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CAUTION: It might be potentially explosive about azidating reagents,
intermediates, or products. Although we did not encounter any problems under the
conditions and scale described here, appropriate precautions should be taken when
handling these compounds. A blast shield was necessary while the azidation reactions

and subsequent workups were performed.



1.Supplementary Methods

1.1 General Information

All manipulations were maintained under an atmosphere of nitrogen unless
otherwise stated. Commercially available reagents were used without further
purification. Solvents were pre-dried over activated 4 A molecular sieves and were
refluxed over sodium-benzophenone (toluene, tetrahydrofuran), phosphorus pentoxide
(chloroform) or calcium hydride (dichloromethane, dichloroethane, acetonitrile).
Column chromatography was performed on silica gel (200-300 mesh). '"H NMR spectra
were recorded on a 400 or 600 MHz NMR spectrometer and '*C NMR spectra were
recorded on a 101 MHz NMR spectrometer. Infrared spectra were prepared as KBr
pellets and were recorded on a Varian Excalibur 3100 series FT-IR spectrometer. Mass
spectra were recorded by the mass spectrometry service of Shanghai Institute of
Organic Chemistry. HPLC analyses on a Waters 1596 or Shimadzu SPD-15C. Optical

rotations were measured with Rudolph Research Analytical in a 1 dm cuvette.l.
1.2. Optimization of Reaction Conditions

Supplementary Table 1. Optimization of the Reaction Conditions (Ligand) for the

Synthesis of Product 3a“

0 N N
N3 N
o , Cu(MeCN)4PFg (10 mol %) O
/ N @o Ligand (12 mol %) N
o]
Br ) N DCE, 25 °C Br N
2a PN 1a O 33 O Bn

o o L1:R=Ph ¢ L5 n=3
, \J L2:R="Pr 0 o Lén=2
N N— L3:R=8Bn 3/(\1 r\} L7:n=1
R R L4:R=Bu ; L8n=0
11
Bu fBu
o) L11: R?=
#ﬁ& L9: R= Ph W)k( Rz_
. L12: R?= Et
N N 4 L10: R="Pr A L13: R2— Bn
R R ’t
Entry L Time (h) Yield%”’ Ee%°




1 L1 24 35 14

2 L2 24 28 12
3 L3 24 50 23
4 L4 24 37 75
5 L5 24 44 44
6 L6 24 40 82
7 L7 24 45 80
8 LS 24 62 92
9 L9 24 47 33
10 L10 24 52 31
11 L1l 24 47 14
12 L12 24 68 81
13 L13 24 42 32

“Reaction conditions: 2a (0.10 mmol), 1a (1.5 equiv), Cu(MeCN)4PFs (10 mol %), Ligand (12
mol %), DCE (2.0 mL), 25 °C, nitrogen. “The yields of isolated products. “Determined by HPLC

analysis.

Supplementary Table 2. Optimization of the Reaction Conditions (Temperature) for

the Synthesis of Product 3a“

O N3 ’/N
' oN" /
O // I Cu(MeCN)4PFg (10 mol %) N
+ 0] L8 (12 mol %) >
N
Br Bn/ DCE, Temp. Br N

2a 1a O 3a 0 Bn
Entry Time (h) Temp. (°C) Yield%” Ee%°

1 24 40 °C 57 89

2 24 30°C 62 91

3 24 25°C 62 92

“Reaction conditions: 2a (0.10 mmol), 1a (1.5 equiv), Cu(MeCN)4PFs (10 mol %), L8 (12 mol %),
DCE (2.0 mL), Temperature, nitrogen. “The yields of isolated products. “Determined by HPLC

analysis.



Supplementary Table 3. Optimization of the Reaction Conditions (Solvent) for the

Synthesis of Product 3a“

O N3 ’/N
/ 0 oN"
O // |\ Cu(MeCN)4PFg (10 mol %) N
+ O L8 (12 mol %) >
Br N
/ Br
2a Bn 1

solvent, 25 °C N
a © 30 Bn
Entry Solvent Time (h) Yield%” Ee%°
1 DCE 24 62 92
2 DCM 24 70 94
3 MeCN 24 43 88
4 THF 24 trace /

“Reaction conditions: 2a (0.10 mmol), 1a (1.5 equiv), Cu(MeCN)4PFs (10 mol %), L8 (12 mol %),
Solvent (2.0 mL), 25 °C, nitrogen. “The yields of isolated products. ‘Determined by HPLC analysis.

Supplementary Table 4. Optimization of the “N3” at the standard Conditions for the

Synthesis of Product 3a“

o) N3 N
i 0 oN" /
O // N Cu(MeCN)4PFg (5 mol %) N
+ O L8 (6 mol %) >
Br N
/ Br
2a Bn 1

DCM, 25 °C N
0 3a O \Bn
N3 /"13
Il I
Cry Clp @g @g ;@g @g Lo
1b 1c O
Entry N3 Oxidant Time (h) Yield%”’ Ee%°
14 la / 24 70 94
2 la / 24 60 94
34 1b / 24 30 27
4 1c / 24 80 90
5 1d / 24 99 94



6 le / 24 78 94

7 1f / 24 95 93
8 1g / 24 93 93
9 TMSN; 0 24 trace /

10 TMSN; TPHP 24 20 10
11 TMSN; TBPB 24 30 18
12 TMSN; PhI(OAc), 24 50 23

“Reaction conditions: 2a (0.10 mmol), “N3” (1.5 equiv), Cu(MeCN)4PFs (5 mol %), L8 (6 mol %),
DCM (2.0 mL), 30 °C, nitrogen. “The yields of isolated products. “Determined by HPLC analysis.
410 mol % of Cu(MeCN)4PF and 12 mol % of L8 were used instead.

1.3. General Procedure for the Synthesis of Substrates 2a-2x, 4a-4z

1.3.1 General Procedure for the Synthesis of Substrates 2a-2x, 4w-4z'~

0O o _ 0O
N . )J\ NaH (2.5 equiv N o)
P n = n OMe
$1 S2 S3

NaH (12.5 mmol, 2.5 equiv, 60% dispersion in mineral oil) was dispersed in dry
tetrahydrofuran solution. Dimethyl carbonate (S2) (25 mmol, 5 equiv) was added at 0
°C, then S1 (5 mmol, 1.0 equiv) was droped slowly. The mixture was stirred at 70 °C
overnight. After cooling to room temperature, the mixture was quenched with HCl (aq.)
and was then extracted with EtOAc (three times). The combined organic layer was
washed with brine, dried over MgSOs4, and concentrated in vacuo. The residue was
purified by column chromatography on silica gel (ethyl acetate/ petroleum ether =1 :

8) to give the product S3 as yellow solid.



1 R2 K,COs3, (2.5 equiv) RIN “

R'-NH + NN /\
2 \/Br DMF. 1t, 12h Ho N
s4 S5 S6

R'" = Bn, Me, Bu R?=H, Me, Et, Cy
1-methylnaphthalene,
diphenylmethane

R2

The mixture of S4 (15 mmol, 3.0 equiv), K2CO3 (17.5 mmol, 2.5 equiv) and DMF
(5 mL) was stirred at the room temperature for 15 min, and then S5 (5 mmol, 1.0 equiv)
in DMF (5 mL) was slowly added dropwise. The mixture was stirred at room
temperature for 12 h. Once the reaction was completed, water (20 mL) was added and
the mixture was extracted three times with ethyl acetate (20 mL). The combined organic
layer was washed with water (20 mL) and saturated brine (20 mL), dried over
anhydrous Na>SOs, and concentrated in vacuo. The crude mixture was purified via

column chromatography with hexane/ethyl acetate (5:1) to afford S6 as yellow oil.

_DMAP (0.5 equiv)
A o + //
R or toluene reflux, 2h or /
Zth  OMe Ho Z

S3 S6 2a-2w, 4x-4z

DMAP (0.5 mmol, 0.5 equiv) and S3 (1 mmol, 1.0 equiv) were dissolved in dry
toluene (3 mL), then S6 (1.5 mmol) was added. The mixture was stirring at 110 °C for
2 h. After disappearance of S3 (monitored by TLC), the mixture was cooled to room
temperature and was quenched with HCI (aq.). The residue was extracted three times
with ethyl acetate, and was then washed with NaHCOs (aq.). Finally, the crude product
was purified by silica gel flash chromatography to get the desired products 2a-2x and
4x-4z7.

1.3.2 General Procedure for the Synthesis of Substrates 4a-4v>*



o) R?

. S3 (1.0 equiv)
1 Bn. (0]
R BnNH, (1.0equiv N/\ DMAP (0.5 equiv) n N //
X 0 X R
\/Br DCM, 0°C-rt H 1 L
R toluene, reflux /N
Bn
S7 S8 4a-4e

R=H, Ph

1) BnNH2 (5 mmol, 1.0 equiv) was added dropwise to S7 (30 mmol, 6 equiv) in
DCM at 0 °C. Upon complete addition, the reaction was allowed to warm to room
temperature and stirred over 17 h. Then, aqueous 1 M NaOH (22.5 mL) and Et.0 (22.5
mL) were added and the layers were separated. After extraction of the aqueous layer
with Et20 (2 x 25 mL), the combined organic layers were washed with brine (25 mL),
dried over MgSOa and the solvent was removed under vacuo. The crude was purified

by flash column chromatography to afford S8 as a yellow oil.

2) DMAP (0.5 mmol, 0.5 equiv) and S3 (1 mmol, 1.0 equiv) were dissolved in dry
toluene (3 mL), then S8 (1.5 mmol) was added, and the mixture was stirring at 110 °C
for 2 h. After the disappearance of substrate S8 (monitored by TLC), the mixture was
cooled to room temperature and then quenched with HCI (aq.). The residue was
extracted three times with ethyl acetate, and was then washed with NaHCOs3 (aq.).
Finally, the crude product was purified by silica gel flash chromatography to afford the

desired products 4a-4e.
1.3.3 General Procedure for the Synthesis of Substrates 4f-4w°

Arl (1.2 equiv)

Cul (5.0 mol%) S3 (1.0 equiv)
©/\”\ PA(PPh3),Cl (5.0 mol%) ©/\ \ DMAP _ DVAP (0.5 equiv) Cﬁ_{ /
Et3N (3.3 equiv) toluene reflux
MeCN, 60 °C
S8 S9 4f-4w

1) To a flame-dried 100 mL round bottom flask equipped with a Teflon-coated
magnetic stirring bar, Pd(PPh3)2Cl2 (5 mol %), Cul (5mol %), EtsN (3.3 equiv) and
degassed (by bubbling dry N2 for 10 minutes) MeCN (30 mL) were added. Then, the
iodoarene (1.1 equiv) was added and the mixture was heated to 60 °C and stirred for 5

minutes. Benzyl propargyl amine S8 (1.0 equiv) was added and the reaction mixture



was stirred for 7 hours at 60 °C. Then, the reaction mixture was cooled down to ambient
temperature and concentrated in vacuo. The resulting crude mixture was dissolved in
EtOAc (20 mL), then washed with water (20 mL) and brine (20 mL). The organic layer
was dried over Na2SQu, filtered, and concentrated in vacuo. The crude product S9 was

purified by silica gel flash chromatography.

2) DMAP (0.5 mmol, 0.5 equiv) and S3 (1 mmol, 1.0 equiv) were dissolved in dry
toluene (3 mL), then S9 (1.5 mmol) was added, and the mixture was stirring at 110 °C
for 2 h. After the disappearance of substrate S9 (monitored by TLC), the mixture was
cooled to room temperature and then quenched with HCI (aq.). The residue was
extracted three times with ethyl acetate, and was then washed with NaHCOs3 (aq.).
Finally, the crude product was purified by silica gel flash chromatography to afford the

desired products 4f-4w.

\/©/\OH
H =

=

Bn/N

S9i

(4-(3-(benzylamino)prop-1-yn-1-yl)phenyl)methanol (S9i); TLC: Ry = 0.20
(petroleum ether /ethyl acetate = 2/1, v/v, UV); brown oil; yield: 27%; '"H NMR (400
MHz, CDCls): 6 7.72-7.05 (m, 9H), 4.64 (s, 2H), 3.93 (brs, 2H), 3.62 (brs, 2H), 2.36
(s, 2H); BC{'H}NMR (101 MHz, CDCl3): § 141.3, 139.3, 131.9, 128.9, 128.6, 127.4,
126.8, 122.2, 87.3, 83.9, 64.7, 52.5, 38.1; HRMS (ESI, m/z): calcd. For C17HisNO™"
[M+H]": 252.1383, found: 252.1385.

1.3.4 Failed substrate

o o o Q I
: Bn o O
H = DMAP (0.5 equiv) N’ J
OM + z —
M e Bn/N\/ toluene, reflux, 2h Q)H)LN
Br Br Br Bn

S10 S8 $11, 50% yield 2y, trace

DMAP (0.5 mmol, 0.5 equiv) and S10 (1 mmol, 1.0 equiv) were dissolved in dry



toluene (3 mL), then S8 (1.5 mmol) was added. The mixture was stirring at 110 °C for
12 h. After disappearance of S10 (monitored by TLC), the mixture was cooled to room
temperature and was quenched with HCI (aq.). The residue was extracted three times
with ethyl acetate, and was then washed with NaHCOs (aq.). Finally, the crude product

was purified by silica gel flash chromatography to get the product S11.

1-benzyl-3-(4-bromobenzoyl)-3-methyl-4-methylenepyrrolidin-2-one (S11); TLC:
Ry = 0.40 (petroleum ether /ethyl acetate = 5/1, v/v, UV); yellow oil; yield: 50%; 'H
NMR (400 MHz, CDCl3): 6 7.42 —7.31 (m, 7H), 7.26-7.24 (m, 2H), 5.07 (s, 1H), 4.96
(s, 1H), 4.82 (d,J=14.4 Hz, 1H), 4.25 (d, /= 14.4 Hz, 1H), 4.13 — 4.05 (m, 2H), 1.61
(s, 3H); BC{'H}NMR (101 MHz, CDCls): 5 195.2, 173.6, 143.1, 135.3, 134.8, 131.7,
130.0, 129.0, 128.9, 128.3, 127.4, 111.2, 60.9, 50.0, 46.7, 23.1; HRMS (ESI, m/z):
calcd. For C20H19BrNO2" [M+H]": 384.0594, found: 384.0601.

Compound 2a (Fig. 2)

0
°
BoasW,
Bn

2a

N-benzyl-5-bromo-1-oxo-N-(prop-2-yn-1-yl)-2,3-dihydro-1H-indene-2-

carboxamide (2a); TLC: Ry = 0.40 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
white solid (mp: 92-93°C); yield: 42%; Enol isomerization were observed by NMR; 'H
NMR (400 MHz, CDCl3): 6 7.69 (d, J = 20.6 Hz, 1H), 7.58 (dd, J = 8.0, 6.0 Hz, 1H),
7.50 (td, J= 8.4, 1.6 Hz, 1H), 7.39 (dd, J = 8.0, 6.8 Hz, 1H), 7.36-7.30 (m, 2H), 7.29-
7.22 (m, 2H), 5.25 (dd, J = 16.1, 12.2 Hz, 1H), 4.90-4.83 (m, 1H), 4.35 (dd, J = 17.5,
2.4 Hz, 0.4H), 4.31-4.24 (m, 1.2H), 4.17 (dd, J=17.4, 2.5 Hz, 0.4H), 4.04 (dd, /= 7.9,
3.6 Hz, 0.4H), 3.97-3.83 (m, 1.2H), 3.76 (dd, J = 17.3, 3.7 Hz, 0.4H), 3.34-2.12 (m,
1H), 2.33-2.22 (m, 1H); BC{{H}NMR (101 MHz, CDCl3): § 200.5 (200.1), 167.7
(168.3), 156.4 (156.2), 136.3 (136.2), 134.1 (134.2), 131.41 (131.40), 131.1 (131.0),
129.9 (130.0), 128.8 (129.1), 128.0, 126.9 (127.7), 125.73 (125.72), 78.7 (78.5), 73.0
(72.5), 51.1 (49.3), 51.0 (50.8), 37.0 (35.5), 30.5 (30.7); HRMS (ESI, m/z): calcd. For

10



C20H17BrNO2" [M+H]": 382.0437, found: 382.0438.

Compound 2b (Fig. 2)
O
O/
N
Br Bri
2b

N-benzyl-4-bromo-1-oxo-N-(prop-2-yn-1-yl)-2,3-dihydro-1H-indene-2-
carboxamide (2b); TLC: Rr= 0.60 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
yellow oil; yield: 69%; Enol isomerization were observed by NMR; 'TH NMR (400
MHz, CDCl3): 6 7.83-7.74 (m, 1H), 7.74-7.66 (m, 1H), 7.46-7.39 (m, 1H), 7.35(d, J =
8.2 Hz, 2H), 7.32-7.24 (m, 3H), 5.25 (dd, J = 16.2, 8.4 Hz, 1H), 4.92-4.82 (m, 1H),
4.41-4.29 (m, 1.6H), 4.22 (dd, J=17.3, 2.5 Hz, 0.4H), 4.08 (dd, J = 8.0, 3.7 Hz, 0.4H),
3.95(dd, J=18.9, 2.5 Hz, 0.6H), 3.84 (dd, J=17.7, 3.6 Hz, 0.6H), 3.71 (dd, J = 17.6,
3.6 Hz, 0.4H), 3.35-3.12 (m, 1H), 2.35-2.25 (m, 1H); BC{'H}NMR (101 MHz, CDCl;):
o 201.1 (200.6), 167.7 (168.3), 154.5 (154.2), 138.3 (138.2), 137.3 (137.2), 136.4
(136.2), 129.5 (129.1), 128.8, 128.0, 126.9 (127.6), 123.4, 122.1 (122.0), 78.7 (78.5),
73.1 (72.5), 51.1 (49.3), 50.90 (50.87), 37.1 (35.5), 31.2 (32.2); HRMS (ESI, m/z):
calcd. For C20H17BrNO2" [M+H]": 382.0437, found: 382.0439.

