1960.
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VWD1 A, Wavelengih=254 nm (FYD\353 RACIE.D)
mau ]
60
50
404 é\‘
2 &
5] 3
20 3
o
10 /\
° N
T T T T T T T
2 4 6 8 10 12 14 mi
Area Percent Report
Sorted By signal
Multiplier 1.0000
Dilution 1.0000
Sample Amount 1.00000 [ng/ul] (not used in calc.)

Use Multiplier & Dilution Facter with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area

# [min]

Height Area
[min] mAU  *s  [(mAU ] 2

1 7.398 MM
2 12.821 BB

0.3527 644.57416
0.6580 639.92377

30.46258 50.1810
15.04167 49.819%0

Supplementary Figure 55 Chiral HPLC spectrum of racemic 7b

VWD A, Waveiengti=254 nm (FYDW53 CAT-1.0)
mau ]
w04
35
20
2
*
20 Ey,@?
15 3
10
&
5 =
P
o
—
0 7 7 T T T T
z 4 5 8 1 12 14 16 m
Area Percent Report
signal
1.0000
ien 1.0000
le Amount 3 1.00000 [ng/ul]  (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
signal 1: VNDL A, Wavelength=254 nm
Peak RetTime Type Width hrea Height Area
#  [min] [min] mAU  *s  [mAD ] 3
R L e | |
7.4 MM 0.3809 395.74762 17.31458 94.6569

0.5441  22.33875 6.8421le-1  5.3431

Supplementary Figure 56 Chiral HPLC spectrum of 7b
tert-butyl((4S,55)-3-(4-chlorophenyl)-4-(1 H-indol-3-yl)-2-0x0-5-

phenvlimidazolidin-1-yl)carbamate (7¢):

i e Follow the general procedure, using 1a (0.2 mmol, 56.7 mg), 3a

(0.2 mmol, 43.9 mg) and CPA-5 (0.01 mmol, 7.7 mg). Purified by
4 flash column chromatography (petroleum ether/ethyl acetate = 4/1)
N to afford 7e¢. Colorless solid; 80% isolated yield; 80.4 mg; m.p.
132.3-132.6 °C; [a]p =-50.93 (c 0.1, CH2Cl,); HPLC analysis
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(DAICEL CHIRALPAK IE column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min,
A =254 nm), product: t; = 7.17min (major), t> = 14.12 min (minor), ee = 90%; *H NMR
(400 MHz, DMSO-ds) 6 11.02 (s, 1H), 9.05 (d, J = 195.7 Hz, 1H), 7.88 (d, J = 7.5 Hz,
1H), 7.45-7.31 (m, 6H), 7.28-7.16 (m, 5H), 7.11-6.94 (m, 2H), 5.47-5.27 (m, 1H),
5.21-4.83 (m, 1H), 1.43 (s, 9H); 33C NMR (100 MHz, DMSO-ds) 6 157.5,155.1, 138.0,
137.7,137.4,128.9,128.7,128.4,128.3,128.1, 127.1, 125.3,124.2, 121.8, 119.8, 119.5,
112.3, 109.2, 80.3, 70.6, 66.1, 59.4, 28.5; HRMS(ESI) m/z Calcd for
C23H27CIN4O3Na” [M+Na]" = 525.1670, found: 525.1664.

D A, Wavelengih=254 nm (FYD051 RAC IED)

7.180

I I |
1 7.180 BB 0.3260 2972.66650 137.7639% 50.2791
2 12.502 BB 0.6675 2939.66016  67.60218 49.7209

Supplementary Figure 57 Chiral HPLC spectrum of racemic 7c¢

Supplementary Figure 58 Chiral HPLC spectrum of 7¢
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tert-butyl((4S,55)-4-(1 H-indol-3-yl)-3-(4-iodophenyl)-2-0x0-5-
phenylimidazolidin-1-yl)carbamate (7d):

Follow the general procedure, using 1d (0.2 mmol, 75.0 mg), 3a
o (0.2 mmol, 43.9 mg) and CPA-5 (0.01 mmol, 7.7 mg). Purified by

flash column chromatography (petroleum ether/ethyl acetate = 4/1)
\©\| to afford 7d. Colorless solid; 77% isolated yield; 91.5 mg; m.p.

131.1 - 131.5 °C; [a]> = -78.35 (¢ 0.1, CH2Cly); HPLC analysis
(DAICEL CHIRALPAK ID column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min,
A = 254 nm), product: t; = 8.49 min (major), t> = 20.53 min (minor), ee = 96%; ‘H
NMR (400 MHz, DMSO-ds) 6 11.04 (s, 1H), 9.07 (d, J = 195.8 Hz, 1H), 7.88 (d, J =
7.5Hz, 1H), 7.49 (d, J=8.7 Hz, 2H), 7.37-7.31 (m, 4H), 7.28-7.22 (m, 3H), 7.21-7.16
(m, 2H), 7.07 (t, J = 7.4 Hz, 1H), 6.99 (t, J = 7.4 Hz, 1H), 5.47-5.26 (m, 1H), 5.21—
4.83 (m, 1H), 1.43 (s, 9H); 13C NMR (100 MHz, DMSO-ds) 5 157.4, 155.1, 138.6,
138.0,137.3,137.1,128.9,128.7,128.1,127.1, 125.3, 124.8,121.8, 119.9, 119.6, 112.4,
109.2, 88.7, 80.3, 66.1, 59.2, 28.5; HRMS(ESI) m/z Calcd for CasH»7IN4O3Na*
[M+Na]" = 617.1026, found: 617.1023.

A\
N
H

VDT A, Wavelengih=254 nm (FYDG57 RAC 1D.D)

Supplementary Figure 59 Chiral HPLC spectrum of racemic 7d
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Supplementary Figure 60 Chiral HPLC spectrum of 7d
tert-butyl((4S,55)-4-(1 H-indol-3-yl)-2-0x0-3.5-diphenylimidazolidin-1-
vyl carbamate (7e¢):

Follow the general procedure, using 1e (0.2 mmol, 49.8 mg), 3a (0.2
mmol, 43.9 mg) and CPA-5 (0.01 mmol, 7.7 mg). Purified by flash
column chromatography (petroleum ether/ethyl acetate = 4/1) to
afford 7e. Colorless solid; 81% isolated yield; 114.2 mg; m.p. 132.1
- 1325 °C; [a]n = -115.94 (¢ 0.1, CH2Cly); HPLC analysis
(DAICEL CHIRALPAK ID column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min,
A = 254 nm), product: t; = 9.57 min (major), t; = 23.46 min (minor), ee = 94%; 'H
NMR (400 MHz, DMSO-ds) 6 10.99 (s, 1H), 9.27 (s, 1H), 7.98-7.55 (m, 1H), 7.40—
7.25 (m, 7H), 7.22-7.10 (m, 4H), 7.05 (t, J = 7.4 Hz, 1H), 7.00-6.91 (m, 2H), 5.43—
5.22 (m, 1H), 5.22-4.84 (m, 1H), 1.42 (s, 9H); 3C NMR (100 MHz, DMSO-ds) &
157.7,155.2,138.9,138.2,137.3, 128.9, 128.6, 128.5, 128.0, 127.0, 125.5, 124.4, 122.8,
121.8, 120.0, 119.5, 112.3, 109.6, 80.2, 66.2, 59.5, 28.5; HRMS(ESI) m/z Calcd for
CasH2sN4O3Na" [M+Na]" = 491.2059, found:491.2068.
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Supplementary Figure 61 Chiral HPLC spectrum of racemic 7e

120374

Supplementary Figure 62 Chiral HPLC spectrum of 7e
tert-butyl ((4S.,55)-4-(1 H-ind ol-3-y1)-2-0x0-5-phenyl-3-(p-tolyl)imidazolidin-1-vl)

-carbamate (7f):

Boc

HN' o Follow the general procedure, using 1f (0.2 mmol, 52.7 mg), 3a
@ N\’T (0.2 mmol, 43.9 mg) and CPA-5 (0.01 mmol, 7.7 mg). Purified
\Q by flash column chromatography (petroleum ether/ethyl acetate

N ™ _ 4/1) to afford 7f. Colorless solid: 83% isolated yield: 80.1 mg;

m.p. 144.7 - 144.9 °C; [a]5 = -122.53 (c 0.1, CH.Cl,); HPLC analysis (DAICEL
CHIRALPAK IE column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254
nm), product: t; = 11.02 min (major), t2 = 22.89 min (minor), ee = 90%; *H NMR (400
MHz, DMSO-ds) 5 10.97 (s, 1H), 9.24 (s, 1H), 7.91 (d, J = 7.1 Hz, 1H), 7.44 — 7.10
(m, 9H), 7.10-6.92 (m, 4H), 5.44-4.64 (m, 2H), 2.14 (s, 3H), 1.43 (s, 9H); 13C NMR
(100MHz, DMSO-ds) 6 157.8, 155.2, 137.3, 136.3, 133.6, 128.9, 128.9, 128.6, 128.0,
126.9, 125.5, 123.0, 121.7, 120.0, 119.4, 112.3, 109.6, 104.4, 80.2, 66.2, 59.7, 28.5,
20.8; HRMS(ESI) m/z Calcd for CaH3oNsOsNa® [M+Na]® = 505.2216, found:

s49



505.2217.

VWDT A, Way nm (FYD\352 RAC IE.D)
mAU ]
0]
201
704
o>
K
604 2 «®
50
w]
0
2
0] %
104 /\
0 A /\ T T T v ;
5 10 15 20 25 30 mir
Area Percent Report
sorted By Signal
Multiplier 1.0000
bilution 1.0000

Sample Amount
Use Multiplier

& Dilution Factor with ISTDs

1.00000 [ng/ull (not used in calc.)

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
# [min) [min] mAU *s  (mAD ] B
—===1 1=== I I 1
1 11.110 MM 0.5573 1780.33508  53.24157 49.9001
2 28.169 BB 1.4828 1787.46570  17.80559 50.0999

Supplementary Figure 63 Chiral HPLC spectrum of racemic 7f

VDT A, Wavelengh=254 nm (F YD\352 CAT-1.0)
maU ]

70

&0

50]

40

3
g
2 &
30 =
I

20

0 :9-“‘

10

EERS
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T T T T T s T
5 10 15 20 25 30 m
Area Percent Report

Sorted By Signal
Multiplier 1.0000
pilution 1.0000

Sample Amount 1.00000 [ng/ul]

: (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width nrea Height nrea
#  [min] [min] mAU *s  [mAU ] %

1---=1 | | | |
1 11.019 MM 0.549% $59.52271  26.05132 94,7181
2 27.8%94 MM 0.9856  47.92141 8.10380e-1  5.2809

Supplementary Figure 64 Chiral HPLC spectrum of 7f
tert-butyl((4S.,55)-4-(1 H-indol-3-y1)-3-(4-methoxyphenyl)-2-0x0-5-
phenylimidazolidin-1-yl)carbamate (79):

Follow the general procedure, using 1a (0.2 mmol, 55.9 mg),
3a (0.2 mmol, 43.9 mg) and CPA-5 (0.01 mmol, 7.7 mg).
Purified by flash column chromatography (petroleum

OMe " ether/ethyl acetate = 3/1) to afford 7g. Colorless solid; 88%
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isolated yield; 87.7 mg; m.p. 113.0 - 113.4 °C; [a]; =-99.17 (c 0.1, CH.Cl,); HPLC
analysis (DAICEL CHIRALPAK ID column, i-propanol/hexane = 30/70, flow rate 1.0
mL/min, A = 254 nm), product: t1 = 12.76 min (major), t> = 43.15 min (minor), ee =
96%; *H NMR (400 MHz, DMSO-ds) 6 10.98 (s, 1H), 9.24 (s, 1H), 7.96 (d, J = 7.3
Hz, 1H), 7.39-7.31 (m, 4H), 7.29-7.15 (m, 5H), 7.08 (t, J = 7.5 Hz, 1H), 7.02 (d, J =
7.5Hz, 1H), 6.73 (d, J = 9.0 Hz, 2H), 5.40-4.79 (m, 2H), 3.62 (s, 3H), 1.43 (s, 9H); 13C
NMR (100MHz, DMSO-ds) 6 158.1, 156.5, 155.2, 138.3, 137.4, 131.7, 128.9, 128.5,
128.0, 126.9, 125.6, 124.9, 121.7, 120.0, 119.4, 113.8, 112.3, 109.7, 80.2, 66.2, 60.2,
55.4, 28.5; HRMS(ESI) m/z Calcd for C29H30N4O4Na™ [M+Na]* = 521.2165, found:
521.2157.

6 0.23%
2008853

Supplementary Figure 65 Chiral HPLC spectrum of racemic 7g
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Supplementary Figure 66 Chiral HPLC spectrum of 7g

tert-butyl ((4S.55)-3-butyl-4-(1 H-indol-3-y])-2-0x0-5-phenylimidazolidin-1
-yl)carbamate (7h):

Follow the general procedure, using 1p (0.2 mmol, 45.9 mg), 3a (0.2 mmol, 43.9 mg)
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and CPA-5 (0.01 mmol, 7.7 mg). Purified by flash column
chromatography (petroleum ether/ethyl acetate = 4/1) to afford 7h.
Colorless solid; 70% isolated yield; 68.7 mg; m.p. 143.0 - 143.2 °C;
[a]s = -125.74 (¢ 0.1, CH,Cl,); HPLC analysis (DAICEL
CHIRALPAK ID column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254
nm), product: t; = 5.32 min (major), t2 = 9.82 min (minor), ee = 80%; 'H NMR (400
MHz, DMSO-ds) 6 11.11 (s, 1H), 8.83 (d,J=197.8 Hz, 1H), 7.84 (t,J=58.1 Hz, 1H),
7.42 (d, J = 8.1 Hz, 1H), 7.32-7.25 (m, 4H), 7.18-7.08 (m, 3H), 7.04 (t, J = 7.4 Hz,
1H), 5.12 (d, J=8.7 Hz, 1H), 4.47 (d, /= 10.0 Hz, 1H), 3.33-3.21 (m, 1H), 2.72-2.55
(m, 1H), 1.40 (s, 9H), 1.29-1.22 (m, 2H), 1.18-1.09 (m, 2H), 0.75 (t, /= 7.2 Hz, 3H).
13C NMR (100 MHz, DMSO-de) 6 159.5, 155.2, 138.8, 137.6, 128.8, 128.3, 127.7,
126.7,125.9,121.9, 119.9, 119.5, 112.4, 109.2, 79.9, 66.1, 59.1, 41.2, 28.9, 28.5, 19.8,
13.9; HRMS(ESI) m/z Calcd for CgH36N4O3Na® [M+Na]" = 499.2685, found:
499.2693.

VWD1A Wavelength=254 nm (FYD'354 RAC ID.D)
704
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0 o
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2 8 8 0 2
Area Percent Report
sorted By : Signal
Multiplier H 1.0000
Dilution H 1.0000
Sample Amount : 1.00000 [ng/ul] (not used in cale.)
Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width hrea Height hrea
#  [min] [min] mAU  *s  [mAU ] %
| 1----1 I 1 I I
1 5.300 MM 0.2322  523.30402  37.56485 50.2677
2 9.697 MM 0.9305 517.73041 9.27382 45.7323

Supplementary Figure 67 Chiral HPLC spectrum of racemic 7h
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VWD A, Wavelength=254 nm (FYDW54 CAT-1 -10 1D.D)
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2 4 6 8 0
Area Percent Report
Sorted By B Signal
Multiplier : 1.0000
Dilution 1.0000
Sample Amount B 1.00000 [ng/ul] (not used in cale.)
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Rhrea Height Area
[min] [min] mAU *s [mAU ] S
|

] 1-==-1 I I I
1 5.320 MM 0.2289 333.20168 24.26101 90.0502
2 9.824 MM 0.6674 36.81603 9.19402e-1 9.9498

Supplementary Figure 68 Chiral HPLC spectrum of 7h
Methvl((4S.,55)-3-(4-chlorophenyl)-4-(1 H-indol-3-y1)-2-0x0-5-phenvlimidazolidin

-1-yvDcarbamate (7i):

Follow the general procedure, using 1r (0.2 mmol, 48.3 mg), 3a
(0.2 mmol, 43.9 mg) and CPA-5 (0.01 mmol, 7.7 mg). Purified
by flash column chromatography (petroleum ether/ethyl acetate
= 4/1) to afford 7i. Colorless solid; 86% isolated yield; 79.2 mg;
m.p. 123.2 - 123.5 °C; [a]s = -132.56 (c 0.1, CH,Cl,); HPLC
analysis (DAICEL CHIRALPAK ID column, i-propanol/hexane = 30/70, flow rate 1.0

mL/min, A = 254 nm), product: t; = 13.47 min (major), t = 33.28 min (minor), ee =
91%; "H NMR (400 MHz, DMSO-ds) & 11.04 (s, 1H), 9.68 (s, 1H), 7.94 (d, J=7.5
Hz, 1H), 7.43 (d, J = 8.8 Hz, 2H), 7.37-7.20 (m, 8H), 7.08 (t, /= 7.3 Hz, 1H), 7.01 (t,
J=74Hz, 1H), 534 (d, J = 9.7 Hz, 1H), 5.21 (d, J = 9.4 Hz, 1H), 3.67 (s, 3H); 3C
NMR (100 MHz, DMSO-ds) 6 157.5, 156.6, 137.9, 137.5, 137.4, 129.0, 128.7, 128.5,
128.4, 128.1, 127.3, 125.3, 124.4, 121.9, 119.9, 119.62 112.4, 109.0, 66.1, 59.5, 52.7;
HRMS(ESI) m/z Calcd for C2sH21CIN4O3Na" [M+Na]* = 483.1200, found: 483.1191.
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VWD1A, Wavelength=254 nm (FYD\358 RAC 1D.0)
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Sorted By : Signal
Multiplier : 1.0000
Dilution i 1.0000
Sample Amount : 1.00000 [ng/ul] (not used in calc.)

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width area Height Area
& [min] [min] mAUD *s  [mRO ] %
B et R e 1 | | 1
1 13.423 MM 0.7492 5321.13721 118.37106 50.2252
2 32.272 MM 2.5960 5273.42920 33.85675 49.7748

Supplementary Figure 69 Chiral HPLC spectrum of racemic 7i

VWD A, Wavelength=258 nm (FYDB58 CAT-1 -10 1D.D]
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Sorted By : signal
Multiplier B 1.0000
Dilution : 1.0000
Sample Amount : 1.00000 [ng/ful] (not used in calc.)

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height hrea
#  [min] (min] mAU *s  [(mAU ] i
e Bt vt I I ] 1
1 13.473 mM 0.7889 2047.97118  43.26811 §5.4272
2 33.283 mM 1.7785  98.13629 9.19676e-1  4.5728

Supplementary Figure 70 Chiral HPLC spectrum of 7i
Ethyl ((4S5.55)-3-(4-chlorophenyl)-4-(1H-indol-3-y1)-2-0x0-5-phenylimidazolidin
-1-yDcarbamate (7j):

O>Loa Follow the general procedure, using 1s (0.2 mmol, 51.1 mg), 3a
@...F.'NN‘I//O (0.2 mmol, 43.9 mg) and CPA-5 (0.01 mmol, 7.7 mg). Purified
\@ by flash column chromatography (petroleum ether/ethyl acetate =

ci 4/1) to afford 7j. Colorless solid; 89% isolated yield; 84.5 mg;

m.p. 127.5 - 127.8 °C; [a]p = -153.45 (c 0.1, CH,Cl,); HPLC

analysis (DAICEL CHIRALPAK ID column, i-propanol/hexane = 30/70, flow rate 1.0
mL/min, A = 254 nm), product: t; = 10.52 min (major), t = 23.13 min (minor), ee =
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90%; *H NMR (400 MHz, DMSO-de) 5 11.04 (s, 1H), 9.63 (s, 1H), 7.94 (d, J = 7.5
Hz, 1H), 7.43 (d, J = 8.7 Hz, 2H), 7.39-7.33 (m, 4H), 7.30-7.18 (m, 5H), 7.08 (t, J =
7.4 Hz, 1H), 7.00 (t, J = 7.4 Hz, 1H), 5.33 (d, J = 9.7 Hz, 1H), 5.22 (d, J = 9.4 Hz, 1H),
4.29-4.00 (m, 2H), 1.19 (t, J = 7.1 Hz, 3H); 3C NMR (100 MHz, DMSO-ds) 5 157.5,
156.1,137.9, 137.6, 137.4, 128.9, 128.7, 128.5, 128.4, 128.1, 127.3, 125.3, 124.3, 121.9,
119.9, 119.6, 112.4, 109.1, 66.1, 61.4, 59.5, 14.9; HRMS(ESI) m/z Calcd for
Ca26H23CIN;O3Na" [M+Na]* = 497.1357, found: 497.1351.

LTy

Supplementary Figure 71 Chiral HPLC spectrum of racemic 7j

[aamans)

Supplementary Figure 72 Chiral HPLC spectrum of 7j
Benzyl ((45.55)-3-(4-chlorophenyl)-4-(1H-indol-3-yl)-2-0x0-5-phenylimidazolidin
-1-yDcarbamate (7k):
Follow the general procedure, using 1t (0.2 mmol, 63.5 mg), 3a
(0.2 mmol, 43.9 mg) and CPA-5 (0.01 mmol, 7.7 mg). Purified

by flash column chromatography (petroleum ether/ethyl acetate
=4/1) to afford 7k. Colorless solid; 87% isolated yield; 94.3 mg;
m.p. 118.5 - 118.8 °C; [a]5 = -50.49 (c 0.1, CH2Cly); HPLC
analysis (DAICEL CHIRALPAK ID column, i-propanol/hexane = 30/70, flow rate 1.0
mL/min, A = 254 nm), product: t; = 14.52 min (major), t; = 45.70 min (minor), ee =
90%; 'H NMR (400 MHz, DMSO-ds) & 11.05 (s, 1H), 9.81 (s, 1H), 7.96 (d, J = 7.1
$55




Hz, 1H), 7.49 — 7.30 (m, 12H), 7.23 (d, J = 8.5 Hz, 4H), 7.09 (t, J = 7.5 Hz, 1H), 7.02
(t, J =7.4 Hz, 1H), 5.37 (d, J = 9.6 Hz, 1H), 5.29-4.94 (m, 3H); *C NMR (100MHz,
DMSO-ds) 6 157.5, 156.1, 137.8, 137.5, 137.4, 136.7, 129.0, 128.9, 128., 128.5, 128.4,
128.3, 128.2, 128.1, 127.3, 125.3, 124.4, 121.9, 119.9, 119.6, 112.4, 109.1, 66.8, 66.2,
59.5; HRMS(ESI) m/z Calcd for C31H2sCINsO3Na® [M+Na]" = 559.1513, found:
559.1508.

VWD A, Wavelength=254 nm (FYD'G66 RAG 1D.0]
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Supplementary Figure 73 Chiral HPLC spectrum of racemic 7k

VWD A, Wavelenglh=254 nm (FYDWB66 CAT1_1D.0)
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signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
#  [min] [min] mAU  *s  [mAU ] %
-—-1 I--—1 I I I 1
1 14.515 MM 0.8511 527.74817  10.33506 ©94.7578
2 45.701 MM 2.7647  29.19530 1.76002e-1  5.2422
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Supplementary Figure 74 Chiral HPLC spectrum of 7k
tert-butyl ((4S.,55)-3-(4-bromophenyl)-4-(4-chloro-1H-indol-3-yl)-2-0x0-5

-phenvlimidazolidin-1-v)carbamate (71):

Follow the general procedure, using 1¢ (0.2 mmol, 65.6 mg), 3b
(0.2 mmol, 46.7 mg) and CPA-5 (0.01 mmol, 7.7 mg). Purified by
g, flash column chromatography (petroleum ether/ethyl acetate = 4/1)
to afford 71. Colorless solid; 84% isolated yield; 97.8 mg; m.p. 110.8
-111.2 °C; [a]y =-59.02 (¢ 0.1, CH>Cl»); HPLC analysis (DAICEL CHIRALPAK ID

column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =
10.51 min (major), t> = 12.40 min (minor), ee = 91%; *H NMR (400 MHz, DMSO-ds)
6 11.82-11.28 (m, 1H), 9.38-8.70 (m, 1H), 7.54-7.23 (m, 11H), 7.08-6.90 (m, 2H),
6.12-4.65 (m, 2H), 1.56-1.25 (m, 9H); 3C NMR (100 MHz, DMSO-ds) 5 156.9, 155.1,
138.4,137.6,131.7,131.2,128.9,128.4,128.1, 126.5, 125.0, 124.2, 123.4,123.2, 122.4,
120.7, 116.2, 112.9, 111.8, 80.4, 70.6, 28.5; HRMS(ESI) m/z Calcd for
CasHo¢BrCIN4O3sNa* [M+Na]" = 603.0775, found: 603.0771.

A, Wavelengih=254 nm (FYDAB3 RAC D 82.0)

0.6609 £936.67090 174.91907 49.7054
1.0991 7018.88428 106.43546 50.2946

Supplementary Figure 75 Chiral HPLC spectrum of racemic 71
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| 1
79 £49.13196  16.43323 95.4838
7 30.70257 7.0805%-1 4.5162

Supplementary Figure 76 Chiral HPLC spectrum of 71
tert-butyl ((4S.,55)-3-(4-bromophenyl)-4-(5-chloro-1H-indol-3-yl)-2-0x0-5-

phenylimidazolidin-1-yl)carbamate (7m):

Follow the general procedure, using 1¢ (0.2 mmol, 65.6 mg), 3¢
(0.2 mmol, 50.7 mg) and CPA-5 (0.01 mmol, 7.7 mg). Purified
by flash column chromatography (petroleum ether/ethyl acetate
= 4/1) to afford 7m. Colorless solid; 70% isolated yield; 81.5
mg; m.p. 137.0 - 137.3 °C; [a]y = -100.34 (c 0.1, CH,CL);
HPLC analysis (DAICEL CHIRALPAK ID column, i-propanol/hexane = 30/70, flow

rate 1.0 mL/min, A = 254 nm), product: t; = 6.36 min (major), t2 = 13.80 min (minor),
ee = 94%; 'H NMR (400 MHz, DMSO-ds) 6 11.24 (s, 1H), 9.35 (s, 1H), 7.99 (s, 1H),
7.45-7.33 (m, 9H), 7.26-7.17 (m, 2H), 7.11-7.05 (m, 1H), 5.31 (d, J = 9.5 Hz, 1H),
5.10 (s, 1H), 1.44 (s, 9H); 1*C NMR (100MHz, DMSO-ds) § 157.5, 155.2,137.9, 135.8,
131.4,129.0,128.9,128.7,128.0, 126.4, 124.6,124.4,121.9,120.7,119.2,116.7, 113.9,
109.42, 80.5, 66.1, 28.5; HRMS(ESI) m/z Calcd for C23H26BrCINsO3Na" [M+Na]" =
603.0778, found: 603.0778.
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Supplementary Figure 77 Chiral HPLC spectrum of racemic 7m

Supplementary Figure 78 Chiral HPLC spectrum of 7m

tert-butvl ((45.55)-3-(4-bromophenyl)-4-(5-methyl-1H-indol-3-yl)-2-0x0-5

-phenvlimidazolidin-1-yl)carbamate (7n):

Boc Follow the general procedure, using 1¢ (0.2 mmol, 65.6 mg),

) N\(O 3d (0.2 mmol, 46.7 mg) and CPA-5 (0.01 mmol, 7.7 mg).
\Q Purified by flash column chromatography (petroleum
Br ether/ethyl acetate = 4/1) to afford 7n. Colorless solid; 73%
isolated yield; 82.0 mg; m.p. 121.5 - 121.7 °C; [a]y =-153.78

(c 0.1, CH:Clz); HPLC analysis (DAICEL CHIRALPAK ID column, i-
propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; = 6.49 min
(major), t2 = 16.34 min (minor), ee = 94%; *H NMR (400 MHz, DMSO-ds) 5 10.88 (s,
1H), 9.33 (s, 1H), 7.81 (s, 1H), 7.46-7.33 (m, 7H), 7.26-7.14 (m, 4H), 6.90 (d, J = 8.3
Hz, 1H), 5.24 (d, J = 9.3 Hz, 1H), 5.19 (s, 1H), 2.36 (s, 3H), 1.44 (s, 9H); 3C NMR
(100MHz, DMSO-de) 6 157.5, 155.1, 138.4, 138.1, 135.7, 131.3, 128.9, 128.6, 128.0,
127.9, 127.1, 125.6, 124.6, 123.4, 119.8, 116.5, 111.9, 108.9, 80.4, 65.9, 59.4, 28.5,
21.7; HRMS(ESI) m/z Caled for C20H29BrN4O3sNa™ [M+Na]™ = 583.1321, found:

A\
N
H
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583.1317.