Compound 2c¢ (Fig. 2)

O
Br (o) /
T4/

2c

N-benzyl-6-bromo-1-oxo-N-(prop-2-yn-1-yl)-2,3-dihydro-1H-indene-2-

carboxamide (2c); TLC: Rr= 0.50 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
yellow oil; yield: 25%; Enol isomerization were observed by NMR; 'TH NMR (400
MHz, CDCl3): 6 7.84 (dd, J= 7.0, 1.9 Hz, 1H), 7.69 (ddd, J=11.8, 8.1, 1.9 Hz, 1H),
7.44-7.30 (m, 4H), 7.29-7.22 (m, 2H), 5.24 (dd, J = 16.1, 7.3 Hz, 1H), 4.91-4.79 (m,
1H), 4.39-4.24 (m, 1.6H), 4.17 (dd, J=17.4, 2.5 Hz, 0.4H), 4.07 (dd, /= 7.9, 3.6 Hz,
0.4H), 3.91 (dd, J=19.0, 2.5 Hz, 0.6H), 3.82 (dd, J = 17.4, 3.5 Hz, 0.6H), 3.70 (dd, J

11



=17.2,3.6 Hz, 0.4H), 3.31-3.09 (m, 1H), 2.33-2.23 (m, 1H); BC{'H}NMR (101 MHz,
CDCls): 6 200.4 (199.9), 167.7 (168.3), 153.5 (153.2), 138.3 (138.2), 137.1 (137.0),
136.3 (136.2), 128.8 (129.1), 128.2 (128.1), 127.97 (127.98), 127.7 (127.4), 126.9
(127.4),121.8,78.7 (78.5), 73.0 (72.5), 51.4 (49.3), 51.3 (50.8), 37.0 (35.5), 30.5 (30.7);
HRMS (ESI, m/z): calcd. For C20H17BrNO2" [M+H]": 382.0437, found: 382.0438.

Compound 2d (Fig. 2)

Br o
o
©§—B{N/

2d

N-benzyl-7-bromo-1-oxo-N-(prop-2-yn-1-yl)-2,3-dihydro-1H-indene-2-
carboxamide (2d); TLC: Rr= 0.50 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
white solid (mp: 83-84°C.); yield: 83%; '"H NMR (400 MHz, Chloroform-d): 5 7.56-
7.35 (m, 4H), 7.36-7.22 (m, 4H), 5.29 (dd, J = 30.9, 16.2 Hz, 1H), 4.94-4.81 (m, 1H),
4.39 (dd,J=17.4,2.5 Hz, 0.5H), 4.33 (dd, /= 8.0, 3.9 Hz, 0.5H), 4.28 (d, /= 15.2 Hz,
0.5H), 4.14 (dd, J=17.3, 2.5 Hz, 0.5H), 4.07 (dd, J = 8.0, 3.8 Hz, 0.5H), 3.89 (td, J =
19.1, 3.2 Hz, 1H), 3.75 (dd, J=17.2, 3.9 Hz, 0.5H), 3.31-3.08 (m, 1H), 2.31-2.22 (m,
1H); BC{'H}NMR (101 MHz, CDCl3): 5 199.1 (198.6), 167.8 (168.3), 157.6 (157.5),
136.25 (136.29), 135.9 (135.8), 132.8 (132.7), 132.48 (132.53), 128.8 (129.1), 127.93
(127.90), 126.8 (127.6), 125.7 (125.6), 120.32 (120.28), 78.7 (78.5), 73.0 (72.5), 51.8
(51.6), 49.3 (50.8), 37.0 (35.6), 29.8 (30.0); HRMS (ESI, m/z): calcd. For
C20H17BrNO2" [M+H]": 382.0437, found: 382.0440.

Compound 2e (Fig. 2)

0O
oy

2e

N-benzyl-5-chloro-1-oxo-N-(prop-2-yn-1-yl)-2,3-dihydro-1H-indene-2-
carboxamid (2e); TLC: Rr= 0.30 (petroleum ether /ethyl acetate = 5/1, v/v, UV); white

12



solid (mp: 774-75°C.); yield: 44%; Enol isomerization were observed by NMR; 'H
NMR (400 MHz, CDCl3) 6 7.65 (dd, J = 8., 5.6 Hz, 1H), 7.50 (dd, J = 20.4, 1.6 Hz,
1H), 7.43-7.36 (m, 1H), 7.36-7.31 (m, 3H), 7.30-7.24 (m, 2H), 5.25 (dd, /= 14.8, 12.0
Hz, 1H), 4.92-4.81 (m, 1H), 4.40-4.23 (m, 1.5H), 4.17 (dd, J=17.2,2.4 Hz, 0.5H), 4.06
(dd, /= 38.0, 3.6 Hz, 0.5H), 3.90 (td, J = 18.8, 2.8 Hz, 1H), 3.75 (dd, J=17.2, 3.6 Hz,
0.5H), 3.34-3.12 (m, 1H), 2.33-2.23 (m, 1H); BC{'H}NMR (101 MHz, CDCl3): &
200.3 (199.8), 167.8 (168.3), 156.3 (156.1), 142.2 (142.1), 136.4 (136.3), 133.7 (133.8),
129.1 (128.6), 128.0 (128.8), 127.7, 126.9, 126.9 (126.8), 125.7 (125.6), 78.7 (78.5),
73.0(72.5),51.2 (49.3),51.0 (50.8),37.0 (35.5), 30.5 (30.7); HRMS (ESI, m/z): calcd.
For C20H17CINO2" [M+H]": 338.0942, found: 338.0940.

Compound 2f (Fig. 2)

O
<L/
/N
Bn
2f

N-benzyl-6-fluoro-1-oxo-N-(prop-2-yn-1-yl)-2,3-dihydro-1H-indene-2-
carboxamide (2f); TLC: Ry = 0.30 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
yellow oil; yield: 76%; Enol isomerization were observed by NMR; "TH NMR (400
MHz, CDCl3): 6 7.53-7.41 (m, 1H), 7.41-7.30 (m, 5H), 7.30-7.23 (m, 2H), 5.25 (dd, J
=16.1,7.5 Hz, 1H), 4.92-4.80 (m, 1H), 4.39-4.24 (m, 1.6H), 4.19 (dd, J=17.4, 2.5 Hz,
0.4H), 4.09 (dd, J=17.8, 3.6 Hz, 0.4H), 3.92 (dd, J = 18.9, 2.5 Hz, 0.6H), 3.85 (dd, J =
17.5,3.5Hz, 0.6H), 3.73 (dd, J=17.0, 4.1 Hz, 0.4H), 3.34-3.12 (m, 1H), 2.33-2.23 (m,
1H); BC{{H}NMR (101 MHz, CDCl5): § 200.9 (d, J = 3.2 Hz) [200.4 (d, /= 3.1 Hz)],
167.8 (168.4), 162.5 (d, J = 248.3 Hz), 150.4 (d, J = 2.2 Hz) [150.1 (d, J = 2.2 Hz)],
136.9(d,J=7.5Hz)[137.1(d,J=7.4Hz)], 136.4 (136.3), 128.9 (129.1), 128.1 (127.9),
128.02 (128.00), 126.9 (127.7), 123.4 (d, J = 23.9 Hz) [123.2 (d, J = 23.7 Hz)], 110.3
(d, J=22.1 Hz), 78.8 (78.6), 73.0 (72.5), 52.0 (49.3), 51.8 (50.9), 37.1 (35.5), 30.3
(30.5); FNMR (376 MHz, Chloroform-d): & -114.2; HRMS (ESI, m/z): calcd. For
Co0H17FNO2" [M+H]": 322.1238, found: 322.1240.
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Compound 2g (Fig. 2)

0O
NC O /
@ﬁﬁ/
Bn

2g

N-benzyl-6-cyano-1-oxo-N-(prop-2-yn-1-yl)-2,3-dihydro-1H-indene-2-
carboxamide (2g); TLC: Ry = 0.30 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
yellow oi; yield: 65%; Enol isomerization were observed by NMR; TH NMR (400 MHz,
CDCl): 6 8.01 (d, J= 7.5 Hz, 1H), 7.85 (ddd, J=11.6, 8.0, 1.6 Hz, 1H), 7.65 (dd, J =
20.4, 8.0 Hz, 1H), 7.45-7.19 (m, 5H), 5.24 (t, J=15.6 Hz, 1H), 4.85 (dd, J=21.9, 17.6
Hz, 1H), 4.38-4.25 (m, 1.6H), 4.17 (dd, J = 17.3, 2.5 Hz, 0.5H), 4.11 (dd, J = 8.0, 3.6
Hz, 0.4H), 3.95 (td, J = 18.6, 3.0 Hz, 1H), 3.86 (dd, /= 17.9, 3.6 Hz, 0.5H), 3.45-3.22
(m, 1H), 2.34-2.24 (m, 1H); BC{'H}NMR (101 MHz, CDCl3): 5 199.9 (199.4), 167.2
(167.8),158.9 (158.7), 138.0 (137.9), 136.2 (136.0), 136.0 (135.9), 128.9 (129.1), 128.8
(128.8), 128.0 (126.9), 127.9 (128.1), 127.77 (127.83), 117.9, 112.13 (112.11), 78.5
(78.3),73.2(72.6),51.2(49.4),51.0(50.9),37.1 (35.6),31.3 (31.5); HRMS (ESI, m/z):
calcd. For C21H17N202" [M+H]": 329.1285, found: 329.1286.

Compound 2h (Fig. 2)

O
CF3 0 /
@5% /)

2h

N-benzyl-1-0xo0-N-(prop-2-yn-1-yl)-6-(trifluoromethyl)-2,3-dihydro-1H-indene-2-
carboxamide (2h); TLC: Rr= 0.30 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
yellow oil; yield: 89%; Enol isomerization were observed by NMR; 'TH NMR (400
MHz, CDCl3): 6 7.99 (dd, J= 7.4, 1.7 Hz, 1H), 7.85 (ddd, J=11.8, 8.1, 1.8 Hz, 1H),
7.65 (dd, J = 20.6, 8.0 Hz, 1H), 7.44-7.23 (m, 5H), 5.35-5.16 (m, 1H), 4.94-4.81 (m,
1H), 4.44-4.23 (m, 1.6H), 4.23-4.06 (m, 1H), 3.95 (ddd, /=18.9,9.7, 3.0 Hz, 1H), 3.84
(dd, J=17.6, 3.6 Hz, 0.4H), 3.44-3.21 (m, 1H), 2.34-2.23 (m, 1H); BC{'"H}NMR (101
MHz, CDCl3): 6 200.6 (200.1), 167.5 (168.1), 158.1 (157.8), 136.3 (136.2), 135.6
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(135.7), 131.9 (q, J = 3.5 Hz) [131.8 (q, J = 3.4 Hz)], 130.6 (q, J = 33.1 Hz), 128.8
(129.1), 128.0 (126.9), 127.7 (128.0), 127.4 (127.3), 123.8 (q, /= 272.3 Hz), 121.8 (q,
J=3.6 Hz) 78.6 (78.4), 73.1 (72.5), 51.4 (49.3), 51.2 (50.9), 37.1 (35.5), 30.9 (31.1);
1FNMR (376 MHz, Chloroform-d): § -62.5 (d, /= 3.8 Hz); HRMS (ESI, m/z): calcd.
For C21H17F3NO2" [M+H]": 372.1206, found: 372.1208.

Compound 2i (Fig. 2)

0
O///
N
OMe B
2i

N-benzyl-4-methoxy-1-0xo0-N-(prop-2-yn-1-yl)-2,3-dihydro-1H-indene-2-
carboxamide (2i); TLC: Ry = 0.50 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
white solid (mp: 92-93°C.); yield: 82%; Enol isomerization were observed by NMR;
'TH NMR (400 MHz, CDCl3): § 7.43-7.21 (m, 7H), 7.03 (ddd, J = 11.6, 6.1, 2.7 Hz,
1H), 5.23 (d, J = 16.0 Hz, 1H), 4.94-4.79 (m, 1H), 4.38-4.26 (m, 1H), 4.28-4.13 (m,
1H), 4.00 (dd, J = 7.8, 3.5 Hz, 0.4H), 3.97-3.84 (m, 3.6H), 3.74 (dd, J = 17.6, 3.5 Hz,
0.6H), 3.62 (dd, J = 17.5, 3.5 Hz, 0.4H), 3.28-3.08 (m, 1H), 2.34-2.22 (m, 1H);
BC{TH}NMR (101 MHz, CDCl3): 5 201.9 (201.5), 168.2 (168.8), 157.0 (156.9), 143.8
(143.5), 136.8 (136.6), 136.5 (136.3), 129.2 (129.0), 128.7, 127.9 (126.9), 127.5 (127.8),
115.7,115.9 (115.5), 78.8 (78.6), 72.9 (72.3), 55.6 (55.5), 50.9 (49.0), 50.7 (50.7), 37.0
(35.2), 27.6 (27.9); HRMS (ESI, m/z): calcd. For C21H20NO3" [M+H]": 334.1438,
found: 334.1439.

Compound 2j (Fig. 2)

0
O] / /
Meo/CEg_BjN/

2j

N-benzyl-5-methoxy-1-0xo0-N-(prop-2-yn-1-yl)-2,3-dihydro-1H-indene-2-
carboxamide (2j); TLC: Rr= 0.20 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
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white solid (mp: 108-109°C.); yield: 83%; Enol isomerization were observed by NMR,;
'H NMR (400 MHz, CDCl3):  7.65 (dd, J= 8.4, 5.6 Hz, 1H), 7.43-7.22 (m, 5H), 6.97-
6.84 (m, 2H), 5.29 (dd, J = 24.0, 17.2 Hz, 1H), 4.91 (dd, J = 28.8, 18.0 Hz, 1H), 4.35
(dd, J=17.6,2.0 Hz, 0.4H), 4.32-4.23 (m, 1H), 4.18 (dd, J=17.2, 2.4 Hz, 0.4H), 4.04
(dd, J=8.0, 3.6 Hz, 0.4H), 3.93 (d, /= 2.4 Hz, 0.3H), 3.88 (d, /= 8.0 Hz, 3.5H), 3.82
(d, J=3.6 Hz, 0.3H), 3.73 (dd, J = 17.2, 3.6 Hz, 0.4H), 3.30-3.08 (m, 1H), 2.31-2.21
(m, 1H); BC{H}NMR (101 MHz, CDCl;): § 199.7 (199.3), 168.5 (169.0), 166.1
(166.0), 158.1 (157.8), 136.54 (136.51), 128.8 (129.0), 128.6 (128.5), 128.0 (127.0),
127.6 (127.9), 126.30 (126.29), 116.1 (116.0), 109.6 (109.5), 79.0 (78.7), 72.8 (72.4),
55.9(55.8),51.3(49.2),51.1(50.9),37.0 (35.4), 30.8 (31.0); HRMS (ESI, m/z): calcd.
For C21H20NO3" [M+H]": 334.1438, found: 334.1440.

Compound 2k (Fig. 2)

0
MeO o) /
@fﬂﬁ/
Bn

2k

N-benzyl-6-methoxy-1-0xo0-N-(prop-2-yn-1-yl)-2,3-dihydro-1H-indene-2-
carboxamide (2k); TLC: Rr= 0.40 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
white solid (mp: 115-116°C.); yield: 55%; Enol isomerization were observed by NMR;
'"H NMR (400 MHz, CDCl3): § 7.43-7.38 (m, 1H), 7.38-7.30 (m, 3H), 7.30-7.24 (m,
2H), 7.24-7.13 (m, 2H), 5.24 (d, J = 14.8 Hz, 1H), 4.93-4.82 (m, 1H), 4.38-4.26 (m,
1.6H), 4.20 (dd, /= 17.3, 2.5 Hz, 0.4H), 4.06 (dd, J= 7.7, 3.5 Hz, 0.4H), 3.92 (dd, J =
18.9, 2.5 Hz, 0.6H), 3.84-3.73 (m, 3.6H), 3.65 (dd, J = 16.6, 3.6 Hz, 0.4H), 3.29-3.08
(m, 1H), 2.32-2.22 (m, 1H); BC{'H}NMR (101 MHz, CDCl3):  201.7 (201.3), 168.2
(168.9), 159.7, 147.9 (147.6), 136.5 (136.4), 128.8 (129.0), 128.0, 127.6 (127.9), 127.3
(127.2), 127.0, 125.0 (124.9), 105.6, 78.9 (78.7), 72.9 (72.4), 55.7, 51.8 (51.7), 49.1
(50.8), 37.0 (35.3), 30.1 (30.3); HRMS (ESI, m/z): calcd. For C21H20NO3" [M+H]":
334.1438, found: 334.1439.

Compound 21 (Fig. 2)
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N-benzyl-7-methoxy-1-0xo0-N-(prop-2-yn-1-yl)-2,3-dihydro-1H-indene-2-

carboxamide (21); TLC: Ry = 0.30 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
white solid (mp: 139-140°C.); yield: 93%; Enol isomerization were observed by NMR;
'"H NMR (400 MHz, CDCl3): § 7.53 (dt,J=12.1, 7.9 Hz, 1H), 7.41-7.21 (m, 5H), 7.03
(dd, J=19.0, 7.6 Hz, 1H), 6.77 (t, J = 8.9 Hz, 1H), 5.33 (dd, J = 16.2, 8.9 Hz, 1H),
5.01-4.78 (m, 1H), 4.35 (dd, J = 17.3, 2.5 Hz, 0.4H), 4.27 (dd, J = 7.9, 4.0 Hz, 0.6H),
422 (d,J=15.2 Hz, 0.6H), 4.14 (dd, J=17.3, 2.5 Hz, 0.4H), 4.03 (dd, /= 7.9, 3.8 Hz,
0.4H), 3.93 (d, J = 7.5 Hz, 3H), 3.86 (ddd, /= 17.2, 9.0, 3.2 Hz, 1.2H), 3.74 (dd, J =
17.1, 3.8 Hz, 0.4H), 3.29-3.08 (m, 1H), 2.29-2.19 (m, 1H); BC{'H}NMR (101 MHz,
CDCl3): 6 199.2 (198.8), 168.3 (168.7), 158.64 (158.67), 157.2 (157.1), 137.3 (137.2),
136.4 (136.5), 128.7 (128.9), 127.8 (127.0), 127.4 (127.8), 123.3 (123.4), 118.3 (118.2),
109.1, 78.9 (78.7), 72.7 (72.3), 55.81 (55.78), 51.4 (49.1), 51.2 (50.7), 36.8 (35.3), 30.2
(30.5); HRMS (ESI, m/z): calcd. For C21H20NO3" [M+H]": 334.1438, found: 334.1437.

Compound 2m (Fig. 2)

O
P/

2m

N-benzyl-5-methyl-1-0x0-N-(prop-2-yn-1-yl)-2,3-dihydro-1H-indene-2-

carboxamide (2m); TLC: Ry = 0.30 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
white solid (mp: 88-89°C.); yield: 89%,; Enol isomerization were observed by NMR;
'H NMR (400 MHz, CDCls): 4 7.62 (dd, J=17.9, 5.3 Hz, 1H), 7.43-7.29 (m, 4H), 7.27
(d, J=10.7 Hz, 2H), 7.17 (t, J= 8.1 Hz, 1H), 5.28 (t, J = 17.0 Hz, 1H), 4.96-4.84 (m,
1H), 4.40-4.24 (m, 1.6H), 4.19 (dd, J=17.3, 2.5 Hz, 0.4H), 4.04 (dd, /= 7.8, 3.7 Hz,
0.4H), 3.92 (dd, J = 19.0, 2.5 Hz, 0.6H), 3.84 (dd, J=17.1, 3.6 Hz, 0.6H), 3.72 (dd, J
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=17.0, 3.7 Hz, 0.4H), 3.31-3.10 (m, 1H), 2.31-2.21 (d, /= 8.5 Hz, 3H), 2.26 (m, 1H);
BC{IH}NMR (101 MHz, CDCl;): 4 201.1 (200.6), 168.3 (168.8), 155.3 (155.1), 146.8
(146.7), 136.5 (136.4), 133.0 (132.9), 128.93 (128.91), 128.7, 127.9 (127.8), 127.5,
126.9 (126.8), 124.3, 78.9 (78.6), 72.7 (72.2), 51.2 (49.1), 51.0 (50.7), 36.9 (35.3), 30.5
(30.7), 22.2 (22.1); HRMS (ESI, m/z): calcd. For C21H20NO2" [M+H]": 318.1489,
found: 318.1491.

Compound 2n (Fig. 2)

(@)
S/
©§—B{N/

2n

N-benzyl-1-0x0-N-(prop-2-yn-1-yl)-2,3-dihydro-1H-indene-2-carboxamide (2n);
TLC: Ry = 0.50 (petroleum ether /ethyl acetate = 5/1, v/v, UV); white solid (mp: 65-
66°C.); yield: 79%; Enol isomerization were observed by NMR; 'H NMR (400 MHz,
CDCls): 6 7.78-7.70 (m, 1H), 7.66-7.57 (m, 1H), 7.51 (dd, J=20.2, 7.7 Hz, 1H), 7.44-
7.31 (m, 4H), 7.31-7.23 (m, 2H), 5.27 (dd, J = 16.2, 11.3 Hz, 1H), 4.94-4.85 (m, 1H),
4.41-4.24 (m, 1.6H), 4.19 (dd, J=17.3, 2.5 Hz, 0.4H), 4.05 (dd, J=7.9, 3.7 Hz, 0.4H),
391 (ddd, J=17.1, 11.6, 3.1 Hz, 1.2H), 3.78 (dd, J = 17.1, 3.7 Hz, 0.4H), 3.38-3.16
(m, 1H), 2.32-2.22 (m, 1H); BC{'H}NMR (101 MHz, CDCl3): 5 201.8 (201.4), 168.2
(168.8), 154.9 (154.6),136.5(136.4), 135.6 (135.5), 135.2(135.3), 128.8 (129.1), 128.0
(127.7),127.6 (127.9), 127.0, 126.7 (126.6), 124.6, 78.9 (78.7), 72.9 (72.4), 51.1 (51.0),
49.2 (50.9), 37.0 (35.4), 30.8 (31.0); HRMS (ESI, m/z): calcd. For C20HisNO2"
[M+H]": 304.1332, found: 304.1329.

Compound 20 (Fig. 2)
O
MeO: : f 0] /
MeO N
Bn
20

N-benzyl-5,6-dimethoxy-1-0x0-N-(prop-2-yn-1-yl)-2,3-dihydro-1H-indene-2-
carboxamide (20); TLC: Ry = 0.50 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
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white solid (mp: 159-160°C.); yield: 55%; Enol isomerization were observed by NMR,;
'H NMR (400 MHz, CDCl3): § 7.42-7.29 (m, 3H), 7.29-7.21 (m, 2H), 7.12 (d, J= 5.7
Hz, 1H), 6.91 (d, J=20.1 Hz, 1H), 5.27 (dd, /= 18.6, 15.4 Hz, 1H), 5.02-4.81 (m, 1H),
4.36-4.23 (m, 1.6H), 4.19 (dd, J=17.4, 2.5 Hz, 0.4H), 4.04 (dd, /= 7.5, 3.2 Hz, 0.4H),
3.96 (d,J=8.6 Hz, 3.6H), 3.88 (d, /= 5.7 Hz, 3H), 3.76 (dd, /= 17.1, 3.1 Hz, 0.6H),
3.64 (dd,J=16.9,3.2 Hz, 0.4H), 3.26-3.04 (m, 1H), 2.31-2.21 (m, 1H),; BC{{H}NMR
(101 MHz, CDCls): 8 200.1 (199.7), 168.5 (169.0), 156.2 (156.1), 150.6 (150.3),
149.73 (149.70), 136.52 (136.45), 128.8 (129.0), 127.9 (127.0), 127.9 (128.0), 127.5
(127.8), 107.4 (107.4), 104.8, 79.0 (78.7), 72.8 (72.3), 56.42 (56.39), 56.2, 51.3 (49.1),
51.1 (50.8), 37.0 (35.3), 30.5 (30.7); HRMS (ESI, m/z): calcd. For C22H22NO4"
[M+H]": 364.1543, found: 364.1540.

Compound 2p (Fig. 2)

QC- S

2p

N-benzyl-1-0x0-N-(prop-2-yn-1-yl)-2,3-dihydro-1H-cyclopenta[b]naphthalene-2-
carboxamide (2p); TLC: Rr= 0.60 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
white solid (mp: 151-152°C.); yield: 28%; Enol isomerization were observed by NMR;
'"H NMR (400 MHz, CDCl3): 6 8.31 (d, J = 6.4 Hz, 1H),  8.02-7.81 (m, 3H), 7.63-
7.56 (m, 1H), 7.54-7.44 (m, 1H), 7.45-7.26 (m, 5H), 5.30 (dd, /= 16.4, 13.6 Hz, 1H),
492 (d,J=16.8 Hz, 1H), 4.44-4.34 (m, 1H), 4.32 (d, /= 15.2 Hz, 0.5H), 4.21 (dd, J =
17.6, 2.4 Hz, 0.5H), 4.15 (dd, J = 8.5, 4.5 Hz, 0.5H), 4.07 (ddd, J = 16.8, 4.4, 1.2 Hz,
0.5H), 3.96 (dd, J = 19.2, 2.4 Hz, 1H), 3.56-3.34 (m, 1H), 2.34-2.23 (m, 1H);
BC{'TH}NMR (101 MHz, CDCl3): 5 202.1 (201.7), 168.3 (168.9), 146.9 (146.7), 137.7
(137.6), 136.5 (136.4), 133.1 (133.2), 132.5, 130.5 (129.2), 129.1, 128.8, 128.0, 127.98
(127.96), 127.0 (127.6), 126.4 (126.3), 125.70 (125.66), 124.82 (124.75), 78.9 (78.7),
72.9 (72.4),51.9 (51.8),49.2 (50.9),37.1 (35.4), 30.3 (30.6); HRMS (ESI, m/z): calcd.
For C24H20NO2" [M+H]": 354.1489, found: 354.1492.
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Compound 2q (Fig. 2)

O
P/
Br/©:l§_< N/
2q QO

5-bromo-N-(naphthalen-1-ylmethyl)-1-oxo-N-(prop-2-yn-1-yl)-2,3-dihydro-1H-
indene-2-carboxamide (2q); TLC: Ry= 0.40 (petroleum ether /ethyl acetate = 5/1, v/v,
UV); white solid (mp: 105-106°C.); yield: 86%; Enol isomerization were observed by
NMR; '"H NMR (400 MHz, CDCl3): 6 8.01 (dd, J=27.4, 9.2 Hz, 1H), 7.93-7.73 (m,
22H), 7.65-7.32 (m, 7H), 5.90 (d, J = 18.3 Hz, 0.4H), 5.66 (d, J= 15.3 Hz, 0.6H), 5.28
(d,J=18.3 Hz, 0.4H), 4.86-4.77 (m, 1.2H), 4.62 (dd, J=17.4, 2.6 Hz, 0.4H), 4.31 (dd,
J=17.9,3.6 Hz, 0.6H), 4.19 (dd, J=17.4, 2.5 Hz, 0.4H), 3.95-3.87 (m, 1.6H), 3.78 (dd,
J=17.4,3.7Hz, 0.4H), 3.36-3.05 (m, 1H), 2.31-2.23 (m, 1H); BC{'H}NMR (101 MHz,
CDCl): 6 200.3 (200.1), 167.7 (169.0), 156.4 (156.2), 134.2 (134.1), 134.0 (133.9)
131.6 (131.8), 131.4 (131.5), 131.4 (131.1), 131. (130.7), 130.0 (129.9), 128.8 (129.1),
128.7 (128.4), 126.6 (126.8), 126.44 (126.36), 126.1 (123.5), 125.8 (125.7), 125.5
(125.6), 122.9 (122.5), 78.7 (78.6), 73.1 (72.7), 51.3 (51.1), 47.1 ( 48.6), 36.7 (36.4),
30.5 (30.7); HRMS (ESI, m/z): calcd. For C24H19BrNO2" [M+H]": 432.0594, found:
432.0595.

Compound 2r (Fig. 2)

O
o/
-4/

Ph—
or Ph

N-benzhydryl-5-bromo-1-oxo-N-(prop-2-yn-1-yl)-2,3-dihydro-1H-indene-2-

carboxamide (2r); TLC: Rr= 0.50 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
white solid (mp: 133-134°C.); yield: 27%; Enol isomerization were observed by NMR;
'"H NMR (400 MHz, Chloroform-d): § 7.67 (d, J=29.3 Hz, 1H), 7.61 (d, J = 8.2 Hz,
1H), 7.55-7.33 (m, 9H), 7.27 (t, J= 8.4 Hz, 2H), 7.08 (d, /= 4.3 Hz, 1H), 5.02 (dd, J =
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19.1,2.5 Hz, 0.7H), 4.52 (dd, J=17.8, 3.7 Hz, 0.7H), 4.21 (dd, /= 17.2, 2.5 Hz, 0.3H),
4.05-3.71 (m, 2.3H), 3.36-2.93 (m, 1H), 2.05-1.99 (m, 1H); BC{'H}NMR (101 MHz,
CDCls): 6 201.1 (200.5), 168.5 (168.7), 156.6 (156.5), 138.8 (139.3), 138.6 (138.7),
134.2,131.4 (131.1), 130.3 (130.8), 130.0 (129.9), 128.8(128.9), 128.6 (128.8), 128.5,
128.1 (127.9), 128.0, 127.5 (127.7), 125.74 (125.71), 79.8, 72.0 (71.0), 62.2 (65.0),
52.1 (51.8), 35.1 (34.5), 30.5 (30.8); HRMS (ESI, m/z): calcd. For C26H21BrNO2"
[M+H]": 458.0750, found: 458.0748.

Compound 2s (Fig. 2)

@)
S/

2s

5-bromo-N-methyl-1-o0xo0-N-(prop-2-yn-1-yl)-2,3-dihydro-1H-indene-2-
carboxamide (2s); TLC: Ry = 0.30 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
white solid (mp: 109-110°C.); yield: 82%; Enol isomerization were observed by NMR;
'"H NMR (400 MHz, CDCl3): § 7.69 (d, J = 4.6 Hz, 1H), 7.58-7.46 (m, 2H), 4.96 (dd,
J=18.8,2.5Hz, 0.4H), 4.50 (dd, /= 17.3, 2.5 Hz, 0.6H), 4.14 (ddd, J = 24.9, 7.9, 3.6
Hz, 1H), 4.08-3.96 (m, 1H), 3.86-3.71 (m, 1H), 3.38 (s, 1.8H), 3.24 (dt, /= 17.4, 8.9
Hz, 1H), 3.07 (s, 1.2H), 2.35-2.24 (m, 1H); BC{'H}NMR (101 MHz, CDCl;): 5 200.2
(200.5), 167.6 (167.2), 156.2 (156.4), 134.2 (134.1), 131.38 (131.39), 131.0 (131.1),
129.95 (129.96), 125.65 (125.68), 78.5 (78.4), 72.3 (73.2), 50.8 (51.0), 37.3 (40.1), 35.5
(34.5), 30.3 (30.40; HRMS (ESI, m/z): calcd. For C14aH13BrNO2" [M+H]": 306.0124,
found: 306.0120.

Compound 2t (Fig. 2)

O
oy
MeO/CEg;jN/

2t

N-(tert-butyl)-5-methoxy-1-o0xo-N-(prop-2-yn-1-yl)-2,3-dihydro-1H-indene-2-
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carboxamide (2t); TLC: Rr= 0.30 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
white solid (mp: 123-124°C.); yield: 22%; 'H NMR (400 MHz, CDCl3): & 7.63 (d, J
= 8.4 Hz, 1H), 6.94-6.84 (m, 2H), 5.01 (dd, /= 20.0, 2.4 Hz, 1H), 4.25 (dd, J=7.6, 3.2
Hz, 1H), 4.13 (dd, J = 20.0, 2.4 Hz, 1H), 3.88 (s, 3H), 3.72 (dd, /= 16.8, 3.2 Hz, 1H),
3.20 (dd, J = 17.2, 7.6 Hz, 1H), 2.30 (t, J = 2.4 Hz, 1H), 1.50 (s, 9H); BC{'H}NMR
(101 MHz, CDCl3): 6 200.6, 168.9, 165.9, 158.3, 128.7,126.2,115.9,109.4, 81.5,72.2,
58.7, 55.8, 53.3, 34.9, 31.5, 28.8; HRMS (ESI, m/z): calcd. For C1sH22NO3" [M+H]":
300.1594, found: 300.1594.

Compound 2u (Fig. 2)
O O

NN

Bn

2u

N-benzyl-1-0xo-N-(prop-2-yn-1-yl)-1,2,3,4-tetrahydronaphthalene-2-
carboxamide (2u); TLC: Ry = 0.30 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
white solid (mp: 75-76°C.); yield: 40%; '"H NMR (400 MHz, CDCl3): 5 8.04 (t, J =
6.7 Hz, 1H), 7.53 — 7.22 (m, 8H), 5.32 (d, J = 15.1 Hz, 0.6H), 4.79 (q, J = 20.6 Hz
0.8H), 4.37—4.21 (m, 2H), 4.00 (dd, /= 12.2, 4.6 Hz, 0.6H), 3.85 — 3.78 (m, 1H), 3.14
—3.06 (m, 1.6H), 2.91 (ddd, /=16.5, 11.7, 4.4 Hz, 0.4H), 2.63 (dqd, J=23.7, 12.1, 5.0
Hz, 1H), 2.38 —2.24 (m, 2H); BC{'H}NMR (101 MHz, CDCl3): § 194.6 (194.3), 170.2
(170.6), 144.3 (144.1), 136.5(136.3), 134.1 (134.0), 132.0, 129.1 (128.9), 128.8 (129.0),
128.1 (127.8), 127.5 (127.9), 126.94 (126.92), 126.8, 78.9 (78.8), 72.9 (72.2), 52.2
(52.0), 48.8 (50.7), 36.7 (34.8), 28.5 (28.3), 26.6(26.7); HRMS (ESI, m/z): calcd. For
C21H20NO2" [M+H]": 318.1489, found: 318.1498.

Compound 2v (Fig. 2)

OON/\i

\

Bn

2v
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N-benzyl-5-0xo-N-(prop-2-yn-1-yl)-6,7,8,9-tetrahydro-5H-benzo[7]annulene-6-
carboxamide (2v); TLC: Ry = 0.30 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
white solid (mp: 96-97°C.); yield: 30%; '"H NMR (400 MHz, CDCl;): 6 7.72 (dd, J =
7.8, 1.5 Hz, 0.5H), 7.62 (dd, J = 7.7, 1.5 Hz, 0.5H), 7.50 — 7.14 (m, 8H), 5.15 (d, J =
15.1 Hz, 0.5H), 4.62 (s, 1H), 4.40 (d, J = 15.1 Hz, 0.5H), 4.34 (dd, J = 17.3, 2.5 Hz,
0.5H), 4.21 (dd, J = 17.4, 2.5 Hz, 0.5H), 4.13 — 4.09 (m, 1H), 3.92 (dd, J=11.3, 3.9
Hz, 0.5H), 3.75 (dd, J=18.7, 2.5 Hz,0.5H), 3.00 (dd, J = 8.1, 4.6 Hz, 1H), 2.93 — 2.89
(m, 1H), 2.30 — 1.72 (m, 5H).; BC{H}NMR (101 MHz, CDCl3): 5 202.4 (202.2),
170.7 (170.5), 141.0 (141.0), 138.3 (138.2), 136.6 (136.2), 132.7 (132.5), 129.9 (129.8),
129.1(128.9), 129.0 (128.8), 128.2 (127.0), 128.0 (127.6), 127.02 (126.98), 78.7 (78.5),
73.0 (72.3), 54.1 (54.0), 50.7 (48.7), 36.7 (34.9), 32.8 (32.7), 26.0 (25.8), 24.6 (24.5);
HRMS (ESI, m/z): calcd. For C1sH22NO3" [M+H]": 332.1645, found: 332.1655.