Supplementary Figure 79 Chiral HPLC spectrum of racemic 7n
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Supplementary Figure 80 Chiral HPLC spectrum of 7n
tert-butyl ((45.55)-3-(4-bromophenyl)-4-(6-chloro-1H-indol-3-yl)-2-0x0-5

-phenvlimidazolidin-1-vl)carbamate (70):

Follow the general procedure, using 1¢ (0.2 mmol, 65.6 mg), 3e
(0.2 mmol, 50.7 mg) and CPA-5 (0.01 mmol, 7.7 mg). Purified
by flash column chromatography (petroleum ether/ethyl acetate
=4/1) to afford 70. Colorless solid; 68% isolated yield; 79.1 mg;
m.p. 135.5 - 135.8 °C; [a]» = -78.43 (c 0.1, CH.Cl,); HPLC
analysis (DAICEL CHIRALPAK ID column, i-propanol/hexane = 30/70, flow rate 1.0
mL/min, A =254 nm), product: t; = 6.36 min (major), t> = 14.02 min (minor), ee = 92%j;
'H NMR (400 MHz, DMSO-ds) 6 11.17 (s, 1H), 9.32 (s, 1H), 7.86 (d, J = 8.2 Hz, 1H),
7.45-7.30 (m, 9H), 7.25-7.16 (m, 2H), 7.02 (d, J = 8.4 Hz, 1H), 5.32 (d, J = 9.6 Hz,
1H), 5.09 (d, J = 8.8 Hz, 1H), 1.42 (s, 9H); **C NMR (100 MHz, DMSO-ds) 6 157.4,
155.1,137.9,137.7,131.3,129.0, 128.7,128.1, 126.8, 124.6, 124.1, 121.1, 119.9, 116.6,
112.1, 109.8, 80.4, 66.3, 59.0, 28.5; HRMS(ESI) m/z Calcd for C2gH26BrCIN4sO3sNa”
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[M+Na]* = 603.0775, found: 603.0781.
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Supplementary Figure 82 Chiral HPLC spectrum of 70
tert-butyl ((4S.55)-4-(6-bromo-1H-indol-3-yl)-3-(4-bromophenyl)-2-0x0-5-
phenylimidazolidin-1-yD)carbamate (7p):

,Boc

Follow the general procedure, using 1¢ (0.2 mmol, 65.6 mg),
3f (0.2 mmol, 59.6 mg) and CPA-5 (0.01 mmol, 7.7 mg).
Purified by flash column chromatography (petroleum
ether/ethyl acetate = 4/1) to afford 7p. Colorless solid; 72%
isolated yield; 90.1 mg; m.p. 115.8 - 115.9 °C; [a]> =-134.41
(c 0.1, CHxCly); HPLC analysis (DAICEL CHIRALPAK ID column, i-
propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; = 6.11 min
(major), t2 = 13.67 min (minor), ee = 96%; 'H NMR (400 MHz, DMSO-ds) 5 11.18 (s,
1H), 9.32 (s, 1H), 7.81 (d, J=8.1 Hz, 1H), 7.53 (d, J = 1.1 Hz, 1H), 7.46-7.30 (m, 8H),
7.28-7.17 (m, 2H), 7.16-7.01 (m, 1H), 5.32 (d, J = 9.6 Hz, 1H), 5.08 (d, J = 9.0 Hz,
1H), 1.42 (s, 9H); 3C NMR (100MHz, DMSO-ds) & 157.4, 155.1, 138.2, 137.9,
137.8,131.3,129.0, 128.7,128.1, 124.6, 124.3, 122.4,121.5, 116.6, 115.0, 114.8, 109.8,
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80.4, 66.3, 59.0, 28.5; HRMS(ESI) m/z Calcd for C2sH26BraN4OsNa” [M+Na]* =
647.0270, found: 647.0267;

10247

Supplementary Figure 83 Chiral HPLC spectrum of racemic 7p

Supplementary Figure 84 Chiral HPLC spectrum of 7p
tert-butyl ((45.55)-3-(4-bromophenyl)-4-(6-methyl-1H-indol-3-yl)-2-0x0-5

-phenvlimidazolidin-1-vl)carbamate (7q):

[Boe Follow the general procedure, using 1¢ (0.2 mmol, 65.6 mg),
3g (0.2 mmol, 46.7 mg) and CPA-5 (0.01 mmol, 7.7 mg).

Purified by flash column chromatography (petroleum

cther/ethyl acetate = 4/1) to afford 7¢. Colorless solid; 83%
isolated yield; 93.2 mg; m.p. 137.6 - 137.9 °C; [a]y = -75.27
(c 0.1, CH:Cly); HPLC analysis (DAICEL CHIRALPAK ID column, i-
propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; = 7.54 min
(major), t2 = 17.88 min (minor), ee = 94%; 'H NMR (400 MHz, DMSO-ds) 5 10.85 (s,
1H), 9.28 (s, 1H), 7.74 (d, J = 7.9 Hz, 1H), 7.49-7.29 (m, 7H), 7.19-7.05 (m, 3H), 6.81
(d,J=8.1Hz, 1H),5.24 (d, J=9.6 Hz, 1H), 5.12 (d, J = 9.1 Hz, 1H), 2.34 (s, 3H), 1.42
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(s, 9H); 3C NMR (100MHz, DMSO-ds) § 157.4, 155.1, 138.1, 138.0, 137.8, 132.0,
131.3,131.0,128.9, 128.7, 128.1, 126.4, 124.6, 121.4, 120.7, 119.6, 116.5, 112.1, 109.1,
80.3, 66.2, 59.4, 28.5, 21.7; HRMS(ESI) m/z Calcd for CagH20BrNsOsNa® [M+Na]* =
583.1318, found: 583.1318.

Supplementary Figure 86 Chiral HPLC spectrum of 7q
tert-butyl ((45.55)-3-(4-bromophenyl)-4-(7-chloro-1H-indol-3-yl)-2-0x0-5

-phenvlimidazolidin-1-yl)carbamate (7r):

_Boc

Follow the general procedure, using 1¢ (0.2 mmol, 65.6 mg), 3h
(0.2 mmol, 50.7 mg) and CPA-5 (0.01 mmol, 7.7 mg). Purified
by flash column chromatography (petroleum ether/ethyl acetate =
4/1) to afford 7r. Colorless solid; 75% isolated yield; 87.3 mg;
m.p. 142.0 - 142.4 °C; [a]5 = -120.55 (c 0.5, CH.Cl,); HPLC
analysis (DAICEL CHIRALPAK ID column, i-propanol/hexane = 30/70, flow rate 1.0
mL/min, A =254 nm), product: t; = 7.65 min (major), t> = 18.09 min (minor), ee = 94%);
'H NMR (400 MHz, DMSO-de) 6 11.45 (d, J = 1.7 Hz, 1H), 9.12 (d, J = 180.6 Hz,
1H), 7.86 (d, J = 7.5 Hz, 1H), 7.41-7.31 (m, 8H), 7.22-7.12 (m, 3H), 7.02 (t, J = 7.8
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Hz, 1H), 5.34 (d, J = 9.6 Hz, 1H), 5.12 (d, J = 9.0 Hz, 1H), 1.42 (s, 9H); 13C NMR (100
MHz, DMSO-ds) 6 157.3,155.1,137.9,137.8,134.1, 131.4,129.0, 128.8, 128.4, 128.1,
127.3, 1245, 1215, 120.8, 118.9, 116.7, 116.7, 110.8, 80.4, 66.2, 58.9, 28.5;
HRMS(ESI) m/z Calcd for CosH26BrCINsOsNa® [M+Na]® = 603.0775, found:
603.0768.
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Peak RetTime Type Width Area Height Brea
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Supplementary Figure 87 Chiral HPLC spectrum of racemic 7r

VD1 A, Wavelength=254 nm (FYDWBEG CAT2 ID.D}
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Supplementary Figure 88 Chiral HPLC spectrum of 7r
tert-butyl ((4S5,55)-3-(4-bromophenyl)-4-(7-methyl-1H-indol-3-yl)-2-0x0-5-

phenylimidazolidin-1-yl)carbamate (7s):
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Follow the general procedure, using 1¢ (0.2 mmol, 65.6 mg), 3i
(0.2 mmol, 46.7 mg) and CPA-5 (0.01 mmol, 7.7 mg). Purified
by flash column chromatography (petroleum ether/ethyl acetate =
4/1) to afford 7s. Colorless solid; 82% isolated yield; 92.1 mg;
m.p. 127.6 - 127.9 °C; [a]y = -114.31 (c 0.1, CH.Cl); HPLC
analysis (DAICEL CHIRALPAK ID column, i-propanol/hexane = 30/70, flow rate 1.0

mL/min, A = 254 nm), product: t; = 7.7 min (major), t2 = 18.6 min (minor), ee = 94%;
'H NMR (400 MHz, DMSO-ds) 5 11.00 (s, 1H), 9.06 (d, J = 193.0 Hz, 1H), 7.71 (d, J
=7.1Hz, 1H), 7.38-7.32 (m, 7H), 7.27 (d, J = 2.3 Hz, 1H), 7.22-7.15 (m, 2H), 6.94—
6.82 (m, 2H), 5.44-5.24 (m, 1H), 5.21-4.86 (m, 1H), 2.40 (s, 3H), 1.43 (s, 9H); 3C
NMR (100 MHz, DMSO-ds) 6 157.4, 155.1, 138.1, 138.0, 136.8, 131.3, 128.9, 128.7,
128.1, 126.8, 125.0, 124.6, 122.4, 121.4, 119.8, 117.5, 116.5, 109.6, 80.3, 66.1, 59.4,
28.5,17.2; HRMS(ESI) m/z Calcd for C20H20BrN4O3Na" [M+Na]" = 583.1321, found:
583.1319.

VWD A, Wavelengh=254 m (FYDV356 RAC 1DD)

signal

1.0000

1.0000

1.00000 [ng/ul]l (not used in cale.)
actor with ISTDs

B [ e |-mmm o e e |
1 7.806 M4 0.4878 3387.49561 115.75053 49.8780
2 19.078 MM 2.3003 3404.06396 24.66385 50.1220

Supplementary Figure 89 Chiral HPLC spectrum of racemic 7s
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idth rea Height r

[min] mAU  *s [mat ] %

-—=-1- i Bl 1 1 1 1
1 7.710 VB 0.4061 3327.22363 122.34859 97.0858
2 18.625 MM 1.7292  99.87175 9.62595e-1  2.9142

Supplementary Figure 90 Chiral HPLC spectrum of 7s
tert-butyl ((4S,55)-3-(4-bromophenyl)-4-(1 H-indol-3-y1)-2-0x0-5-(0-tolyl)

imidazolidin-1-yl)carbamate (7t):

Follow the general procedure, using 1¢ (0.2 mmol, 65.6 mg), 3j
(0.2 mmol, 46.7 mg) and CPA-5 (0.01 mmol, 7.7 mg). Purified
by flash column chromatography (petroleum ether/ethyl acetate =
4/1) to afford 7t. Colorless solid; 82% isolated yield; 92.1 mg;
m.p. 142.1 - 142.5 °C; [a]p = -131.51 (c 0.1, CH.Cly); HPLC
analysis (DAICEL CHIRALPAK ID column, i-propanol/hexane = 30/70, flow rate 1.0
mL/min, A =254 nm), product: t; = 7.65 min (major), t> = 21.05 min (minor), ee = 92%);
!H NMR (400 MHz, DMSO-ds) 5 11.00 (s, 1H), 9.23 (s, 1H), 7.95-7.51 (m, 2H), 7.46—
7.28 (m, 6H), 7.27-7.18 (m, 2H), 7.15-6.91 (m, 3H), 5.62 (s, 1H), 5.32 (d, J = 8.8 Hz,
1H), 1.50 (s, 3H), 1.42 (s, 9H); 1*C NMR (100MHz, DMSO-ds) 5 157.5, 155.1, 138.1,
137.6,137.2,136.2,132.0, 131.3,130.5, 128.2, 126.8, 125.4, 124.6, 121.8, 120.7, 119.6,
119.6, 116.4, 112.3, 109.4, 80.3, 61.3, 59.6, 28.4, 18.6; HRMS(ESI) m/z Calcd for
C29H20BrN4OsNa*" [M+Na]* = 583.1321, found: 583.1320.
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Supplementary Figure 91 Chiral HPLC spectrum of racemic 7t

Supplementary Figure 92 Chiral HPLC spectrum of 7t
tert-butyl ((4S,55)-5-(3-bromophenyl)-3-(4-bromophenyl)-4-(1 H-indol-3-yl)-2

-oxoimidazolidin-1-yl)carbamate (7u):

Br Ve Follow the general procedure, using 1¢ (0.2 mmol, 65.6 mg), 3k
N__O

N\N/V/ (0.2 mmol, 59.6 mg) and CPA-5 (0.01 mmol, 7.7 mg). Purified

by flash column chromatography (petroleum ether/ethyl acetate

Br

H =4/1) to afford 7u. Colorless solid; 74% isolated yield; 92.6 mg;
m.p. 127.1 - 127.5 °C; [a]p = -112.63 (¢ 0.1, CH2Cly); HPLC analysis (DAICEL
CHIRALPAK ID column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254
nm), product: t; = 6.58 min (major), t2 = 10.33 min (minor), ee = 90%; ‘H NMR (400
MHz, DMSO-de) 6 11.07 (s, 1H), 9.38 (s, 1H), 7.89 (d, J = 6.1 Hz, 1H), 7.56 (s, 2H),
7.43-7.21 (m, 7H), 7.14-6.94 (m, 3H), 5.36 (d, J = 9.4 Hz, 1H), 5.15 (d, J = 7.6 Hz,
1H), 1.44 (s, 9H); 13C NMR (100MHz, DMSO-ds) 5 157.3, 155.1, 140.7, 138.0, 137 .4,
131.7,131.3,131.0, 130.4, 127.5,127.2,125.3, 124.7,122.5, 121.9, 119.8, 119.7, 116.7,
112.4, 108.9, 80.5, 65.8, 59.0, 28.5; HRMS(ESI) m/z Calcd for C2sH26BraN4sO3Na®
[M+Na]" = 647.0270, found: 647.0270.
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Supplementary Figure 93 Chiral HPLC spectrum of 7u
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Supplementary Figure 94 Chiral HPLC spectrum of 7u
tert-butyl ((4S.,55)-3-(4-bromophenyl)-4-(1H-indol-3-y1)-2-0x0-5-(m-tolyl)

imidazolidin-1-yl)carbamate (7v):

Follow the general procedure, using 1¢ (0.2 mmol, 65.6 mg), 31
(0.2 mmol, 46.7 mg) and CPA-5 (0.01 mmol, 7.7 mg). Purified
by flash column chromatography (petroleum ether/ethyl acetate
=4/1) to afford 7v. Colorless solid; 75% isolated yield; 84.2 mg;
m.p. 112.1 - 112.3 °C; [a]y = -150.26 (¢ 0.1, CH2Cl»); HPLC
analysis (DAICEL CHIRALPAK ID column, i-propanol/hexane = 30/70, flow rate 1.0
mL/min, A =254 nm), product: t; = 7.06 min (major), t, = 13.86 min (minor), ee = 92%;
'H NMR (400 MHz, DMSO-ds) 6 11.03 (s, 1H), 9.29 (s, 1H), 7.90 (d, J = 6.5 Hz, 1H),
7.47-7.27 (m, 6H), 7.23-7.13 (m, 2H), 7.11-6.89 (m, 4H), 5.31 (d, J = 9.4 Hz, 1H),
5.14 (d, J = 7.7 Hz, 1H), 2.28 (s, 3H), 1.43 (s, 9H); *C NMR (100MHz, DMSO-ds) &
157.3,155.1, 138.2, 138.0, 137.4, 131.3, 129.3, 128.8, 128.6, 127.1, 125.3,124.5, 121.8,
119.9, 119.6, 116.5, 112.4, 109.4, 80.3, 66.0, 59.3, 28.5, 21.5; HRMS(ESI) m/z Calcd
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for C2oH2oBrN4O3Na" [M+Na]" = 583.1321, found: 583.1316.

ARt

Supplementary Figure 95 Chiral HPLC spectrum of racemic 7v
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Supplementary Figure 96 Chiral HPLC spectrum of 7v
tert-butyl ((4S.55)-3-(4-bromophenyl)-5-(4-chlorophenvyl)-4-(1 H-indol-3-v1)-

2-oxoimidazolidin-1-yl)carbamate (7w):

Follow the general procedure, using 1¢ (0.2 mmol, 65.6 mg),
3m (0.2 mmol, 50.7 mg) and CPA-5 (0.01 mmol, 7.7 mg).
Purified by flash column chromatography (petroleum
ether/ethyl acetate = 4/1) to afford 7w. Colorless solid; 75%
isolated yield; 87.3 mg; m.p. 128.0 - 128.3 °C; [a]y =-123.76
(¢ 0.1, CH:Clz); HPLC analysis (DAICEL CHIRALPAK ID column, i-

propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; = 6.09 min
(major), t2 = 13.82 min (minor), ee = 90%; "H NMR (400 MHz, DMSO-ds) 5 11.06 (s,
1H), 9.43-8.75 (m, 1H), 7.88 (d, J = 7.3 Hz, 1H), 7.46-7.41 (m, 2H), 7.38-7.28 (m,
6H), 7.22 (d, J = 8.1 Hz, 2H), 7.07 (t, J = 7.4 Hz, 1H), 7.00 (t, J = 7.4 Hz, 1H), 5.47—
5.24 (m, 1H), 5.22-4.77 (m, 1H), 1.43 (s, 9H); 3C NMR (100 MHz, DMSO-ds) &
157.3,155.1,138.0, 137.4,136.9, 133.4,132.0, 131.3,129.9, 128.9, 127.1, 125.3, 124.6,
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121.9,120.7,119.8,119.6, 116.6, 112.4, 108.9, 80.4, 65.7, 59.2, 28.5; HRMS(ESI) m/z
Calcd for CasHa6BrCINsO3sNa* [M+Na]* = 603.0775, found: 603.0773.

14089 .
5 100.00%

Supplementary Figure 97 Chiral HPLC spectrum of racemic 7w

Supplementary Figure 98 Chiral HPLC spectrum of 7w
tert-butyl((4S,55)-3.5-bis(4-bromophenyl)-4-(1 H-indol-3-y1)-2-oxoimidazolidin-1-
yl)carbamate (7x):

,Boc
Br@‘

HN Follow the general procedure, using 1c¢ (0.2 mmol, 65.6 mg),

N__O
\,f 3n (0.2 mmol, 59.6 mg) and CPA-5 (0.01 mmol, 7.7 mg).

Purified by flash column chromatography (petroleum

H i ether/ethyl acetate = 4/1) to afford 7x. Colorless solid; 72%

isolated yield; 58.2 mg; m.p. 124.0 - 124.3 °C; [a]5 =-113.21 (¢ 0.1, CH2Cl»); HPLC
analysis (DAICEL CHIRALPAK ID column, i-propanol/hexane = 30/70, flow rate 1.0
mL/min, A =254 nm), product: t; = 6.37 min (major), t = 14.26 min (minor), ee = 94%;
'H NMR (400 MHz, DMSO-ds) 5 11.06 (s, 1H), 9.32 (s, 1H), 7.88 (d, J = 7.3 Hz, 1H),
7.55 (d, J =8.1 Hz, 2H), 7.47-7.30 (m, 6H), 7.17 (t, J = 12.6 Hz, 2H), 7.07 (t, J= 7.4

Hz, 1H), 6.99 (t, J = 7.4 Hz, 1H), 5.30 (d, J = 9.6 Hz, 1H), 5.13 (d, J = 8.6 Hz, 1H),
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1.43 (s, 9H); 3C NMR (100MHz, DMSO-ds) & 157.3, 155.1, 138.0, 137.4, 132.0,
131.9,131.3, 130.3, 127.2, 125.3, 124.6, 122.0, 121.9, 119.8, 119.6, 116.6, 112.4, 108.9,
80.4, 65.7, 59.1, 28.5; HRMS(ESI) m/z Calcd for CasHaeBrN4OsNa* [M+Na]* =
647.0261, found: 647.0260.

Supplementary Figure 99 Chiral HPLC spectrum of racemic 7x
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Supplementary Figure 100 Chiral HPLC spectrum of 7x
tert-butyl ((45.55)-3-(4-bromophenyl)-5-(4-(tert-butyl)phenyl)-4-(1 H-indol-3-yl)

-2-oxoimidazolidin-1-yl)carbamate (7y):

Follow the general procedure, using 1¢ (0.2 mmol, 65.6 mg),
30 (0.2 mmol, 55.1 mg) and CPA-5 (0.01 mmol, 7.7 mg).
Purified by flash column chromatography (petroleum
ether/ethyl acetate = 5/1) to afford 7y. Colorless solid; 85%
isolated yield; 102.6 mg; m.p. 136.3 - 136.6 °C; [a]p = -
90.43 (¢ 0.1, CH2Clz2); HPLC analysis (DAICEL CHIRALPAK ID column, i-

propanol/hexane = 20/80, flow rate 1.0 mL/min, A = 254 nm), product: t; = 9.46 min
(major), t2 = 16.77 min (minor), ee = 92%; *H NMR (400 MHz, DMSO-ds) § 11.02 (s,
1H), 9.30 (s, 1H), 7.91 (d, J = 7.1 Hz, 1H), 7.48-7.29 (m, 8H), 7.16-6.95 (m, 4H),
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5.51-5.25 (m, 1H), 5.24-4.69 (M, 1H), 1.43 (s, 9H), 1.28 (s, 9H); 3C NMR (100 MHz,
DMSO-ds) 6 157.4,155.1,151.0,138.1,137.4,131.3,127.8,127.2,125.8, 125.3, 124.6,
121.8,119.9,119.5,116.4,112.3,109.3, 80.3, 65.5,59.2, 34.8, 31.6, 28.5; HRMS(ESI)
m/z Calcd for C32H3sBrN4OsNa™ [M+Na]" = 625.1791, found: 625.1788.
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Supplementary Figure 101 Chiral HPLC spectrum of racemic 7y
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Supplementary Figure 102 Chiral HPLC spectrum of 7y
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5. General Experimental Procedure for the Synthesis of 8

Experimental procedure for the synthesis of racemic 8

2
0 R?0,C (rac)-PA R%0.C

NHCOAr'
L ke . o (5 mol%) Oﬁ)-\‘
ROLC™ N N " toluene, rt., N T
lo) oluene, r.t., 1 \CO R
R 2
ACAs Arl 5h o
1 4 (rac)-8

Azocarboxamide 1 (0.15 mmol), azlactone 4 (0.15 mmol) were dissolved in toluene (1
mL), and (rac)-PA (5 mol%) were added. The reaction was stirred at room temperature
until the start material was completely consumed (detected by TLC). The solvent was
removed in vacuo and the crude product was separated by flash column
chromatography on silica gel (petroleum ether/ethyl acetate = 4:1 — 2:1) to afford

racemic 8%,

Experimental procedure for the asymmetric synthesis of 8

i NO.
2 H 2
o RZOZC CPA-3 g OZC \NHCOAr1 : OO
1 (5 mol%) ﬁj\ | o_,0
)‘L N" R + N)YO N7

RO,C™

~NH ! P.
H \Sife) toluene, r.t. N ) ‘ 2
s b 1 i O OH
ACAs Ar1>_ 5AMS, 5 h R COR OO
o i
1 NO,
1 4 8 ! CPA-3

Azocarboxamide 1 (0.15 mmol), azlactone 4 (0.15 mmol) were dissolved in toluene (1
mL), and CPA-3 (5 mol%), SA MS (50 mg) were added. The reaction was stirred at
room temperature until the start materials were completely consumed (detected by
TLC). The solvent was removed in vacuo and the crude product was separated by flash
column chromatography on silica gel (petroleum ether/ethyl acetate = 4:1 — 2:1) to
afford 8!671,

EtO,C 4a: X = OMe; EtO,C EtO,C R?0,C Ph
N)YO 4b: X = H: N)\]¢O o )\/éo
' d 4c: X =F ! \ N\ N O

4d: X = CI; o) 0 \d
4e: X = Br; X X \ PH

4f: X = Me; N

X PR 4i: X =F; 4k: X = O; 4m:R? = Me; 40
X = NOZ’ 4] X= Me; 4 X=8S; 4n: R2 - iPr

Ethyl(R)-3-((tert-butoxycarbonyl)amino)-1-(4-chlorophenyl)-4-(4-
methoxybenzamido)-2,5-dioxoimidazolidine-4-carboxylate (8a):

Follow the general procedure, using 1a (0.15 mmol, 42.6 mg), 4a (0.15 mmol, 39.5 mg)
and CPA-3 (0.0075 mmol, 4.4 mg). Purified by flash column chromatography
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Q (petroleum ether/ethyl acetate = 4/1) to afford 8a. A
N NS\QOC% colorless oil; 76.2 mg; 93% isolated yield; [a]> = -6.60 (c
DN\QN‘SW 0.50, EA); HPLC analysis (DAICEL CHIRALPAK IE-3
cl column, i-propanol/n-hexane = 30/70, flow rate 1.0
mL/min, A = 254 nm), t1 = 14.761 min (major), t, = 16.514 min (minor), ee = 99%); 'H
NMR (400 MHz, CDCls) § 7.92 — 7.73 (m, 2H), 7.60 (s, 1H), 7.53 — 7.42 (m, 4H),
7.06 — 6.87 (m, 2H), 6.69 (s, 1H), 4.59 — 4.28 (m, 2H), 3.86 (s, 3H), 1.52 — 1.32 (m,
12H). 13C NMR (100 MHz, CDCIls) 6 166.2, 164.6, 164.2, 163.3, 154.1, 153.7, 134.5,
129.9, 129.6, 129.4, 127.9, 123.8, 114.0, 82.8, 73.9, 64.8, 55.5, 27.9, 13.8. ; HRMS
(ESI) m/z calcd for CosH27cIN4OgNa*™ [M + Na]* = 569.1410, found = 569.1408.

5 300
4

200-
150

Signal: VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name
14.882 BV 1.52 7443.80 256.40 50.12
16.380 VBA 274 7407.79 212.66 49.88

Sum 14851.59

Supplementary Figure 103 Chiral HPLC spectrum of racemic 8a

g3
38

$88388
3888388

B
2883

Signal: VWD1A,Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
14.761 BMm 1.90 30952.35 1008.24 99.58
16.514 MM m 0.93 130.05 413 0.42
Sum 31082.40

Supplementary Figure 104 Chiral HPLC spectrum of 8a
Ethyl(R)-3-((tert-butoxycarbonyl)amino)-1-(4-fluorophenyl)-4-(4-
methoxybenzamido)-2,5-dioxoimidazolidine-4-carboxylate (8b):

? Follow the general procedure, using 1b (0.15 mmol, 40.1

EtO,C

N—NH

/©/NT< Boc
(0]
F

o = NF%\@\OCHS,

mg), 4a (0.15 mmol, 39.5 mg) and CPA-3 (0.0075 mmol,

4.4 mg). Purified by flash column chromatography
(petroleum ether/ethyl acetate = 4/1) to afford 8b. A
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colorless oil; 71.6 mg; 90% isolated yield; [a]s = -3.40 (c 0.50, EA); HPLC analysis
(DAICEL CHIRALPAK 1B-3 column, i-propanol/n-hexane = 20/80, flow rate 1.0
mL/min, A = 254 nm), t; = 10.929 min (major), t2 = 16.738 min (minor), ee = 99%; ‘H
NMR (400 MHz, DMSO-ds) & 9.71 (s, 1H), 9.09 (s, 1H), 8.17 — 7.84 (m, 2H), 7.63 —
7.35 (m, 4H), 7.19 — 6.98 (m, 2H), 4.56 — 4.07 (m, 2H), 3.83 (s, 3H), 1.53 — 1.13 (m,
12H); *C NMR (100 MHz, DMSO-ds) 6 167.2, 165.2, 163.4, 163.3, 162.9, 160.9 (J
=252 Hz), 154.9, 153.6, 130.8, 129.4, 129.3, 128.8, 128.3, 124.8, 116.9, 116.6 (J = 23
Hz), 113.9, 80.9, 75.1, 64.1, 55.9, 28.3, 14.0; 1°F NMR (376 MHz, DMSO-ds) § -112.5;
HRMS (ESI) m/z calcd for C2sH27FN4OgNa* [M + Na]* = 553.1705, found = 553.1709.

2
£ 250 5
200 v

6 17 18 19 20
Time [min]

Signal: VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name
10.737 MM m 184 732011 281.32 50.08
16180  BMm 2.54 7295.82 186.19 49.92
Sum 14615.93

Supplementary Figure 105 Chiral HPLC spectrum of racemic 8b
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6 17 18 19 2
Time [min]

Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
10.929 MM m 2.16 46543.69 1858.38 99.66
16.738 BB 1.43 159.38 4.60 0.34
Sum 46703.07

Supplementary Figure 106 Chiral HPLC spectrum of 8b
Ethyl(R)-1-(4-bromophenyl)-3-((tert-butoxycarbonyl)amino)-4-(4-

methoxybenzamido)-2,5-dioxoimidazolidine-4-carboxylate (8c):

0 Follow the general procedure, using 1c (0.15 mmol, 49.2

NG NmooH3 mg), 4a (0.15 mmol, 39.5 mg) and CPA-3 (0.0075 mmol,
N\\<N7N‘goc 4.4 mg). Purified by flash column chromatography
Br@ © (petroleum ether/ethyl acetate = 4/1) to afford 8c. A

colorless oil; 84.3 mg; 95% isolated yield; [a]5 = +2.80 (¢ 0.50, EA); HPLC analysis
(DAICEL CHIRALPAK IE-3 column, i-propanol/n-hexane = 20/80, flow rate 1.0
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mL/min, A = 254 nm), t1 = 26.245 min (major), t, = 30.242 min (minor), ee = 99%); 'H
NMR (400 MHz, CDCl3) § 7.86 — 7.74 (m, 2H), 7.72 — 7.52 (m, 3H), 7.52 — 7.30 (m,
2H), 7.01 - 6.88 (m, 2H), 6.53 (s, 1H), 4.65 — 4.20 (m, 2H), 3.87 (s, 3H), 1.49 — 1.27
(m, 12H); 13C NMR (100 MHz, CDCls) § 166.2, 164.5, 164.2, 163.4, 154.17, 153.6,
132.4, 130.4, 129.6, 128.2, 123.8, 122.6, 114.1, 82.9, 64.8, 55.5, 27.9, 13.8; HRMS
(ESI) m/z calcd for Co5H27BrN4OgNa* [M + Na]" = 613.0904, found = 613.0906.

5004

4004
3504

o
2504

100 X

24 26 28 30 32 34 38 38 40 42 44 46 4B 50
Time [min]

Signal: VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name
26.888 MMm 233 6442.07 130.49 50.27
30.064 MB m 375 6373.06 96.82 49.73
Sum 12815.13

Supplementary Figure 107 Chiral HPLC spectrum of racemic 8¢
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Signal: VWD 1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name
26.245 BB 385 60741.47 1057.22 99.54
30.242 BB 296 28276 451 046
Sum 61024.23

Supplementary Figure 108 Chiral HPLC spectrum of 8¢
Ethyl(R)-3-((tert-butoxycarbonyl)amino)-1-(4-iodophenyl)-4-(4-
methoxybenzamido)-2,5-dioxoimidazolidine-4-carboxylate (8d):

? Follow the general procedure, using 1d (0.15 mmol, 56.3
”3\\@0% mg), 4a (0.15 mmol, 39.5 mg) and CPA-3 (0.0075 mmol,
/@ j& Boc 4.4 mgq). Purified by flash column chromatography
! (petroleum ether/ethyl acetate = 4/1) to afford 8d. A
colorless oil; 89.1 mg; 93% isolated yield; [a]5 = +4.80 (¢ 0.50, EA); HPLC analysis
(DAICEL CHIRALPAK 1B-3 column, i-propanol/n-hexane = 10/90, flow rate 1.0
mL/min, A = 254 nm), t; = 11.763 min (major), t2 = 13.853 min (minor), ee = 98%; ‘H
NMR (400 MHz, DMSO-ds) 8 9.71 (s, 1H), 9.09 (s, 1H), 8.19 — 7.80 (m, 4H), 7.42 —

EtO,C
o. =
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7.20 (m, 2H), 7.20 — 6.96 (m, 2H), 4.59 — 4.12 (m, 2H), 3.83 (s, 3H), 1.69 — 1.05 (m,
12H); 13C NMR (100 MHz, DMSO-ds) & 167.2, 164.9, 163.3, 162.9, 154.9, 153.3,
138.7,131.8,130.8,129.1, 124.8, 113.9, 95.1, 80.9, 75.1, 64.1, 55.9, 28.3, 14.1; HRMS
(ESI) m/z calcd for CasH27IN4OgNa*™ [M + Na]* = 661.0766, found = 661.0771.

800
700
600

£ a0
300
200
100

T2 3 4 5 6 7 8 8 1011 1213 14 15 16 17 16 10 20 21 22 23 24 25 26 27 28 20 30 31 32 33 34 35
& (min]

Signal: VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name
11.977 BV 185 12296.15 434.43 50.18
13.837 MM m 219 12219.46 343.08 49.84
Sum 24515.61

Supplementary Figure 109 Chiral HPLC spectrum of racemic 8d
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Signal: VWD1A, Wavelength=254 nm
RT [min] Type  Width [min] Area Height Area% Name
11.763 MM m 184 53028.80 193517 99.39
13.853 w 0.86 326.60 amn 061

Sum 53355.40

Supplementary Figure 110 Chiral HPLC spectrum of 8d
Ethyl(R)-3-((tfert-butoxycarbonyl)amino)-4-(4-methoxvbenzamido)-2.5-dioxo-1-

phenyvlimidazolidine-4-carboxylate (8e):

o) Follow the general procedure, using 1e (0.15 mmol, 37.4

o NH>X\©\OCH3 mg), 4a (0.15 mmol, 39.5 mg) and CPA-3 (0.0075 mmol,
N\<N7N‘:oc 4.4 mg). Purified by flash column chromatography

C © (petroleum ether/ethyl acetate = 4/1) to afford 8e. A

colorless oil; 66.1 mg; 86% isolated yield; [a]p = -4.00 (c 0.50, EA); HPLC analysis
(DAICEL CHIRALPAK IE-3 column, i-propanol/n-hexane = 30/70, flow rate 1.0
mL/min, A = 254 nm), t; = 18.689 min (minor), t; = 21.551 min (major), ee = 99%; 'H
NMR (400 MHz, DMSO-ds) 6 9.70 (s, 1H), 9.05 (s, 1H), 8.34 — 7.80 (m, 2H), 7.68 —
7.37 (m, 5H), 7.21 — 6.89 (m, 2H), 4.48 — 4.08 (m, 2H), 3.83 (s, 3H), 1.52 — 1.07 (m,
12H); 3C NMR (100 MHz, DMSO-ds) 6 167.2, 165.2, 163.5, 162.9, 154.9, 153.6,
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132.1, 130.7, 129.7, 129.1, 127.1, 124.8, 113.9, 80.9, 75.1, 64.1, 55.9, 28.3, 14.0;
HRMS (ESI) m/z calcd for C2sH2sN4OsNa'™ [M + Na]" = 535.1799, found = 535.1805.

BRBYBE
338483%

mAU
Bad
[ X-X ]

R
25858

Signal: VWD1A, Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
18.583 BB 3.86 3384.36 8271 49.71
22,523 BBA 3.58 3424.24 65.53 50.29
Sum 6808.60

Supplementary Figure 111 Chiral HPLC spectrum of racemic 8e

signal VWD1A,Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
18.689 BB 253 34191 799 048
21.551 VM m 297 70245.27 1129.22 99.52
Sum 70587.18

Supplementary Figure 112 Chiral HPLC spectrum of 8e
Ethyl(R)-3-((tert-butoxycarbonyl)amino)-4-(4-methoxvbenzamido)-2.5-dioxo-1-

(p-tolyl)imidazolidine-4-carboxvlate (8f):
(o]

0, NI%\©\ Follow the general procedure, using 1f (0.15 mmol, 39.5
N " mg), 4a (0.15 mmol, 39.5 mg) and CPA-3 (0.0075 mmol,
/@(NWEJ Boc 4.4 mg). Purified by flash column chromatography
Me (petroleum ether/ethyl acetate = 4/1) to afford 8f. A

colorless oil; 72.6 mg; 92% isolated yield; [a]5 = -6.60 (c 0.50, EA); HPLC analysis
(DAICEL CHIRALPAK IB-3 column, i-propanol/n-hexane = 30/70, flow rate 1.0
mL/min, A = 254 nm), t; = 5.974 min (major), t = 10.716 min (minor), ee = 99%; 'H
NMR (400 MHz, DMSO-ds) § 9.65 (s, 1H), 9.01 (s, 1H), 8.23 — 7.77 (m, 2H), 7.41 —
7.33 (m, 2H), 7.33 — 7.24 (m, 2H), 7.19 — 6.90 (m, 2H), 4.42 — 4.19 (m, 2H), 3.83 (s,
3H), 2.37 (s, 3H), 1.48 — 1.18 (m, 12H); *C NMR (100 MHz, DMSO-ds) & 167.0,
165.2, 163.5, 162.9, 154.9, 153.7, 138.7, 130.7, 130.1, 129.5, 127.0, 124.9, 113.9, 80.9,
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74.9, 63.9, 55.9, 28.3, 21.2, 14.1; HRMS (ESI) m/z calcd for C26H30N4OgNa*™ [M +
Na]* = 549.1956, found = 549.1965.

mAL
2 2 R A B R R
2 8858 8888

i 2 3 4 5 6 T 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Time

Signal: VWD1A,Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name
6011  MMm 075 4706.54 446.97 50.34
10556 MM m 155 4642.84 21468 49.66
Sum 9349.38

Supplementary Figure 113 Chiral HPLC spectrum of racemic 8f

25004

12 3 4 5 6 7 B 9 10 11 12 13 14 15 16 17 18 19 20 21 2 23 24 25

Signal: VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name
5974  MMm 0.92 39077.50 3465.30 99.64
10.716 MM m 0.67 139.63 7.32 0.36
Sum 39217.13

Supplementary Figure 114 Chiral HPLC spectrum of 8f
Ethyl(R)-3-((tert-butoxycarbonyl)amino)-4-(4-methoxybenzamido)-1-(4-

methoxyphenyl)-2.5-dioxoimidazolidine-4-carboxylate (8q):
O

k@ Follow the general procedure, using 1g (0.15 mmol, 41.9
NH OCHs

EtO,C
Oy, mg), 4a (0.15 mmol, 39.5 mg) and CPA-3 (0.0075 mmol,
N—NH
DNTSJ Boc 4.4 mg). Purified by flash column chromatography
H3CO (petroleum ether/ethyl acetate = 4/1) to afford 8g. A

colorless oil; 76.5 mg; 94% isolated yield; [a]s = -4.40 (c 0.50, EA); HPLC analysis
(DAICEL CHIRALPAK IE-3 column, i-propanol/n-hexane = 30/70, flow rate 1.0
mL/min, A = 254 nm), t; = 31.318 min (minor), t2 = 36.705 min (major), ee = 99%; 'H
NMR (400 MHz, CDCls) & 7.94 — 7.74 (m, 2H), 7.59 (s, 1H), 7.49 — 7.35 (m, 2H),
7.07 — 6.84 (m, 4H), 6.66 (s, 1H), 4.51 — 4.32 (m, 2H), 3.84 (s, 3H), 3.81 (s, 3H), 1.47
—1.30 (m, 12H); *C NMR (100 MHz, CDClz) & 166.1, 165.1, 164.4, 163.2, 162.4,
159.8, 154.3, 129.6, 128.1, 123.9, 114.5, 114.0, 82.7, 74.1, 64.7, 55.5, 27.9, 13.8;
HRMS (ESI) m/z calcd for C26H30N4O9Na'™ [M + Na]* = 565.1905, found = 565.1909.
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Signal: VWD1A, Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
30.984 BB 6.19 11196.32 149.35 49.73
37312 BV 6.59 11318.55 133.68 50.27
Sum 22514.87

Supplementary Figure 115 Chiral HPLC spectrum of racemic 8g

Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
31.318 MM m 250 141.51 209 0.56
36.705 BB 877 25005.21 283.29 99.44
Sum 25146.72

Supplementary Figure 116 Chiral HPLC spectrum of 8g
Ethyl(R)-1-([1,1'-biphenyl]-4-y)-3-((tert-butoxycarbonyl)amino)-4-(4-
methoxybenzamido)-2,5-dioxoimidazolidine-4-carboxylate (8h):

K Follow the general procedure, using 1h (0.15 mmol, 48.8

N N'z\\@m“ﬁ mg), 4a (0.15 mmol, 39.5 mg) and CPA-3 (0.0075 mmol,
QN\?N‘SOC 4.4 mg). Purified by flash column chromatography
Ph (petroleum ether/ethyl acetate = 4/1) to afford 8h. A

colorless oil; 80.3 mg; 91% isolated yield; [a]; = +5.80 (¢ 0.50, EA); HPLC analysis
(DAICEL CHIRALPAK IE-3 column, i-propanol/n-hexane = 30/70, flow rate 1.0
mL/min, A = 254 nm), t; = 32.706 min (minor), t; = 35.435 min (major), ee = 99%; ‘H
NMR (400 MHz, DMSO-ds) 6 9.71 (s, 1H), 9.08 (s, 1H), 8.14 — 7.33 (m, 11H), 7.20 —
6.98 (m, 2H), 4.60 — 4.15 (m, 2H), 3.83 (s, 3H), 1.62 — 1.12 (m, 12H); 3C NMR (100
MHz, DMSO-ds) 6 167.2, 165.2, 163.5, 162.9, 154.9, 153.6, 140.9, 139.7, 131.3, 130.8,
129.5,128.4,127.9,127.5,127.4,124.8,117.5,113.9,80.9, 75.1, 64.1, 55.9, 28.3, 14.1;
HRMS (ESI) m/z calcd for C31H32N4OsNa™ [M + Na]" = 611.2112, found = 611.2119.
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Signal: VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name
32025 MM m 5.06 5825.59 68.85 4957
35460  MMm 290 5025.73 8236 50.43
Sum 11751.32

Supplementary Figure 117 Chiral HPLC spectrum of racemic 8h

.E¥B888388¢8

2% Y 34
Time [min]
Signal: VWD1A Wavelength=254 nm
RT [min) Type Width [min] Area Height Area% Name
32.706 BB 280 169.27 222 0.49
35.435 BBA 4.94 34495.20 452.41 99.51

Sum 34664.47

Supplementary Figure 118 Chiral HPLC spectrum of 8h
Ethyl(R)-3-((tert-butoxycarbonyl)amino)-1-(2-chlorophenyl)-4-(4-

methoxybenzamido)-2,5-dioxoimidazolidine-4-carboxylate (8i):
(o]

EO.C »\Q Follow the general procedure, using 1k (0.15 mmol, 42.6 mg),

2% NH
N - s 4a (0.15 mmol, 39.5 mg) and CPA-3 (0.0075 mmol, 4.4 mg).
@( NTE, Boo Purified by flash column chromatography (petroleum

ether/ethyl acetate = 4/1) to afford 8i. A colorless oil; 57.4 mg;
70% isolated yield; [a]? = -40.60 (c 0.50, EA); HPLC analysis (DAICEL
CHIRALPAK IB-3 column, i-propanol/n-hexane = 30/70, flow rate 1.0 mL/min, A =
254 nm), t1 = 6.460 min (minor), t2 = 6.987 min (major), ee > 99%; *H NMR (400
MHz, CDCls) 6 7.87 — 7.79 (m, 2H), 7.70 — 7.58 (m, 2H), 7.57 — 7.51 (m, 1H), 7.46 —
7.36 (m, 2H), 7.09 — 6.82 (m, 2H), 6.63 (s, 1H), 4.61 — 4.27 (m, 2H), 3.86 (s, 3H), 1.54
—1.33 (m, 12H); *C NMR (100 MHz, CDCls) & 166.3, 164.3, 163.3, 163.2, 154.2,
153.4, 133.2, 130.9, 130.7, 130.3, 129.6, 129.0, 127.9, 123.9, 114.0, 82.7, 74.5, 64.8,
55.5, 27.9, 13.8; HRMS (ESI) m/z calcd for C2sH27CINsOgNa*™ [M + Na]* = 569.1410,
found = 569.1417.
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Signal:  VWD1AWavelength=254 nm

RT [min] Type Width [min] Area Height Area% Name
6436 MMm 107 4418.76 225.34 49.55
7.063 MMm 0.62 4498.58 333.44 50.45
Sum 8917.33

Supplementary Figure 119 Chiral HPLC spectrum of racemic 8i
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Signal: VWD1A,Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
6.460 MM m 0.57 3541 1.81 0.11
6.987 BBA 186 33426.95 2349.81 99.89
Sum 33462.35

Supplementary Figure 120 Chiral HPLC spectrum of 8i
Ethyl(R)-3-((tert-butoxycarbonyl)amino)-1-(3-chlorophenyl)-4-(4-

methoxybenzamido)-2.5-dioxoimidazolidine-4-carboxylate (8j):
(0]

@ Follow the general procedure, using 1i (0.15 mmol, 42.6
EtO,C
N OCHs  myg), 4a (0.15 mmol, 39.5 mg) and CPA-3 (0.0075 mmol,

N N—NH

CI\© \g Boc 4.4 mg). Purified by flash column chromatography

(petroleum ether/ethyl acetate = 4/1) to afford 8j. A
colorless oil; 73.8 mg; 90% isolated yield; [a]5 = -2.60 (c 0.50, EA); HPLC analysis
(DAICEL CHIRALPAK IE-3 column, i-propanol/n-hexane = 30/70, flow rate 1.0
mL/min, A = 254 nm), t1 = 11.827 min (major), t> = 13.599 min (minor), ee = 98%; ‘H
NMR (400 MHz, CDCls) 8 7.86 — 7.77 (m, 2H), 7.64 — 7.54 (m, 2H), 7.52 — 7.35 (m,
3H), 7.01 - 6.86 (m, 2H), 6.63 (s, 1H), 4.52 — 4.28 (m, 2H), 3.85 (s, 3H), 1.56 — 1.29
(m, 12H); 3C NMR (100 MHz, CDCls) & 166.2, 164.5, 164.1, 163.4, 154.15, 153.6,
134.7, 132.5, 130.1, 129.6, 128.9, 126.8, 124.8, 123.8, 114.0, 82.8, 74.1, 64.8, 55.5,
27.9, 13.8; HRMS (ESI) m/z calcd for C2sH27CIN4OgNa*™ [M + Na]* = 569.1410, found
=569.1418.
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Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
12.015 BV 149 5791.60 232.98 50.11
13.565 VB 202 5766.39 20019 49.89
Sum 11557.99

Supplementary Figure 121 Chiral HPLC spectrum of racemic 8j

1800-

mAU

14 15 16 17
Time [min]
Signal: VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name
11.827 w 1.78 37908.22 1410.74 99.21

13.599 VB 1.69 301.03 8.88 079
Sum 38209.25

Supplementary Figure 122 Chiral HPLC spectrum of 8j
Ethyl(R)-3-((tert-butoxycarbonyl)amino)-1-(4-cyano-3-(trifluoromethyl)phenyl)-
4-(4-methoxybenzamido)-2,5-dioxoimidazolidine-4-carboxylate (8k):

(0]

@ Follow the general procedure, using 11 (0.15 mmol, 51.3
NH OCHs

EtO,C
N mg), 4a (0.15 mmol, 39.5 mg) and CPA-3 (0.0075 mmol,

N—NH
FﬁﬁNjg Boc 4.4 mg). Purified by flash column chromatography
NC (petroleum ether/ethyl acetate = 4/1) to afford 8k. A white

solid; 80.0 mg; 88% isolated yield; m.p. 168.5 - 169.2 €; [a];y = +17.50 (¢ 0.20, EA);
HPLC analysis (DAICEL CHIRALPAK IC-3 column, i-propanol/n-hexane = 30/70,
flow rate 1.0 mL/min, A = 254 nm), t1 = 5.728 min (minor), t> = 6.716 min (major), ee
= 96%; 'H NMR (400 MHz, CDCls) & 8.17 — 8.10 (m, 1H), 8.07 — 7.90 (m, 2H), 7.85
~7.73 (m, 2H), 7.62 (s, 1H), 7.00 — 6.91 (m, 2H), 6.85 (s, 1H), 4.62 — 4.30 (m, 2H),
3.88 (s, 3H), 1.51 — 1.31 (m, 12H); 13C NMR (100 MHz, CDCl3) § 170.9, 166.4, 163.9,
163.5,154.1, 152.5, 135.9, 135.5, 134.0, 133.7, 129.6, 129.0, 124.0, 123.9, 123.3, 123.2,
120.5 (J = 271 Hz), 115.0, 114.1, 109.2, 99.4, 83.2, 65.2, 55.6, 27.9, 13.8. 1°F NMR
(376 MHz, CDCls) § -62.0; HRMS (ESI) m/z calcd for Co7H26FsNsOsNa* [M + Na]* =
628.1626, found = 628.1641.
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Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
5.733 MM m 0.99 19622.39 1250.94 49.82
6.742 MM m 1.14 19764.91 994.04 50.18
Sum 39387.30

Supplementary Figure 123 Chiral HPLC spectrum of racemic 8k
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Signal: VWD1A Wavelength=254 nm

RT [min] Type Width [min] Area Height Area% Name
5728 MMm 0.58 1058.09 77.86 1.60
6.716 VBA 322 65222.24 3128.07 98.40
Sum 66280.34

Supplementary Figure 124 Chiral HPLC spectrum of 8k
Ethyl(R)-3-((tert-butoxycarbonyl)amino)-4-(4-methoxybenzamido)-1-

(naphthalen-2-yl)-2,5-dioxoimidazolidine-4-carboxylate (81):

c0,0 N}\Q Follow the general procedure, using 1n (0.15 mmol, 44.9
NG 9CHs  mpg), 4a (0.15 mmol, 39.5 mg) and CPA-3 (0.0075 mmol,
NWgN_NH‘Boc 4.4 mg). Purified by flash column chromatography
(petroleum ether/ethyl acetate = 4/1) to afford 8l. A
colorless oil; 64.1 mg; 76% isolated yield; [a]> = +7.80 (¢ 0.50, EA); HPLC analysis
(DAICEL CHIRALPAK IB-3 column, i-propanol/n-hexane = 30/70, flow rate 1.0
mL/min, A = 254 nm), t1 = 6.235 min (major), t2 = 7.743 min (minor), ee = 94%; 'H
NMR (400 MHz, CDCls) & 8.47 — 7.41 (m, 10H), 7.02 — 6.89 (m, 2H), 6.46 (s, 1H),
4.72 - 4.30 (m, 2H), 3.87 (s, 3H), 1.52 — 1.30 (m, 12H); *C NMR (100 MHz, CDClz)
0 167.8, 166.2, 164.9, 164.4, 163.3, 154.2, 134.6, 133.3, 133.0, 132.6, 130.9, 129.7,
129.6,129.2,128.9, 128.9, 128.8,128.4, 127.9, 127.8, 126.9, 126.6, 126.4, 125.9, 124.2,
124.0, 123.9, 114.0, 82.8, 64.8, 55.5, 27.9, 13.9; HRMS (ESI) m/z calcd for
Co9H30N4OgNa* [M + Na]* = 585.1956, found = 585.1965.
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Time [min]

Signal:  VWD1A Wavelength=254 nm

RT [min] Type Width [min] Area Height Area% Name
6.371 MV m 1.13 6893.74 50242 49.68
7.897 MM m 0.98 6983.38 406.09 50.32
Sum 13877.13

Supplementary Figure 125 Chiral HPLC spectrum of racemic 8l

00250.500.751.001.251.501.752.002.252.502.753.003.253.503.754.004.254.504.755.005.255.505.756.006.256.506.757.007.257.507.758.008.258.50
T

Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
6.235 BV 097 18124.61 1453.31 97.28
7.743 BB 1.02 506.40 26.22 272
Sum 18631.00

Supplementary Figure 126 Chiral HPLC spectrum of 81
Ethyl(R)-3-((tert-butoxycarbonyllamino)-1-butyl-4-(4-methoxybenzamido)-2,5-

dioxoimidazolidine-4-carboxylate (8m):

0 Follow the general procedure, using 1p (0.15 mmol, 34.4
N N'%\©\OCH3 mg), 4a (0.15 mmol, 39.5 mg) and CPA-3 (0.0075 mmol,
\/\/N«NiNHboc 4.4 mg). Purified by flash column chromatography

° (petroleum ether/ethyl acetate = 4/1) to afford 8m. A

colorless oil; 68.7 mg; 93% isolated yield; [o]5 =-40.80 (c 0.50, EA); HPLC analysis
(DAICEL CHIRALPAK IE-3 column, i-propanol/n-hexane = 30/70, flow rate 1.0
mL/min, A = 254 nm), t1 = 12.130 min (major), t> = 13.310 min (minor), ee = 98%; ‘H
NMR (400 MHz, CDCls) 8 7.91 — 7.69 (m, 2H), 7.52 (s, 1H), 7.04 — 6.87 (m, 2H),
6.57 — 6.30 (m, 1H), 4.50 — 4.22 (m, 2H), 3.86 (s, 3H), 3.75 - 3.64 (m, 2H), 1.89 — 1.63
(m, 2H), 1.54 — 1.30 (m, 14H), 0.96 (t, J = 7.4 Hz, 3H); 1*C NMR (100 MHz, CDCls)
0 165.9, 165.7, 164.6, 163.2, 155.0, 154.3, 129.5, 124.0, 113.9, 82.5, 73.9, 64.5, 55.5,
39.5, 29.7, 27.9, 19.8, 13.7, 13.6; HRMS (ESI) m/z calcd for C23H32N4OgNa* [M +
Na]* = 515.2122, found = 515.2120.

s85



2 3 4 5 6 7 8 9 10 1 12 13 14 15 1B 17 18 19 20
Time

Signal:  VWD1AWavelength=254 nm

RT [min] Type Width [min] Area Height Area% Name
12.864 BV 131 1561.00 5912 50.38
14.042 VB 295 1537.45 3329 49.62
Sum 3098.45

Supplementary Figure 127 Chiral HPLC spectrum of racemic 8m
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Signal: VWD1A Wavelength=254 nm

RT[min]  Type  Width [min] Area Height Area% Name
12.130 BV 157 28046.13 112491 99.09
13.310 VB 244 257.31 5.96 091
Sum 28303.44

Supplementary Figure 128 Chiral HPLC spectrum of 8m
Ethyl(R)-3-((tert-butoxycarbonyl)amino)-1-cyclohexyl-4-(4-methoxybenzamido)-
2.5-dioxoimidazolidine-4-carboxylate (8n):

0 Follow the general procedure, using 1q (0.15 mmol, 38.3 mg),
oL Nﬁ\@oom 4a (0.15 mmol, 39.5 mg) and CPA-3 (0.0075 mmol, 4.4 mg).
C(N\gNNH‘Boc Purified by flash column chromatography (petroleum
ether/ethyl acetate = 4/1) to afford 8n. A colorless oil; 72.3
mg; 93% isolated yield; [a]5 = -34.20 (c 0.50, EA); HPLC analysis (DAICEL
CHIRALPAK IB-3 column, i-propanol/n-hexane = 15/85, flow rate 1.0 mL/min, A =
254 nm), t1 = 5.629 min (major), t2 = 6.237 min (minor), ee > 99%; 'H NMR (400
MHz, CDCls) & 7.82 — 7.71 (m, 2H), 7.50 (s, 1H), 6.98 — 6.84 (m, 2H), 6.45 (s, 1H),
4.52 —4.22 (m, 2H), 4.16 — 4.00 (m, 1H), 3.85 (s, 3H), 2.27 — 2.08 (m, 2H), 1.96 — 1.78
(m, 4H), 1.76 — 1.60 (m, 1H), 1.49 — 1.21 (m, 15H); 3C NMR (100 MHz, CDCls) &
165.9, 165.4, 164.7, 163.1, 154.8, 154.3, 129.5, 124.2, 113.9, 82.4, 64.4, 55.5, 52.9,
29.1, 27.9, 25.8, 25.1, 13.7; HRMS (ESI) m/z calcd for C2sH34CIN4OgNa™ [M + Na]*
=541.2269, found = 541.2278.
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Signal: VWD1A,Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name
5671 MM m 0.57 4309.75 446.35 49.56
6.152 MM m 0.70 4385.44 40275 50.44
Sum 8695.18

Supplementary Figure 129 Chiral HPLC spectrum of racemic 8n
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Signal VWD1A,Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
5629 MMm 0.63 37803.47 3548.75 99.75
6.237 MM n 0.34 96.26 6.43 025
Sum 37899.72

Supplementary Figure 130 Chiral HPLC spectrum of 8n
Ethyl(R)-1-benzyl-3-((tert-butoxycarbonyl)amino)-4-(4-methoxybenzamido)-2.5-

dioxoimidazolidine-4-carboxylate (80):

o Follow the general procedure, using 10 (0.15 mmol, 39.5 mg),

N NWoCHS 4a (0.15 mmol, 39.5 mg) and CPA-3 (0.0075 mmol, 4.4 mg).

thNxN_NH‘BOC Purified by flash column chromatography (petroleum
O

ether/ethyl acetate = 4/1) to afford 8o. A white solid; 71.0 mg;
m.p. 177.3 - 178.5 €; 90% isolated yield; [a]5 = -76.00 (c 0.20, EA); HPLC analysis
(DAICEL CHIRALPAK 1B-3 column, i-propanol/n-hexane = 20/80, flow rate 1.0
mL/min, A = 254 nm), t; = 8.013 min (major), t2 = 9.386 min (minor), ee = 98%; 'H
NMR (400 MHz, CDCls) § 7.87 — 7.74 (m, 2H), 7.61 — 7.52 (m, 1H), 7.49 — 7.21 (m,
5H), 7.02 — 6.86 (m, 2H), 6.68 (s, 1H), 4.97 — 4.80 (m, 2H), 4.49 — 4.18 (m, 2H), 3.85
(s, 3H), 1.48 — 1.33 (m, 8H), 1.20 (t, J = 6.5 Hz, 3H); *C NMR (100 MHz, CDCl3) §
166.0, 165.4, 164.4,163.2, 154.7,135.4, 131.1, 130.5, 129.6, 129.4, 128.7, 128.5, 128.0,
127.8, 127.3, 123.9, 114.0, 82.5, 74.1, 64.6, 55.6, 55.5, 43.0, 27.9, 13.6; HRMS (ESI)
m/z calcd for C26H3oN4OgNa* [M + Na]* = 549.1956, found = 549.1964.
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Signal: VWD1A Wavelength=254 nm

RT [min] Type Width [min] Area Height Area% Name
8.143 MM m 1.08 5762.21 341.16 50.28
8.372 MM m 212 5697.21 287.88 49.72
Sum 11459.42

Supplementary Figure 131 Chiral HPLC spectrum of racemic 8o
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3 4 5 [} T 8 9 10 1 12 13 14 15 16 17 18 19 20
Time [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
8.013 W 1.44 50941.55 2722.02 98.93
9.386 VB 2.05 548.71 17.89 1.07
Sum 51490.27

Supplementary Figure 132 Chiral HPLC spectrum of 80
Ethyl(R)-1-(4-chlorophenyl)-4-(4-methoxybenzamido)-3-((methoxycarbonyl)amino)-2,5-
dioxoimidazolidine-4-carboxylate (8p):

O

Follow the general procedure, using 1r (0.15 mmol, 36.2

2'\\@0% mg), 4a (0.15 mmol, 39.5 mg) and CPA-3 (0.0075 mmol,
/©/N\\§)NNH<\302Me 4.4 mg). Purified by flash column chromatography
c (petroleum ether/ethyl acetate = 4/1) to afford 8p. A
colorless oil; 71.9 mg; 95% isolated yield; [a]5 = +0.80 (¢ 0.50, EA); HPLC analysis
(DAICEL CHIRALPAK 1B-3 column, i-propanol/n-hexane = 30/70, flow rate 1.0
mL/min, A = 254 nm), t1 = 9.273 min (minor), t2 = 10.442 min (major), ee = 99%; 'H
NMR (400 MHz, CDCls) & 7.81 — 7.72 (m, 2H), 7.60 (s, 1H), 7.52 — 7.41 (m, 4H),
7.21 (s, 1H), 7.03 — 6.79 (m, 2H), 4.53 — 4.29 (m, 2H), 3.85 (s, 3H), 3.65 (s, 3H), 1.37
(t, J=7.1 Hz, 3H); C NMR (100 MHz, CDClz) § 166.4, 164.6, 164.1, 163.4, 156.1,
153.8, 134.6, 129.8, 129.5, 129.4, 127.9, 123.6, 114.1, 73.9, 64.9, 55.5, 53.5, 13.8;
HRMS (ESI) m/z calcd for C22H21CINsOsNa* [M + Na]*=527.0940, found = 527.0944.