Compound 2w (Fig. 2)
0O

o
Br N HN—\\

5-bromo-1-0x0-N-(prop-2-yn-1-yl)-2,3-dihydro-1H-indene-2-carboxamide (2w);
TLC: Rr= 0.30 (petroleum ether /ethyl acetate = 3/1, v/v, UV); white solid (mp: 180-
181°C.); yield: 50%; "H NMR (400 MHz, CDCl3): § 7.70 (s, 1H), 7.62 — 7.52 (m, 2H),
7.33 (s, 1H), 4.19 —4.01(m, 2H), 3.78 (dd, J=17.9, 4.2 Hz, 1H), 3.57 (dd, /= 8.5, 4.1
Hz, 1H), 3.34 (dd, J = 17.9, 8.3 Hz, 1H), 2.25 (s, 1H); BC{'H}NMR (101 MHz,
CDCl3): 6201.8,165.9,155.8, 134.2,131.6, 131.6, 130.2, 125.7,79.3, 71.8, 52.8, 29.6,
28.4; HRMS (ESI, m/z): calcd. For CisHiiBrNO2" [M+H]": 291.9968, found:
291.9976.

Compound 2x (Fig. 2)

Jon =
Br
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prop-2-yn-1-yl 5-bromo-1-0x0-2,3-dihydro-1H-indene-2-carboxylate (2x); TLC:
Rr=0.30 (petroleum ether /ethyl acetate = 5/1, v/v, UV); white solid (mp: 119-120°C.);
yield: 45%; TH NMR (400 MHz, CDCls): § 7.69 (d, J = 1.5 Hz, 1H), 7.63-7.61 (m,
1H), 7.55 — 7.51 (m, 1H), 4.86 — 4.73 (m, 2H), 3.77 (dd, J = 8.3, 4.2 Hz, 1H), 3.59 —
3.54 (m, 1H), 3.38 (dd, J = 17.5, 8.3 Hz, 1H), 2.54-2.50 (m, 1H); BC{'H}NMR (101
MHz, CDCl3): & 197.6, 168.1, 155.0 (145.2), 134.1 (135.7), 131.8 (131.2), 130.0
(130.4),126.0 ( 128.3), 122.2 (124.4), 77.8, 75.6 (75.3), 53.3, 53.0 (51.8), 30.0 (32.5);
HRMS (ESI, m/z): calcd. For C13H10BrOs3" [M+H]": 292.9808, found: 292.9810.

Compound 4a (Fig. 3)

0O Ph
0] //
0/
Bn

4a

N-benzyl-5-bromo-1-ox0-N-(3-phenylprop-2-yn-1-yl)-2,3-dihydro-1H-indene-2-
carboxamide (4a); TLC: Ry = 0.60 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
white solid (mp: 79-80°C.); yield: 78%; Enol isomerization were observed by NMR;
'H NMR (400 MHz, CDCl3): 8 7.70 (dd, J = 19.5, 1.5 Hz, 1H), 7.62-7.49 (m, 2H),
7.42-7.26 (m, 10H), 5.35-5.22 (m, 1H), 5.11-4.93 (m, 1H), 6 4.54-4.34=8 (m, 2H), 4.17-
4.04 (m, 1H), 3.93-3.74 (m, 1H), 3.37-3.13 (m, 1H); BC{'H}NMR (101 MHz, CDCl):
5 200.6 (200.2), 167.9 (168.4), 156.4 (156.2), 136.61 (136.58), 134.2 (134.3), 131.8
(131.4),131.1(131.0), 130.0 (129.9), 128.8 (129.1), 128.5 (128.8), 128.3 (128.5), 128.1,
127.6 (127.9), 126.9, 125.7, 122.3 (122.8), 84.8 (84.5), 83.9 (84.0), 51.3 (49.6), 51.1
(50.9), 38.1 (36.4), 30.6 (30.8); HRMS (ESI, m/z): calcd. For C26H21BrNO2" [M+H]":
458.0751, found: 458.0750.

Compound 4b (Fig. 3)

@5%/

4b

N-benzyl-6-bromo-1-oxo-N-(3-phenylprop-2-yn-1-yl)-2,3-dihydro-1H-indene-2-

24



carboxamide (4b); TLC: Rr= 0.50 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
yellow oil; yield: 31%; Enol isomerization were observed by NMR; 'TH NMR (400
MHz, CDCl): 6 7.86 (dd, J=9.6, 1.9 Hz, 1H), 7.73-7.67 (m, 1H), 7.42-7.26 (m, 1 1H),
5.34-5.22 (m, 1H), 5.01-4.93 (m, 1H), 4.54-4.40 (m, 2H), 4.18-4.09 (m, 1H), 3.87-3.69
(m, 1H), 3.33-3.09 (m, 1H); BC{'"H}NMR (101 MHz, CDCls): 5 200.4 (200.0), 167.8
(168.4), 153.5(153.2), 138.2 (138.1), 137.1 (137.2), 136.6, 131.8, 128.8 (129.1), 128.8
(128.4),128.5(128.3), 128.2 (128.1), 128.0 (127.4), 127.6 (127.9), 126.9 (127.4), 122.3
(122.7), 121.8, 84.8 (84.5), 83.9(83.9),51.5 (49.6), 51.4 (50.9), 38.1 (36.4), 30.5 (30.8);
HRMS (ESI, m/z): caled. For CosH21BrNO2" [M+H]": 458.0751, found: 458.0753.

Compound 4c (Fig. 3)

O o Ph
o4/

Bn/

4c

N-benzyl-1-0x0-N-(3-phenylprop-2-yn-1-yl)-2,3-dihydro-1H-indene-2-
carboxamide (4c); TLC: Rr= 0.50 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
white solid (mp: 76-77°C.); yield: 39%; Enol isomerization were observed by NMR;
"H NMR (400 MHz, CDCl5): 6 7.76 (t,J = 8.3 Hz, 1H), 7.61 (dt,J=11.8, 7.4 Hz, 1H),
7.51 (dd, J=19.5, 7.7 Hz, 1H), 7.43-7.26 (m, 11H), 5.37-5.25 (m, 1H), 5.15-4.95 (m,
1H), 4.56-4.38-4.34 (m, 2H), 4.20-4.05 (m, 1H), 3.95-3.76 (m, 1H), 3.40-3.16 (m, 1H);
BC{'TH}NMR (101 MHz, CDCl3): 5 201.9 (201.5), 168.4 (168.9), 154.9 (154.6),
136.68 (136.71), 135.5, 135.4 (135.3), 131.83 (131.82), 128.8 (129.0), 128.7 (128.4),
128.5(128.3), 128.0 (127.7), 127.6 (127.8), 126.9, 126.7 (126.6), 124.6, 122.4 (122.8),
84.6 (84.4),84.0 (84.1),51.2 (49.5), 51.1 (50.9), 38.1 (36.3), 30.8 (31.1); HRMS (ESI,
m/z): calcd. For CosH22NO2" [M+H]": 380.1646, found: 380.1648.

Compound 4d (Fig. 3)

MeO O Ph
e 0 //
o</
Bn

4d
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N-benzyl-6-methoxy-1-0xo0-N-(3-phenylprop-2-yn-1-yl)-2,3-dihydro-1H-indene-2-
carboxamide (4d); TLC: Ry = 0.40 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
yellow oi; yield: 81%; Enol isomerization were observed by NMR; 'H NMR (400 MHz,
CDCl3): 6 7.42-7.22 (m, 11H), 7.18 (td, J = 9.4, 2.9 Hz, 2H), 5.34-5.23 (m, 1H), 5.12-
4.94 (m, 1H), 4.56-4.39-4.37 (m, 2H), 4.16 (d, J = 19.0 Hz, 0.6H), 4.08 (dd, J = 7.7,
3.5 Hz, 0.4H), 3.82 (d, J = 7.4 Hz, 3.4H), 3.72-3.59 (m, 0.6H), 3.32-3.08 (m, 1H);
BC{'TH}NMR (101 MHz, CDCl;): 5 201.8 (201.4), 168.4 (169.0), 159.66 (159.65),
147.9 (147.6), 136.72 (136.70), 136.5 (136.6), 131.83 (131.82), 128.8 (129.0), 128.7
(128.4), 128.5(128.3), 128.0 (127.0), 127.5 (127.8), 127.3 (127.2), 125.0 (124.9), 122.4
(122.8), 105.6, 84.6 (84.4), 84.0 (84.1), 55.7,51.9 (49.5), 51.8 (50.91, 38.1 (36.3), 30.2
(30.5); HRMS (ESI, m/z): calcd. For C27H24NO3" [M+H]": 410.1751, found: 410.1752.

Compound 4e (Fig. 3)

O Ph
oy

4e

N-benzyl-5-methoxy-1-0x0-N-(3-phenylprop-2-yn-1-yl)-2,3-dihydro-1H-indene-2-
carboxamide (4e); TLC: Rr= 0.30 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
yellow oil; yield: 95%; Enol isomerization were observed by NMR; 'TH NMR (400
MHz, CDCl3): 6 7.67 (t,J = 8.8 Hz, 1H), 7.42-7.39 (m, 3H), 7.36-7.31 (m, 5H), 7.30-
7.26 (m, 2H), 6.95-6.88 (m, 2H), 5.41-5.25 (m, 1H), 5.21-4.94 (m, 1H), 4.55-4.37 (m,
2H), 4.17-4.04 (m, 1H), 3.87 (d, J=11.6 Hz, 3.6H), 3.74 (dd, J = 16.8, 3.6 Hz, 0.4H),
3.32-3.09 (m, 1H); BC{'H}NMR (101 MHz, CDCl3): 5 199.8 (199.4), 168.6 (169.1),
166.0 (165.9), 158.0 (157.8), 136.8 (136.7), 131.8, 128.7 (128.9), 128.7 (128.6), 128.5
(128.3), 128.4 (128.3), 128.0 (126.9), 127.5 (127.7), 126.20 (126.18), 122.4 (122.8),
116.0(115.9), 109.52 (109.49), 84.5 (84.3), 84.2, 55.78 (55.76),51.3 (49.4), 51.2 (50.9),
38.0(36.3),30.8 (31.1); HRMS (ESI, m/z): calcd. For C27H24NO3" [M+H]": 410.1751,
found: 410.1755.

Compound 4f (Fig. 3)
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N-benzyl-5-bromo-N-(3-(4-fluorophenyl)prop-2-yn-1-yl)-1-oxo-2,3-dihydro-1H-
indene-2-carboxamide (4f); TLC: Ry= 0.50 (petroleum ether /ethyl acetate = 5/1, v/v,
UV); white solid (mp: 94-95°C.); yield: 53%; Enol isomerization were observed by
NMR; 'H NMR (400 MHz, CDCl3): § 7.69 (d, J = 19.3 Hz, 1H), 7.59 (t, J = 8.8 Hz,
1H), 7.51 (t, J=9.0 Hz, 1H), 7.43 — 7.24 (m, 7H), 7.03 — 6.95 (m, 2H), 5.36-5.18 (m,
1H), 5.09-4.90 (m, 1H), 4.51 (d,J=5.4 Hz, 1H), 4.43 (d, J=15.1 Hz, 0.4H), 4.36 (dd,
J=1.9, 3.6 Hz, 0.6H), 4.15 (d, J = 19.0 Hz, 0.6H), 4.05 (dd, J = 7.9, 3.6 Hz, 0.4H),
3.92-3.74 (m, 1H), 3.36-3.12 (m, 1H); BC{'H}NMR (101 MHz, CDCl3): 5 200.6
(200.2), 167.9 (168.4), 163.9 (d, J = 18.2 Hz) [161.5 (d, J = 17.5 Hz)], 156.4 (156.2),
136.6, 134.15 (134.23), 133.8 (d, /= 2.5 Hz) [133.7 (d, /= 2.4 Hz)], 131.43 (131.41),
131.1(131.0), 130.0(129.9), 128.8 (129.1), 128.1 (126.8), 127.7 (127.9), 125.7 (125.7),
118.4 (d, J=3.7 Hz) [118.8 (d, J = 3.6 Hz)], 115.7 (t, /= 21.9 Hz), 83.7 (83.6), 83.6
(83.3), 51.2 (49.6), 51.1 (51.0), 38.0 (36.4), 30.6 (30.8); YFNMR (376 MHz,
Chloroform-d): & -110.1 (-110.8); HRMS (ESI, m/z): calcd. For C26H20BrFNO2"
[M+H]": 476.0656, found: 476.0658.

Compound 4g (Fig. 3)

Cl
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N-benzyl-5-bromo-N-(3-(4-chlorophenyl)prop-2-yn-1-yl)-1-0x0-2,3-dihydro-1H-
indene-2-carboxamide (4g); TLC: R/=0.50 (petroleum ether /ethyl acetate = 5/1, v/v,
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UV); white solid (mp: 111-112°C.); yield: 46%; Enol isomerization were observed by
NMR; 'H NMR (400 MHz, CDCl3): § 7.71 (d, J = 19.1 Hz, 1H), 7.65-7.49 (m, 2H),
7.43-7.23 (m, 9H), 5.37-5.19 (m, 1H), 5.11-4.90 (m, 1H), 4.53 (d, J=3.7 Hz, 1H), 4.43
(d, J=15.1 Hz, 0.5H), 4.37 (dd, J= 7.9, 3.6 Hz, 0.5H), 4.17 (d, J = 19.1 Hz, 0.5H),
4.07 (dd, J=17.9, 3.7 Hz, 0.5H), 3.94-3.76 (m, 1H), 3.37-3.14 (m, 1H); BC{'H}NMR
(101 MHz, CDCl3): 6 200.6 (200.2), 167.9 (168.4), 156.4 (156.2), 136.5, 134.9 (134.5),
134.1 (134.2), 133.1, 131.47 (131.45), 131.2 (131.0), 130.0 (129.9), 128.9 (129.1),
128.9 (128.7), 128.1 (126.8), 127.7 (128.0), 125.77 (125.75), 120.8 (121.2), 84.9 (85.1),
83.7,(83.3),51.2(49.7),51.1 (51.1), 38.1 (36.5), 30.6 (30.8); HRMS (ESI, m/z): calcd.
For C26H20BrCINO2" [M+H]"™: 492.0361, found: 492.0363.

Compound 4h (Fig. 3)

Br
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o</
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N-benzyl-5-bromo-N-(3-(4-bromophenyl)prop-2-yn-1-yl)-1-oxo0-2,3-dihydro-1H-
indene-2-carboxamide (4h); TLC: Ry=0.50 (petroleum ether /ethyl acetate = 5/1, v/v,
UV); white solid (mp: 113-114°C.); yield: 29%; Enol isomerization were observed by
NMR; 'H NMR (400 MHz, CDCl3): 6 7.69 (d, J = 19.1 Hz, 1H), 7.59 (t, J = 8.5 Hz,
1H), 7.51 (t,J=8.8 Hz, 1H), 7.48-7.21 (m, 8H), 7.18 (d, /= 8.5 Hz, 1H), 5.36-5.18 (m,
1H), 5.09-4.89 (dd, J = 63.8, 18.2 Hz, 1H), 4.51 (d, J=2.7 Hz, 1H), 4.42 (d, J=15.2
Hz, 0.5H), 4.35 (dd, J= 7.8, 3.7 Hz, 0.5H), 4.15 (d, J = 19.1 Hz, 0.5H), 4.05 (dd, J =
7.8, 3.6 Hz, 0.5H), 3.92-3.74 (m , 1H), 3.36-3.13 (m, 1H); BC{'H}NMR (101 MHz,
CDCl): 6 200.6 (200.2), 167.8 (168.4), 156.4 (156.2), 136.5, 134.2 (134.1), 133.30
(133.27), 131.8 (131.6), 131.5 (131.4), 131.2 (131.0), 130.0 (129.9), 128.9 (129.1),
128.1 (126.8), 127.7 (128.0), 125.8 (125.7), 123.1 (122.7), 121.2 (121.7), 85.1 (85.3),
83.7(83.4),51.2(49.7),51.1 (51.1), 38.1 (36.5), 30.6 (30.8); HRMS (ESI, m/z): calcd.
For C26H20BraNO2" [M+H]": 537.9835, found: 537.9838.
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Compound 4i (Fig. 3)
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N-benzyl-5-bromo-1-oxo-N-(3-(p-tolyl)prop-2-yn-1-yl)-2,3-dihydro-1H-indene-2-
carboxamide (4i); TLC: Rr= 0.60 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
white solid (mp: 120-121°C.); yield: 71%; Enol isomerization were observed by NMR;
'TH NMR (400 MHz, CDCls): § 7.69 (d, J=19.5 Hz, 1H), 7.59 (t,J= 8.6 Hz, 1H), 7.51
(t, J=9.0 Hz, 1H), 7.45-7.21 (m, 7H), 7.11 (dd, J = 17.1, 7.9 Hz, 2H), 534-5.22 (m,
1H), 5.10-5.94 (m, 1H), 4.53 (d, /= 2.3 Hz, 1H), 4.45-4.36 (m, 1H), 4.22-4.00 (m, 1H),
3.92-3.73 (m, 1H), 3.36-3.11 (m, 1H), 2.35 (d, J = 8.6 Hz, 3H); BC{'H}NMR (101
MHz, CDCl3): 6 200.6 (200.2), 167.9 (168.4), 156.4 (156.2), 139.0 (138.5), 136.6
(136.6), 134.2 (134.3), 131.70 (131.71), 131.4, 131.0 (130.9), 130.0 (129.9), 129.2
(129.1), 128.8 (129.0), 128.0 (126.9), 127.6 (127.8), 125.71 (125.69), 119.2 (119.6),
84.9 (84.6), 83.15 (83.17), 51.2 (49.5), 51.1 (50.8), 38.1 (36.4), 30.6 (30.8), 21.59
(21.56); HRMS (ESI, m/z): calcd. For C27H2sBrNO2" [M+H]": 472.0907, found:
472.0908.

Compound 4j (Fig. 3)

Bu
O
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N-benzyl-5-bromo-N-(3-(4-(tert-butyl)phenyl)prop-2-yn-1-yl)-1-0x0-2,3-dihydro-
1H-indene-2-carboxamide (4j); TLC: R/= 0.50 (petroleum ether /ethyl acetate = 5/1,

v/v, UV); white solid (mp: 91-92°C.); yield: 40%; Enol isomerization were observed
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by NMR; 'H NMR (400 MHz, CDCl3): § 7.73-7.65 (m, 1H), 7.60 (t, J= 8.5 Hz, 2H),
7.56-7.48 (m, 1H), 7.45-7.25 (m, 9H), 5.34-5.22 (m, 1H), 5.10-4.94 (m, 1H), 4.54 (d, J
=3.4 Hz, 1H), 4.46-4.36 (m, 1H), 4.21-4.00 (m, 1H), 3.92-3.74 (m, 1H), 3.36-3.12 (m,
1H), 1.31 (d, J=5.1 Hz, 9H); BC{'H}NMR (101 MHz, CDCl3):  200.7 (200.2), 168.0
(168.4), 156.5 (156.2), 152.2 (151.7), 136.6 (136.7), 134.2 (134.3), 131.6, 131.4, 131.1
(130.9),130.0(129.9), 128.8 (129.1), 128.1 (126.9), 127.6 (127.9), 125.8, 125.5 (125.3),
119.3 (119.7), 84.9 (84.7), 83.2, 51.3 (49.6), 51.2 (50.8), 38.2 (36.5), 34.93 (34.87),
31.3, 30.6 (30.8); HRMS (ESI, m/z): calcd. For C30H20BrNO2" [M+H]": 514.1377,
found: 514.1379.

Compound 4k (Fig. 3)
OMe
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Jon=a/
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4k

N-benzyl-5-bromo-N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-1-oxo-2,3-dihydro-
1H-indene-2-carboxamide (4k); TLC: Ry= 0.50 (petroleum ether /ethyl acetate = 5/1,
v/v, UV); white solid (mp: 86-87°C.); yield: 33%; Enol isomerization were observed
by NMR; 'H NMR (400 MHz, CDCl;3): 6 7.70 (d,J= 19.8 Hz, 1H), 7.66-7.58 (m, 1H),
7.53 (t,J = 8.8 Hz, 1H), 7.46-7.26 (m, 7H), 6.85 (dd, J = 15.8, 8.8 Hz, 2H), 5.36-5.23
(m, 1H), 5.10-4.95 (m, 1H), 4.54 (s, 1H), 4.48-4.37 (m, 1H), 4.21-4.04 (m, 1H), 3.99-
3.67 (m, 4H), 3.38-3.13 (m 1H); BC{'H}NMR (101 MHz, CDCls): 5 200.6 (200.2),
168.0 (168.4), 160.0 (159.7), 156.4 (156.2), 136.65 (136.68), 134.2 (134.3), 133.3,
131.4,131.0(130.9), 130.0 (129.9), 128.8 (129.0), 128.0 (126.9), 127.6 (127.8), 125.72
(125.70), 114.3 (114.8), 114.1 (113.9), 84.7 (84.4), 82.5, 55.41 (55.37), 51.2 (49.6),
51.1 (50.9), 38.2 (36.5), 30.6 (30.8); HRMS (ESI, m/z): calcd. For C27H23BrNO3"
[M+H]": 488.0856, found: 488.0858.

Compound 41 (Fig. 3)

30



OCF;

0O

o</

Br Bn/N

4]
N-benzyl-5-bromo-1-o0x0-N-(3-(4-(trifluoromethoxy)phenyl)prop-2-yn-1-yl)-2,3-
dihydro-1H-indene-2-carboxamide (41); TLC: Ry = 0.50 (petroleum ether /ethyl
acetate = 5/1, v/v, UV); white solid (mp: 96-97°C.); yield: 32%; Enol isomerization
were observed by NMR; 'TH NMR (400 MHz, CDCl3): & 7.69 (d, J = 19.0 Hz, 1H),
7.64-7.48 (m, 2H), 7.45-7.24 (m, 7H), 7.15 (dd, J = 18.2, 8.2 Hz, 2H), 5.37-5.17 (m,
1H), 5.13-4.87 (m, 1H), 4.52 (d, J= 6.5 Hz, 1H), 4.44 (d, J=15.1 Hz, 0.5H), 4.36 (dd,
J=1.9,3.6 Hz, 0.5H), 4.17 (d, J = 19.1 Hz, 0.5H), 4.06 (dd, J = 7.9, 3.7 Hz, 0.5H),
3.93-3.75 (m, 1H), 3.36-3.13 (m, 1H); BC{'H}NMR (101 MHz, CDCl): 5 200.6
(200.2), 167.8 (168.4), 156.4 (156.2), 149.3 (149.1), 136.5, 134.1 (134.2), 133.42
(133.39), 131.48 (131.46), 131.2 (131.1), 130.0 (129.9), 128.9 (129.1), 128.1 (126.8),
127.7 (128.0), 125.78 (125.75), 121.1 (121.5), 121.0 (120.9), 120.5 (q, J = 258.9 Hz),
84.9 (85.0), 83.4 (83.0), 51.2 (49.7), 51.12 (51.08), 38.0 (36.5), 30.6 (30.8); PFNMR
(376 MHz, Chloroform-d): 5 -57.8; HRMS (ESI, m/z): calcd. For C27H20BrFsNO3"
[M+H]": 542.0574, found: 5542.0576.

Compound 4m (Fig. 3)

Ph
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N-(3-([1,1'-biphenyl]-4-yl)prop-2-yn-1-yl)-N-benzyl-5-bromo-1-oxo-2,3-dihydro-
1H-indene-2-carboxamide (4m); TLC: Ry= 0.30 (petroleum ether /ethyl acetate = 5/1,
v/v, UV); white solid (mp: 148-149°C.); yield: 63%; Enol isomerization were observed
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by NMR; 'H NMR (400 MHz, CDCl;): 6 7.70 (d, J = 20.4 Hz, 1H), 7.65-7.50 (m, 6H),
7.50-7.26 (m, 10H), 5.37-5.24 (m, 1H), 5.14-4.96 (m, 1H), 4.57 (s, 1H), 4.50-4.37 (m,
1H), 4.24-4.03 (m, 1H), 3.94-3.76 (m, 1H), 3.38-3.13 (m, 1H); BC{'H}NMR (101
MHz, CDCl3): 6 200.6 (200.2), 167.9 (168.4), 156.4 (156.2), 141.5 (141.1), 140.2
(140.4), 136.57 (136.59), 134.16 (134.24), 132.3, 131.39 (131.38), 131.1 (130.9), 130.0
(129.9), 129.0 (129.1), 128.8 (128.9), 128.0 (127.9), 127.6 (127.7), 127.14 (127.09),
127.1, 127.0 (126.9), 125.7 (125.7), 121.1 (121.6), 84.6 (84.5), 84.3, 51.2 (49.6), 51.1
(50.9), 38.1 (36.5), 30.6 (30.8); HRMS (ESI, m/z): calcd. For C32H2sBrNO2" [M+H]":
534.1064, found: 534.1065.

Compound 4n (Fig. 3)
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N-benzyl-5-bromo-N-(3-(4-(hydroxymethyl)phenyl)prop-2-yn-1-yl)-1-oxo-2,3-
dihydro-1H-indene-2-carboxamide (4n); TLC: Ry = 0.30 (petroleum ether /ethyl
acetate = 2/1, v/v, UV); white solid (mp: 125-126°C.); yield: 35%; Enol isomerization
were observed by NMR; 'H NMR (400 MHz, CDCL3): & 7.68 (d, J = 18.7 Hz, 1H),
7.59 (t,J=9.1 Hz, 1H), 7.51 (t, J=9.2 Hz, 1H), 7.43-7.22 (m, 9H), 5.34-5.20 (m, 1H),
5.09-4.92 (m, 1H), 4.75-4.49 (m, 3H), 4.44-4.34 (m, 1H), 4.15 (d, /= 19.0 Hz, 0.5H),
4.05 (dd, J = 7.9, 3.7 Hz, 0.5H), 3.90-3.72 (m, 1H), 3.36-3.11 (m, 1H), 2.06 (s, 1H);
BC{TH}NMR (101 MHz, CDCl3): 5 200.7 (200.3), 168.0 ( 168.5), 156.4 (156.2), 141.8
(141.4), 136.51 (136.49), 134.2 (134.1), 131.96 (131.95), 131.42 (131.41), 131.1
(131.0), 130.0 (129.9), 128.8 ( 129.1), 128.0, 127.6 (127.9), 126.9 (126.7), 125.73
(125.71), 121.3 (121.8), 84.6 (84.3), 83.8 (83.9), 64.8 (64.9), 51.2 (51.1), 49. (51.0),
38.1 (36.5), 30.5 (30.8); HRMS (ESI, m/z): calcd. For C27H23BrNO3" [M+H]":
488.0856, found: 488.0859.
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Compound 4o (Fig. 3)
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N-benzyl-5-bromo-N-(3-(2-methoxyphenyl)prop-2-yn-1-yl)-1-oxo-2,3-dihydro-
1H-indene-2-carboxamide (40); TLC: Rr= 0.50 (petroleum ether /ethyl acetate = 5/1,
v/v, UV); white solid (mp: 46-47°C.); yield: 89%; Enol isomerization were observed
by NMR; 'H NMR (400 MHz, CDCl3): 5 7.68 (d, J=20.9 Hz, 1H), 7.63-7.54 (m, 1H),
7.55-7.45 (m, 1H), 7.45-7.20 (m, 7H), 6.95-6.82 (m, 2H), 5.33-5.26 (m, 1H), 5.13-5.01
(m, 1H), 4.59 (d, J = 5.8 Hz, 1H), 4.50-4.37 (m, 1H), 4.23-4.02 (m, 1H), 3.95-3.69 (m,
4H), 3.36-3.10 (m, 1H); BC{'H}NMR (101 MHz, CDCl3): & 200.7 (200.2), 168.1
(168.4), 160.3, 156.4 (156.2), 136.6 (136.7), 134.2 (134.3), 133.7 (133.8), 131.4, 131.0
(130.9),130.2,129.9 (129.9), 128.8 (129.0), 128.0 (127.1), 127.5 (127.8), 125.7 (125.7),
120.6 (120.4), 111.5(111.9),110.72 (110.67), 87.92 (87.88), 81.3 (81.2), 55.80 (55.78),
51.3 (49.5), 51.1 (50.6), 38.4 (36.5), 30.6 (30.8); HRMS (ESI, m/z): calcd. For
C27H23BrNOs* [M+H]": 488.0856, found: 488.0853.

Compound 4p (Fig. 3)

O
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4p

N-(3-([1,1'-biphenyl]-2-yl)prop-2-yn-1-yl)-N-benzyl-5-bromo-1-oxo-2,3-dihydro-

1H-indene-2-carboxamide (4p); TLC: Ry= 0.60 (petroleum ether /ethyl acetate = 5/1,
v/v, UV); white solid (mp: 42-43°C.); yield: 60%; Enol isomerization were observed
by NMR; '"H NMR (400 MHz, CDCl3): 6 7.68 (dd, J= 5.0, 1.5 Hz, 1H), 7.61-7.46 (m,
5H), 7.46-7.16 (m, 11H), 5.14 (d, J=15.2 Hz, 0.7H), 5.05 (d, J=17.1 Hz, 0.3H), 4.97
(dd, J=19.1, 1.2 Hz, 0.7H), 4.69 (d, J = 17.1 Hz, 0.3H), 4.46 (d, J = 17.5 Hz, 0.3H),
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433 (d,J=17.5 Hz, 0.3H), 4.16 (d, J= 15.2 Hz, 0.7H), 4.09-3.93 (m, 1.7H), 3.76-3.69
(m, 1H), 3.17-2.93 (m, 1H); BC{'H}NMR (101 MHz, CDCls): § 200.7 (200.1), 167.8
(168.3), 156.5 (156.2), 144.5 (144.2), 140.6(140.7), 136.6 (136.5), 134.2 (134.3), 133.1
(133.4), 131.3 (131.4), 131.0 (130.9), 129.93 (129.91), 129.7 (129.6), 129.3 (129.4),
129.1 (129.0), 128.7 (128.8), 128.1 (128.2), 128.0 (127.8), 127.7 (127.), 127.5 (127.3),
127.1 (126.9), 125.68 (125.72), 120.7 (121.1), 86.83 (86.76), 84.4 (84.1), 51.2 (51.0),
49.5 (50.5), 38.0 (36.1), 30.4 (30.8); HRMS (ESIL, m/z): calcd. For C3:HasBrNO,'
[M+H]": 534.1064, found: 534.1065.

Compound 4q (Fig. 3)
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N-benzyl-N-(3-(2-benzylphenyl)prop-2-yn-1-yl)-5-bromo-1-0x0-2,3-dihydro-1H-
indene-2-carboxamide (4q); TLC: Ry = 0.50 (petroleum ether /ethyl acetate = 10/1,
v/v, UV); white solid (mp: 79-80°C.); yield: 54%; Enol isomerization were observed
by NMR; 'H NMR (400 MHz, CDCl3): 6 7.67 (d, J= 6.7 Hz, 1H), 7.63-7.47 (m, 2H),
7.44-7.08 (m, 14H), 5.20-5.05 (m, 1.5H), 4.85 (d, J=17.2 Hz, 0.5H), 4.53 (q, /=174
Hz, 1H), 4.30 (d, J = 15.1 Hz, 0.6H), 4.21 (dd, J = 7.8, 3.6 Hz, 0.6H), 4.17-4.07 (m,
2.4H), 4.03 (dd, J=17.9, 3.6 Hz, 0.4H), 3.83-3.70 (m, 1H), 3.13 (dt, J=17.1, 8.2 Hz,
1H); BC{'H}NMR (101 MHz, CDCl3): § 168.4 (167.8), 156.2 (156.5), 143.2 (143.0),
140.4 (140.6), 136.6 (136.5), 134.2 (134.3), 132.7 (132.6), 131.4, 131.1 (130.9), 129.9
(130.0), 129.5, 129.1, 128.8, 128.7, 128.54 (128.50), 128.0, 127.9 (127.6), 126.9, 126.5
(126.2), 126.2 (126.1), 125.73 (125.72), 122.6 (122.2), 87.9, 83.6 (83.3), 51.2 (51.1),
49.6 (50.8), 40.4 (40.2), 38.1 (36.4), 30.5 (30.8); HRMS (ESI, m/z): calcd. For
C33H27BrNO2" [M+H]": 548.1220, found: 548.1222.

Compound 4r (Fig. 3)
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N-benzyl-5-bromo-N-(3-(2-(tert-butyl)phenyl)prop-2-yn-1-yl)-1-0xo0-2,3-dihydro-
1H-indene-2-carboxamide (4r); TLC: Rr= 0.50 (petroleum ether /ethyl acetate = 5/1,
v/v, UV); yellow oil; yield: 30%; Enol isomerization were observed by NMR; 'H NMR
(400 MHz, Chloroform-d) 6 7.72 — 7.68 (m, 1H), 7.63- 7.58(m, 1H), 7.56-7.49 (m,
1H), 7.43 — 7.22 (m, 8H), 7.17 — 7.09 (m, 1H), 5.35 (dd, /= 16.2, 4.1 Hz, 1H), 5.20 —
5.14 (m, 0.6H), 4.98 — 4.94 (m, 0.4H), 4.66 (d, /J=17.4 Hz, 0.4H), 4.51 (d, J=20.0 Hz,
0.4H), 4.45 — 4.41 (m, 0.7H), 4.33 (d, /= 15.2 Hz, 0.6H), 4.18 (d, J = 19.1 Hz,0.6H),
4.07 (dd, J=17.9, 3.6 Hz, 0.3H), 3.90 (dd, J = 17.3, 3.6 Hz, 0.6H), 3.78 (dd, J = 17.3,
3.6 Hz, 0.4H), 3.30 (dd, /= 17.3, 7.8 Hz, 0.6H), 3.17 (dd, J=17.1, 7.8 Hz, 0.4H), 1.48
(d, J=7.9 Hz, 9H); BC{'H}NMR (101 MHz, CDCl3): § 200.6 (200.1), 167.9 (168.3),
156.5 (156.2), 151.66 (151.73), 136.6 (136.5), 135.55 (135.64), 134.1 (134.3), 131.5
(131.4), 131.2 (130.9), 130.0 (129.9), 129.1 (128.87), 128.89 (128.5), 128.0, 127.7
(127.9), 126.8, 125.76 (125.79), 125.6 (125.7), 120.5 (121.0), 89.5 (89.6), 86.2 (85.6),
51.2 (49.6), 51.1 (50.9), 38.3 (36.6), 35.9, 30.5 (30.8), 30.1; HRMS (ESI, m/z): calcd.
For C30H20BrNO2" [M+H]": 514.1376, found: 514.1380.