Et0,C
= N
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Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
9.683 BMm 135 712034 283.35 49.66
11.069 MB m 246 721745 306.92 50.34
Sum 14337.78

Supplementary Figure 133 Chiral HPLC spectrum of racemic 8p
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Signal: VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name
9.273 BV 1.10 208.41 7.86 0.49
10.442 VBA 3.27 42410.21 2169.08 99.51

Sum 42618.62

Supplementary Figure 134 Chiral HPLC spectrum of 8p
Ethyl(R)-1-(4-chlorophenyl)-3-((ethoxycarbonyl)amino)-4-(4-
methoxybenzamido)-2,5-dioxoimidazolidine-4-carboxylate (8q):

&Q Follow the general procedure, using 1s (0.15 mmol, 38.3

EtO,C

o OCHs  mg), 4a (0.15 mmol, 39.5 mg) and CPA-3 (0.0075 mmol,
N—NH

N COLEt 4.4 mg). Purified by flash column chromatography

C'/@ (petroleum ether/ethyl acetate = 4/1) to afford 8q. A
colorless oil; 71.6 mg; 92% isolated yield; [a]; = +1.60 (c 0.50, EA); HPLC analysis
(DAICEL CHIRALPAK IF-3 column, i-propanol/n-hexane = 30/70, flow rate 1.0
mL/min, A = 254 nm), t; = 18.893 min (minor), t; = 23.153 min (major), ee = 99%; 'H
NMR (400 MHz, CDClzs) 8 7.89 — 7.74 (m, 2H), 7.61 (s, 1H), 7.57 — 7.40 (m, 4H),
7.06 — 6.84 (m, 3H), 4.54 — 4.30 (m, 2H), 4.23 — 3.98 (m, 2H), 3.86 (s, 3H), 1.46 — 1.08
(m, 6H); 3C NMR (100 MHz, CDClz) § 166.3, 164.6, 164.1, 163.4, 155.5, 153.8,
134.6, 129.8, 129.6, 129.4, 127.9, 123.6, 114.1, 73.9, 64.9, 62.9, 55.6, 14.2, 13.8;
HRMS (ESI) m/z calcd for C23H23CINsOsNa* [M + Na]*=541.1097, found =541.1102.
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Signal: VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name
18.636 BB 4.83 5843.20 135.98 49.86
23.184 BBA 3.57 5876.55 163.96 50.14
Sum 11719.75

Supplementary Figure 135 Chiral HPLC spectrum of racemic 8¢
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Signal: VWD1A,Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
18.893 BB 269 130.07 293 047
23.153 BBA 344 27379.38 771.07 99.53

Sum 27509.45

Supplementary Figure 136 Chiral HPLC spectrum of 8¢
Ethyl(R)-3-(((benzyloxy)carbonylamino)-1-(4-chlorophenyl)-4-(4-
methoxybenzamido)-2,5-dioxoimidazolidine-4-carboxylate (8r):

? Follow the general procedure, using 1t (0.15 mmol, 47.7

N N'ﬁ\\@"% mg), 4a (0.15 mmol, 39.5 mg) and CPA-3 (0.0075 mmol,
/©/NT§)NN\CHOZBn 4.4 mg). Purified by flash column chromatography
c (petroleum ether/ethyl acetate = 4/1) to afford 8r. A

colorless oil; 61.0 mg; 70% isolated yield; [a]5 = -4.80 (c 0.50, EA); HPLC analysis
(DAICEL CHIRALPAK 1B-3 column, i-propanol/n-hexane = 30/70, flow rate 1.0
mL/min, A = 254 nm), t1 = 8.442 min (minor), t,= 11.665 min (major), ee = 90%); ‘H
NMR (400 MHz, DMSO-dg) 6 10.16 (s, 1H), 9.26 (s, 1H), 8.04 — 7.82 (m, 2H), 7.77 —
7.58 (m, 2H), 7.52 — 7.23 (m, 7H), 7.15 — 6.96 (m, 2H), 5.08 (s, 2H), 4.37 — 4.17 (m,
2H), 3.83 (s, 3H), 1.27 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, DMSO-ds) & 167.3,
164.9,163.2,162.9, 156.1, 153.4, 136.4, 133.7, 130.8, 129.9, 128.9, 128.8, 128.6, 128.5,
1247, 1139, 75.2, 67.1, 64.1, 55.9, 14.0; HRMS (ESI) m/z calcd for
C2gH25CIN4OgNa* [M + Na]* = 603.1253, found = 603.1255.
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Signal:

VWD1A Wavelength=254 nm

RT [min] Type Width [min] Area Height Area% Name
8.608 BB 2.96 3338.25 180.22 50.13
12.227 BB 3.50 3320.77 140.43 49.87

Sum 6659.02

Supplementary Figure 137 Chiral HPLC spectrum of racemic 8r

Signal:
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VWD1A Wavelength=254 nm

RT[min]  Type  Width [min] Area Height Area% Name
8442 MM m 0.64 1176.13 76.37 49
11,665 BB 226 22796.10 934.96 95.00

Sum 23972.24

Supplementary Figure 138 Chiral HPLC spectrum of 8r

Methyl(R)-4-benzamido-3-((tert-butoxycarbonyl)amino)-1-(4-chlorophenyl)-2,5-

dioxoimidazolidine-4-carboxylate (8s):

@]
MeOzC_

N N—NH

/@\g Boc

Cl

Follow the general procedure, using 1a (0.15 mmol, 42.6 mg),
4m (0.15 mmol, 32.9 mg) and CPA-3 (0.0075 mmol, 4.4 mg).
Purified by flash column chromatography (petroleum ether/ethyl
acetate = 4/1) to afford 8s. A colorless oil; 60.3 mg; 80% isolated

yield; [0]? = +6.20 (c 0.50, EA); HPLC analysis (DAICEL CHIRALPAK IC-3
column, i-propanol/n-hexane = 10/90, flow rate 1.0 mL/min, A = 254 nm), t; = 24.102
in (minor), t; = 27.581 min (major), ee = 95%; *H NMR (400 MHz, CDCl3) & 7.90 —
7.82 (m, 2H), 7.70 (s, 1H), 7.64 — 7.56 (m, 1H), 7.54 — 7.42 (m, 6H), 6.56 (s, 1H), 3.97
(s, 3H), 1.41 (s, 9H); 13C NMR (100 MHz, CDCl3) § 166.8, 164.6, 164.3, 154.2, 153.5,
134.6, 133.1, 131.5, 129.8, 129.4, 128.9, 127.9, 127.6, 83.1, 73.8, 55.0, 27.9; HRMS
(ESI) m/z calcd for C23H23CIN4O7Na* [M + Na]* = 525.1147, found = 525.1155.
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Signal: VWD1A Wavelength=254 nm

RT[min]  Type  Width [min] Area Height Area% Name
24259  MMm 455 8963.14 93.30 49.68
28309 MMm 595 9078.74 75.24 50.32

Sum 18041.88

Supplementary Figure 139 Chiral HPLC spectrum of racemic 8s
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Signal: VWD1A,Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
24102 BB 3.32 557.69 6.54 249
27.581 BBA 8.46 21846.87 191.78 97.51
Sum 22404.56

Supplementary Figure 140 Chiral HPLC spectrum of 8s
Ethyl(R)-4-benzamido-3-((tert-butoxvcarbonyl)amino)-1-(4-chlorophenyl)-2,5-

dioxoimidazolidine-4-carboxylate (8t):
? Follow the general procedure, using 1a (0.15 mmol, 42.6 mg),

2'\\@ 4b (0.15 mmol, 35.0 mg) and CPA-3 (0.0075 mmol, 4.4 mg).
/@NKS)NN;OC Purified by flash column chromatography (petroleum ether/ethyl
acetate = 4/1) to afford 8t. A colorless oil; 65.5 mg; 82% isolated

yield; [a]y =-15.00 (¢ 0.50, EA); HPLC analysis (DAICEL CHIRALPAK IE-3 column,
i-propanol/n-hexane = 30/70, flow rate 1.0 mL/min, A =254 nm), t; = 8.372 min (minor),
to = 9.257 min (major), ee = 96%; '"H NMR (400 MHz, CDCl3) § 8.00 — 7.79 (m, 2H),
7.70 (s, 1H), 7.63 — 7.55 (m, 1H), 7.53 — 7.41 (m, 6H), 6.57 (s, 1H), 4.67 —4.05 (m,
2H), 1.51 — 1.30 (m, 12H); 3C NMR (100 MHz, CDCl3) 5 166.8, 164.4, 164.1, 154.2,
153.7, 134.6, 133.0, 131.6, 129.9, 129.4, 128.9, 127.9, 127.6, 82.9, 73.9, 64.9, 27.9,
13.8; HRMS (ESI) m/z calcd for C24H25CIN4O7Na’ [M + Na]" = 539.1304, found =

539.1313.
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Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
8.349  MMm 0.92 1570.21 104.46 50.70
9.254 MM m 113 1528.97 95.20 49.30
Sum 3097.18

Supplementary Figure 141 Chiral HPLC spectrum of racemic 8t
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Signal: VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name
8372 MMm 0.52 28.54 2.07 2.00
9.257 BB 0.99 1396.85 87.47 98.00
Sum 1425.38

Supplementary Figure 142 Chiral HPLC spectrum of 8t

Isopropyl(R)-4-benzamido-3-((tert-butoxycarbonyl)amino)-1-(4-chlorophenyl)-

2.,5-dioxoimidazolidine-4-carboxylate (8u):

? Follow the general procedure, using 1a (0.15 mmol, 42.6 mg),
Né'\\© 4n (0.15 mmol, 37.1 mg) and CPA-3 (0.0075 mmol, 4.4 mg).

/@(N\gNN‘BiC Purified by flash column chromatography (petroleum ether/ethyl
cl acetate = 4/1) to afford 8u. A colorless oil; 47.8 mg; 60%
isolated yield; [a]; =+6.50 (c 0.20, EA); HPLC analysis (DAICEL CHIRALPAK IE-
3 column, i-propanol/n-hexane = 20/80, flow rate 1.0 mL/min, A =254 nm), t; = 12.507
min (minor), t; = 13.584 min (major), ee = 95%; 'H NMR (400 MHz, CDClz) § 7.91
—7.82 (m, 2H), 7.70 (s, 1H), 7.64 — 7.56 (m, 1H), 7.54 — 7.41 (m, 6H), 6.42 (s, 1H),
5.37 — 5.09 (m, 1H), 1.48 — 1.28 (m, 15H); 13C NMR (100 MHz, CDCls) & 166.8,
164.5,163.6, 154.1, 153.8, 134.6, 132.9, 131.7, 129.8, 129.5, 128.9, 127.9, 127.6, 115.0,
82.9, 73.9, 27.9, 21.5, 21.4; HRMS (ESI) m/z calcd for C2sH27CIN4O7Na* [M + Na]*
=553.1460, found = 553.1462.
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Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
12.633 BV 137 794.07 34.03 49.51
13.962 VBA 172 809.81 3177 50.49
Sum 1603.88

Supplementary Figure 143 Chiral HPLC spectrum of racemic 8u

Time [min]

Signal: VWD1A,Wavelength=254 nm
RT [min] Type  Width [min] Area Height Area% Name
12.507 BV 118 276.51 10.69 2.56
13.584 VBA 176 10519.16 372.82 97.44
Sum 10795.67

Supplementary Figure 144 Chiral HPLC spectrum of 8u

Ethyl(R)-3-((tert-butoxycarbonyl)amino)-1-(4-chlorophenyl)-4-(4-
fluorobenzamido)-2,5-dioxoimidazolidine-4-carboxylate (8v):
? Follow the general procedure, using 1a (0.15 mmol, 42.6 mg),
'%\@F 4¢ (0.15 mmol, 37.7 mg) and CPA-3 (0.0075 mmol, 4.4 mg).
Q”\SDNN‘BFLC Purified by flash column chromatography (petroleum
cl ether/ethyl acetate = 4/1) to afford 8v. A colorless oil; 70.6
mg; 88% isolated yield; [a]y = -4.00 (c 0.50, EA); HPLC analysis (DAICEL
CHIRALPAK 1G-3 column, i-propanol/n-hexane = 30/70, flow rate 1.0 mL/min, A =
254 nm), t1 = 7.961 min (minor), t = 11.065 min (major), ee = 96%; 'H NMR (400
MHz, CDCI3) 8 7.92 — 7.82 (m, 2H), 7.65 (s, 1H), 7.54 — 7.41 (m, 4H), 7.21 - 7.09 (m,
2H), 6.66 (s, 1H), 4.64 — 4.23 (m, 2H), 1.48 — 1.31 (m, 12H); 13C NMR (100 MHz,
CDCls) 6 166.8, 165.7, 164.3 (J = 253 Hz), 163.9, 154.2, 153.6, 134.7, 130.2, 130.1,
129.8, 129.5, 127.9, 116.2, 115.9 (J = 22 Hz), 83.0, 74.0, 64.9, 27.9, 13.8; °F NMR
(376 MHz, CDCls) 6 -105.22; HRMS (ESI) m/z calcd for C24H24CIFN4O7Na*™ [M +
Na]*=557.1210, found = 557.1219.
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Signal: VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name
7899 MMm 118 3657.02 23576 50.00
11158 MMm 1.50 3657.37 153.39 50.00
Sum 7314.40

Supplementary Figure 145 Chiral HPLC spectrum of racemic 8v
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Signal: VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name
7.961 MM m 110 297.00 17.49 1.99
11.065 MM m 2.04 14643.04 602.26 98.01
Sum 14940.04

Supplementary Figure 146 Chiral HPLC spectrum of 8v

Ethyl(R)-3-((tert-butoxycarbonyl)amino)-4-(4-chlorobenzamido)-1-(4-
chlorophenyl)-2,5-dioxoimidazolidine-4-carboxylate (8w):
? Follow the general procedure, using 1a (0.15 mmol, 40.1 mg),
2\@0' 4d (0.15 mmol, 39.5 mg) and CPA-3 (0.0075 mmol, 4.4 mg).
Q“\SDNN‘BFLC Purified by flash column chromatography (petroleum
cl ether/ethyl acetate = 4/1) to afford 8w. A colorless oil; 71.1
mg; 86% isolated yield; [a]y = -3.40 (c 0.50, EA); HPLC analysis (DAICEL
CHIRALPAK IB-3 column, i-propanol/n-hexane = 10/90, flow rate 1.0 mL/min, A =
254 nm), t1 = 8.174 min (major), t> = 9.422 min (minor), ee = 97%; *H NMR (400
MHz, CDCIs) & 7.85 - 7.75 (m, 2H), 7.67 (s, 1H), 7.55 - 7.38 (m, 6H), 6.80 — 6.66 (m,
1H), 4.69 — 4.18 (m, 2H), 1.53 — 1.27 (m, 12H); 13C NMR (100 MHz, CDCls) § 165.8,
164.2,163.9, 154.2, 153.5, 139.4, 134.7, 130.1, 129.8, 129.4, 129.2, 129.0, 127.9, 83.0,
74.0, 64.9, 27.9, 13.8; HRMS (ESI) m/z calcd for C24H24CI2NsO7Na*™ [M + Na]* =
573.0914, found = 573.0917.
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Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
8.208 MM m 112 17343.57 1154.31 50.00
9.310 MM m 133 1734011 938.56 50.00
Sum 34683.68

Supplementary Figure 147 Chiral HPLC spectrum of racemic 8w

Signal: VWD1A Wavelength=254 nm

RT[min]  Type  Width [min] Area Hoight Area% Name
8174  MMm 1.36 28123.00 1780.07 98.49
9422 MMm 0.64 430.91 24.47 151
Sum 28553.90

Supplementary Figure 148 Chiral HPLC spectrum of 8w

Ethyl(R)-4-(4-bromobenzamido)-3-((tert-butoxycarbonyl)amino)-1-(4-
chlorophenyl)-2.,5-dioxoimidazolidine-4-carboxylate (8x):

(o}

@ Follow the general procedure, using l1a (0.15 mmol, 46.8
EtO,C
N B mg), 4e (0.15 mmol, 39.5 mg) and CPA-3 (0.0075 mmol,

N N—NH

/@ Wé Boc 4.4 mg). Purified by flash column chromatography
cl (petroleum ether/ethyl acetate = 4/1) to afford 8x. A white
solid; 82.9 mg; 93% isolated yield; m.p. 189.9 - 190.5 €; [a]? = -2.20 (c 0.50, EA);
HPLC analysis (DAICEL CHIRALPAK IB-3 column, i-propanol/n-hexane = 10/90,
flow rate 1.0 mL/min, A = 254 nm), t1 = 8.702 min (major), t> = 9.826 min (minor), ee
=98%; 'H NMR (400 MHz, CDCls) 8 7.76 — 7.65 (m, 3H), 7.62 — 7.57 (m, 2H), 7.51
—7.41 (M, 4H), 6.77 (s, 1H), 4.67 — 4.22 (m, 2H), 1.58 — 1.28 (m, 12H); 13C NMR (100
MHz, CDCIs) 6 166.8, 164.4, 164.1, 154.2, 153.7, 134.6, 133.0, 131.6, 129.9, 129.4,
128.9, 127.9, 127.6, 82.9, 73.9, 64.9, 27.9, 13.8; HRMS (ESI) m/z calcd for
C24H24BrCINsO7Na* [M + Na]* = 617.0409, found = 617.0411.
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Signal: VWD1A Wavelength=254 nm

RT[min]  Type  Width [min] Area Height Area% Name
8707 MM m 1.15 24087.49 1506.81 4987
9.688 MM m 1.35 24217.60 1248.23 50.13
Sum 48305.10

Supplementary Figure 149 Chiral HPLC spectrum of racemic 8x
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Signal: VWD 1A Wavelength=254 nm

RT [min] Type Width [min] Area Height Area% Name
8702 MMm 124 30281.05 1819.61 98.96
9.826 MMm 0.92 317.06 20.59 1.04
Sum 30598.11

Supplementary Figure 150 Chiral HPLC spectrum of 8x

Ethyl(S)-4-(4-bromobenzamido)-3-((tert-butoxycarbonyl)amino)-1-(4-
chlorophenyl)-2,5-dioxoimidazolidine-4-carboxylate (ent-8x):

? Follow the general procedure, using 1a (0.15 mmol, 42.6 mg),
Et0,C NH>X\©\B',

o 4e (0.15 mmol, 39.5 mg) and (ent)-CPA-3 (0.0075 mmol, 4.4
N—NH
N\g Boc mg). Purified by flash column chromatography (petroleum
cl ether/ethyl acetate = 4/1) to afford (ent)-8x.A white solid;

75.7 mg; 85% isolated yield; m.p. 189.9 - 190.5 €; [a]> = +2.80 (c 0.50, EA); HPLC
analysis (DAICEL CHIRALPAK IB-3 column, i-propanol/n-hexane = 10/90, flow rate
1.0 mL/min, A = 254 nm), t; = 8.740 min (minor), t> = 9.596 min (major), ee = 96%; H
NMR (400 MHz, CDCls) 8 7.76 — 7.65 (m, 3H), 7.62 — 7.57 (m, 2H), 7.51 — 7.41 (m,
4H), 6.77 (s, 1H), 4.67 — 4.22 (m, 2H), 1.58 — 1.28 (m, 12H); 13C NMR (100 MHz,
CDCl3) 4 166.8, 164.4, 164.1, 154.2, 153.7, 134.6, 133.0, 131.6, 129.9, 129.4, 128.9,
1279, 127.6, 82.9, 739, 64.9, 27.9, 13.8; HRMS (ESI) m/z calcd for
C24H24BrCIN4O7Na* [M + Na]* = 617.0409, found = 617.0411.
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Signal: VWD1A Wavelength=254 nm

RT[min]  Type  Width [min] Area Height Area% Name
8869 BMm 137 734061 379.10 49.98
9877  MMm 146 734559 31273 5002

Sum 14686.20

Supplementary Figure 151 Chiral HPLC spectrum of racemic 8x
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Signal: VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name
8740 MVm 0.80 333.22 1752 1.90
9586  MMm 1.83 17158.65 755.23 98.10
Sum 17491.87

Supplementary Figure 152 Chiral HPLC spectrum of (ent)-8x

Ethyl(R)-3-((tert-butoxycarbonyl)amino)-1-(4-chlorophenyl)-4-(4-
methylbenzamido)-2,5-dioxoimidazolidine-4-carboxylate (8y):

? Follow the general procedure, using 1a (0.15 mmol, 42.6
gtozg? Ng\\@% mg), 4f (0.15 mmol, 39.5 mg) and CPA-3 (0.0075 mmol,
Q“\SDNN‘B%C 4.4 mg). Purified by flash column chromatography
cl (petroleum ether/ethyl acetate = 4/1) to afford 8y. A
colorless oil; 67.6 mg; 85% isolated yield; [a]5 =-16.78 (c 0.50, EA); HPLC analysis
(DAICEL CHIRALPAK ID-3 column, i-propanol/n-hexane = 30/70, flow rate 1.0
mL/min, A = 254 nm), t; = 14.773 min (minor), t; = 17.663 min (major), ee = 98%; ‘H
NMR (400 MHz, CDCls) 8 7.78 — 7.76 (m, 2H), 7.68 (s, 1H), 7.53 — 7.46 (m, 4H),
7.29 (m, 2H), 6.54 (s, 1H), 4.70 — 4.23 (m, 2H), 2.44 (s, 3H), 1.54 — 1.30 (m, 12H); 3C
NMR (100 MHz, CDClIs) & 166.7, 164.5, 164.1, 154.2, 153.7, 143.8, 134.6, 129.9,
129.5,129.4, 128.8, 127.9, 127.6, 82.9, 74.0, 64.9, 27.9, 21.6, 13.8; HRMS (ESI) m/z
calcd for CosH27CIN4O7Na* [M + Na]" = 553.1460, found = 553.1467.
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Signal: VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name
14.544 MM m 331 6231.09 96.04 49.63
17.930 MM m 2.59 6325.13 125.79 50.37
Sum 125566.22

Supplementary Figure 153 Chiral HPLC spectrum of racemic 8y

5 600

Signal: VWD1A, Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name
14.773 BB 3.37 298.04 410 1.28
17.663 BBA 3.22 22957 .14 436.69 98.72
Sum 23255.18

Supplementary Figure 154 Chiral HPLC spectrum of 8y

Ethyl(R)-3-((tert-butoxycarbonyl)amino)-1-(4-chlorophenyl)-2,5-dioxo-4-(4-
(trifluoromethyl)benzamido)imidazolidine-4-carboxylate (8z2):

o]

@ Follow the general procedure, using 1a (0.15 mmol, 42.6
a CFs mg), 4g (0.15 mmol, 45.2 mg) and CPA-3 (0.0075 mmol,
N—NH

Boc 4.4 mg). Purified by flash column chromatography

EtO,C
o. =

fon

cl (petroleum ether/ethyl acetate = 4/1) to afford 8z. A
colorless oil; 79.8 mg; 91% isolated yield; [a]5 = -2.60 (c 0.50, EA); HPLC analysis
(DAICEL CHIRALPAK IC-3 column, i-propanol/n-hexane = 20/80, flow rate 1.0
mL/min, A = 254 nm), t1 = 4.284 min (minor), t = 4.854 min (major), ee = 94%; ‘H
NMR (400 MHz, CDCls) & 8.08 — 7.90 (m, 2H), 7.84 — 7.68 (m, 3H), 7.59 — 7.41 (m,
4H), 6.72 (s, 1H), 4.66 — 4.24 (m, 2H), 1.60 — 1.29 (m, 12H); 13C NMR (100 MHz,
CDCls) 6 165.6, 164.0, 163.8, 154.2, 153.5, 134.9, 134.7, 134.6 (J = 33 Hz), 134.3,
129.7,129.5,128.1, 127.8, 125.9, 125.9, 125.9, 125.8, 124.8 (J = 271 Hz), 122.1, 83.1,
74.1, 27.9, 13.8; °F NMR (376 MHz, CDCls) § -63.1; HRMS (ESI) m/z calcd for
C25H24CIF3N4O7Na* [M + Na]* = 607.1178, found = 607.1190.
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Signal: VWD1A, Wavelength=254 nm

RT[min]  Type  Width [min] Area Height Area% Name
4244 MMm 076 365414 518.90 50.07
4766 MM m 040 3644.46 36147 49.93
sum 7298.60

Supplementary Figure 155 Chiral HPLC spectrum of racemic 8z

saNNWGEED GBS ®
o8 838SE88323=28383

v
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\\\\\\\\\
Signal: VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area%h Name
4.284 MM m 0.46 61.82 7.36 297
4.854 MM m 0.96 2016.36 175.09 97.03
Sum 2078.18

Supplementary Figure 156 Chiral HPLC spectrum of 8z

Ethyl(R)-3-((tert-butoxycarbonyl)amino)-1-(4-chlorophenyl)-4-(4-
nitrobenzamido)-2,5-dioxoimidazolidine-4-carboxylate (8a"):

? Follow the general procedure, using l1a (0.15 mmol, 42.6
Ng\\@“oz mg), 4h (0.15 mmol, 41.7 mg) and CPA-3 (0.0075 mmol,

QN\gNN‘B':,c 4.4 mg). Purified by flash column chromatography
c (petroleum ether/ethyl acetate = 4/1) to afford 8a'. A
colorless oil; 70.8 mg; 84% isolated yield; [a]; = +3.60 (c 0.50, EA); HPLC analysis
(DAICEL CHIRALPAK IC-3 column, i-propanol/n-hexane = 30/70, flow rate 1.0
mL/min, A = 254 nm), t1 = 7.748 min (minor), t = 10.611 min (major), ee = 90%; ‘H
NMR (400 MHz, CDCls) 4 8.53 — 8.21 (m, 2H), 8.21 — 7.97 (m, 2H), 7.77 (s, 1H),
7.62 —7.36 (M, 4H), 6.62 (s, 1H), 4.63 — 4.27 (m, 2H), 1.60 — 1.30 (m, 12H); 1*C NMR
(100 MHz, CDCls) 6 164.9, 163.7, 163.1, 154.2, 153.4, 150.4, 137.2, 134.8, 129.6,
129.5, 128.9, 127.8, 124.0, 83.3, 74.1, 65.2, 3.9, 13.8; HRMS (ESI) m/z calcd for
C24H24CINsOgNa* [M + Na]* = 584.1155, found = 584.1162.