Compound 4s (Fig. 3)
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N-benzyl-5-bromo-1-o0x0-N-(3-(m-tolyl)prop-2-yn-1-yl)-2,3-dihydro-1H-indene-2-
carboxamide (4s); TLC: Ry = 0.50 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
yellow oil; yield: 23%; Enol isomerization were observed by NMR; "TH NMR (400
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MHz, Chloroform-d) & 7.69 (d, J = 21.0 Hz, 1H), 7.65-7.47 (m, 2H), 7.47-7.26 (m,
5H), 7.28-7.08 (m, 4H), 5.35-5.22 (m, 1H), 5.14-4.90 (m, 1H), 4.65-4.27 (m, 2H), 4.14
(d, J=19.0 Hz, 0.6H), 4.05 (dd, J = 7.9, 3.7 Hz, 0.4H), 3.93-3.74 (m, 1H), 3.37-3.12
(m, 1H), 2.32 (d, /= 12.0 Hz, 3H); 3C{'H}NMR (101 MHz, CDCl;): 5 200.6 (200.2),
167.9 (168.4), 156.5 (156.2), 138.2 (138.0), 136.6 (136.7), 134.2 ( 134.3), 132.4 (132.5),
131.4, 131.1 (131.0), 130.0 (129.9), 129.7 (129.4), 128.9 (129.1), 128.8 (128.4), 128.1
(128.2), 127.9 (127.6), 126.9, 125.76 (125.75), 122.6 (122.1), 85.0 (84.7), 83.5 (83.6),
51.3 (51.2), 50.9 (49.6), 38.1 (36.5), 30.6 (30.8), 21.33 (21.30); HRMS (ESI, m/z):
calcd. For C27H23BrNO2" [M+H]": 472.0907, found: 472.09009.

Compound 4t (Fig. 3)
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N-benzyl-5-bromo-N-(3-(3,5-dimethylphenyl)prop-2-yn-1-yl)-1-0xo0-2,3-dihydro-
1H-indene-2-carboxamide (4t); TLC: Ry=0.50 (petroleum ether /ethyl acetate = 10/1,
v/v, UV); white solid (mp: 101-102°C.); yield: 48%; Enol isomerization were observed
by NMR; 'H NMR (400 MHz, CDCl;): 6 7.69 (d, J = 19.6 Hz, 1H), 7.60 (t, J = 8.2
Hz, 1H), 7.55-7.47 (m, 1H), 7.45-7.24 (m, 5H), 7.13-6.89 (m, 3H), 5.34-5.23 (m, 1H),
5.09-4.93 (m, 1H), 4.60-4.29 (m, 2H), 4.21-4.00 (m, 1H), 3.95-3.63 (m, 1H), 3.36-3.12
(m, 1H), 2.28 (d, J = 12.0 Hz, 6H); BC{'H}NMR (101 MHz, CDCl3): 5 200.6 (200.2),
167.9 (168.4), 156.5 (156.2), 138.1 (137.9), 136.6 (136.7), 134.2 (134.3), 131.4, 131.1
(130.9), 130.7 (130.3), 130.0 (129.9), 129.5 ( 128.8), 128.0 ( 129.1), 127.8 (127.6),
126.9, 125.73 (125.71), 121.9 (122.3), 85.1 (84.9), 83.2 (83.1), 51.2 (51.1),49.5 (50.8),
38.1 (36.4), 30.6 (30.8), 21.20 (21.17); HRMS (ESI, m/z): calcd. For C2sH2sBrNO2"
[M+H]": 486.1064, found: 486.1066.

Compound 4u (Fig. 3)
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N-benzyl-N-(3-(4-bromophenyl)prop-2-yn-1-yl)-1-0xo0-2,3-dihydro-1H-indene-2-
carboxamide (4u); TLC: Rr= 0.50 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
white solid (mp: 102-103°C.); yield: 58%; Enol isomerization were observed by NMR;
'"H NMR (400 MHz, CDCl3): § 7.75 (t, J= 8.3 Hz, 1H), 7.65-7.58 (m, 1H), 7.55-7.12
(m, 11H), 5.36 (d, J=17.3 Hz, 0.5H), 5.22 (d, /= 15.2 Hz, 0.5H), 5.11 (dd, J = 19.0,
1.3 Hz, 0.5H), 4.92 (d, J = 17.2 Hz, 0.5H), 4.52 (s, 1H), 4.43 (d, J = 15.2 Hz, 0.5H),
4.36 (dd,J=17.8,3.7 Hz, 0.5H), 4.16 (d, J=19.0 Hz, 0.5H), 4.05 (d, /= 3.8 Hz, 0.5H),
3.95-3.77 (m, 1H), 3.39-3.17 (m, 1H); BC{'H}NMR (101 MHz, CDCl;): § 201.8
(201.5), 168.3 (168.9), 154.9 (154.7), 136.6 (136.7), 135.6 (135.5), 135.3 (135.4),
133.28 (133.31), 131.8 (131.6), 128.8 (129.1), 128.1 (127.8), 127.7 (127.9), 126.9
(127.6), 126.7 (126.6), 124.63 (124.62), 123.1 (122.7), 121.8, (121.3), 85.3 (85.4), 83.6
(83.3),51.2(51.1),49.6 (51.1), 38.1 (36.4), 30.8 (31.1); HRMS (ESI, m/z): calcd. For
C26H21BrNO2" [M+H]": 458.0751, found: 458.0752.

Compound 4v (Fig. 3)
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N-benzyl-5-bromo-1-o0x0-N-(3-(pyridin-3-yl)prop-2-yn-1-yl)-2,3-dihydro-1H-

indene-2-carboxamide (4v); TLC: Ry= 0.30 (petroleum ether /ethyl acetate =2/1, v/v,
UV); yellow solid (mp: 98-99°C.); yield: 25%; Enol isomerization were observed by
NMR; 'H NMR (400 MHz, CDCls): 3 8.55 (t, J = 21.0 Hz, 2H), 7.75-7.46 (m, 4H),
7.45-7.17 (m, 6H), 5.35 (d, J=17.3 Hz, 0.5H), 5.24-5.06 (m, 1H), 4.90 (d, /= 17.3 Hz,
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0.5H), 4.53 (s, 1H), 4.46 (d,J = 15.1 Hz, 0.5H), 4.35 (dd, J = 7.8, 3.6 Hz, 0.5H), 4.19
(d, J=19.0 Hz, 0.5H), 4.07 (dd, J = 7.9, 3.6 Hz, 0.5H), 3.93-3.75 (m, 1H), 3.37-3.14
(m, 1H); BC{'H}NMR (101 MHz, CDCL): 5 200.5 (200.1), 167.8 (168.4), 156.4
(156.2), 152.44 (152.41), 149.1 (148.7), 138.88 (138.85), 136.44 (136.37), 134.2
(134.1), 131.48 (131.45), 131.2 (131.1), 130.0 (129.9), 128.9 (129.1), 128.1, 128.0
(127.7), 125.8 (125.7), 126.8, 123.2 (123.1), 87.7 (87.5), 81.5 (81.0), 51.2, 51.1 (49.7),
38.0 (36.5), 30.7 (30.5); HRMS (ESI, m/z): calcd. For C2sH20BrN202" [M+H]":
459.0703, found: 459.0701.

Compound 4w (Fig. 3)
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N-benzyl-5-bromo-1-o0x0-N-(3-(quinolin-6-yl)prop-2-yn-1-yl)-2,3-dihydro-1H-
indene-2-carboxamide (4w); TLC: R/=0.30 (petroleum ether /ethyl acetate =2/1, v/v,
UV); white solid (mp: 116-117°C.); yield: 23%; Enol isomerization were observed by
NMR; 'H NMR (400 MHz, CDCl;): 4 8.90 (ddd, /= 10.6, 4.4, 1.7 Hz, 1H), 8.15-7.96
(m, 2H), 7.84 (d, J=29.4 Hz, 1H), 7.75-7.47 (m, 4H), 7.45-7.23 (m, 6H), 5.38 (d, J =
17.3 Hz, 0.5H), 5.19 (dd, J = 36.9, 17.1 Hz, 1H), 4.96 (d, J = 17.3 Hz, 0.5H), 4.58 (d,
J=3.5Hz, 1H), 4.47 (d, J=15.1 Hz, 0.5H), 4.40 (dd, J = 7.8, 3.6 Hz, 0.5H), 4.22 (d,
J=19.1 Hz, 0.5H), 4.07 (dd, J = 7.9, 3.6 Hz, 0.5H), 3.95-3.76 (m, 1H), 3.38-3.14 (m,
1H); BC{'H}NMR (101 MHz, CDCl;): 5 200.6 (200.2), 167.8 (168.4), 156.4 (156.2),
151.3 (151.1), 147.9 (147.7), 136.6, 135.9, 134.2 (134.1), 132.3 (132.1), 131.6 (131.5),
131.5(131.4), 131.2 (131.0), 130.0 (129.9), 129.8 (129.6), 128.9 (129.1), 128.1, 128.0
(127.7), 126.9, 125.8 (125.7), 122.0 (121.8), 120.6 (121.0), 85.4 (85.2), 84.4 (84.0),
51.3 (51.1), 51.1 (49.7), 38.1 (36.5), 30.6 (30.8).; HRMS (ESI, m/z): calcd. For
C20H22BrN202" [M+H]"™: 509.0860, found: 509.0862.
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Compound 4x (Fig. 3)

O o Me

4x

N-benzyl-5-bromo-N-(but-2-yn-1-yl)-1-0x0-2,3-dihydro-1H-indene-2-
carboxamide (4x); TLC: Ry = 0.50 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
yellow oil; yield: 91%; Enol isomerization were observed by NMR; 'H NMR (400
MHz, CDCl3): 6 7.68 (d, J=21.9 Hz, 1H), 7.57 (t, J=7.2 Hz, 1H), 7.50 (t,J=9.3 Hz,
1H), 7.42-7.19 (m, 5H), 5.23 (dd, J=16.2, 13.0 Hz, 1H), 4.95-4.65 (m, 1H),4.39-4.22
(m, 1.5H), 4.13 (dd, J=17.1, 2.5 Hz, 0.5H), 4.01 (dd, J="7.9, 3.6 Hz, 0.5H), 3.86 (dd,
J=164,2.7 Hz, 1H), 3.74 (dd, J = 17.3, 3.6 Hz, 0.5H), 3.34-3.09 (m, 1H), 1.80 (dt, J
=17.8,2.4 Hz, 3H); BC{'H}NMR (101 MHz, CDCl3): 5 200.7 (200.3), 167.8 (168.2),
156.4 (156.3), 136.71 (136.68), 134.2 (134.3), 131.4, 131.0 (130.9), 129.94 (129.87),
128.7 (129.0), 127.9 (127.5), 126.8 (127.8), 125.7, 80.8 (80.3), 73.9 (73.7), 51.14
(51.06), 49.2 (50.6), 37.5 (36.0), 30.6 (30.8), 3.70 (3.67); HRMS (ESI, m/z): calcd.
For C21H19BrNO2" [M+H]": 396.0594, found: 396.0596.

Compound 4y (Fig. 3)

) Et
O //
Boss W
Bn

4y

N-benzyl-5-bromo-1-oxo-N-(pent-2-yn-1-yl)-2,3-dihydro-1H-indene-2-

carboxamide (4y); TLC: Ry = 0.30 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
white solid (mp: 75-76°C.); yield: 50%; Enol isomerization were observed by NMR;
'"H NMR (400 MHz, Chloroform-d) 6 7.68 (d, J = 23.3 Hz, 1H), 7.58 (t, J= 7.7 Hz,
1H), 7.50 (t,J = 8.4 Hz, 1H), 7.42-7.21 (m, 5H), 5.22 (dd, J=28.2, 16.2 Hz, 1H), 4.87
(d, J=17.3 Hz, 0.4H), 4.78 (dq, J = 18.7, 2.0 Hz, 0.6H), 4.36-4.17 (m, 2H), 4.00 (dd,
J=1.9, 3.6 Hz, 0.5H), 3.93-3.80 (m, 1H), 3.73 (dd, /= 17.3, 3.6 Hz, 0.5H), 3.34-3.08
(m, 1H), 2.27-2.09 (m, 2H), 1.10 (dt, J= 19.9, 7.5 Hz, 3H); BC{'H}NMR (101 MHz,
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CDCls): & 200.6 (200.3), 167.9 (168.3), 156.4 (156.3), 136.76 (136.84), 134.28
(134.34), 131.37 (131.35), 131.0 (130.9), 130.0 (129.9), 128.7 (129.0), 128.0 (126.8),
127.5 (127.5), 125.71 (125.69), 86.7 (86.4), 74.1 (73.8), 51.2 (49.3), 51.2 (50.6), 37.7
(36.1), 30.6 (30.8), 13.9 (13.8), 12.47 (12.51); HRMS (ESI, m/z): calcd. For
C22H21BrNOz2" [M+H]": 410.0751, found: 410.0753.

Compound 4z (Fig. 3)

0
04/
Br N
Bn

4z

N-benzyl-5-bromo-N-(3-cyclohexylprop-2-yn-1-yl)-1-0x0-2,3-dihydro-1H-indene-
2-carboxamide (4z); TLC: Ry= 0.60 (petroleum ether /ethyl acetate = 5/1, v/v, UV);
white solid (mp: 78-79°C.); yield: 65%; Enol isomerization were observed by NMR;
'"H NMR (400 MHz, CDCl;): § 7.70 (dd, J = 25.0, 1.5 Hz, 1H), 7.60 (t, J = 8.4 Hz,
1H), 7.56-7.49 (m, 1H), 7.44-7.18 (m, 5H), 5.31-5.16 (m, 1H), 4.92-4.79 (m, 1H), 4.41-
4.26 (m, 2H), 4.01 (dd, J=17.9, 3.7 Hz, 0.5H), 3.94-3.85 (ddd, J = 16.5, 14.2, 2.9 Hz,
1H), 3.78-3.69 (m, 0.5H), 3.35-3.10 (m, 1H), 2.48-2.28 (m, 1H), 1.87-1.62 (m, 4H),
1.59-1.22 (m,6H); BC{'H}NMR (101 MHz, CDCl3): 5 200.7 (200.4), 168.0 (168.3),
156.4 (156.3), 136.8 (137.0), 134.30 (134.34), 131.38 (131.36), 131.0 (130.9), 130.0
(129.9), 128.8 (129.0), 128.0 (127.5), 126.8 (127.7), 125.73 (125.70), 89.6 (89.4), 74.7
(74.3),51.22 (51.24),49.4 (50.5), 37.8 (36.2), 32.7 (32.6), 30.6 (30.8), 29.1 (29.1),25.9
(26.0), 24.9; HRMS (ESI, m/z): calcd. For C26H27BrNO2" [M+H]": 464.1220, found:
464.1223.

1.4. General Procedure for the Synthesis of 1a-1g

1.4.1 General Procedure for the Synthesis of 1a°
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| HO—I—o0 AcO—I—0 N3——O0
, TMSN; (15eq) N3
cooH _NalO4 (1.05 equiv.) o A0 o TMSOTF (0.5 mol%) o
ACOH/H,0, reflux, 4h 140°C. 1 h
CHyCly, 11,1 h

S$12 S$13 S14 1a

1) Caution: reaction carried out behind a safety shield! NalOs4 (7.24 g, 33.8
mmol, 1.00 equiv) and 2-iodo benzoic acid (S12) (8.00 g, 32.2 mmol, 1.00 equiv) were
suspended in 30% (v:v) aq AcOH (48 mL) under air. The mixture was vigorously stirred
and refluxed for 4 h. the reaction mixture was then diluted with cold water (180 mL)
and allowed to cool to room temperature, protecting it from light. The mixture is then
filtered and further washed with ice water and cold acetone, air dried in the dark

overnight to give the pure compound S13 (8.14 g, 30.4 mmol, 94% ) as a colorless solid.

2) Compound S13 (3.00 g, 11.3 mmol, 1.00 equiv) was heated in Ac20 (10 mL)
to reflux until the solution turned clear (without suspension). The mixture was then left
to cool down and white crystals started to form. The crystallization was continued at -
18 °C. The crystal were then collected and dried overnight under high vacuum to give

compound S14 (3.06 g, 10.0 mmol, 86%).

3) Caution: reaction carried out behind a safety shield! S14 (1.00 g, 3.28 mmol,
1.00 equiv) was stirred in dry DCM (3 mL) then TMSN3 (0.66 mL, 4.9 mmol, 1.5 equiv)
was cautiously added. A catalytic amount of TMSOTT (3 pL, 0.02 mmol, 0.005 equiv)
was added last to the mixture which was then stirred for 30 minutes. The reaction
mixture was then died in vacuo to give a yellow precipitate, which was washed a few
times with hexanes to give compound 1a (0.70 g, 2.4 mmol, 74%) as a pure pale yellow

crystal.

1.4.2 General Procedure for the Synthesis of 1b°
| 1) CH3MgBr (2.2 equiv.) g|—|—0O —1—o0

N
TMSN3 (1.5 eq.) 3
COOCH; ___ E0,0°C-rt, 2h __AgOAc(10eq) TMSOTF (0.5 mol%)
2)'BUOCI (1.2 equiv.) T mecNt CHyCly, 0
CCly, rt

$15 1b

1) Methyl 2-iodobenzoate (S15) (12 mL, 76 mmol) was dissolved under N2
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atmosphere in dry diethyl ether (400 mL) and then the solution was cooled down at
0 °C with an ice bath. Methylmagnesium bromide (56.0 mL, 168 mmol, 2.20 equiv)
was added dropwise and the reaction was stirred for 30 min at 0 °C. The reaction
mixture was then allowed to warm to room temperature and it was further stirred for 2
h. The reaction was quenched with NH4Cl in an iced bath. The organic layer was
separated and extracted with Et2O (3 x 100 mL), water (2 x 200 mL), brine (1 x 100
mL) and the combined organic layers were dried over MgSOa. The solvent was

removed in vacuum.

2) With no further purification the crude mixture was dissolved in CCls (7 mL)
and tert-butyl hypochlorite (10 mL, 92 mmol, 1.2 equiv) and the reaction mixture was
stirred at room temperature. After one hour a yellow precipitate was collected by
filtration and washed with hexane (60 mL) to afford compound S16 (7.7 g, 26 mmol,

34% yield) as a yellow solid.

3) 1-Chloro-1,3-dihydro-3,3-dimethyl-1,2-benziodoxole (S16) (2.60 g, 8.77 mmol)
was dissolved in dry acetonitrile (25 mL) under N2 atmosphere. The reaction flask was
covered with aluminum foils and protected from light. Silver acetate (1.46 g, 8.77 mmol,
1.00 equiv) was then added in one portion. The reaction mixture was stirred in the dark
at room temperature for 16 h. Filtration over a Celite plug and evaporation of the solvent

yielded compound S17 (2.6 g, 8.8 mmol, 93%) as a light brownish solid.

4) Caution: This reaction should be carried out behind a safety shield! 1-
Acetoxy-1,3-dihydro-3,3-dimethyl-1,2-benziodoxole (S17) (2.30 g, 7.18 mmol) was
dissolved in dry CH2Cl2 (36 mL) under N2 atmosphere. The reaction was placed in an
iced bath and trimethylsilylazide (0.954 mL, 7.18 mmol, 1.00 equiv) was added via
syringe, followed by TMSOTTf (0.0065 mL, 0.036 mmol, 0.0050 equiv). The reaction
was stirred for 15 min then the ice bath was removed and the stirring was continued for
1 h. The solvent was evaporated and the solid obtained was washed with n-hexane (2 x

30 mL) to afford 1b as a yellow crystalline solid (2.10 g, 7.18 mmol, 96%).

1.4.3 General Procedure for the Synthesis of 1e-1g’
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I o 1) (COCl), (1.2 eq.) I o R2

N DMF (6 mol%), CH20|2, rt N /Rz tBUOC' (15 eq) Cl—I—N
_BudCl(1.5eq.)
R OH "2) R2NH, (1.2 eq.) R N CHClg, t N S0
> _ R

|
2 R2
AcO—I—N’ TMSN3 (1.5 eq.) N3—I—N’
_AgOAc(15eq) TMSOTF (0.5 mol%)
CHoCly, 1t X SN
2Ll riC © CH,Cl,, 0°C R ©
= =

1) Under N2, the o-iodobenzoic acid S18 (20 mmol, 1.0 equiv.) and DMF (6 mol %)
were dissolved in anhydrous CH2Cl2 (100 mL, 0.2 M), and (COCI)2 (3.05g, 24 mmol,
1.2 equiv.) was dropwise added at 0 °C. The reaction mixture was then stirred at room
temperature for 3 h. Upon completion, the solvent was removed under reduced pressure
to afford o-iodobenzoyl chloride. To a 200 mL Shrek bottle equipped with a magnetic
stir bar were sequentially added o-iodobenzoyl chloride, primary amine (24 mmol, 1.2
equiv.) and anhydrous CH2Cl2 (50 mL, 0.4 M). Thereafter, the mixture was cooled to
0 °C followed by addition of triethylamine (2.02 g, 20 mmol, 1.0 equiv.). The mixture
was then heated with stirring at room temperature for 4 h. And then the mixture was
washed with brine twice. The organic phase was dried over MgSOs, filtered and the
solvent was removed under reduced pressure. The crude mixture was purified by
column chromatography (eluent: petroleum ether/EtOAc = 4/1) to give o-

1odobenzamide S19.

2) To a solution of o-iodobenzamide S19 (15 mmol, 1.0 equiv.) in CHCI3 (40 mL,
0.375 M) was added ‘BuOCl (2.44 g, 22.5 mmol, 1.5 equiv.), the reaction mixture was
stirred at room temperature for 30 min. Thereafter, the precipitate was filtered and

crystallized from petroleum ether to give compound S20.

3) To a solution of S20 (10 mmol, 1.0 equiv.) in DCM (80 mL, 0.125 M) was
added AgOAc (2.0 g, 12 mmol, 1.2 equiv.) in dark, the reaction mixture was stirred at
room temperature in dark overninght. Thereafter, the precipitate was filtered and

crystallized from petroleum ether to give compound S21.

4) Caution: This reaction should be carried out behind a safety shield!

Compound S21 (4-9 mmol, 1.0 equiv.) was placed into an oven-dried Schlenk flask
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equipped with a stirring bar under an N2 atmosphere, and then freshly distilled DCM
(0.2 M), TMSN;3 (1.5 equiv.), and TMSOTT (0.5 mol%) were added in that order. The
reaction was stirred at 0 °C for 20 min. The precipitate was filtered off, washed with

pentane and dried under vacuum to afford the corresponding product 1c-1g
1.5. General Procedure for the Synthesis of Racemic Products 3 and 5

1.5.1 General Procedure for the synthesis of racemic 3a-3v and 3w’-3x’

0 N3 Y
! oN"
X o/ N Cu(MeCN)4PFg (5.0 mol%) N
RiA / * N-Bn oS

2~ N CH,Cl,, 25°C, 48 h R

R? o)

2a-2v 1d rac-3a-3v

To a mixture of Cu(MeCN)4PFs (0.005 mmol, 5 mol %), substrates 2a-2v (0.10
mmol), 1d (0.15 mmol) and dry dichloromethane (2 mL) under nitrogen atmosphere.
The reaction system was stirred at 25 °C for 48 h, the substrates 2a-2v was disappeared
(monitored by TLC) completely. Finally, the crude product was purified by silica gel

flash chromatography to afford the desired product rac-3a - rac-3v.

o N3 0
o // |\N 5 Cu(MeCN)4PFg (5.0 mol%) N; O //
+ —
/ " CH,Cl,, 25°C, 48 h /
Br X e} Br X
2w-2x 1d rac-3w'-3x’

To a mixture of Cu(MeCN)4PFs (0.005 mmol, 5 mol %), substrates 2w-2x (0.10
mmol), 1d (0.15 mmol) and dry dichloromethane (2 mL) under nitrogen atmosphere.
The reaction system was stirred at 25 °C for 48 h, the substrates 2w-2x was disappeared
(monitored by TLC) completely. Finally, the crude product was purified by silica gel

flash chromatography to afford the azidation product rac-3w’ - rac-3x’.

1.5.2 General Procedure for the synthesis of racemic 5a-5z
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0 R2 /N3 ON/’N/ R2
AN o) / N Cu(MeCN)4PFg (5.0 mol%) N
R 7 + N—Bn o R A
= N CH20|2, 40 C, 48 h ! _
/
Bn o O Bn

4a-4z 1d rac-5a-5z

To a mixture of Cu(MeCN)4PF¢ (0.005 mmol, 5 mol %), substrates 4a-4z (0.10
mmol), 1d (0.15 mmol) and dry dichloromethane (2 mL) under nitrogen atmosphere.
The reaction system was stirred at 40 °C for 48 h, the substrates 4a-4z was disappeared
(monitored by TLC) completely. Finally, the crude product was purified by silica gel

flash chromatography to afford the desired products rac-5a - rac-5z.

1.6. General Procedure for the Synthesis of Chiral Products 3 and 5

1.6.1 General Procedure for the synthesis of chiral 3a-3v and 3w’-3x’

2 N L8 0 ON"N )
N 0 // I, c (6.0 mol%) \ \N
RiT / . @N_Bn uMeCN)PFs (B.Omol%) "
= N CH,Cly, 25 °C, 48 h (s N
R? % (0] Bn
2a-2v 1d 3a-3v

After stirring a mixture of Cu(MeCN)4PFs (0.005 mmol, 5 mol %) and L8 (0.006
mmol, 6 mol %) in dry dichloromethane (1 mL) at 25 °C under nitrogen atmosphere for
1.5 h, substrates 2a-2v (0.10 mmol) and 1d (0.15 mmol) in dry dichloromethane (1 mL)
was added and the reaction mixture was stirred at 25 °C under nitrogen atmosphere.
After 48 h, the substrates 2a-2v was disappeared (monitored by TLC) completely.
Finally, the crude product was purified by silica gel flash chromatography to afford the

desired products 3a-3v.

N
P [ ? L8 (6.0 mol%) 0
/@é_(o /// . @Q{N_Bn Cu(MeCN),PFq (5.0 mol%) WO ///
(o]
Br X L CH,Cl,, 25°C, 48 h . ’
2w-2x 1d 3w'-3x’

After stirring a mixture of Cu(MeCN)4PFs (0.005 mmol, 5 mol %) and L8 (0.006
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mmol, 6 mol %) in dry dichloromethane (1 mL) at 25 °C under nitrogen atmosphere for
1.5 h, substrates 2w-2x (0.10 mmol) and 1d (0.15 mmol) in dry dichloromethane (1 mL)
was added and the reaction mixture was stirred at 25 °C under nitrogen atmosphere.
After 48 h, the substrates 2w-2x was disappeared (monitored by TLC) completely.
Finally, the crude product was purified by silica gel flash chromatography to afford the

azidation products 3w’-3x’.

1.6.2 General Procedure for the synthesis of chiral 5a-5z

10 R2 INS ON,/N RZ
N 0 / R . L8 (6.0 mol%) N )/
Rl + @N_Bn u(MeCN),PFg (5.0 mol%) rill X R
= N CH,Cly, 25-40 °C, 96 h N N
Bn o (o} Bn
4a-4z 1d 5a-5z

After stirring a mixture of Cu(MeCN)4PFs (0.005 mmol, 5 mol %) and L8 (0.006
mmol, 6 mol %) in dry dichloromethane (1 mL) at 25 °C under nitrogen atmosphere for
1.5 h, substrates 4a-4z (0.10 mmol) and 1d (0.15 mmol) in dry dichloromethane (1 mL)
was added and the reaction mixture was stirred at 25 °C under nitrogen atmosphere.
After 48 h, when the substrates 4a-4z was disappeared (monitored by TLC), the reaction
mixture was stirred at 40 °C for more 48 h. Finally, the crude product was purified by
silica gel flash chromatography to afford the desired product Sa-5z.

Compound 3a (Fig. 2)
N

N’/
on
Br N,

(@) Bn
3a

(R)-5'-benzyl-5-bromo-4',5'-dihydro-6'H-spiro[indene-2,7'-[1,2,3]triazolo[1,5-
a]pyrazine]-1,6'(3H)-dione (3a); TLC: Ry=0.20 (petroleum ether /ethyl acetate = 3/1,
v/v, UV); white solid (mp: 70-71 °C); yield: 99% (41.9 mg, 0.099 mmol); [a]p>>= 103
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(¢c=0.1, CHCI3); 'TH NMR (400 MHz, CDCl3): 5 7.84 (s, 1H), 7.68-7.51 (m, 3H), 7.43-
7.29 (m, 3H), 7.26 (d, J=8.0 Hz, 1H), 4.89 (dd, /= 16.2, 1.0 Hz, 1H), 4.82 (d, /= 14.8
Hz, 1H),4.72 (d, J=14.8 Hz, 1H), 4.58 (d,J=16.2 Hz, 1H), 4.35 (d, /= 17.2 Hz, 1H),
427 (d, J=17.2 Hz, 1H); BC{H}NMR (101 MHz, CDCl3): § 195.4, 162.8, 155.4,
134.7, 132.9, 132.4, 130.6, 130.0, 129.2, 128.6, 128.5, 128.2, 127.1, 72.0, 51.3, 41.8,
36.5; HRMS (ESI, m/z): caled. For C20HisBrN4O2" [M+H]": 423.0451, found:
423.0452; HPLC: Chiralpak AD-H Column, hexane/PrOH = 70/30, 1.0 mL/min, 254
nm, 30 'C; RT = 14.7 min (major), 20.8 min (minor), ee: 94%.

Compound 3b (Fig. 2)

3b

(R)-5'-benzyl-4-bromo-4',5'-dihydro-6'H-spiro[indene-2,7'-[1,2,3]triazolo[1,5-
a]pyrazine]-1,6'(3H)-dione (3b); TLC: Ry=0.20 (petroleum ether /ethyl acetate = 3/1,
v/v, UV); white solid (mp: 82-83 °C); yield: 90% (38.1 mg, 0.090 mmol); [a]p*® = 67
(¢ =0.1, CHCI3); "TH NMR (400 MHz, CDCl3): 5 7.92 (dd, J= 7.8, 1.0 Hz, 1H), 7.75
(dd,J=17.6,1.0 Hz, 1H), 7.62 (s, 1H), 7.42-7.31 (m, 4H), 7.27 (dd, J=17.9, 1.7 Hz, 2H),
490 (dd, J=16.2, 1.0 Hz, 1H), 4.84 (d, J = 14.8 Hz, 1H), 4.75 (d, J = 14.7 Hz, 1H),
4.60 (d, J = 16.6 Hz, 1H), 4.26 (s, 2H).; BC{'H}NMR (101 MHz, CDCl): 5 196.0,
162.8,153.8,139.7,134.7,133.8, 130.3, 130.0, 129.3, 128.6, 128.5, 128.3, 124.9, 121.9,
71.7, 51.3, 41.9, 38.4; HRMS (ESI, m/z): caled. For C20H16BrN4+O2" [M+H]":
423.0451, found: 423.0450; HPLC: Chiralpak OD-H Column, hexane/'PrOH = 70/30,
1.0 mL/min, 254 nm, 30 'C; RT = 58.2 min (major), 55.0 min (minor), ee: 90%.

Compound 3c (Fig. 2)
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N’/
(O 1y
Br ! —\</
N\

3c

(R)-5'-benzyl-6-bromo-4',5'-dihydro-6'H-spiro[indene-2,7'-[1,2,3]triazolo[1,5-

a]pyrazine]-1,6'(3H)-dione (3¢); TLC: Rr= 0.30 (petroleum ether /ethyl acetate = 2/1,
v/v, UV); white solid (mp: 83-84 °C); yield: 95% (40.2 mg, 0.095 mmol); [a]p*® = 70
(c = 0.1, CHCI3); "TH NMR (400 MHz, CDCl3): 6 7.91 (d, J = 1.9 Hz, 1H), 7.85 (dd, J
=8.2, 1.9 Hz, 1H), 7.62 (s, 1H), 7.55 (d, J = 8.2 Hz, 1H), 7.41-7.32 (m, 3H), 7.29-7.20
(m, 2H), 4.90 (dd, J=16.2, 1.0 Hz, 1H), 4.83 (d, J = 14.8 Hz, 1H), 4.73 (d, /= 14.8
Hz, 1H), 4.58 (d, J = 16.2 Hz, 1H), 4.33 (dd, J=17.1, 1.0 Hz, 1H), 4.24 (d, J = 17.1
Hz, 1H).; BC{'H}NMR (101 MHz, CDCl3): § 195.3, 162.7, 152.7, 139.8, 134.7, 133.6,
130.0, 129.3, 128.8, 128.6, 128.5, 128.2, 128.1, 122.7, 72.3, 51.3, 41.9, 36.6; HRMS
(ESI, m/z): calcd. For C20H16BrN4O2" [M+H]": 423.0451, found: 423.0449; HPLC:
Chiralpak AD-H Column, hexane/'PrOH = 70/30, 1.0 mL/min, 254 nm, 30 ‘C; RT =

12.7 min (major), 21.7 min (minor), ee: 95%.

Compound 3d (Fig. 2)

B “Z
r o"‘\%

(R)-5'-benzyl-7-bromo-4',5'-dihydro-6'H-spiro[indene-2,7'-[1,2,3]triazolo[1,5-

a]pyrazine]-1,6'(3H)-dione (3d); TLC: Rr=0.30 (petroleum ether /ethyl acetate = 2/1,
v/v, UV); white solid (mp: 78-79 °C); yield: 90% (38.1 mg, 0.090 mmol); [a]p*>= 103
(¢c=0.1,CHCI3); '"H NMR (400 MHz, CDCl3): 6 7.67-7.52 (m, 4H), 7.41-7.30 (m, 3H),
7.26 (dd, J=5.5, 2.7 Hz, 2H), 4.95 (dd, J = 16.1, 1.1 Hz, 1H), 4.85 (d, J = 14.7 Hz,
1H), 4.70 (d, J = 14.8 Hz, 1H), 4.58 (d, J = 16.2 Hz, 1H), 4.40 (d, J = 17.1 Hz, 1H),
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428 (d, J=17.1 Hz, 1H); BC{'H}NMR (101 MHz, CDCl3): § 194.2, 162.7, 156.9,
137.3, 134.7, 133.6, 130.1, 129.6, 129.2, 128.9, 128.5, 128.2, 125.5, 122.0, 72.7, 51.4,
41.8, 35.5; HRMS (ESI, m/z): calcd. For C20H16BrN4O2" [M+H]": 423.0451, found:
423.0453; HPLC: Chiralpak AD-H Column, hexane/PrOH = 70/30, 1.0 mL/min, 254
nm, 30 'C; RT = 14.3 min (major), 21.1 min (minor), ee: 91%.