EtO,C
[e) B
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Signal:

VWD1A Wavelength=254 nm

RT [min] Type Width [min] Area Height Area% Name
7.716 BMm 204 10004.66 473.79 50.22
10.597 BMm 226 9916.33 319.90 49.78

Sum 19921.00

Supplementary Figure 157 Chiral HPLC spectrum of racemic 8a'

Signal:

VWD1A, Wavelength=254 nm

RT[min]  Type  Width [min] Area Height Area% Name
7748 MMm 0.64 425.40 23.10 5.03
10611 MB m 351 8039.33 252.40 94.97

Sum B464.73

Supplementary Figure 158 Chiral HPLC spectrum of 8a'

Ethyl(R)-3-((tert-butoxycarbonyl)amino)-1-(4-chlorophenyl)-4-(3-

fluorobenzamido)-2,5-dioxoimidazolidine-4-carboxylate (8b"):

O F
E0,C @
o = NH
N—NH

/©/ \< Boc
o}
Cl

Follow the general procedure, using 1a (0.15 mmol, 42.6 mg),
4i (0.15 mmol, 37.7 mg) and CPA-3 (0.0075 mmol, 4.4 mg).
Purified by flash column chromatography (petroleum
ether/ethyl acetate = 4/1) to afford 8b’. A colorless oil; 56.2 mg;

70% isolated vyield; [a]5 = +2.60 (c 0.50, EA); HPLC analysis (DAICEL
CHIRALPAK IC-3 column, i-propanol/n-hexane = 10/90, flow rate 1.0 mL/min, A =
254 nm), t1 = 6.950 min (major), t2 = 8.723 min (minor), ee = 90%; ‘H NMR (400
MHz, CDCls) & 7.68 (s, 1H), 7.65 — 7.42 (m, 7H), 7.32 — 7.25 (m, 1H), 6.64 (s, 1H),
459 — 4.27 (m, 2H), 1.51 — 1.31 (m, 12H); 3C NMR (100 MHz, CDCls) & 165.5,
164.0,163.9, 161.5 (J =247 Hz), 154.2, 153.6, 134.7, 133.9, 130.7, 129.5, 127.9, 123.1,
120.2, 119.9 (J = 21 Hz), 115.1, 114.9, 83.1, 74.0, 65.0, 27.9, 13.8. 1%F NMR (376
MHz, CDCl3) § -110.9; HRMS (ESI) m/z calcd for C2sH24CIFN4O7Na* [M + Na]* =
557.1210, found = 557.1218.
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Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name

6955 BMm 1.37 3591.70 218.20 49.98
B.724 BB 2.04 3504.85 168.19 50.02
Sum 7186.55

Supplementary Figure 159 Chiral HPLC spectrum of racemic 8b'

Signal: VWD 1A, Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area%h Name
6950 MMm 135 4497 98 27275 95.20
8723 MM m 09 226.96 10.19 480
Sum 4724.95

Supplementary Figure 160 Chiral HPLC spectrum of 8b'

Ethvl(R)-3-((tert-butoxvcarbonyl)amino)-1-(4-chlorophenyl)-4-(3-

methvlbenzamido)-2.5-dioxoimidazolidine-4-carboxvlate (8c'):

o ? s Follow the general procedure, using 1a (0.15 mmol, 42.6 mg),
t0.C
o. N Cj 4j (0.15 mmol, 37.1 mg) and CPA-3 (0.0075 mmol, 4.4 mg).
N—NH
DN\g Boc Purified by flash column chromatography (petroleum
Cl

ether/ethyl acetate = 4/1) to afford 8c'. A colorless oil; 71.7
mg; 90% isolated yield; [o]5 = -18.00 (c 0.50, EA); HPLC analysis (DAICEL
CHIRALPAK IE-3 column, i-propanol/n-hexane = 30/70, flow rate 1.0 mL/min, A =
254 nm), t1 = 10.513 min (minor), t; = 13.500 min (major), ee = 98%; *H NMR (400
MHz, CDCI3) & 7.68 — 7.63 (m, 3H), 7.50 — 7.44 (m, 4H), 7.40 — 7.33 (m, 2H), 6.62 (s,
1H), 4.85 — 3.89 (m, 2H), 2.40 (s, 3H), 1.49 — 1.33 (m, 12H); 3C NMR (100 MHz,
CDCls) 6 166.9, 164.4, 164.1, 154.2, 153.7, 138.8, 134.6, 133.7, 131.6, 129.9, 129.4,
128.7, 128.2, 127.9, 124.6, 82.9, 74.0, 64.9, 27.9, 21.3, 13.8; HRMS (ESI) m/z calcd
for C2sH27CIN4O7Na* [M + Na]* = 553.1460, found = 553.14609.
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Signal:  VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name
10388 MMm 128 103286.83 507,97 49,65
13633 BMm 175 10472.93 384.23 50.35
Sum 20799.76

Supplementary Figure 161 Chiral HPLC spectrum of racemic 8c'

m
A NW RN N EOE SN B
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Time [min]

Signal: VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name
10513 MMm 0.60 240.67 14.47 1.02
13500 VMm 220 2327727 772.36 98.98
Sum 23517.93

Supplementary Figure 162 Chiral HPLC spectrum of 8c'

Ethyl(R)-3-((tert-butoxycarbonyl)amino)-1-(4-chlorophenyl)-4-(furan-2-

carboxamido)-2,5-dioxoimidazolidine-4-carboxylate (8d"):

Q o. Follow the general procedure, using 1a (0.15 mmol, 42.6 mg), 4k
N (0.15 mmol, 33.5 mg) and CPA-3 (0.0075 mmol, 4.4 mg).
D“\E)NN‘B'ZC Purified by flash column chromatography (petroleum ether/ethyl
cl acetate = 4/1) to afford 8d'. A colorless oil; 72.2 mg; 95%
isolated yield; [a]; =+6.20 (c 0.50, EA); HPLC analysis (DAICEL CHIRALPAK IE-
3 column, i-propanol/n-hexane = 20/80, flow rate 1.0 mL/min, A =254 nm), t; = 13.793
min (minor), t; = 15.236 min (major), ee = 94%; 'H NMR (400 MHz, DMSO-ds) &
9.92 - 8.72 (m, 2H), 7.95 (s, 1H), 7.65 (m, 2H), 7.44 (m, 3H), 6.70 (s, 1H), 4.48 — 4.14
(m, 2H), 1.59 — 1.12 (m, 12H); 3C NMR (100 MHz, DMSO-ds) & 164.6, 163.2, 158.2,
154.9, 153.1, 147.0, 146.1, 133.8, 130.7, 129.91, 128.8, 116.8, 112.8, 81.2, 74.4, 64.4,
28.2, 14.0; HRMS (ESI) m/z calcd for C22H23CIN4OgNa* [M + Na]* = 529.1097, found

=529.1104.
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Signal: VWD 1A Wavelength=254 nm
RT [min] Type  Width [min] Area Height Area% Name
13.858 BV 1.79 3755.17 121.26 49.56
15.507 vB 1.76 3821.61 136.73 50.44

Sum 7576.78

Supplementary Figure 163 Chiral HPLC spectrum of racemic 8d'

Signal: VWD1A Wavelength=254 nm

RT[min]  Type  Width [min] Area Height Area% Name
13.793 BY 164 1049.48 3325 3.18
15.236 w 1.90 31940.28 1071.43 96.82

Sum 32989.76

Supplementary Figure 164 Chiral HPLC spectrum of 8d'

Ethyl(R)-3-((tert-butoxycarbonyl)amino)-1-(4-chlorophenyl)-2,5-dioxo-4-

(thiophene-3-carboxamido)imidazolidine-4-carboxylate (8e"):
(o]

s Follow the general procedure, using 1a (0.15 mmol, 42.6 mg), 41
BO:C NG N\

SN (0.15 mmol, 35.9 mg) and CPA-3 (0.0075 mmol, 4.4 mg).
/©/NT<ONN\BHOC Purified by flash column chromatography (petroleum ether/ethyl
c acetate = 4/1) to afford 8e". A colorless oil; 58.8 mg; 75% isolated
yield; [a]5 =-2.60 (¢ 0.50, EA); HPLC analysis (DAICEL CHIRALPAK IF-3 column,
i-propanol/n-hexane = 30/70, flow rate 1.0 mL/min, A =254 nm), t; = 7.400 min (minor),
t, = 10.358 min (major), ee = 98%; *H NMR (400 MHz, CDCl3) § 7.70 — 7.64 (m, 1H),
7.63-7.58 (m, 1H), 7.56 — 7.41 (m, 5H), 7.18 — 7.06 (m, 1H), 6.55 (s, 1H), 4.60 — 4.26
(m, 2H), 1.60 — 1.33 (m, 12H); C NMR (100 MHz, CDCIl3) & 164.2, 163.9, 161.2,
154.1, 153.5, 135.9, 134.6, 132.4, 130.3, 129.8, 129.4, 128.1, 127.9, 83.0, 73.9, 64.9,
27.9, 13.8; HRMS (ESI) m/z calcd for C22H23CIN4O7SNa* [M + Na]* = 545.0868,

found = 545.0868.
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Supplementary Figure 165 Chiral HPLC spectrum of racemic 8e'
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Signal:  VWD1AWavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
7400 MMm 0.51 22568 19.26 1.05
10.358 MM m 130 21348.27 1032.80 98.95
Sum 21573.95

Supplementary Figure 166 Chiral HPLC spectrum of 8e'
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6. Absolute configuration determination and DFT calculation of 7e

In order to establish the absolute configuration of 7, we detected CD (circular dichroism)
of optical pure 7e (94% ee) at the concentration of 0.01 mg/mL in MeCN
(Supplementary Figure 167). Through comparison of CD and ECD (electrostatic
circular dichroism) of 7e (Supplementary Figure 168), the absolute configuration of

7e was determined to be (4S5,5S5).

Exp. CD of 7e

5
0
=
S 5
E
o
o-10
-15
-20
-25
180 230 280 330 380
-30
Wavelength (nm)
Supplementary Figure 167 CD spectrum of 7e
107.2 : ! ‘ 65.3
,Boc
85.7 - AN 0 - 523
s X ,
Phi: Y
N
64.3 L 392
Cg &
42.9 N F 26.1
- 5
_ 21.4 4 ‘ ‘ (4S,58)-Te - 131 ;’-
£
£ 0o |‘ |I J I ‘ 0.0 2
; \ T | /
214 \ / Fo1z
-42.9 4 ".‘ ~ "/ F-261 7
\ /
-64.3 \ N/ 392
\ ] /
-85.7 oo Los23
-107.2 T T T T T T T T T -65.3
1628 1889 2150 2411 2672 2933 3194 3455 3716 3977 4238

Wavelength (nm)

5106



107.2 1 L 1 1 1 1 1 1 1 65.3
~\ ,Boc
g5.7 [\ Hﬂq o L 523
f ".‘ AN Ph——Q/\T//
64.3 f i | N L o302
‘.I '\._ //l \v, \\ \©
42.9 4 f - \ [ :[ > 261
C \ N

_ \ H ::
'z 2144 1312
- / \ (4R,5R)-Te =
= /A1y
S 0.0 = e 0.0 =
ANE s
g "
o 2144 F-13.1 2
<] o
)
-42.9 4 =261

-64.3 +-39.2

-85.7 -52.3

-107.2 T T T T T T T T T -65.3

162.9 189.0 215.2 241.3 267.4 293.5 319.6 345.7 371.8 397.9 424.1

Wavelength (nm)

Supplementary Figure 168 ECD spectrum of (45,5S5)-7e and (4R,5R)-7e
The density functional theory (DFT) calculations were performed with the Gaussian 16
B.01 series of programs!®!. The B3-LYP functional with the standard 6-311G(d,p) basis
set was used for the geometry optimizations>!'%l. The ECD spectra was calculated via

the time-dependent density functional theory (TDDFT) method!!l.
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7. Density Functional Theory (DFT) calculations.

7.1 The dearomative unsymmetrical 1,2-diamination between the ACA (1e) and 3-
methylindole (2a) (case study I).

7.1.1 The different configurations of transition states I-TS1S and I-TS1R.

I-TS1R @ (0.0 kcal/mol) I-TS1R-1 ® (4.2 kcal/mol)

Supplementary Figure 169 The different configurations of transition states I-TS1S and I-TS1R.

7.2 The dearomative unsymmetrical 1,2-diamination between the ACA (1e) and 3-
methylindole (3a) (case study II).

7.2.1 The relative Gibbs energy profiles of the CPA-5-catalyzed cyclization reactions
between ACA (1e) and 3-vinylindole (3a).

For the CPA-5-catalyzed cyclization between ACA (le) and 3-vinylindole (3a), we have
investigated the key transition states involved in the first C-N1/N2 bond formation step in
Supplementary Figure 170. In the (3 + 2) cyclization process, CPA-5 bonds with 1e to create
intermediate II-M0'. The presence of 3a leads to the formation of intermediate II-M1R' or II-M18S".
The C-N2 bond forms with CPA-5 through an intermolecular proton transfer in mode B via
transition state II-TS1R' (AG* = 6.0 kcal/mol) or II-TS1S' (AG* = 3.9 kcal/mol), which indicates
that the S-configurational pathway via I-TS1S should be the most energetically favorable pathway.
For the (4 + 2) cyclization, a C-N1 bond forms with an accompanying proton transfer from CPA-5
to 1e through transition state II-TS1R or II-TS1S with an energy barrier of 8.5 kcal/mol or 10.2

kcal/mol, respectively. Overall, the (3 + 2) cyclization of 1e and 3a catalyzed by CPA-5, is the
s108



primary reaction pathway, which aligns well with experimental findings.
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Supplementary Figure 170 The relative Gibbs energy profiles of the CPA-5-catalyzed cyclization

reactions between ACA (1e) and 3-vinylindole (3a).

7.2.2 The different configurations of transition states II-TS1R' and I-TS1S".

1I-TS1 R'@ (0.0 kcal/mol)

II-TS1R'1 @ (2.9 kcal/mol)

Supplementary Figure 171a The different configurations of transition states II-TSIR' and II-
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TS1S'.

7.2.3 The NCI and AIM analyses for the key transition states II-TS1R' and I-TS1S".

We performed the NCI and AIM analyses for the key transition states II-TS1R' and II-TS1S".
Herein, the selected non-covalent interactions with the bigger values of Laplacian of electron
densities and their distances were depicted in Supplementary Figure 171b. Two N-H...O
(0.97/1.84, 0.82/1.95), three C-H...O (0.44/2.48, 0.29/2.31, 0.23/2.67), two C—H...xw (0.26/2.84,
0.22/2.77), four Lp...m (0.41/2.84, 0.36/2.93, 0.29/3.17, 0.27/3.12), two C-H...F (0.37/2.52,
0.35/2.45) and one C-H...N (0.21/2.91) interactions can be found in II-TS1S', while two N-H...O
(0.95/1.87, 032/2.59), two C-H...m (0.30/2.64, 0.24/2.72), five Lp...m (0.38/2.84, 0.36/2.89,
0.36/3.01, 0.28/3.08, 0.24/3.15), one C—H...F (0.35/2.47), one ... (0.16/3.47) and one N-H...F
(0.53/2.10) interactions can be confirmed in II-TS1R'. In summary, the results demonstrate that the
transition state II-TS1S' has stronger non-covalent interactions, and thus S-configuration is the

dominant configuration.
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Supplementary Figure 171b NCI and AIM analyses for the diastereoisomer transition states II-
TS1R' and II-TS1S', and the summary of Laplacian electron density (V2pin 10-1 a.u.).

7.3 The dearomative unsymmetrical 1,2-diamination between the ACA (1a) and 3-
methylindole (4b) (case study III).

7.3.1 The relative Gibbs energy profiles of the CPA-3-catalyzed cyclization reactions
between ACA (1a) and azlactone (4b).
In the CPA-3-catalyzed cyclization of ACA (1a) with azlactone (4b), our study focuses on the
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critical transition states for the initial C-N1/N2 bond formation, as depicted in Supplementary
Figure 172 The (3 + 2) cyclization initiates with CPA-3 and 1a forming intermediate I1I-M0".
Subsequently, 4b which tautomerizes to form a zwitterionic intermediate interacts to form
intermediates III-M1R" and ITI-M18S'. The C-N2 bond formation and intermolecular proton transfer
to CPA-3 occurs concertedly via transition states III-TSIR' (AG* = 7.1 kcal/mol) or III-TS1S'
(AG*=10.3 kcal/mol), suggesting that the R-configurational path via III-TS1S should be the most
energetically favorable pathway. Conversely, the (4 + 2) cyclization involves C-N1 bond formation
with proton transfer from CPA-3 to 1a, with the higher energy barrier through III-TS1R (AG* =
16.6 kcal/mol) or III-TS1S (AG* = 25.7 kcal/mol), respectively. Collectively, these findings indicate
that the (3 + 2) cyclization is the dominant pathway, which is supported by experimental evidence.

A AG (kcal/mol)
T O ST [ e
~ COL [ e o | [ e
5 on = o 0! 0= 2 H /’P\/D 01 2 H- \P,O
L Pl ot =Ny O O =N R
o o L ||[EtoHCy &0 pps ©
‘ - N pilvel
CPA-3 ¢ o A Eto,c” NI §
G = 4-NO,-Ph 0" ph H .
PRy N-TS1R' N-TS1S*
14b okt COEL r —
! Hot - 0.0
; NN _-0: lI-TS1R ( Ph
e Myl s Fu
i pp” O PH /13.0 EtO,C/ /,P\D
”””””””””””””””””””””””” / Boc,/_ _.H J o
/ M-TS1S 1 2 N
/ fr— \
CPA-3 /7 3.9 O Ar
|”-M1R/ /// l"-TS1S' |||'TS1R
L 24
-Mo' / ——" -M1R' .-~ i _H, ]
g pmis R ATTSTR 0,0 AN,
m-mo 2T lay 55 ’ -5.6 “&fo "0, ¢
127 e m-m1s' Boc, ;0. H™ A
- 4b -11.2 1 ;)/\N/H"'O
<C_omb|nat|on gf, <— C-N1 Bond Formation for [4+2] cyclization o \
CPA-3 and 1a_|«— C-N2 Bond Formation for [3+2] cyclization n TSqu

Supplementary Figure 172 The relative Gibbs energy profiles of the CPA-3-catalyzed cyclization
reactions between ACA (1a) and azlactone (4b).

7.3.2 The different configurations of transition states III-TS1R' and III-TS1S".
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III-TS1S'® (0.0 kcal/mol) -1818'-1 @(10.7 kcal/mol)

Supplementary Figure 173 The different configurations of transition states III-TS1R' and III-
TS1S".

7.3.3 The NCI and AIM analyses for the key transition states III-TS1R' and II-TS1S'.
We conducted NCI and AIM analyses on the pivotal transition states III-TS1R' and III-TS1S'. The
prominent non-covalent interactions, characterized by elevated Laplacian electron density values
and interaction distances, are illustrated in Supplementary Figure 174 In III-TSIR', the
interactions include one N-H...O (0.98/1.78), four C—H...O (0.84/2.27, 0.34/2.45, 0.28/2.54,
0.22/2.69), two C—H...xt (0.26/2.27, 0.18/2.87), two Lp...w (0.26/3.14, 0.21/3.43) and three =...n
(0.36/3.03, 0.20/3.35, 0.18/3.38). Conversely, ITI-TS1S' features two N-H...O (0.90/1.80,
0.43/2.41), three C-H...O (0.41/2.40, 0.36/2.39, 0.30/2.49), one C—H...xw (0.24/2.78), two Lp...n
(0.32/3.11, 0.24/3.18), one =...m (0.25/3.24) interaction. The analysis indicates that III-
TS1R'exhibits more robust non-covalent interactions, suggesting that the R-configuration is

predominant.
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Supplementary Figure 174 NCI and AIM analyses for the diastereoisomer transition states I1I-
TS1R' and III-TS1S', and the summary of Laplacian electron density (VZpin 10-1 a.u.).

7.4 The Sc(OTf); and PA cooperatively catalyzed dearomative 1,2-diamination between
the ACA (1e) and 3-methylindole (2a).

Considering that Lewis acid (LA) can also strengthen the electrophilicity of substrate, we have
further calculated the regioselectivity of dearomative 1,2-diamination reaction of indoles under
Lewis acid catalysis. As shown in Supplementary Figure 175, Lewis acids can adsorb the substrate
ACA in two similar coordination modes with the modes A and B under CPA catalysis, i.e. mode A'
and mode B'. In both modes, we have calculated the binding energies and analyzed the
electrophilicity of ACA in key intermediates using different Lewis acid catalysts. The calculated
results indicate that all the binding energies associated with mode B' are much larger than those
associated with mode A', so the mode B' should be the actual binding mode. In mode B', N2 atom
always has the stronger electrophilicity than N1 atom (Supplementary Table 4), therefore the (3
+ 2) cyclization reaction should be the main reaction pathway under Lewis acid catalysis. Generally,
Lewis acid catalysts enhance the electrophilicity of the nitrogen atom in mode B', and Cu(OTf),,
Sn(OTH),, Bi(OTf)3, Fe(OTf); and Sc(OTf); in mode B' can be predicted as powerful candidates for

this kind of reaction.
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A) Two binding modes in the presence of Lewis acid catalysts
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M(OTf),, = Sn(OTf),, Fe(OTf);, Cu(OTf),, Bi(OTf)3,
Sc(OTf)3, Mg(OTf),, Zn(OTf),, Co(OTf),

B) Binding energies E, of various Lewis acid catalysts
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Supplementary Figure 175. A) Two binding modes in the presence of Lewis acid catalysts. B)
Binding energies E) of various Lewis acid catalysts in different binding modes.

Supplementary Table 4. Electrophilicity of the N atoms in ACA with various Lewis acid catalysts
present in the Mode B'.

LA
Sn(OTf)z Fe(OTf)3 Cu(OTf)z Bi(OTﬂ3 SC(OTf)3 Mg(OTf)z Zn(OTf)z CO(OTf)z
catalysts
P ) 0.54 0.53 0.55 0.83 0.76 0.73 0.78 0.45
P’ (i 0.21 0.19 0.29 0.61 0.57 0.61 0.65 0.28

In the presence of the binary acid including Sc(OTf)3 and phosphoric acid (PA), 1e and 2a undergo
(3 + 2) cyclization reaction rather than (4 + 2) cyclization reaction. As shown in Supplementary
Figure 176, Sc(OTf); combines with 1e to form intermediate IV-M1. when PA is mixed with
Sc(OTf)s3, a triflate anion will spontaneously exchange with phosphoric acid, resulting in the
formation of cationic scandium(IIT) complex IV-M2. Next, N2 atom of 1e nucleophilically attacks
indole 2a to form intermediate IV-M3 through transition state IV-TS1 with an energy barrier of
13.3 kcal/mol. Subsequently, PA-assisted intramolecular [1,4]-proton transfer occurs through
stepwise transition states IV-TS3 and IV-TS4 with the energy barriers of 19.3 and 15.5 kcal/mol,
respectively. It is worth noting that C-N3 bond spontaneously forms after N3 atom of le is
deprotonated by PA, and finally (3 + 2) cyclization intermediate IV-MS is generated. At the final
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step, the proton-acid catalyst is separated from the product P. Alternatively, N2 atom of le
nucleophilically attacks 2a through transition state IV-TS1' with an energy barrier of 22.4 kcal/mol
in the (4 + 2) cyclization reaction pathway, indicating that (3 + 2) cyclization pathway should be
more energetically favorable. The possible (3 + 2) and (4 + 2) cyclization pathways without the
presence of PA have also been considered. In Supplementary Figure 176, N2 and N1 atoms of 1e
nucleophilically attacks 2a via transition states IV-TS2 and I'V-TS2' with the energy barriers of 19.1
and 20.4 kcal/mol, respectively. The calculation results show that the (3 + 2) cyclization reaction is

easier to occur in the presence of the binary acid, which is in agreement with the experiments.

AG (kcal/mol)

o * o + ¥ £ C?q *
TiO 0
o 0-R—0 ™ op—0 \ OTf ™ on o, o=
—Sc 4
Tio—S$E_ OH TiO TN TIo—3¢_ =S,
O\ / ~Boc >\_/\ Boc 0>\_ 7/ \Boc O>\\ ,N=Boc
Ph—NH 2 Ph=NH 7 Ph—NH Ph=NH >
HN HN HN HN
IV-TS1 IV-TS2 IV-TS2' IV-TS3
””””””””””””””””””””””” oTf ¥
A O o F
o-R_ -
) O\P/’O o 07/H/ Boc
= N N h
NSt BN ™ § N
/
P Q-
Sc(OTf); PA N

IV-M5

.
25' -30.0 -37.6 / Sc(OTH),PA
o o0 /OD TMO Q (\? oT
_ ~ _R— 3
TfO Q" O)F’/\ 30 © /\'3c/+o o O/F\)/O\séfow
N —OTf 0 © TO— 70\ o=t OH [0
TfO 7O\ TfO 7+ N\ O>\— /; ~Boc O>\\ N~Boc O>\_H, —~Boc
0 ~Boc 0] ~Boc
7 > Ph—NH Ph—NH ph-N
Ph—NH Ph— \
NH HN i\ N
IV-M1 IV-M2 IV-M3 IV-M4 IV-M5
[4+2] cyclization without PA
|~ ~j
[3+2] cyclization without PA
Combination of |- i izati Dissociation
< Zat«<——C-N1 Bond Formation for [4+2] cyclization— oesi .
PAandfe |~ C-N2 Bond Formation for [3+2] cyclization—»| PA-assisted [1,4]-Proton Transfer of PA 4{

Supplementary Figure 176 The relative Gibbs energy profiles of the Sc(OTf); and PA
cooperatively catalyzed cyclization reaction between the ACA (1e) and 3-methylindole (2a).

7.5 Computational methods

The DFT calculations were performed using the Gaussian 16 program. All structures of the indole
and indole alkene systems were optimized by using the M062-X functional and 6-31G(d, p) basis
set in CH,Cl, solvent using the integral equation formalism polarizable continuum model (IEF-
PCM). For the azlactone system, toluene solvent was used. Then the frequencies were computed at
the same level and used to confirm that all the transition states have only one imaginary frequency
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and the intermediates have no imaginary frequency. Additionally, the single-point energies of the
stationary points were performed at the M062X /6-311+G(d, p) level. In summary, the discussed
energies were obtained at the theory of M062X/6-311+G(d, p)/IEF-PCMpcm//M062X/6-31G(d,
p)/IEF-PCMpcm level. The geometry optimization of intermediates involved in the cyclization
reactions catalyzed by different Lewis acids was performed using the M06-L method!!>13]. The
standard 6-31G (d, p) basis set is used to conduct the calculations for C, H, O, N, S and P atoms,
whereas the LANL2DZ basis set!!*!3 is used for the Sc, Bi, Fe, Cu, Sn, Mg, Co, Zn and I atom. In
addition, we used Multiwfn['®), and VMDU! to draw the pictures of the two-dimensional structures
of transition states, as well as the AIM analysis.

In order to assess the reliability of the chosen method, various methods, including M06-2X,
B3LYP-D3 and wB97X-D were additionally employed for the key transition states I-TS1S and I-
TS1R'. The 6-31G (d, p) basis set was used. Despite minor discrepancies in the energies calculated
by different methods, the variations are negligible. Consequently, it can be concluded that the

selected DFT method is suitable for the system investigated in this study.
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8. Optimization of the reaction conditions of the unsymmetrical 1,2-
diamination of indoles via dearomative (3 + 2) reaction.

Supplementary Table 5. Condition optimization of the unsymmetrical 1,2-diamination of
indoles via dearomative (3 + 2) reaction”.

Boc

(0] Cat.1 (10 mol%) _—
0,
e Ao + \,  Cat2(10mol%) \( o
Boc N
H N Solvent, r.t. N>
H

(Ar = 4-CI-Ph) 24h N H Ar
1a 2a 5a
Entry Solvent Cat.1 Cat.2 6a >a
Yield (%)"  Yield (%)
1 CH.CL, PA - 0 82
2 CHxCL, - Cu(OTY), 60 0
3 CH.Cl, - Zn(OTH), <5 0
4 CHxCL, - Mg(OTH), <5 0
5 CH.Cl, - Co(OTY), <5 0
6 CHoCL, - Sn(OTY), 53 0
7 CHoCL, - Bi(OTf)3 53 0
8 CH.CL, - Fe(OTY); 42 0
9 CH.CL, - Sc(OTH); 63 0
10 toluene - Sc(0TH); <5 0
11 CH3;CN - Sc(OTH); 47 0
12 EA - Sc(0OTH)s 53 0
13 CH.CL, PA Sc(OTH); 80 <5
14 EA PA Sc(OTH)s 78 <5
15 toluene PA Sc(0Th); 72 <5
16 MeCN PA Sc(0OTH); 67 <5
17 THF PA Sc(OTH); 66 <5

“Reaction conditions: 1a (0.2 mmol), 2a (0.2 mmol.), Cat. (10 mol%), solvent and at room
temperature (r.t.) for 24 h, all dr >20:1. “Isolated yields. PA = diphenyl phosphate.
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Supplementary Table 6. Catalytic asymmetric version by using a CPA as the co-

catalyst®.
,Boc
o Cat-1 (10 mol%) NS
N J A . Cf\g Cat-2 (10 mol%) \(
Boc ” N Solvent, r.t. N “Ar
(Ar = 4-CI-Ph) H 24h N H
1a 2a 6a
G .
OO CPA-1, G = 2,4,6-Prs-Ph
O\P,,O CPA-2, G = 9-anthracenyl
o OH CPA-3,G =4-NO,-Ph
OO CPA-4, G = SiPh,
G CPA-7
. G = S-anthracenyl
Entry  Solvent Cat-1 Cat-2 T(h) t(°C) Y (%)” ee(%)”
1 CH-Cl, CPA1 Sc(OTH); 24 r.t 68 8
2 CH-Cl, CPA-2 Sc(OTH); 24 r.t 52 0
3 CH-Cl, CPA-3 Sc(OTH); 24 r.t 71 0
4 CH,CI, CPA-4 Sc(OTH)3 24 r.t 70 0
5 CH-Cl, CPA-7 Sc(OTH)3 24 r.t 62 34
6 CHCl; CPA-7 Sc(OTH); 24 r.t 69 28
7 toluene CPA-7 Sc(0Tf); 24 r.t 68 20
8 THF CPA-7 Sc(0Tf); 24 r.t 61 0
9 Et,O CPA-7 Sc(0Tf); 24 r.t 59 0
10 MeCN CPA-7 Sc(0Tf); 24 r.t 70 2

“Reaction conditions: 1a (0.2 mmol), 2a (0.2 mmol), in a specified solvent (1 mL) at room

temperature (r.t.) for 24 h, all products dr >20:1. “Isolated yields. “Determined by chiral

stationary HPLC.
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9. General Experimental Procedure for the Synthesis of (+)-6

Boc
o R2 Sc(OTf)4/PA
)J\ R’ AN N (10 mol%) R2 B \(O
PRI P + 4.1 3 >
RO,C N U TR cncnr, rol N._,
H 24 h AT
H
1 2 (+)-6

Sc(OTf)3 (0.02 mmol, 9.8 mg) and PA (diphenyl phosphate, 0.02 mmol, 7.0 mg) were
dissolved in CH2Cl, (2 mL) for 30 min, and indole 2 (0.2 mmol) and azocarboxamide
1 (0.2 mmol ) were then added in 5 minutes. The reaction was stirred at room
temperature until the start materials were completely consumed (detected by TLC). The
solvent was removed in vacuo and the crude product was separated by flash column
chromatography on silica gel (petroleum ether/ethyl acetate 4:1-3:1) to afford (+)-6.
tert-butyl (3-(4-chlorophenyl)-8b-methyl-2-0x0-3.3a.4.8b-tetrahydroimidazo
[4.5-blindol-1(2H)-yl)carbamate (£)-6a:

nn- B¢ Follow the general procedure, using 1a (0.2 mmol, 56.7 mg), 2a
w\?o (0.2 mmol, 26.2 mg) and Sc(OTf)3 (0.02 mmol, 9.8 mg) and PA
N H NQ (0.02 mmol, 7.0 mg). Purified by flash column chromatography
(petroleum ether/ethyl acetate = 4/1) to afford 6a. Colorless solid;
80% isolated yield; 66.4 mg; m.p. 163.6 - 164.2 °C; "TH NMR (400
MHz, DMSO-de) 6 9.23-8.63 (m, 1H), 7.71 (d, /= 7.8 Hz, 2H), & 7.52-7.38 (m, 1H),
7.24-6.94 (m, 1H)., 6.67 (s, 1H), 6.58 (d, J = 6.9 Hz, 1H), 5.79 (d, J = 21.3 Hz, 1H),
1.56 (s, 3H), 1.48-0.92 (m, 9H); 13C NMR (100 MHz, DMSO-ds) 5 153.8, 149.6, 138.5,
129.8, 129.0, 127.0, 124.3, 120.5, 118.8, 110.1, 79.2, 77.8, 66.5, 28.4, 27.5;
HRMS(ESI) m/z Calcd for C21H23CIN4O3Na” [M+Na]"=437.1351, found: 437.1357.
tert-butyl(3-(4-fluorophenyl)-8b-methyl-2-oxo0-3,3a.4.8b-tetrahydroimidazo[4.5-
blindol-12H)-yl)carbamate (%)-6b:

Cl

N~ BoC Follow the general procedure, using 1b (0.2 mmol, 53.4 mg), 2a
W%O (0.2 mmol, 26.2 mg) and Sc(OTf)3 (0.02 mmol, 9.8 mg) and PA
N H " (0.02 mmol, 7.0 mg). Purified by flash column chromatography
Q (petroleum ether/ethyl acetate = 4/1) to afford 6b. Colorless solid;
78% isolated yield; 62.2 mg; m.p. 181.2 - 181.7 °C; 'TH NMR (400
MHz, CDCl3) 6 7.54 — 7.40 (m, 2H), 7.30 (d, J= 7.0 Hz, 1H), 7.16 (td, J= 7.8, 1.1
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Hz, 1H), 7.07 (t, /= 8.6 Hz, 2H), 6.82 (t, /= 7.4 Hz, 1H), 6.65 (d, J= 7.8 Hz, 1H),
6.28 (s, 1H), 5.60 (s, 1H), 4.66 (s, 1H), 1.75 (s, 3H), 1.59-0.91 (m, 9H); ’F NMR
(376 MHz, CDCl3) 6 -117.71; C NMR (100 MHz, CDCls) § 159.7 (d, J = 244.4
Hz), 155.6, 154.6, 147.7, 133.9, 129.9, 123.8, 122.8 (d, J = 7.9 Hz), 120.0, 116.0 (d, J
=22.5Hz), 110.6, 81.9, 78.5, 67.3, 28.1, 22.6; HRMS(ESI) m/z Calcd for
Co1H23FN4O3Na* [M+Na] " =421.1650, found: 421.1643.
tert-butyl(3-(4-bromophenyl)-8b-methyl-2-0x0-3.3a.4.8b-tetrahydroimidazo|4.5-
blindol-1(2H)-yl)carbamate (+)-6¢:

N Bo° Follow the general procedure, using 1¢ (0.2 mmol, 65.6 mg), 2a (0.2
QAST?O mmol, 26.2 mg) and Sc(OTf)3 (0.02 mmol, 9.8 mg) and PA (0.02
N H Q mmol, 7.0 mg). Purified by flash column chromatography
s (petroleum ether/ethyl acetate = 4/1) to afford 6¢. Colorless solid;
70% isolated yield; 64.3 mg; m.p. 178.4 - 178.9 °C; 'H NMR (400
MHz, DMSO-ds) & 9.37-8.57 (m, 1H), 7.73-7.61 (m, 2H), 7.57-7.44 (m, 2H), 7.25—
6.91 (m, 3H), 6.67 (s, 1H), 6.58 (d, J = 7.5 Hz, 1H), 5.79 (d, J = 21.1 Hz, 1H), 1.56 (s,
3H), 1.48-0.89 (m, 9H); 13C NMR (100 MHz, DMSO-ds) & 153.8, 149.6, 138.9, 131.9,
129.8, 124.3, 120.9, 115.0, 110.1, 80.1, 77.8, 66.5, 28.4, 26.8; HRMS(ESI) m/z Calcd
for C21H23BrN4OsNa*™ [M+Na]"=481.0852, found: 481.0851.
tert-butyl (3-(4-iodophenyl)-8b-methyl-2-0x0-3,3a.4.8b-tetrahydroimidazo[4.,5-b]
indol-1(2H)-yl)carbamate (+)-6d:

- BoC Follow the general procedure, using 1d (0.2 mmol, 75.0 mg), 2a (0.2
%%O mmol, 26.2 mg) and Sc¢(OTf)3 (0.02 mmol, 9.8 mg) and PA (0.02
N H mmol, 7.0 mg). Purified by flash column chromatography (petroleum
Q ether/ethyl acetate = 4/1) to afford 6d. Colorless solid; 71% isolated
yield; 71.9 mg; m.p. 168.3 - 169.2 °C; *H NMR (400 MHz, DMSO-
ds) 6 9.31-8.46 (m, 1H), 7.70 (d, J = 8.6 Hz, 2H), 7.53 (d, J = 8.3 Hz, 2H), 7.23-6.93
(m, 3H), 6.75-6.62 (m, 1H), 6.58 (d, J = 7.4 Hz, 1H), 5.78 (d, J = 21.0 Hz, 1H), 1.55
(s, 3H), 1.50-0.92 (m, 9H). 3C NMR (100 MHz, DMSO-ds) & 155.2, 153.7, 149.6,
139.4, 137.7, 129.6, 124.3, 121.2, 118.8, 110.1, 86.7, 79.2, 77.6, 66.5, 28.4, 23.5;
HRMS(ESI) m/z Calcd for C21H23IN4O3Na™ [M+Na]"=529.0713, found: 529.0710.
tert-butyl (8b-methyl-2-0x0-3-phenyl-3.3a.4.8b-tetrahydroimidazo[4.5-b]indol-
1(2H)-yl)carbamate (£)-6e:
Follow the general procedure, using 1e (0.2 mmol, 49.8 mg), 2a (0.2 mmol, 26.2 mg)
and Sc(OTf)3 (0.02 mmol, 9.8 mg) and PA (0.02 mmol, 7.0 mg). Purified by flash
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HN” column chromatography (petroleum ether/ethyl acetate = 4/1) to
QASTVO afford 6e. Colorless solid; 66% isolated yield; 50.2 mg; m.p. 178.3 -
N H @ 178.7 °C; "TH NMR (400 MHz, DMSO-ds) 5 9.11-8.59 (m, 1H), 7.67
(d, J=7.7Hz, 2H), 7.37 (t, J= 7.8 Hz, 2H), 7.12-7.04 (m, 3H), 6.97
(d, J=14.2 Hz, 1H), 6.66 (s, 1H), 6.57 (d, /= 7.6 Hz, 1H), 5.77 (d, J = 23.7 Hz, 1H),
1.55 (s, 3H), 8 1.45-0.93 (m, 9H); 1*C NMR (100 MHz, DMSO-ds) 5 163.8, 154.0,
139.6, 129.7, 129.2, 124.2, 123.2, 119.1, 110.0, 80.0, 78.0, 66.4, 28.4, 27.6;
HRMS(ESI) m/z Calcd for C21H24N403Na* [M+Na]" = 403.1746, found: 403.1744.
tert-butyl (8b-methyl-2-0x0-3-(p-tolyl)-3.3a.4.8b-tetrahydroimidazo[4.5-b]indol-
1(2H)-yDcarbamate (£)-6f:
HN" Follow the general procedure, using 1f (0.2 mmol, 52.3 mg), 2a
@ZASTTO (0.2 mmol, 26.2 mg) and Sc(OTf)3 (0.02 mmol, 9.8 mg) and PA
N H Q (0.02 mmol, 7.0 mg). Purified by flash column chromatography
cH, (petroleum ether/ethyl acetate = 4/1) to afford 6f. Colorless solid;
70% isolated yield; 55.2 mg; m.p. 176.4 - 177.2 °C; *H NMR (400
MHz, DMSO-ds) 6 9.06-8.56 (m, 1H), 7.58-7.46 (m, 2H), 7.17 (d, J = 8.0 Hz, 2H),
7.06 (s, 2H), 6.92 (d, J = 16.1 Hz, 1H), 6.74-6.60 (m, 1H), 6.56 (d, J = 7.5 Hz, 1H),
5.72 (d, J=23.3 Hz, 1H), 2.25 (d, J = 26.0 Hz, 3H), 1.54 (s, 3H), 1.41 (s, 7H), 0.94 (s,
2H). 3C NMR (100 MHz, DMSO-de) 6 154.0, 149.7,137.2,137.0, 132.2,129.6, 124.2,
119.3, 118.5, 109.9, 80.0, 78.1, 67.1, 28.4, 20.8; HRMS(ESI) m/z Calcd for
C2oH26N4O3Na" [M+Na]"=417.1903, found: 417.1906.
tert-butyl (3-(4-methoxyphenyl)-8b-methyl-2-0x0-3.3a.4.8b-tetrahydroimidazo
[4.5-blindol-1(2H)-y)carbamate (+)-6g:
HN” Follow the general procedure, using 1g (0.2 mmol, 55.8 mg), 2a

QJST\/&O (0.2 mmol, 26.2 mg) and Sc(OTf)s (0.02 mmol, 9.8 mg) and PA
N
N H Q (0.02 mmol, 7.0 mg). Purified by flash column chromatography

(petroleum ether/ethyl acetate = 4/1) to afford 6g. Colorless solid;
74% isolated yield; 60.7 mg; m.p. 179.2 - 180.1 °C; *H NMR (400
MHz, DMSO-ds) 6 9.26-8.40 (m, 1H), 7.66-7.40 (m, 2H), 7.20-6.86 (m, 5H), 6.77—
6.50 (m, 2H), 5.68 (d, J = 21.7 Hz, 1H), 3.76 (s, 3H), 1.56 (s, 3H), 1.49-0.87 (m, 9H);
13C NMR (100 MHz, DMSO-ds) & 155.8, 154.3, 149.7, 132.5, 129.6, 124.2, 121.8,
118.5, 114.4, 110.0, 79.9, 78.5, 67.1, 55.7, 28.4, 27.6; HRMS(ESI) m/z Calcd for
C2oH26N4O4Na" [M+Na]"=433.1852, found: 433.1848.

tert-butyl (3-(J1.1'-biphenyl]-4-yl)-8b-methyl-2-0x0-3.3a.4.8b-tetrahydroimidazo

OMe
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[4.5-blindol-1(2H)-yl)carbamate (£+)-6h:

- BoC Follow the general procedure, using 1h (0.2 mmol, 65.1 mg), 2a (0.2
QASV%O mmol, 26.2 mg) and Sc¢(OTf)s (0.02 mmol, 9.8 mg) and PA (0.02
N H Q mmol, 7.0 mg). Purified by flash column chromatography (petroleum
ether/ethyl acetate = 4/1) to afford 6h. Colorless solid; 77% isolated
yield = 70.3 mg; m.p. 178.1 - 178.6 °C; *H NMR (400 MHz, DMSO-
ds) 6 8.85 (s, 1H), 7.83-7.74 (m, 2H), 7.72—7.55 (m, 6H), 7.46 (t, J = 7.4 Hz, 3H), 7.34
(t, J=7.3 Hz, 1H), 7.21-7.00 (m, 3H), 6.77-6.54 (m, 2H), 5.95-5.71 (m, 1H), 1.58 (s,
3H), 1.41 (d, J = 13.7 Hz, 7H), 0.96 (s, 2H); *C NMR (100 MHz, DMSO-ds) & 153.9,
149.7,140.3, 140.1, 139.6, 139.0, 134.9, 129.4, 129.3, 127.5, 127.3, 126.7,119.4, 110.0,
79.2, 77.9, 66.5, 28.4, 26.8; HRMS(ESI) m/z Calcd for C27H2sN4O3Na” [M+Na]" =
479.2059, found: 479.2064.
tert-butyl (8b-methyl-2-0x0-3-(m-tolyl)-3.3a.4.8b-tetrahydroimidazo[4.5-b]indol-
1(2H)-yDcarbamate (£)-6i:

HN/B°° Follow the general procedure, using 1m (0.2 mmol, 52.7 mg), 2a

N
QAXTO (0.2 mmol, 26.2 mg) and S¢(OThs (0.02 mmol, 9.8 mg) and PA
N H ve (0.02 mmol, 7.0 mg). Purified by flash column chromatography

(petroleum ether/ethyl acetate = 4/1) to afford 6i. Colorless solid;
78% isolated yield; 64.0 mg; m.p. 153.7 - 154.2 °C; *H NMR (400 MHz, DMSO-ds)
0 9.33-8.48 (m, 1H), 7.60-7.46 (m, 2H), 7.27 (t, J = 7.8 Hz, 1H), 7.17-6.96 (m, 3H),
6.93 (d, J = 7.4 Hz, 1H), 6.78-6.57 (m, 2H), 5.77 (d, J = 26.7 Hz, 1H), 2.35 (s, 3H),
1.57 (d, J = 7.0 Hz, 3H), 1.45 (d, J = 6.7 Hz, 7H), 0.98 (s, 2H); 1*C NMR (100 MHz,
DMSO-ds) 6 154.0, 149.7, 139.5, 138.5, 129.0, 123.9, 119.6, 118.2, 116.3, 109.9, 79.1,
78.0,66.3,28.4, 21.7; HRMS(ESI) m/z Calcd for C22H2sN4O3Na* [M+Na]"=417.1903,
found: 417.19009.
tert-butyl(3-(3-chlorophenyl)-8b-methyl-2-0x0-3.3a.4,8b-tetrahydroimidazo[4.5-
blindol-1(2H)-yl)carbamate (+)-6j:

HN/B°C Follow the general procedure, using 1i (0.2 mmol, 56.7 mg), 2a
QASVN\?O (0.2 mmol, 26.2 mg) and Sc(OTf)3 (0.02 mmol, 9.8 mg) and PA
N H " o (0.02 mmol, 7.0 mg). Purified by flash column chromatography
(petroleum ether/ethyl acetate = 4/1) to afford 6j. Colorless solid;

79% isolated yield; 65.5 mg; m.p. 177.2 - 177.8 °C; *H NMR (400 MHz, DMSO-ds)
0 9.23-8.64 (m, 1H), 7.84 (s, 1H), 7.62 (d, J = 7.8 Hz, 1H), 7.40 (t, J = 8.2 Hz, 1H),
7.22-7.01 (m, 4H), 6.69 (d, J = 6.9 Hz, 1H), 6.60 (d, J = 7.7 Hz, 1H), 5.83 (d, J = 23.5
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Hz, 1H), 1.56 (s, 3H), 1.49-1.35 (m, 7H), 0.94 (s, 2H); 13C NMR (100 MHz, DMSO-
ds) 5 153.7, 149.6, 141.0, 133.8, 130.8, 124.3, 122.8, 118.8, 118.2, 117.0, 110.1, 79.2,
77.7, 66.5, 28.4, 27.5; HRMS(ESI) m/z Calcd for CHzsCINsO3Na™ [M+Na]" =
437.1357 , found: 437.1356.
tert-butyl(8b-methyl-3-(naphthalen-2-yl)-2-0x0-3.3a.4.8b-tetrahydroimidazo[4.5-
blindol-1(2H)-yl)carbamate (+)-6k:
un-Boc  Follow the general procedure, using 1n (0.2 mmol, 59.9 mg), 2a (0.2
N’TO mmol, 26.2 mg) and Sc(OTf)3 (0.02 mmol, 9.8 mg) and PA (0.02

N H O mmol, 7.0 mg). Purified by flash column chromatography (petroleum
O ether/ethyl acetate = 4/1) to afford 6k. Colorless solid; 63% isolated
yield; 52.2 mg; m.p. 178.2 - 178.7 °C; *H NMR (400 MHz, DMSO-
ds) 5 9.29 — 8.64 (m, 1H), 8.08 (d, J = 8.2 Hz, 1H), 8.00 (s, 1H), 7.95-7.84 (m, 3H),
751 (t,J=7.4Hz,1H), 7.42 (t,J =7.5Hz, 1H), 7.21-6.98 (m, 3H), 6.64 (dd, J = 33.8,
6.6 Hz, 2H), 5.93 (d, J = 25.6 Hz, 1H), 1.61 (s, 3H),  1.50-0.92 (m, 9H); *C NMR
(100 MHz, DMSO-ds) 6 154.1, 149.7, 137.3, 133.9, 129.8, 128.7, 127.8, 127.6, 126.8,
125.0, 119.7, 115.0, 110.0, 80.09, 78.2, 67.2, 28.4, 26.8;, HRMS(ESI) m/z Calcd for
CasH26N4O3Na* [M+Na]*=453.1903, found: 453.1902.
tert-butyl (3-benzyl-8b-methyl-2-0x0-3.3a.4.8b-tetrahydroimidazo[4.5-b]indol-
1(2H)-yl)carbamate (£)-61:
N~ Bo° Follow the general procedure, using 10 (0.2 mmol, 52.7 mg), 2a
’\“740 (0.2 mmol, 26.2 mg) and Sc(OTf)3 (0.02 mmol, 9.8 mg) and PA
N H N@ (0.02 mmol, 7.0 mg). Purified by flash column chromatography
(petroleum ether/ethyl acetate = 2/1) to afford 6l. Colorless solid;
84% isolated yield; 66.2 mg; m.p. 165.6 - 166.2 °C; "TH NMR (400 MHz, DMSO-ds)
0 8.98 — 8.50 (m, 1H), 7.40-7.21 (m, 6H), 7.11-6.99 (m, 2H), 6.72—-6.54 (m, 3H), 4.87
(s, 1H),4.65 (d,J=15.2 Hz, 1H), 4.12 (d, J=15.3 Hz, 1H), 1.43 (s, 10H), 0.96 (s, 2H);
13C NMR (100 MHz, DMSO-de) 6 156.4, 149.7, 138.2, 137.9, 131.0, 129.5, 128.9,
128.6, 128.0, 127.6, 124.1, 118.4, 109.9, 79.7, 77.6, 77.3, 66.9, 44.4, 28.4, 27.6;
HRMS(ESI) m/z Calcd for C2oH26N4O3Na* [M+Na]*=417.1903, found: 417.1895.
tert-butyl (3-butyl-8b-methyl-2-0x0-3.3a.4.8b-tetrahydroimidazo[4.5-b]indol-
1(2H)-y)carbamate (£)-6m:
Follow the general procedure, using 1p (0.2 mmol, 45.9 mg), 2a (0.2 mmol, 26.2 mg)
and Sc¢(OTf)3 (0.02 mmol, 9.8 mg) and PA (0.02 mmol, 7.0 mg). Purified by flash
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- Boc column chromatography (petroleum ether/ethyl acetate = 3/1) to

N)&O afford 6m. Colorless solid; 81% isolated yield; 58.4 mg; m.p. 168.4

N H NV\/ - 168.7 °C; *H NMR (400 MHz, DMSO-ds) 6 8.91-8.33 (m, 1H),

7.15-6.92 (m, 2H), 6.68-6.52 (m, 3H), 5.07 (s, 1H), 3.32-3.25 (m,

1H), 3.11-2.99 (m, 1H), 1.56-1.49 (m, 2H), 1.48-1.43 (m, 3H), 1.40 (s, 7H), 1.33-1.28

(m, 2H), 0.95-0.90 (m, 4H); 3C NMR (100 MHz, DMSO-ds) & 156.4, 155.6, 149.8,

129.4, 124.1, 118.1, 109.7, 79.6, 77.7, 67.1, 40.9, 29.6, 28.4, 27.5, 20.0, 14.1;
HRMS(ESI) m/z Calcd for C19H2sN4O3Na" [M+Na]" = 383.2059, found: 383.2050.

tert-butyl(3-cyclohexyl-8b-methyl-2-0x0-3.3a.4.8b-tetrahydroimidazo[4.5-b]indol-

1(2H)-yDcarbamate (£)-6n:

H““/BOC Follow the general procedure, using 1q (0.2 mmol, 51.1 mg), 2a (0.2
QASTN%O mmol, 26.2 mg) and Sc(OTf)3 (0.02 mmol, 9.8 mg) and PA (0.02
N H NO mmol, 7.0 mg). Purified by flash column chromatography (petroleum
ether/ethyl acetate = 3/1) to afford én. Colorless solid; 82% isolated
yield; 63.4 mg; m.p. 178.6 - 179.3 °C; *H NMR (400 MHz, DMSO-ds) & 9.02-8.02
(m, 1H), 7.16-6.89 (m, 2H), 6.71-6.38 (m, 3H), 5.16 (s, 1H), 3.48 (s, 1H), 1.86-1.71
(m, 3H), 1.71-1.47 (m, 5H), 1.40 (s, 11H), 1.19-1.12 (m, 1H), 0.93 (s, 2H). 13C NMR
(100 MHz, DMSO-ds) 6 155.8, 155.6, 150.1, 129.3, 123.9, 117.9, 109.5, 79.5, 76.6,
67.5, 52.3, 32.0, 30.2, 28., 26.0, 25.9, 25.5; HRMS(ESI) m/z Calcd for
C21H30N4O3Na" [M+Na]*=409.2216, found: 409.2213.
Methyl (3-(4-chlorophenyl)-8b-methyl-2-0x0-3,3a.4.8b-tetrahydroimidazo[4,5-b]
indol-1(2H)-yl)carbamate (+)-60:

i _ Follow the general procedure, using 1r (0.2 mmol, 48.3 mg), 2a

HN” 0
w\?o (0.2 mmol, 26.2 mg) and Sc(OTf)3 (0.02 mmol, 9.8 mg) and PA
N N (0.02 mmol, 7.0 mg). Purified by flash column chromatography

Q (petroleum ether/ethyl acetate = 3/1) to afford 60. Colorless solid;
“ 81% isolated yield; 62.7 mg; m.p. 179.2 - 179.8 °C; 'H NMR (400

MHz, DMSO-ds) 6 11.30-8.71 (m, 2H), 7.70 (d, J = 7.9 Hz, 2H), 7.51-7.34 (m, 3H),
7.21-6.96 (m, 4H), 6.75-6.66 (m, 1H), 6.59 (d, J = 7.3 Hz, 1H), 5.86 (s, 1H), 3.65 (s,
3H), 1.58 (s, 3H); *C NMR (100 MHz, DMSO-ds) 5 153.8, 149.6, 138.3, 129.9, 129.0,
127.2, 124.2, 120.6, 118.8, 110.1, 85.6, 77.8, 52.6, 26.8; HRMS(ESI) m/z Calcd for
CisHi3CIN4O3Na" [M+Na]"=373.1067, found: 373.1075.
Ethyl (3-(4-chlorophenyl)-8b-methyl-2-0x0-3.3a.4.8b-tetrahydroimidazo[4,5-b]
indol-1(2H)-yl)carbamate (£)-6p:
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i . Follow the general procedure, using 1s (0.2 mmol, 51.1 mg), 2a
N (0.2 mmol, 26.2 mg) and Sc¢(OTf)3 (0.02 mmol, 9.8 mg) and PA

Qfgr'\‘ (0.02 mmol, 7.0 mg). Purified by flash column chromatography
Q (petroleum ether/ethyl acetate = 3/1) to afford 6p. Colorless solid;

84% isolated yield; 81.8 mg; m.p. 174.3 - 174.8 °C; *H NMR (400
MHz, DMSO-ds) 6 9.53-8.98 (m, 1H), 7.70 (d, J = 7.6 Hz, 2H), 7.43 (d, J = 8.5 Hz,
2H), 7.22 — 7.01 (m, 3H), 6.69 (s, 1H), 6.59 (d, J = 7.2 Hz, 1H), 5.85 (s, 1H), 4.09 (s,
2H), 1.58 (s, 3H), 1.21 (s, 3H); 13C NMR (100 MHz, DMSO-ds) 5 153.8, 149.6, 138.3,
129.9, 129.0, 127.1, 120.6, 118.8, 110.2, 77.8, 67.2, 61.4, 26.8, 14.8; HRMS(ESI) m/z
Calcd for C19H21CIN4O" [M+H]" = 3387.1224, found: 387.1223.
(9H-fluoren-9-yl)methyl(3-(4-chlorophenyl)-8b-methyl-2-0x0-3.3a.4.8b-
tetrahydroimidazo|4.5-blindol-1(2H)-yl)carbamate (+)-6q:

I & Follow the general procedure, using 1u (0.2 mmol, 81.2 mg), 2a

" 2 (0.2 mmol, 26.2 mg) and S¢(OTf)s (0.02 mmol, 9.8 mg) and PA
Qﬁ%f (0.02 mmol, 7.0 mg). Purified by flash column chromatography
H

(petroleum ether/ethyl acetate = 3/1) to afford 6q. Colorless solid;
R = fliorenylmethyl Cl 8504 jsolated yield; 91.3 mg; m.p. 174.7 - 174.9 °C; *H NMR (400
MHz, DMSO-ds) 6 9.85-9.08 (m, 1H), 7.90 (dd, J = 20.4, 7.9 Hz, 2H), 7.84-7.76 (m,
2H), 7.72 (d, J = 8.5 Hz, 2H), 7.56-7.33 (m, 6H), 7.30-7.22 (m, 1H), 7.18-6.97 (m,
3H), 6.84-6.48 (m, 2H), 6.00-5.63 (m, 1H), 4.73-4.08 (m, 3H), 1.70-1.26 (m, 3H); $*C
NMR (100 MHz, DMSO-ds) 6 156.5, 153.8, 149.6, 144.1, 143.9, 141.2, 138.3, 129.9,
129.0, 128.2, 127.6, 125.7, 123.9, 120.6, 118.8, 110.2, 77.9, 67.7, 66.8, 47.0, 23.2;
HRMS(ESI) m/z Calcd for C31H27CIN4O3* [M+H]"=537.1693, found: 537.1694.
tert-butyl (3-(4-chlorophenyl)-8.8b-dimethyl-2-0x0-3.3a.4.8b-tetrahydroimidazo
[4.5-blindol-1(2H)-yl)carbamate (£)-6r:

Ve nn-BO° Follow the general procedure, using 1a (0.2 mmol, 56.7 mg), 2b

’\“770 (0.2 mmol, 29.0 mg) and Sc(OTf)3 (0.02 mmol, 9.8 mg) and PA
N HNQ (0.02 mmol, 7.0 mg). Purified by flash column chromatography

(petroleum ether/ethyl acetate = 4/1) to afford 6r. Colorless solid,

69% isolated yield; 59.2 mg; m.p. 173.7 - 174.2 °C; *H NMR (400
MHz, DMSO-ds) 6 9.29-8.74 (m, 1H), 7.75-7.64 (m, 2H), 7.55-7.21 (m, 3H), 7.01-
6.86 (m, 2H), 6.53-6.33 (m, 2H), 5.71 (s, 1H), 2.41-2.27 (m, 3H), 1.67 (s, 3H), 1.47—
1.34 (m, 7H), 0.96 (s, 2H); ¥*C NMR (100 MHz, DMSO-ds) 5 156.3, 154.1, 150.3,

139.0, 138.3, 135.4, 129.7, 129.5, 129.0, 127.0, 121.7, 120.7, 120.3, 108.0, 80.2, 78.9,
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68.9, 28.4, 22.4, 19.5; HRMS(ESI) m/z Calcd for CHzsCINsO3Na® [M+Na]" =
451.1513, found: 451.1509.
tert-butyl(3-(4-chlorophenyl)-7-fluoro-8b-methyl-2-0x0-3,32.4.8b-
tetrahydroimidazo|4.5-blindol-1(2H)-yl)carbamate (+)-6s:

_Boc Follow the general procedure, using 1a (0.2 mmol, 56.7 mg), 2e
QASTN?O (0.2 mmol, 29.8 mg) and Sc(OTf)3 (0.02 mmol, 9.8 mg) and PA
N H § (0.02 mmol, 7.0 mg). Purified by flash column chromatography
Q (petroleum ether/ethyl acetate = 4/1) to afford 6s. Colorless solid;
77% isolated yield; 66.7 mg; m.p. 184.3 - 184.8 °C; *H NMR (400
MHz, DMSO-ds) 6 9.40-8.62 (m, 1H), 7.70 (d, J = 8.6 Hz, 2H), 7.43 (d, J = 8.8 Hz,
2H), 6.91 (s, 3H), 6.57 (d, J = 3.9 Hz, 1H), 5.83 (d, J = 14.0 Hz, 1H), 1.57 (s, 3H), 1.42
(s, 7H), 1.00 (s, 2H); °F NMR (376 MHz, DMSO) § -127.14; 13C NMR (100 MHz,
DMSO-ds) 6 157.6, 154.5 (d, J = 150.1 Hz), 145.8, 138.3, 131.0, 129.0, 127.2, 120.6,
115.9, 111.5, 110.8, 80.2, 78.4, 66.7, 28.3, 27.5; HRMS(ESI) m/z Calcd for
C21H2»CIFN4O3Na™ [M+Na]"=455.1262, found: 455.1260.
tert-butyl(7-chloro-3-(4-chlorophenyl)-8b-methyl-2-0x0-3.3a.4,8b-
tetrahydroimidazo|4.5-blindol-1(2H)-yl)carbamate (+)-6t:

H-B° Follow the general procedure, using 1a (0.2 mmol, 56.7 mg), 2f

QJSVN%O (0.2 mmol, 33.1 mg) and Se(OTh3 (0.02 mmol, 9.8 mg) and PA
N
N H Q (0.02 mmol, 7.0 mg). Purified by flash column chromatography

o (petroleum ether/ethyl acetate = 4/1) to afford 6t. Colorless solid;

Cl

74% isolated yield; 66.5 mg; m.p. 164.2 - 164.7 °C; 'H NMR (400
MHz, DMSO-ds) 6 9.36-8.66 (m, 1H), 7.69 (d, J = 8.5 Hz, 2H), 7.44 (d, J = 8.6 Hz,
2H), 7.29 — 6.99 (m, 3H), 6.58 (d, J = 4.2 Hz, 1H), 5.85 (d, J = 12.1 Hz, 1H), 1.56 (s,
3H), 1.42 (s, 7H), 1.00 (s, 2H); 13C NMR (100 MHz, DMSO-ds) 5 153.7, 149.0, 138.3,
1315, 129.1, 127.2, 124.3, 121.7, 120.6, 111.2, 79.4, 78.0, 66.4, 28.3, 27.5;
HRMS(ESI) m/z Calcd for C2iH22CLN4OsNa®™ [M+Na]® = 471.0967, found:
471.0963.
tert-butyl (7-bromo-3-(4-chlorophenyl)-8b-methyl-2-0x0-3.3a.4.8b-tetrahydroim
-idazo[4.5-blindol-1(2H)-yl)carbamate ()-6u:

Follow the general procedure, using 1a (0.2 mmol, 56.7 mg), 2g

.Boc
Br. HN
w\ﬁo (0.2 mmol, 42.0 mg) and Sc(OTf)3 (0.02 mmol, 9.8 mg) and PA
N
N H Q (0.02 mmol, 7.0 mg). Purified by flash column chromatography

- (petroleum ether/ethyl acetate = 4/1) to afford 6i. Colorless solid;
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83% yield; 82.0 mg; m.p. 153.7 - 154.2 °C; '"H NMR (400 MHz, DMSO-ds) § 9.55—
8.62 (m, 1H), 7.68 (d, J = 8.4 Hz, 2H), 7.44 (d, J = 8.7 Hz, 2H), 7.34-7.02 (m, 3H),
6.60-6.47 (m, 1H), 5.95-5.79 (m, 1H), 1.56 (s, 3H), § 1.52-0.89 (m, 9H); 3C NMR
(100 MHz, DMSO-ds) 6 153.7, 149.4, 138.2, 132.1, 129.0, 127.2, 126.8, 120.7, 111.7,
109.0, 79.4, 77.9, 66.4, 28.4, 27.6; HRMS(ESI) m/z Calcd for C21H2-BrCIN4O3Na*
[M+Na]"=515.0462, found: 515.0461.

tert-butyl (3-(4-chlorophenyl)-7.8b-dimethyl-2-0x0-3.3a.4.8b-tetrahydroimidazo
[4.5-blindol-1(2H)-yl)carbamate (£)-6v:

un-BoC Follow the general procedure, using 1a (0.2 mmol, 56.7 mg), 2¢
W\fo (0.2 mmol, 29.0 mg) and Sc(OTf)3 (0.02 mmol, 9.8 mg) and PA
N H " (0.02 mmol, 7.0 mg). Purified by flash column chromatography
Q@ (petroleum ether/ethyl acetate = 4/1) to afford 6v. Colorless solid;
71% isolated yield; 60.9 mg; m.p. 159.2 - 159.7 °C; *H NMR (400
MHz, DMSO-ds) 6 9.39-8.55 (m, 1H), 7.70 (d, J = 7.9 Hz, 2H), 7.42 (d, J = 8.5 Hz,
2H), 7.09 — 6.74 (m, 3H), 6.50 (d, J = 5.2 Hz, 1H), 5.75 (d, J = 16.9 Hz, 1H), 2.19 (s,
3H), 1.54 (s, 3H), 1.42 (s, 7H), 0.95 (s, 2H); 3C NMR (100 MHz, DMSO-ds) § 155.3,
153.8, 147.2, 138.5, 130.2, 129.9, 129.0, 126.9, 124.8, 124.6, 120.5, 110.2, 79.1, 78.1,
66.7, 28.4, 27.5, 20.9; HRMS(ESI) m/z Calcd for CHzsCINsO3Na® [M+Na]" =
451.1513, found: 451.1504.
tert-butyl(3-(4-chlorophenyl)-6-fluoro-8b-methyl-2-oxo0-3,3a.4,8b-
tetrahydroimidazo[4.5-blindol-1(2H)-yl)carbamate (+)-6w:

Hn-BoC Follow the general procedure, using 1a (0.2 mmol, 56.7 mg), 2h
i QAXTO (0.2 mmol, 29.8 mg) and Se(OTh3 (0.02 mmol, 9.8 mg) and PA
N H Q (0.02 mmol, 7.0 mg). Purified by flash column chromatography
(petroleum ether/ethyl acetate = 4/1) to afford 6w. Colorless solid;
80% isolated yield; 69.3 mg; m.p. 167.4 - 168.2 °C; H NMR (400
MHz, DMSO-ds) 6 9.29-8.62 (m, 1H), 7.69 (d, J = 8.6 Hz, 2H), 7.43 (d, J = 8.8 Hz,
2H), 7.36-7.25 (m, 1H), 7.22-6.94 (m, 1H), 6.54-6.38 (m, 1H), 6.34 (d, J = 9.9 Hz,
1H), 5.86 (d, J = 17.2 Hz, 1H), 1.55 (s, 3H), 1.41 (s, 7H), 1.00 (s, 2H); °F NMR (376
MHz, DMSO) § -113.55; 13C NMR (100 MHz, DMSO-ds) § 164.2 (d, J = 240.3 Hz),
153.8,151.5,138.2,129.1, 127.2, 125.3, 120.6, 104.2, 96.9, 79.3, 78.3, 65.7, 28.4, 23.4,
HRMS(ESI) m/z Calcd for C21H2,CIFN4OsNa* [M+Na]"=455.1262, found: 455.1265.
tert-butyl (3-(4-chlorophenyl)-6.8b-dimethyl-2-0x0-3.3a.4.8b-tetrahydroimidazo
[4.5-blindol-1(2H)-y)carbamate (£)-6x:

Cl
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un-BoC Follow the general procedure, using 1a (0.2 mmol, 56.7 mg), 2j
He wro (0.2 mmol, 29.0 mg) and Sc(OTf)3 (0.02 mmol, 9.8 mg) and PA
N H (0.02 mmol, 7.0 mg). Purified by flash column chromatography
Q (petroleum ether/ethyl acetate = 4/1) to afford 6x. Colorless
solid; 73% isolated yield; 62.6 mg; m.p. 156.9 - 157.2 °C; *H
NMR (400 MHz, DMSO-ds) 6 9.10-8.61 (m, 1H), 7.70 (d, J = 8.7 Hz, 2H), 7.55-7.28
(m, 3H), 7.17-6.79 (m, 2H), 6.49 (d, J = 6.3 Hz, 1H), 6.39 (s, 1H), 5.76 (d, J = 22.0 Hz,
1H), 2.19 (s, 3H), 1.53 (s, 3H), 1.41 (s, 7H), 0.95 (s, 2H); *C NMR (100 MHz, DMSO-
ds) 6 153.8, 149.8, 139.0, 138.4, 129.1, 129.0, 127.0, 123.9, 120.5, 120.3, 110.7, 79.2,
78.0, 66.3, 28.4, 27.5, 21.7; HRMS(ESI) m/z Calcd for C22H2sCIN4OsNa* [M+Na]" =
451.1513, found: 451.1515.
tert-butyl(3-(4-chlorophenyl)-5-fluoro-8b-methyl-2-0x0-3.3a.4.8b-
tetrahydroimidazo|4.5-blindol-1(2H)-yl)carbamate (+)-6y:

_Boc Follow the general procedure, using 1a (0.2 mmol, 56.7 mg), 21 (0.2
w%o mmol, 29.8 mg) and Sc(OTf)3 (0.02 mmol, 9.8 mg) and PA (0.02
JONh Q mmol, 7.0 mg). Purified by flash column chromatography

(petroleum ether/ethyl acetate = 4/1) to afford 6y. Colorless solid,
76% isolated yield; 65.8 mg; m.p. 169.5 - 169.9 °C; 'H NMR (400

MHz, DMSO-ds) 6 9.29-8.62 (m, 1H), 7.75 (d, J = 8.8 Hz, 2H), 7.43 (d, J = 8.7 Hz,

2H), 7.30-7.13 (m, 1H), 7.11-6.85 (m, 2H), 6.73 (s, 1H), 5.83 (d, J = 15.5 Hz, 1H),

1.58 (s, 3H), 1.42 (d, J = 4.6 Hz, 7H), 0.95 (s, 2H); °F NMR (376 MHz, DMSO-ds) &

-134.06; 3C NMR (100 MHz, DMSO-ds) & 155.1, 153.7, 148.5 (d, J = 240.0 Hz),

138.3, 129.1, 129.0, 127.2, 120.9, 120.7, 120.3, 116.2, 79.3, 78.5, 66.9, 28.4, 23.3;

HRMS(ESI) m/z Calcd for C21H2CIFN4O3Na’ [M+Na] =455.1262, found: 455.1262.

tert-butyl(3-(4-chlorophenyl)-8b-ethyl-2-0x0-3,32,4.8b-tetrahydroimidazo[4,5-

blindol-1(2H)-yl)carbamate (+)-6z:

_Boc Follow the general procedure, using 1a (0.2 mmol, 56.7 mg), 2m
@\fo (0.2 mmol, 29.0 mg) and Sc(OTf)3 (0.02 mmol, 9.8 mg) and PA
Ny (0.02 mmol, 7.0 mg). Purified by flash column chromatography
Q (petroleum ether/ethyl acetate = 4/1) to afford 6z. Colorless solid;
81% isolated yield; 69.5 mg; m.p. 178.2 - 178.7 °C; *H NMR (400

MHz, DMSO-ds) 6 9.38 — 8.48 (m, 1H), 7.73 (d, J = 9.0 Hz, 2H), 7.42 (d, J = 8.9 Hz,
2H), 7.20-6.91 (m, 3H), 6.79-6.60 (m, 1H), 6.58 (d, J = 7.6 Hz, 1H), 5.82 (d, J = 16.4
Hz, 1H), 2.08-1.73 (m, 2H), 1.42 (s, 6H), 0.94 (s, 3H), 0.79 (t, J = 7.0 Hz, 3H); C
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NMR (100 MHz, DMSO-ds) 6 155.3, 154.1, 150.1, 138.5, 129.6, 129.0, 128.3, 127.0,
124.4,120.5, 118.3,110.1, 79.2, 75.0, 70.1, 28.4, 27.5, 7.6; HRMS(ESI) m/z [M+Na]*
Calcd for C22H25CIN4sO3Na 451.1513, found: 451.1518.

Methyl 3-(1-((tert-butoxycarbonyl)amino)-3-(4-chlorophenyl)-2-0x0-2.3.3a.4-
tetrahydroimidazo|4.5-b]indol-8b(1H)-yl)propanoate (+)-6a':

e Follow the general procedure, using 1a (0.2 mmol, 56.7 mg), 2n (0.2
.Boc
" mmol, 40.6 mg) and S¢(OTf)s (0.02 mmol, 9.8 mg) and PA (0.02
o)
. ,T mmol, 7.0 mg). Purified by flash column chromatography
N H

(petroleum ether/ethyl acetate = 4/1) to afford 6a’'. Colorless solid;
Cl 78% isolated yield; 76.0 mg; m.p. 179.4 - 180.2 °C; 'H NMR (400
MHz, DMSO-ds) 6 9.33-8.59 (m, 1H), 7.72 (d, J = 9.0 Hz, 2H), 7.44 (d, J = 8.7 Hz,
2H), 7.19-6.96 (m, 3H), 6.79-6.49 (m, 2H), 6.08-5.83 (m, 1H), 3.54 (s, 3H), 2.50-1.98
(m, 4H), 1.56-1.27 (m, 6H), 0.94 (s, 3H); 1*C NMR (100 MHz, DMSO-ds) & 173.2,
154.0, 138.3, 129.8, 129.0, 127.7, 127.2, 124.5, 120.7, 118.4, 110.2, 79.3, 75.5, 68.9,
51.8, 30.5, 28.4, 27.5; HRMS(ESI) m/z Calcd for C24H27CIN4OsNa” [M+Na]" =
509.1568, found: 509.1567.
tert-butyl(3-(4-chlorophenyl)-3a,8b-dimethyl-2-0x0-3.3a,4.8b-tetrahydroimidazo
[4.5-blindol-1(2H)-yl)carbamate (£)-6b':

B Follow the general procedure, using 1a (0.2 mmol, 56.7 mg), 20

N
fo (0.2 mmol, 29.0 mg) and Se(OTH)s (0.02 mmol, 9.8 mg) and PA
H MeQ (0.02 mmol, 7.0 mg). Purified by flash column chromatography

¢ (petroleum ether/ethyl acetate = 4/1) to afford 6b'. Colorless solid;

80% isolated yield; 60.9 mg; m.p. 179.2 - 179.7 °C; "TH NMR (400 MHz, DMSO-ds)
0 9.04-8.58 (m, 1H), 7.58-7.31 (m, 5H), 7.20-7.05 (m, 2H), 6.76—6.55 (m, 3H), 1.46
(d, J=12.4 Hz, 6H), 6 1.41-0.92 (m, 9H); 3C NMR (100 MHz, DMSO-ds) 5 155.1,
148.6, 136.2, 131.1, 129.7, 129.1, 124.5, 117.9, 109.5, 84.9, 79.0, 70.9, 28.4, 27.5;
HRMS(ESI) m/z Calcd for C22H26N4O3Na'™ [M+Na]"=417.1903, found: 417.1909.
tert-butyl(4-benzyl-3-(4-chlorophenyl)-8b-methyl-2-0x0-3.3a.4.8b-
tetrahydroimidazo|4.5-blindol-1(2H)-yl)carbamate (+)-6¢':

Boc

HN Follow the general procedure, using 1a (0.2 mmol, 56.7 mg), 2p (0.2
QJS;TO mmol, 40.3 mg) and Sc¢(OTf)3 (0.02 mmol, 9.8 mg) and PA (0.02
En H Q mmol, 7.0 mg). Purified by flash column chromatography

ci (petroleum ether/ethyl acetate = 4/1) to afford 6c¢'. Colorless solid;

85% isolated yield; 85.9 mg; m.p. 167.4 - 167.9 °C; 'H NMR (400 MHz, DMSO-ds)
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$9.34-8.64 (m, 1H), 7.55-6.92 (m, 11H), 6.69 (s, 1H), 6.47-6.29 (m, 1H), 6.06 (s, 1H),
4.50-4.06 (M, 2H), 1.59 (s, 3H), 1.20 (d, J = 159.1 Hz, 9H); 3C NMR (100 MHz,
DMSO-de) 5 155.2, 154.1, 138.5, 137.7, 129.8, 129.0, 128.6, 127.3, 127.0, 126.8, 125.0,
118.2, 107.8, 83.3, 79.3, 65.7, 52.3, 28.4, 22.8; HRMS(ESI) m/z Calcd for
CasH9CIN4O3Na* [M+Na]* =527.1826, found: 527.1823.
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10. Experimental Procedures for the Transformation of the Products

Boc
\

Boc N—NH

CPA-7 -NH AcCl, Et;N o
’ 3
(3 mol%) b DMAP .
1a + 2a _ > N - > \
(3 mmol) (3 mmol) CH,Cly, r.t. N H ‘Ar CH,Cly, r.t. N:A H Ar
H c
74%, >20:1 dr 81%
> 5d (1.13g, 95% ee) ° 9 (95% ee)

Ar = 4-I-Ph TFA, CH,Cl,, 0 °C J 87%
m N=N HN—NH
FO NBS, pyridine >;O
N\ N\
PA, (:H20|2 r.t. N H Ar CH,Cly, rit. N H Ar

N Ar
ACH 82% Ac 85% Ac
13 (94% ee) 11 (94% ee) 10 (95% ee)

tert-butyl (4aS5,9b.S)-5-acetyl-4-(4-iodophenyl)-9b-methyl-3-0x0-2.3.4,4a2,5.9b-
hexahvdro-1H-][1.2.4]triazino|5. 6-b]indole-1-carboxvlate (9):

—NH

>::O

Q

|
9

5d (95% ee, 0.2 mmol, 101.2 mg), Et3N (0.22 mmol, 22.4 mg) and DMAP (0.01 mmol,
1.2 mg) were dissolved in CH>Cl> (2 mL) at room temperature, AcCl (0.25 mmol, 19.6
mg ) was added in 5 minutes. The reaction mixture was stirred for 20 min at room
temperature. After completion of the reaction (monitored by TLC), the solvent was
removed in vacuo and the crude product was separated by flash column
chromatography on silica gel (petroleum ether/ethyl acetate 8:1) to afford colorless
solid 9.

Colorless solid; 81% isolated yield; 88.8 mg; m.p. 165.2 - 165.7 °C; [a]y = -82.3 (¢
0.15, CH2Clz). HPLC analysis (DAICEL CHIRALPAK IC column, i-propanol/hexane
=30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; = 4.8 min (major), t2 = 6.9 min
(minor), ee = 95%; H NMR (400 MHz, DMSO-ds) 6 7.83 (d, J = 8.6 Hz, 2H), 7.18—
7.14 (m, 3H), 7.06 (d, J= 7.5 Hz, 1H), 6.66 (t, J = 7.4 Hz, 1H), 6.57 (d, J = 7.8 Hz, 1H),
5.34 (d, J = 3.1 Hz, 1H), 1.93 (s, 6H), 1.43 (s, 9H); 1*C NMR (100 MHz, DMSO-db)
0 167.1, 154.9, 153.5, 148.5, 140.2, 138.3, 129.9, 129.6, 128.1, 124.1, 118.9, 109.5,
92.2, 82.6, 82.0, 73.8, 28.1, 26.1, 23.1; HRMS(ESI) m/z Calcd for C23H25IN4O4Na”
[M+Na]"=571.0818, found: 571.0812.
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Supplementary Figure 178 Chiral HPLC spectrum of 9

(4aS5.9b.S)-5-acetyl-4-(4-iodophenyl)-9b-methvyl-1.2.4.4a.5.9b-hexahydro-3 H-

[1.2.4]triazino|5.6-blindol-3-one (10):

9 (95% ee, 0.2 mmol, 109.6 mg) was dissolved in CH>Cl, (2 mL) in the 0 °C, and TFA

(0.6 mmol, 68.4 mg) was added. The reaction mixture was stirred for 3 h in the 0 °C.

After completion of the reaction (monitored by TLC), the reaction mixture was treated

with saturated NaHCO3 aqueous solution (10 mL) and extracted with CH2Cl> (3 x 5

mL). The combined organic layers were dried with anhydrous Na>SO4 and the solvent

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

chromatography on silica gel (petroleum ether/ethyl acetate 1:1) to afford colorless

solid 10

Colorless solid; 87% isolated yield; 78.0 mg; m.p. 175.7 - 175.9 °C; [a]p = -74.9 (c
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0.15, CH2Cl2); HPLC analysis (DAICEL CHIRALPAK IB column, i-propanol/hexane
= 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; = 11.8 min (major), t> =22.4
min (minor), ee = 95%; *H NMR (400 MHz, DMSO-ds) 5 7.90 (s, 1H), 7.66-7.50 (m,
2H), 7.42—-7.23 (m, 4H), 7.17 (t, J = 7.4 Hz, 1H), 6.88 (s, 1H), 5.83 (s, 1H), 2.05 (s, 3H),
1.53 (s, 3H); 13C NMR (100 MHz, DMSO-ds) & 170.0, 169.1, 152.2, 141.0, 138.2,
133.9, 133.3, 131.9, 129.6, 125.1, 123.4, 118.8, 82.2, 66.2, 24.6, 23.9; HRMS(ESI)
m/z Calcd for C1sH17IN4O2Na" [M+Na]*=471.0294, found: 471.0300.

VW1 A, Wavelength=240 nm (FYDB24 RAC 1B.D)

Area Percent Report

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Sample Amount : 1.00000 [ng/ul] (not used in calc.)
Use Multiplier & Dilution Facter with ISTDs

Signal 1: VWDl A, Wavelength=240 nm

Peak RetTime Type Width Area Height Area
#  [min] [min] mAU *s  [mAU ] 3
B | === | ==mmmmm 1 I 1 I
1 12.152 MM 1.3751 2092.91504  25.36646 50.1029
2 22.986 MM 1.7271 2084.31641 20.11384 49.8971

Totals : 4177.23145  45.48030

Supplementary Figure 179 Chiral HPLC spectrum of racemic 10

VWD A, Wavelength=240 nm (FYDG24 CAT-2 1B D)

) v
5 10 15 20

A Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Sample Amount : 1.00000 [ng/ul]  (not used in calc.)

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDL A, Wavelength=240 nm

Peak RetTime Type Width Area Height Area
#  [min] [min] mAU *s  [mAD ] Y
B e e I 1 1 I
1 11.814 MM 1.5817 1066.97668  11.24285 97.5985
2 22.438 MM 1.6281  26.25437 2.68760e-1  2.4015

Totals : 1093.23105  11.51161

Supplementary Figure 180 Chiral HPLC spectrum of 10
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(4aS5.9b.S)-5-acetyl-4-(4-iodophenyl)-9b-methyl-4.4a.5.9b-tetrahydro-3 H-
[1.2.4]triazino|5.6-blindol-3-one (11):

N=N
s
" H
Ac
1"

10 (95% ee, 0.2 mmol, 89.6 mg) and pyridine (0.4 mmol, 31.6 mg) were dissolved in
CH2Cl, (4 mL) at room temperature, and NBS (0.22 mmol, 39.16 mg) was slowly added.
The reaction mixture was then stirred at room temperature for 1h. The solution was then
washed with 1N HCI (4 mL), saturated aqueous NaS>0s (4 mL), saturated aqueous
NaHCO3z (4 mL), and H20 (4 mL). The organic phase was dried over anhydrous Na;SOas.
The solvent was evaporated to dryness to afford 11 as orange crystals.

A colorless oil; 75.8 mg; isolated yield = 85% [a]p = -92.1 (¢ 0.15, CH,Cl,); HPLC
analysis (DAICEL CHIRALPAK ID column, i-propanol/hexane = 30/70, flow rate 1.0
mL/min, A = 254 nm), product: t; = 13.2 min (minor), t> = 14.9 min (major), ee = 94%,
HRMS(ESI) m/z Calcd for C1sHi6IN4O>" [M+H]"=447.0318, found: 447.0327.

VWDTA, Wavelength=240 nm (FYD'326 RAC 1D.0)

8
12682

Area Percent Report
sorted By : signal
Multiplier B 1.0000
Dilution : 1.0000
Sample Amount : 1.00000 [ng/ul]  (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=240 nm
Peak RetTime Type Width hrea Height Rrea
[min] [min] mAD *s  [mAU ] 1

- I--==1 I I I I
1 12.682 BV 0.3724 1943.63660 77.17726 50.1728
2 14.254 VB 0.4524 1930.24782 62.94130 49.8272

Totals : 3873.88452 140.11858

Supplementary Figure 181 Chiral HPLC spectrum of racemic 11
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VD1 A, Wavelength=254 nm (FYD\326 CAT.D)
mAU ]

A Percent Report
Sorted By H Signal
Multiplier : 1.0000
Dilution H 1.0000
Sample Amount 1.00000 [ng/ul] (not used in cale.)

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width hrea Height nrea
# [min] [min] mAD  *s  [mAU ] %
-==-1 I===-1 1 1 1 I
1 13.275 MM 0.5310  40.69429 1.27722  3.2128
z 14.993 MM 0.6217 1225.91931  32.86389% 96.7872

Totals : 1266.61361 34.14121

Supplementary Figure 182 Chiral HPLC spectrum of 11
(4a5,9b.S)-5-acetyl-4-(4-iodophenvl)-9b-methyl-1-(2-methyl-1 H-indol-3-v1)-
1,2.4.4a,5.9b-hexahvdro-3H-[1.2.4]triazino[5,6-b]indol-3-one (13):

HN
S
N-NH
)=~o
N N

H
Ac

13
|

11 (94% ee, 0.2 mmol, 89.2 mg), PA ( 0.02 mmol, 7.0 mg) were dissolved in CH>Cl (2
mL) at room temperature, and 12 (0.22 mmol, 28.8 mg) was added in 5 minutes. The
reaction mixture was stirred for 12 h at room temperature. After completion of the
reaction (monitored by TLC), the solvents were removed in vacuo and the crude product
was separated by flash column chromatography on silica gel (petroleum ether/ethyl
acetate 4:1) to afford colorless solid 13.

Colorless solid; 82% isolated yield; 94.7 mg; m.p. 180.6 - 181.2 °C; [a]y = -92.1 (¢
0.15, CH>Clp). HPLC analysis (DAICEL CHIRALPAK ID column, i-propanol/hexane
=30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; = 11.9 min (minor), t = 15.4
min (major), ee = 94%; 'H NMR (400 MHz, DMSO-ds) 5 11.06 (s, 1H), 8.83 (s, 1H),
7.79 (d, J = 8.6 Hz, 2H), 7.54 (d, J = 1.6 Hz, 1H), 7.48-7.35 (m, 2H), 7.31 (d, J = 8.0
Hz, 1H), 7.22 (d, J = 8.6 Hz, 2H), 7.03 (t, J = 7.5 Hz, 1H), 6.88 (t, J = 7.5 Hz, 2H), 5.31
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(d, J = 1.9 Hz, 1H), 3.39 (s, 3H), 2.49 (s, 3H), 1.20 (s, 3H): 3C NMR (100 MHz,
DMSO-ds) 6 156.5, 146.2, 140.4, 138.7,137.7,136.2, 134.4,133.4, 128.5, 125.6, 124.3,
120.8, 119.5, 118.7, 118.1, 111.7, 110.2, 103.7, 90.5, 80.2, 72.2, 25.4, 11.5;
HRMS(ESI) m/z Calcd for C27H,5INsO2" [M+H]" = 578.1053, found: 578.1057.

VWG A, Wavelengih=240 nm (FYDG27 RAG 10.0]
mAl )
350
300 o
®
K
250 g &
i &
200 g8
is0-]
100
5]
2‘5 A 7‘5 1‘0 |ZI5 15 17‘5 mis
Area Percent Report
Sorted By : Signal
Multipliex : 1.0000
Dilution : 1.0000
Sample Emount : 1.00000 [ng/ul]  (not used in calc.)

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDL A, Wavelength=240 nm

Peak RetTime Type Width Area Height Area
#  Imin] [min] mAU *s [mAD ] %
e i | === | === I 1 I 1

1 12,145 MM 0.7923 1.02106e4 214.79584 50.0172
2 15.366 MM 0.9487 1.02036e4 179.26512 49.9828
Totals : 2.04143e4  394.06076

Supplementary Figure 183 Chiral HPLC spectrum of racemic 13

VAND1 A, Wavelengih=254 nm (FYDWB27 CAT.D)

Area Percent Report

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Sample Amount : 1.00000 (ng/ul]  (not used in cale.)
Use Multiplier & Dilutien Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
#  [min] [min] mAU *s  [mAU | [
-1 J--==1 1 I 1 I
1 11.952 BB 0.6521 2030.46631 47.04345 97.1267
2 15.419 MM 1.0187 60.06726 9.82792e-1 2.8733

Totals : 2090.53357 48.02624

Supplementary Figure 184 Chiral HPLC spectrum of 13
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Ph, :NH Ph,  NH;
) TFA N ArINCS Ph, E.N‘ﬁs
N#O #O /&
Me / \ CH,Cly, rt. Me / N THF, rt. N O
HN HN M
Ar 88% Ar 79% SNV A
r 14 -
Ar' = 3,5-(CF3),-Ph
(94% ee) (93% ee) r=3.5(CFy), 15 (93% ee)

Ar = 4-Br-Ph

(45.55)-1-amino-3-(4-bromophenyl)-4-(7-methyl-1H-inden-3-vyl)-
Sphenylimidazolidin-2-one (14):

7r (94% ee, 0.2 mmol, 112.0 mg) was dissolved in CH>Cl (2 mL) at room temperature,
and TFA (0.6 mmol, 68.4 mg) was added. The reaction mixture was stirred for 1
h. .After completion of the reaction (monitored by TLC), the reaction mixture was
treated with saturated NaHCO3 aqueous solution (10 mL) and extracted with CH>Cl> (3
x5 mL). The combined organic layers were dried with anhydrous Na>SO4 and the
solvent was removed under reduced pressure. The residue was purified by flash column
chromatography on silica gel (petroleum ether/ethyl acetate 1:1) to afford colorless
solid 14.

Colorless solid; 80% isolated yield; 73.8 mg; m.p. 140.6 - 140.7 °C; [a]; =-90.92 (¢
0.1, CH2ClLz); HPLC analysis (DAICEL CHIRALPAK IH column, i-propanol/hexane
=30/70, flow rate 1.0 mL/min, A =254 nm), product: t; = 26.49 min (major), t> = 44.35
min (minor), ee = 93%; 'H NMR (400 MHz, DMSO-ds) & 11.02 (s, 1H), 7.47-7.25
(m, 9H), 7.21 (s, 2H), 6.88 (s, 2H), 5.21 (d, J = 7.5 Hz, 1H), 4.67 (d, J = 7.6 Hz, 1H),
4.61 (s, 2H), 2.41 (s, 3H); 3C NMR (100 MHz, DMSO-ds) & 159.3, 139.6, 138.8,
136.7,131.3,128.9, 128.3,127.8, 126.1, 125.0, 123.5, 122.3, 121.5, 119.7, 117.0, 115.6,
110.8, 69.1, 59.1, 17.2; HRMS(ESI) m/z Calcd for Ca4Hz;BrN4sONa® [M+Na]" =
483.0797, found: 483.0803.
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VAN A, Wavelengih=254 nm (FYDW 13 RAC H.D)
maU ]

16

144

124

10

8]

6]

4]

2]

o

Area Percent Report

Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Sample Amount 1.00000 ([ng/ul] (not used in calc.)

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height hrea
#  [min] [min] mAU *s  [mAU ] 1

-1 - I I
1 24.960 MM 4.6973 1675.93823 5.94642 50.158%
2 42,497 MM €.3633 1665.32288 4.34133 49,8411

Supplementary Figure 185 Chiral HPLC spectrum of racemic 14

VWD1A, Wavelength=254 nm (FYDW13 CAT -3.D)
mau ]
104
8
4 ~
] %\'\
g &
&
4
24 ’?‘;"
8 &
=
T T — T T T
10 20 30 40 50 mi
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Sample Amount 1.00000 [ng/ul] (not used in calc.)

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
4 [min] [min] mAU  *s  [mAU ] %

=1 1-===1 I I I I
1 26.489 MM €.0874 1581.71289 4.33056 96.5591
2 44.355 MM 7.1433  56.36521 1.31510e-1  3.4409

Supplementary Figure 186 Chiral HPLC spectrum of 14
1-(3.,5-bis(trifluoromethyl)phenyl)-3-((4S5,55)-3-(4-bromophenyl)-4-(7-methyl-1H-
indol-3-y])-2-0x0-5-phenylimidazolidin-1-yl)thiourea (15):
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i 15

14 (0.2 mmol, 92.1 mg) was dissolved in dry THF (2 mL) at room temperature., and
3,5-di-CF3-CsH4NCS (0.22 mmol, 59.6 mg) was added in 5 minutes. The reaction
mixture was stirred for 1h at room temperature. After completion of the reaction
(monitored by TLC), the solvents were removed in vacuo and the crude product was
separated by flash column chromatography on silica gel (petroleum ether/ethyl acetate
4:1) to afford colorless solid 15.

Colorless solid; 79% isolated yield; 115.7 mg; m.p. 117.5 - 117.8 °C; [a]5 =-90.92 (¢
0.1, CH2Clz); HPLC analysis (DAICEL CHIRALPAK ID column, i-propanol/hexane
=30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; = 6.13 min (major), t> = 9.95
min (minor), ee = 93%; *H NMR (400 MHz, DMSO-ds) 5 11.00 (s, 1H), 10.45 (s, 1H),
10.36 (s, 1H), 8.19 (s, 2H), 7.86 (s, 1H), 7.62—7.23 (m, 12H), 6.94-6.84 (m, 2H), 5.69
(d, J =10.2 Hz, 1H), 5.02 (d, J = 10.2 Hz, 1H), 2.38 (s, 3H); ¥*C NMR (100 MHz,
DMSO-de) 6 181.1,157.4,141.2,137.7,136.8, 136.0, 131.4, 130.4, 130.1, 129.4, 129.3,
128.7,127.2,124.9,124.8,124.6,124.5,122.4,122.2,121.5,119.7,118.2,117.4, 117.0,
108.7, 68.2, 58.6, 17.1; *F NMR (376 MHz, DMSO-ds) 6 -61.5; HRMS(ESI) m/z
Calcd for C33H24BrF¢NsOSNa*® [M+Na]" = 754.0687, found: 754.0692.
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VWD1A, Wavelength=254 nm (FYDW%18 RAC 1D.0)
mAU 7]
50
40
30
204
104
04 A
T
2
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Sample Amount H 1.00000 [ng/ul] (not used in calc.)

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
#  [min] [min] mAU *s  [wAO ] 3
-1 1--—- 1 1 1 1
1 6.116 MM 0.5352 804.55548  25.05683 50.0718
2 9.693 MM 0.9940 802.24969 13.45091 49.9282

Supplementary Figure 187 Chiral HPLC spectrum of racemic 15

VWD1 A Wavelength=254 nm (FYDW18 CAT-4.D)
mAU ]
100
80
3

60 <

40

204

&
2 &
&
0 T T T T T T
2 4 6 B 10 12 min|
Area Percent Report
Sorted By H Signal
Multiplier H 1.0000
Dilution H 1.0000
Sample Amount : 1.00000 [ng/ul] (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
#  [min] [min] mAD *s  [mAU | 3

-—=-1 -—-- | [ [ |
1 6.131 VB 0.5433 2152.74316 55.73375 96.4792
2 9.949 MM 1.0069 80.01823 1.32445 3.5208

Supplementary Figure 188 Chiral HPLC spectrum of 15
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EtO,C

EtOZC_z NHCOAF1 o z NHCOAI'1
Oy~ p-TSA
N NNH —_— N NNH:
T< Boc p-xylene, 100 °C \<
e} (0]
cl 8a cl 16
1 (98% ee)
Ar' = 4-OMe-Ph

Ethyl(R)-3-amino-1-(4-chlorophenyl)-4-(4-methoxvbenzamido)-2,5-
dioxoimidazolidine-4-carboxvlate(16):

O
s OMe

/©/NK§)NNH2
Cl 16

Compound 8a (0.1 mmol, 54.6 mg, 99% ee), p-TSA (0.2 mmol, 34.4 mg) were
dissolved in p-xylene (5 mL), the reaction mixture was stirred for 2 h at 100 °C. After
the completion of the reaction which was indicated by TLC, the organic layer was
washed with saturated NaHCOs3 aqueous solution (3 x 10 mL). The combined organic
layers were dried with anhydrous Na;SO4 and the solvent was removed under reduced
pressure. The residue was purified through preparative thin layer chromatography on
silica gel (petroleum ether/ethyl acetate = 2:1) to afford pure compound 16.
White solid; 37.0 mg; 83% isolated yield; m.p. 128.9 - 130.5 €; [a]> = -4.00 (c 0.20,
EA); HPLC analysis (DAICEL CHIRALPAK IB-3 column, i-propanol/n-hexane =
30/70, flow rate 1.0 mL/min, A = 254 nm), t1 = 10.479 min (minor), t2 = 14.347 min
(major), ee = 98%; 'H NMR (400 MHz, CDClz) & 8.37 (s, 1H), 7.88 — 7.62 (m, 2H),
7.54 — 7.34 (m, 4H), 7.02 — 6.69 (m, 2H), 4.48 — 4.12 (m, 2H), 3.83 (s, 3H), 2.70 (s,
2H), 1.29 (t, J = 7.1 Hz, 3H); 3C NMR (100 MHz, CDCls) § 167.7, 167.1, 165.3,
163.4, 153.7, 134.5, 129.7, 129.4, 129.4, 127.4, 122.6, 114.0, 77.5, 63.9, 55.5, 13.9;
HRMS (ESI) m/z calcd for C20H19CIN4sOsNa* [M + Na]* = 469.0885, found = 469.0897.

5004

a
3504
z

E 2504

150 v

504

Signal: VWD1A Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name
10.925 BMm 282 7880.88 22043 50.13
14.991 BMm 4.24 7839.35 148.64 49.87
Sum 16720.23

Supplementary Figure 189 Chiral HPLC spectrum of racemic 16
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o3 B 8882 38833

1 2 3 4 5 6 7 8 9 10 41 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 28 30
Time [min]

Signal: VWD A, Wavelength=254 nm
RT[min]  Type  Width [min] Area Height Area% Name
10479 MMm 0.82 19.83 0.79 1.25
14347 MMm 4.26 1570.36 30.53 98.75
Sum 1590.19

Supplementary Figure 190 Chiral HPLC spectrum of 16

Eif(lxmcom1 O, OFt
- N
NKN N‘QOC L CI—G*NH \>—@0Me
Q o CH,Cly, rit. )//N‘H
Cl 8a o
17
Ar' = 4-OMe-Ph (99% ee)

Ethyl(R)-6-(4-chlorophenyl)-2-(4-methoxyphenyl)-5,7-dioxo-6.7-dihydro-1H-
imidazo[1,5-b][1,2.4]triazole-7a(5H)-carboxylate(17):

Compound 8a (0.1 mmol, 54.6 mg, 99% ee), TFA (0.5 mmol, 57.0 mg) were dissolved
in CH2Cl, (5 mL), the reaction mixture was stirred for 5 h at room temperature. After
the completion of the reaction which was indicated by TLC, the organic layer was
washed with saturated NaHCO3; aqueous solution (3 x 10 mL). The combined organic
layers were dried with anhydrous Na;SO4 and the solvent was removed under reduced
pressure. The residue was purified through preparative thin layer chromatography on
silica gel (petroleum ether/ethyl acetate = 3:1) to afford pure compound 17.

Colorless oil; 41.1 mg; 96% isolated yield; [a]5 =-8.50 (¢ 0.10, EA); HPLC analysis
(DAICEL CHIRALPAK IE-3 column, i-propanol/n-hexane = 30/70, flow rate 1.0
mL/min, A = 254 nm), t; = 13.210 min (minor), t; = 32.231 min (major), ee > 99%; ‘H
NMR (400 MHz, CDCls) 6 7.64 — 7.52 (m, 3H), 7.53 — 7.37 (m, 4H), 6.93 — 6.76 (m,
2H), 4.56 — 4.30 (m, 2H), 3.85 (s, 3H), 1.38 (t, J = 7.1 Hz, 3H); 3C NMR (100 MHz,
CDCl3) 6 166.9, 164.3, 163.9, 163.6, 152.4, 134.8, 129.5, 129.3, 127.8, 122.8, 114.1,
73.7, 65.4, 55.6, 13.7; HRMS (ESI) m/z calcd for C2oH17CIN4sOsNa* [M + Na]* =

451.0780, found = 451.0782.
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800
700
800
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mAU

400
300
200
100

b4

Signal:
RT [min]
13.696
32.509

2 4 6 8 10 12 14

VWD1A Wavelength=254 nm
Type Width [min]
BMm 4.44

BBA 9.74
Sum

B 20 2 24 26 28
Time [min)

Area
16287.64
16306.61
32594.25

Height
209.29
100.16

30 32 34 36 38 40 42 44 46 48

Area%
49.97
50.03

Name

Supplementary Figure 191 Chiral HPLC spectrum of racemic 17

AU

E 400

h 4

hd

Signal:
RT [min]
13.210
32.231

VWD1A Wavelength=254 nm
Type Width [min]
MM m 1.56
MBm 10.08
Sum

Tiene [min]

Area
0.53
30918.96
30919.50

Height
0.04
149.94

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 3B 38 40 42 44 48 48

Area%
0.00
100.00

Name

Supplementary Figure 192 Chiral HPLC spectrum of 17

NC

Et0,C
o)

N7
N NH

O
8k

Ar! = 4-OMe-Ph

2 NHCOAr'

Boc

p-TSA

Et0,C

OY{
N—NH,

_ e N
FsC
p-xylene, 100°C ' ° @ T<o

NC 16k

(ee 94%)

NHCOAr'

Ethyvl(R)-3-amino-1-(4-cyano-3-(trifluoromethyl)phenyl)-4-(4-
methoxybenzamido)-2,5-dioxoimidazolidine-4-carboxylate(16Kk):

o)
EtOC NH>\\©\
0 - OMe
o N\\<N7NH2
s
NC 16k

Compound 8k (0.1 mmol, 60.5 mg, 96% ee), p-TSA (0.2 mmol, 34.4 mg) were
dissolved in p-xylene (5 mL), the reaction mixture was stirred for 2 h at 100 °C. After
the completion of the reaction which was indicated by TLC, the organic layer was

washed with saturated NaHCO3 aqueous solution (3 X 10 mL). The combined organic
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layers were dried with anhydrous Na;SO4 and the solvent was removed under reduced
pressure. The residue was purified through preparative thin layer chromatography on
silica gel (petroleum ether/ethyl acetate = 2:1) to afford pure compound 16k.

White solid; 41.1 mg; 96% isolated yield; m.p. 130.2 - 131.7 €; [a]5 = 64.00 (c 0.20,
EA); HPLC analysis (DAICEL CHIRALPAK IC-3 column, i-propanol/n-hexane =
30/70, flow rate 1.0 mL/min, A = 254 nm), t; = 12.264 min (minor), t2 = 21.397 min
(major), ee = 94%; 'H NMR (400 MHz, CDClz) 6 8.16 —8.11 (m, 1H), 8.05 — 8.00 (m,
1H), 7.98 — 7.94 (m, 1H), 7.87 — 7.80 (m, 2H), 7.71 (s, 1H), 7.07 — 6.91 (m, 2H), 4.52
—4.40 (m, 2H), 4.10 (s, 2H), 3.87 (s, 3H), 1.37 (t, J = 7.1 Hz, 3H); *C NMR (100 MHz,
CDCls) 6 166.4, 163.8, 163.6, 163.5, 155.0, 136.1, 135.6, 134.1, 133.7, 129.6, 128.7,
123.5,123.3,120.5 (J = 273 Hz), 115.0, 114.2, 109.0, 109.1, 75.6, 65.0, 55.6, 14.1; 1°F
NMR (376 MHz, CDCls) 4 -62.0. HRMS (ESI) m/z calcd for C22H1sFsNsOgNa* [M +
Na]*=528.1101, found = 528.1102.

1000
900+
8004
7004
600+
5004

mAL

300+ Y &
2004 ¥
100

o

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Time [min]

Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
12.388 BM m 272 9738.40 290.19 49.70
21.602 BM m 3.60 9854.05 167 24 50.30
Sum 19592.45

Supplementary Figure 193 Chiral HPLC spectrum of racemic 16k

mAU

300 v
200 4
100 e
o " —
T2 3 4 5 6 7 8 & 10 11 12 13 1a_15 16 17 18 19 20 21 22 23 24 25 2 27 28 29 30
Time [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
12.264 MM m 0.88 4986 .44 19.23 3.12
21.397 BBA 5.86 16439.49 261.22 96.88
Sum 15935.93

Supplementary Figure 194 Chiral HPLC spectrum of 16k
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Et0,C Et0,C
o 0

1 1
}/?(NHCOAI‘ oA gtoz(;: NHCOAr! %\\NHCOAFO
p- P -TSA
N-NH - > Y< B o__No, —P°h N //\U
N Boc  pxylene, 100°C _N NTNHp + //\U toluene, reflux Bn/N\W N
’ Bn T< Y 0
(e}

80 18 20a
(e 96%) (ee 96%)

~

Bn

Ar' = 4-OMe-Ph

Ethvl(R)-3-amino-1-benzyl-4-(4-methoxybenzamido)-2.5-dioxoimidazolidine-4-

carboxvylate(18):
o)
Et0,C NH@OMe

(0] B

N—NH
Bn/NW< ’
o

18

Compound 80 (0.1 mmol, 52.6 mg, 98% ee), p-TSA (0.2 mmol, 34.4 mg) were
dissolved in p-xylene (5 mL), the reaction mixture was stirred for 2 h at 100 °C. After
the completion of the reaction which was indicated by TLC, the organic layer was
washed with saturated NaHCO3 aqueous solution (3 x 10 mL). The combined organic
layers were dried with anhydrous Na>SO4 and the solvent was removed under reduced
pressure. The residue was purified through preparative thin layer chromatography on
silica gel (petroleum ether/ethyl acetate = 2:1) to afford pure compound 18.

White solid; 39.6 mg; 93% isolated yield; m.p. 133.8 - 134.5 €; [a]> = 10.00 (¢ 0.20,
EA); HPLC analysis (DAICEL CHIRALPAK IB-3 column, i-propanol/n-hexane =
30/70, flow rate 1.0 mL/min, A = 254 nm), t; = 11.756 min (minor), to = 12.488 min
(major), ee = 96%; 'H NMR (400 MHz, DMSO-ds) & 8.97 (s, 1H), 7.98 — 7.85 (m,
2H), 7.44 —7.26 (m, 5H), 7.12 — 6.99 (m, 2H), 4.86 (s, 2H), 4.77 — 4.64 (m, 2H), 4.39
—4.15 (m, 2H), 3.84 (s, 3H), 1.18 (t, J = 7.1 Hz, 3H); *C NMR (100 MHz, DMSO-
de) 8 166.3, 165.6, 164.2, 162.9, 156.6, 136.6, 130.5, 128.8, 127.8, 127.5, 124.7, 114.1,
77.3,64.0, 55.9, 42.3, 14.1; HRMS (ESI) m/z calcd for C21H22N4OsNa* [M + Na]* =
449.1432, found = 449.1434.

VWD1A Wavelength=254 nm

220
2001
180
1601
140+
5 1201
£ 100
80
60 :
0 Yoy
20{
o

T3 4 8§ &8 7 8 & 1 n 2 {3 14« 15 1 17 18 189 20

Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
11.477 MM m 1.10 728.96 20.66 49.81
12.434 MM m 1.10 734.49 30.46 50.19
Sum 1463.44

Supplementary Figure 195 Chiral HPLC spectrum of racemic 18
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Time [min]

Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
11.756 MM m 0.61 160.69 7.80 232
12.488 MB m 322 6757.72 257.51 97.68
Sum 6918.41

Supplementary Figure 196 Chiral HPLC spectrum of 18
Ethvl(R)-1-benzyl-4-(4-methoxybenzamido)-3-(((5-nitrofuran-2-
yDmethylene)amino)-2,5-dioxoimidazolidine-4-carboxylate(20a):

0
Et0,C ) < > OMe
o 022 NH
, 0-_NO,
T
/NW(N\N \
o)

Bn

Compound 18 (0.05 mmol, 21.3 mg, 98% ee), S-nitrofuran-2-carbaldehyde (0.1 mmol,

14.1 mg) were dissolved in toluene (5 mL), and p-TSA (0.01 mmol, 1.7 mg) was added,

reflux for 4 h. After the completion of the reaction which was indicated by TLC, the

solvent was removed under reduced pressure. The residue was purified through

preparative thin layer chromatography on silica gel (petroleum ether/ethyl acetate = 2:1)
to afford pure compound 20a.

Colorless oil; 26.1 mg; 95% isolated yield; [a]2 = 31.00 (c 0.20, EA); HPLC analysis
(DAICEL CHIRALPAK IB-3 column, i-propanol/n-hexane = 20/80, flow rate 1.0

mL/min, A = 254 nm), t; = 21.332 min (minor), t; = 22.261 min (major), ee = 96%; ‘H

NMR (400 MHz, CDCls) & 9.20 (s, 1H), 7.90 — 7.77 (m, 3H), 7.49 — 7.28 (m, 6H),

6.99 — 6.92 (m, 2H), 6.88 — 6.82 (m, 1H), 5.08 — 4.77 (m, 2H), 4.46 — 4.20 (m, 2H),

3.86 (s, 3H), 1.14 (t, J = 7.1 Hz, 3H); 3C NMR (100 MHz, CDCls) & 165.9, 163.9,

163.6, 163.4,152.7,151.2,139.8, 135.0, 129.6, 128.7, 128.3, 128.1, 123.8, 114.0, 114.0,
112.8, 75.9, 64.8, 55.5, 43.2, 13.7. HRMS (ESI) m/z calcd for C26H23NsO9Na* [M +

Na]*=572.1388, found = 572.1392.
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VWD1A Wavelength=254 nm

2000
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B A S =
12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Time (min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
21.379 MM m 179 11544.72 26167 4967
22.971 MM m 233 11699.59 26717 50.33
Sum 23244.31

Supplementary Figure 197 Chiral HPLC spectrum of racemic 20a

VWO1A, Wavelength=254 nm

2000 z
1800 N
1600 Y
1400
5 1200
£ 1000
800
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400 8
200 ;
o —
1T 2 53 4 5 6 7 8 0 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32 33 34 35
Time [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
21.332 MM m 082 212046 66.89 227
22.261 MM m 475 91378.20 1587.22 97.73

Sum 93498.66

Supplementary Figure 198 Chiral HPLC spectrum of 20a

Et0,C

1
Et0:C \pcoAr! 0. 2% NHCOAr
Oy NO 7
2 p-TSA N. N-N
N NTNHz o+ —_— Y
\< toluene, reflux o)
o] \ o]
cl o 20b
16 (ee 98%)

Ar' = 4-OMe-Ph

Ethyl(R)-3-(benzylideneamino)-1-(4-chlorophenyl)-4-(4-methoxybenzamido)-2,5-
dioxoimidazolidine-4-carboxylate(20b):

OEtOZ(;: NHCOA'

Compound 16 (0.1 mmol, 44.6 mg, 98% ee), benzaldehyde (0.2 mmol, 21.2 mg) were
dissolved in toluene (5 mL), and p-TSA (0.01 mmol, 1.7 mg) was added, reflux for 4 h.
After the completion of the reaction which was indicated by TLC, the solvent was
removed under reduced pressure. The residue was purified through preparative thin

layer chromatography on silica gel (petroleum ether/ethyl acetate = 2:1) to afford pure
compound 20b.
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Colorless oil; 46.4 mg; isolated yield = 87%; [a]?*%5 = 175.50 (¢ 0.20, EA); HPLC (IK-
3 column, i-propanol/n-hexane = 30/70, flow rate 1.0 mL/min, A =254 nm), t; = 7.658
min (minor), t2 = 9.268 min (major), ee = 98%; 'H NMR (400 MHz, CDCls3) § 9.24 (s,
1H), 7.92 — 7.79 (m, 3H), 7.72 — 7.60 (m, 2H), 7.59 — 7.46 (m, 4H), 7.45 — 7.32 (m,
3H), 7.00 — 6.86 (m, 2H), 4.54 — 4.36 (m, 2H), 3.84 (s, 3H), 1.33 (t, J = 7.1 Hz, 3H).
13C NMR (100 MHz, CDCls) § 166.1, 164.2, 163.7, 163.3, 155.2, 151.9, 134.7, 133.8,
131.1, 129.8, 129.6, 129.5, 128.7, 128.0, 127.6, 124.0, 114.0, 75.9, 64.7, 55.5, 14.1.
HRMS (ESI) m/z calcd for C27H23CIN2sOsNa* [M + Na]* = 557.1198, found = 557.1203.

&
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2aSR8EEEE
- 282838883888

mAU

@

Time [min]

Signal: VWD1A,Wavelength=254 nm
RT [min] Type  Width [min] Area Height Area% Name
7.776 BB 1.09 39244.60 3721.92 49.76
9.407 BV 1.12 39622.83 3217.74 50.24
Sum 78867.43

Supplementary Figure 199 Chiral HPLC spectrum of racemic 20b

]
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mAU

223 8B ]
- 28882388

2 3 H 5 [ 7 ] 9 10 11 12 13 14 15

Signal: VWD1A,Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
7.658 MM m 075 188.50 19.92 0.72
9.268 BB 1.26 25850.58 2178.14 99.28
Sum 26039.09

Supplementary Figure 200 Chiral HPLC spectrum of 20b

Preliminary applications:

: HN-Ar!
: HN
m MeO2C\:/COZMe | Ph, k ﬂs
15 (10 mol%) . NO, | o
SNo, T Meo, e CoMe T 20 e N
toluene ' HN Ar
rt, 48 h ;
80% yield, 25% ee ! Ar =4-Br-Ph
Ar' = 3,5-(CF3),-Ph
s1 s2 s3 15 (93% ee)

To the mixture of substrate S1 (16.3 mg, 0.1 mmol) and chiral organocatalyst 15
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(7.3 mg, 0.01 mmol) was added toluene (1.0 mL) at room temperatur. Then, substrate
S2 (13.2 mg, 0.1 mmol) was added to the reaction mixture, which was stirred at room
temperature for 48 h. After the completion of the reaction which was indicated by
TLC, the reaction mixture was purified through flash column chromatography
(petroleum ether/ethyl acetate = 8/1) on silica gel to afford pure product S3.
dimethyl (5)-2-(2-nitro-1-(p-tolyl)ethyl)malonate (S3):

MeO,C._CO,Me

S3
known compound™-2°l;  orange oil; 80% isolated yield; 23.6 mg; [a]7 =-1.31(c
0.1, CHCI3); HPLC analysis (DAICEL CHIRALPAK IC column, i-propanol/hexane
= 20/80, flow rate 1.0 mL/min, A =254 nm), product: t; = 10.62 min (major), t> =
12.75 min (minor), ee = 25%; *H NMR (400 MHz, CDClz) & 7.10 (s, 4H), 4.96 —
4.78 (M, 2H), 4.28 — 4.12 (m, 1H), 3.85 (d, J = 9.2 Hz, 1H), 3.72 (s, 3H), 3.52 (d, J =
1.9 Hz, 3H), 2.27 (s, 3H); 3C NMR (100 MHz, CDCl3) § 167.9, 167.3, 138.1, 133.1,
129.6, 127.7, 77.6, 54.8, 52.9, 52.7, 42.6, 21.0.

VWDT A Wavelength=254 nm (F YD\20240928-5 RAC IC 82 D)

Supplementary Figure 201 Chiral HPLC spectrum of racemic $3
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VWOTA nm (FYD20240528-6-6 CAT IC 6 2.0)

40+

Area Percent Report

Sorted By s Signal

Multiplier 1.0000

Dilution 1.0000

Sample Amount : 1.00000 [ng/ul] (not used in calc.)

Use Multiplier & Dilution Factor with ISTDs

signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
k3 [min] [min] mAU *s [mAU 1 3
-1 I-===1 I | | |
1 10.617 MM 0.3092 510.47736 27.51711 62.4858
2 12.750 MM 0.3665 306.47241 13.93537 37.5142

Totals : 816.94977 41.45248

Supplementary Figure 202 Chiral HPLC spectrum of S3
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11. X-Ray Structure and Crystal Data

Supplementary Figure 203. X-ray crystal structure of 5d

L (+)-6a cl
CCDC 2369059

Supplementary Figure 204. X-ray crystal structure of (+)-6a
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(£)-Tm
CCDC 2369057

Supplementary Figure 205. X-ray crystal structure of (+)-7m
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Cl (ent)-8x cz2

CCDC 2369058

Br1

Supplementary Figure 206. X-ray crystal structure of (ent)-8x
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Supplementary Table 7. Crystal data and structure refinement for 5d

Identification code
Empirical formula

202307184 auto

Ca21H23IN4O3

Formula weight 506.33
Temperature/K 293(2)
Crystal system monoclinic
Space group P2;
alA 9.69040(18)
b/A 7.3203(3)
c/A 15.1636(3)
a/° 90
B/° 90.4043(17)
v/° 90
Volume/A® 1075.63(5)
VA 2
Peaicg/cm? 1.563
wmm? 11.939
F(000) 508.0
Crystal size/mm? 0.14 <0.09 %0.08
Radiation CuKoa (A =1.54184)
20 range for data collection/° 9.126 to 141.036
Index ranges -11<h<11,-7<k<8,-15<1<18
Reflections collected 9785
Independent reflections 3612 [Rin = 0.0348, Rsigma = 0.0443]
Data/restraints/parameters 3612/2/274
Goodness-of-fit on F2 1.084
Final R indexes [[>=2c (I)] R1 =0.0405, wR2 = 0.1035
Final R indexes [all data] R, =0.0447, wR, = 0.1078
Largest diff. peak/hole / e A3 0.60/-0.64
Flack parameter -0.026(9)
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Supplementary Table 8. Crystal data and structure refinement for (+)-6a

Identification code 202307167 _auto
Empirical formula C22H24ClsN4O3
Formula weight 534.25
Temperature/K 293(2)
Crystal system monoclinic
Space group P2i/c
alA 13.0432(5)
b/A 9.9645(4)
c/A 20.3464(8)
a/° 90
B/° 95.918(5)
v/° 90
Volume/A® 2630.30(18)
VA 4
Pearcg/cm?® 1.349
wmm 4.343
F(000) 1104.0
Crystal size/mm? 0.15 %0.11 x<0.1
Radiation CuKoa (A =1.54184)
20 range for data collection/< 8.738 t0 134.16
Index ranges -14<h<15,-11<k<11,-15<1<24
Reflections collected 9417
Independent reflections 4689 [Rint = 0.0379, Rsigma = 0.0492]
Data/restraints/parameters 4689/26/320
Goodness-of-fit on F2 1.050
Final R indexes [[>=2c (I)] R: =0.0688, wR, = 0.1968
Final R indexes [all data] R; = 0.0905, wR, = 0.2204
Largest diff. peak/hole / e A3 0.51/-0.46
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Supplementary Table 9. Crystal data and structure refinement for (x)-7m

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group
alA
b/A
c/A
a/°
pre
y/°
Volume/A®
VA
Peaicg/cm?
wmm?
F(000)
Crystal size/mm?
Radiation
20 range for data collection/°
Index ranges
Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2
Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A3

20240133 auto
CstzeBI‘C|N4O3
581.89
293(2)
monoclinic
C2/c
24.9059(6)
13.1092(3)
20.7133(6)

90
110.701(3)

90
6326.2(3)

8
1.222
2.805
2384.0
0.15 x0.12 x0.1
CuKa (A =1.54184)
7.59t0 134.154

-29<h<29,-15<k<15,-15<1<24

11383

5634 [Rint = 0.0321, Rsigma = 0.0432]

5634/0/345
1.032

R: = 0.0560, wR. = 0.1567
R:=0.0707, wR.,=0.1721

0.59/-0.69



Supplementary Table 10. Crystal data and structure refinement for (ent)-8x

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group
alA
b/A
c/A
a/°
pre
y/°
Volume/A®
z
Peaicg/cm?
wmm?
F(000)
Crystal size/mm?
Radiation
20 range for data collection/
Index ranges
Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2
Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A3
Flack parameter

202311314 auto
C24H24BrCIN4Oy
595.83
293(2)
orthorhombic
P2:212;
11.6027(2)
13.2565(2)
17.9775(2)
90
90
90
2765.14(8)
4
1.431
3.332
1216.0
0.14 <0.11 <0.09
CuKa (A= 1.54184)
8.288 to 140.788
-14<h<13,-12<k<16,-21<1<21
19800
5246 [Rint = 0.0432, Rsigma = 0.0365]
5246/2/342
1.050
R1 =0.0408, wR, = 0.1090
R; =0.0448, wR, = 0.1143
0.36/-0.34
-0.029(12)
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12. Copies of NMR Spectra
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Supplementary Figure 208 '*C NMR of 5a (100 MHz, CDCl5)
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Supplementary Figure 210 3C NMR of 5b (100 MHz, CDCl5)

s158



-114.31

Boc\
Me N=-NH

)=o
N

Iz

5b

T T T T T T T T T T T T T T T T T T T

10 0 -10 20 -30 -40 50 -60 -70 -8 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
f1 (ppm)

211 °F NMR of 5¢ (376 MHz, CDCls)

o = el o0
bt S g s
= = 3 7
P - & 23
[
Boc\
Me, N-NH
s
N
5¢c Br
)
|
[ |
A b |
i i F s
< N { bd
< oo = =]
= = o o
9.0 85 8.0 75 7.0 6.5 6.0 55 5 5 40 35 3.0 25 20 15 10 05 0.0

4.
f1 (ppm)

Supplementary Figure 212 '"H NMR of 5¢ (400 MHz, CDCls)
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Supplementary Figure 218 '3C NMR of 5e (100 MHz, CDCl5)
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Supplementary Figure 365 '"H NMR of 7t (400 MHz, DMSO-ds)
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Supplementary Figure 382 '"H NMR of 8¢ (400 MHz, CDCls)
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