Compound 3e (Fig. 2)

(R)-5'-benzyl-5-chloro-4',5'-dihydro-6'H-spiro[indene-2,7'-[1,2,3]|triazolo[1,5-

a]pyrazine]-1,6'(3H)-dione (3¢); TLC: Rr= 0.30 (petroleum ether /ethyl acetate = 2/1,
v/v, UV); white solid (mp: 71-72 °C); yield: 98% (37.1 mg, 0.098 mmol); [a]p*® = 75
(¢=0.1, CHCl3); '"H NMR (400 MHz, CDCl5): 6 7.72 (d, J = 8.2 Hz, 1H), 7.64 (d, J =
18.6 Hz, 2H), 7.45 (dd, J = 8.3, 1.8 Hz, 1H), 7.40-7.30 (m, 3H), 7.26 (dd, /= 5.8, 2.2
Hz, 2H), 4.91 (dd, J = 16.2, 1.0 Hz, 1H), 4.83 (d, J = 14.8 Hz, 1H), 4.74 (d, J = 14.8
Hz, 1H), 4.58 (d,J=16.2 Hz, 1H), 4.37 (d,J=17.2 Hz, 1H), 4.28 (d, /= 17.2 Hz, 1H);
BC{'H}NMR (101 MHz, CDCl3): 5 195.1, 162.8, 155.4, 143.9, 134.7, 130.2, 130.0,
129.6, 129.2, 128.6, 128.5, 128.2, 127.1, 126.9, 72.1, 51.3, 41.9, 36.6; HRMS (ESI,
m/z): calcd. For C20HisCIN4O2" [M+H]": 379.0956, found: 379.0957; HPLC:
Chiralpak AD-H Column, hexane/'PrOH = 70/30, 1.0 mL/min, 254 nm, 30 ‘C; RT =

14.1 min (major), 21.2 min (minor), ee: 92%.

Compound 3f (Fig. 2)
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(R)-5'-benzyl-6-fluoro-4',5'-dihydro-6'H-spiro[indene-2,7'-[1,2,3] triazolo|[1,5-

a]pyrazine]-1,6'(3H)-dione (3f); TLC: Ry=0.30 (petroleum ether /ethyl acetate = 1/1,
v/v, UV); white solid (mp: 68-69 °C); yield: 91% (33.0 mg, 0.091 mmol); [a]p*® = 88
(¢ =0.1, CHCI3); 'H NMR (400 MHz, CDCl3): § 7.69-7.60 (m, 2H), 7.48 (td, J = 8.5,
2.6 Hz, 1H), 7.42 (dd, J = 7.2, 2.5 Hz, 1H), 7.40-7.32 (m, 3H), 7.26 (dd, J=5.9, 2.2
Hz, 2H), 4.91 (dd, J = 16.2, 1.0 Hz, 1H), 4.83 (d, J = 14.8 Hz, 1H), 4.74 (d, J = 14.8
Hz, 1H), 4.59 (d,J=16.1 Hz, 1H), 4.35 (d,J=16.7 Hz, 1H), 4.26 (d, /= 16.8 Hz, 1H);
BC{'TH}NMR (101 MHz, CDCl3): 5 195.8 (d, J = 3.2 Hz), 162.84 (d, J = 250.0 Hz),
162.80, 149.8 (d, J= 2.2 Hz), 134.7, 133.5 (d, /= 8.0 Hz), 130.0, 129.3, 128.6, 128.5,
128.2, 128.1 (d, J= 8.0 Hz), 124.9 (d, J=23.8 Hz), 111.7 (d, J = 22.5 Hz), 72.7, 51.3,
41.9, 36.5; ’F NMR (376 MHz, Chloroform-d):  -112.5; HRMS (ESI, m/z): calcd.
For C20H16FN4O2" [M+H]": 363.1252, found: 363.1250; HPLC: Chiralpak AD-H
Column, hexane/'PrOH = 70/30, 1.0 mL/min, 254 nm, 30 ‘C; RT = 12.0 min (major),

18.8 min (minor), ee: 90%.

Compound 3g (Fig. 2)

39

(R)-5'-benzyl-1,6'-dioxo-1,3,5',6'-tetrahydro-4'H-spiro[indene-2,7'-

[1,2,3]triazolo[1,5-a]pyrazine]-6-carbonitrile (3g); TLC: Ry= 0.20 (petroleum ether
/ethyl acetate = 2/1, v/v, UV); white solid (mp: 92-93 °C); yield: 81% (30.0 mg, 0.081
mmol); [a]p?3= 127 (c = 0.1, CHCI3); '"H NMR (400 MHz, CDCl5): § 8.08 (d,J= 1.6
Hz, 1H), 7.99 (dd, J = 8.0, 1.6 Hz, 1H), 7.81 (dd, J = 8.1, 1.0 Hz, 1H), 7.63 (s, 1H),
7.46-7.32 (m, 3H), 7.32-7.22 (m, 2H), 4.91 (dd, J=16.3, 0.9 Hz, 1H), 4.84 (d, /= 14.8
Hz, 1H),4.73 (d, J=14.8 Hz, 1H), 4.61 (d,J=16.3 Hz, 1H), 4.45 (d,/J=17.7 Hz, 1H),
4.36 (d, J = 17.7 Hz, 1H); BC{H}NMR (101 MHz, CDCl3): § 194.9, 162.3, 157.8,
139.2,134.5,132.7,130.1, 129.3, 128.6, 128.4, 128.2, 127.8, 126.5, 117.4, 113.1, 71.8,
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51.4, 41.9, 37.3; HRMS (ESI, m/z): calcd. For C21HisBrNsO2" [M+H]": 370.1299,
found: 370.1297, HPLC: Chiralpak AD-H Column, hexane/PrOH = 60/40, 1.0
mL/min, 254 nm, 30 'C; RT = 13.8 min (major), 27.2 min (minor), ee: 95%.

Compound 3h (Fig. 2)

3h

(R)-5'-benzyl-6-(trifluoromethyl)-4',5'-dihydro-6'H-spiro[indene-2,7'-
[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (3h); TLC: Rr= 0.30 (petroleum ether
/ethyl acetate = 2/1, v/v, UV); white solid (mp: 60-61 °C); yield: 90% (37.2 mg, 0.090
mmol); [a]p?>= 80 (¢ = 0.1, CHCl3); "TH NMR (400 MHz, CDCl3): § 8.06 (s, 1H), 8.00
(dd, J = 8.1, 1.8 Hz, 1H), 7.81 (d, J = 8.1 Hz, 1H), 7.63 (s, 1H), 7.47-7.32 (m, 3H),
7.32-7.23 (m, 2H), 4.92 (dd, J=16.3, 1.0 Hz, 1H), 4.85 (d, J = 14.8 Hz, 1H), 4.73 (d,
J=14.8 Hz, 1H), 4.61 (d,J=16.3 Hz, 1H),4.45 (d,J=17.4 Hz, 1H),4.37(d,J=17.4
Hz, 1H); BC{IH}NMR (101 MHz, CDCl;): 6 195.6, 162.6, 157.2, 134.7,133.4 (q, J =
3.4 Hz), 132.3, 131.6 (d, J = 33.5 Hz), 130.1, 129.3, 128.7, 128.6, 128.3, 127.4, 123.5
(g, J=272.9 Hz), 123.3 (q, J = 4.0 Hz), 72.1, 51.4, 41.9, 37.1; Y’FNMR (376 MHz,
Chloroform-d): 8 -62.7, HRMS (ESI, m/z): calcd. For C21H16F3N4O2" [M+H]":
413.1220, found: 413.1218; HPLC: Chiralpak AD-H Column, hexane/’PrOH = 70/30,
1.0 mL/min, 254 nm, 30 'C; RT = 8.6 min (major), 12.9 min (minor), ee: 93%.

Compound 3i (Fig. 2)

(R)-5'-benzyl-4-methoxy-4',5'-dihydro-6'H-spiro[indene-2,7'-[1,2,3]triazolo[1,5-

51



a]pyrazine]-1,6'(3H)-dione (3i); TLC: Rr= 0.20 (petroleum ether /ethyl acetate = 2/1,
v/v, UV); white solid (mp: 74-75 °C); yield: 95% (35.6 mg, 0.095 mmol); [a]p*® = 95
(¢=0.1, CHCI3); "H NMR (400 MHz, CDCl3): 6 7.68 (t,J=7.9 Hz, 1H), 7.59 (s, 1H),
7.41-7.29 (m, 3H), 7.31-7.23 (m, 2H), 7.22-7.15 (m, 1H), 6.85 (d, /= 8.3 Hz, 1H), 4.95
(dd, J=15.9,1.0 Hz, 1H), 4.81 (d,J=14.9 Hz, 1H), 4.74 (d, /= 14.9 Hz, 1H), 4.54 (d,
J=15.9 Hz, 1H), 4.38 (d, J = 17.2 Hz, 1H), 4.27 (d, J = 17.1 Hz, 1H), 3.93 (s, 3H);
BC{'H}NMR (101 MHz, CDCl3): 5 196.8, 163.2, 156.8, 143.3, 134.9, 133.1, 130.2,
129.9, 129.2, 128.6, 128.4, 128.3, 117.3, 117.1, 72.0, 55.8, 51.2, 41.9, 34.2; HRMS
(ESI, m/z): caled. For C21H1oN4O3" [M+H]": 375.1452, found: 375.1450; HPLC:
Chiralpak OD-H Column, hexane/'PrOH = 50/50, 1.0 mL/min, 254 nm, 30 ‘C; RT =

27.7 min (major), 25.7 min (minor), ee: 95%.

Compound 3j (Fig. 2)

o"‘\’%
MeO : > N
O

3j

(R)-5'-benzyl-5-methoxy-4',5'-dihydro-6'H-spiro[indene-2,7'-[1,2,3]triazolo[1,5-

a]pyrazine]-1,6'(3H)-dione (3j); TLC: Rr= 0.20 (petroleum ether /ethyl acetate = 2/1,
v/v, UV); white solid (mp: 81-82 °C); yield: 91% (34.1 mg, 0.091 mmol); [a]p*® = 85
(¢=0.1, CHCI3); '"H NMR (400 MHz, CDCl3): 6 7.70 (d, J = 8.6 Hz, 1H), 7.60 (s, 1H),
7.42-7.21 (m, 5H), 7.07 (d, J= 2.2 Hz, 1H), 6.98 (dd, J = 8.6, 2.2 Hz, 1H), 4.93 (d, J =
15.9 Hz, 1H), 4.83 (d, /= 14.8 Hz, 1H), 4.75 (d, J= 14.8 Hz, 1H), 4.56 (d, /= 16.0 Hz,
1H), 4.36 (d, J= 17.0 Hz, 1H), 4.26 (d, J= 17.1 Hz, 1H), 3.95 (s, 3H); BC{'H}NMR
(101 MHz, CDCl3): 6 194.3, 167.2, 163.5, 157.4, 134.9, 130.0, 129.2, 128.8, 128.4,
128.2,127.9,124.6,117.3,109.5,72.6, 56.1, 51.3,41.9, 36.5; HRMS (ESI, m/z): calcd.
For C21H1oN4O3™ [M+H]": 375.1452, found: 375.1452; HPLC: Chiralpak AD-H
Column, hexane/'PrOH = 70/30, 1.0 mL/min, 254 nm, 30 ‘C; RT = 14.7 min (major),

21.0 min (minor), ee: 85%.
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Compound 3k (Fig. 2)

oN" /
MeO N
N\
0] Bn
3k

(R)-5'-benzyl-6-methoxy-4',5'-dihydro-6'H-spiro[indene-2,7'-[1,2,3]triazolo[1,5-
a]pyrazine]-1,6'(3H)-dione (3k); TLC: Rr=0.20 (petroleum ether /ethyl acetate = 2/1,
v/v, UV); white solid (mp: 73-74 °C); yield: 95% (35.6 mg, 0.095 mmol); [a]p*® = 69
(¢=0.1, CHCI3); "H NMR (400 MHz, CDCl3): 6 7.61 (s,1H), 7.54 (d, J = 8.5 Hz, 1H),
7.42-7.24 (m, 6H), 7.18 (d, J = 2.5 Hz, 1H), 4.91 (dd, J = 16.1, 1.0 Hz, 1H), 4.85 (d, J
=14.8 Hz, 1H), 4.73 (d, J = 14.8 Hz, 1H), 4.58 (d, /= 16.2 Hz, 1H), 4.30 (d, J = 16.7
Hz, 1H), 4.21 (d, J= 16.7 Hz, 1H), 3.84 (s, 3H); BC{'H}NMR (101 MHz, CDCl): §
196.5,163.2,160.3,147.4,134.9, 132.9,129.9, 129.2, 128.6, 128.5, 128.3, 127.3, 126.7,
106.8,72.8,55.9,51.3,41.9, 36.4; HRMS (ESI, m/z): calcd. For C21H19N4O3* [M+H]":
375.1452, found: 375.1450; HPLC: Chiralpak AD-H Column, hexane/'PrOH = 70/30,
1.0 mL/min, 254 nm, 30 'C; RT = 15.5 min (major), 20.8 min (minor), ee: 89%.

Compound 31 (Fig. 2)

M 2
OeON\%

(R)-5'-benzyl-7-methoxy-4',5'-dihydro-6'H-spiro[indene-2,7'-[1,2,3]triazolo[1,5-

alpyrazine]-1,6'(3H)-dione (31); TLC: Ry= 0.20 (petroleum ether /ethyl acetate = 2/1,
v/v, UV); white solid (mp: 85-86 °C); yield: 75% (28.1mg, 0.075 mmol); [a]p>>= 75 (c
= 0.1, CHCI3); '"H NMR (400 MHz, CDCl3): § 7.60 (s, 1H), 7.43 (t, J= 7.8 Hz, 1H),
7.40-7.32 (m, 4H), 7.30-7.24 (m, 2H), 7.17 (dd, /= 7.9, 1.0 Hz, 1H), 4.91 (dd, J= 16.1,
1.0 Hz, 1H), 4.83 (d, J = 14.8 Hz, 1H), 4.75 (d, J = 14.8 Hz, 1H), 4.58 (dd, J = 16.1,
0.7 Hz, 1H), 4.23 (s, 2H), 3.96 (s, 3H); BC{'H}NMR (101 MHz, CDCl3): 5 193.8,
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163.4,159.8,156.1, 139.1, 134.9, 130.0, 129.2, 129.0, 128.3, 128.2, 120.0, 118.3, 110.0,
72.7, 56.0, 51.3, 41.9, 35.7; HRMS (ESI, m/z): calcd. For C21H19N4O3" [M+H]":
375.1452, found: 375.1451; HPLC: Chiralpak OD-H Column, hexane/'PrOH = 50/50,
1.0 mL/min, 254 nm, 30 'C; RT = 44.4 min (major), 26.6 min (minor), ee: 93%.

Compound 3m (Fig. 2)
N

N~
on
.
Me N,

O Bn

3m

(R)-5'-benzyl-5-methyl-4',5'-dihydro-6'H-spiro[indene-2,7'-[1,2,3]triazolo[1,5-

alpyrazine]-1,6'(3H)-dione (3m); TLC: Ry = 0.30 (petroleum ether /ethyl acetate =
2/1, v/v, UV); white solid (mp: 66-67 °C); yield: 84% (30.2 mg, 0.084 mmol); [a]p>® =
70 (¢ = 0.1, CHCI3); 'H NMR (400 MHz, CDCl3): 6 7.67 (d, J= 7.9 Hz, 1H), 7.59 (s,
1H), 7.45 (s, 1H), 7.40-7.31 (m, 3H), 7.27 (dd, J= 6.5, 1.9 Hz, 3H), 4.92 (dd, J = 16.1,
1.0 Hz, 1H), 4.82 (d, J=14.8 Hz, 1H), 4.74 (d, /= 14.8 Hz, 1H), 4.56 (d, /= 16.1 Hz,
1H), 4.35 (d, J = 17.0 Hz, 1H), 4.25 (d, J = 17.0 Hz, 1H), 2.50 (s, 3H); BC{'H}NMR
(101 MHz, CDCl3): 6 195.8, 163.3, 154.6, 148.9, 134.9, 130.0, 129.9, 129.4, 129.2,
128.7,128.4,128.2,127.0, 126.0, 72.5,51.2,41.9, 36.6, 22.5; HRMS (ESI, m/z): calcd.
For C21H19N4O2" [M+H]": 359.1503, found: 359.1503; HPLC: Chiralpak AD-H
Column, hexane/'PrOH = 70/30, 1.0 mL/min, 254 nm, 30 ‘C; RT = 12.3 min (major),

16.7 min (minor), ee: 90%.

Compound 3n (Fig. 2)

(R)-5'-benzyl-4',5'-dihydro-6'H-spiro[indene-2,7'-[1,2,3]|triazolo[1,5-a]pyrazine]-
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1,6'(3H)-dione (3n); TLC: Ry = 0.20 (petroleum ether /ethyl acetate = 2/1, v/v, UV);
white solid (mp: 67-68 °C); yield: 93% (32.1 mg, 0.093 mmol); [a]p?* = 74 (c = 0.1,
CHCI3); "TH NMR (400 MHz, CDCl3): § 7.80-7.75 (m, 2H), 7.66 (dt, J= 7.8, 1.0 Hz,
1H), 7.61 (s, 1H), 7.48 (t,J = 8.0, 1H), 7.41-7.32 (m, 3H), 7.31-7.24 (m, 2H), 4.93 (dd,
J=16.2,1.0 Hz, 1H), 4.83 (d, /= 14.8 Hz, 1H), 4.75 (d, /= 14.8 Hz, 1H), 4.58 (d, /=
16.1 Hz, 1H), 4.41 (d, J=17.0 Hz, 1H), 4.32 (d, J = 17.0 Hz, 1H); BC{'H}NMR (101
MHz, CDCl3): 6 196.6, 163.2, 154.2, 137.1, 134.9, 131.8, 130.0, 129.2, 128.7, 128.7,
128.5, 128.2, 126.6, 126.2, 72.2, 51.3, 41.9, 36.8; HRMS (ESI, m/z): calcd. For
C20H17N4O2" [M+H]": 345.1346, found: 345.1346; HPLC: Chiralpak AD-H Column,
hexane/'PrOH = 70/30, 1.0 mL/min, 254 nm, 30 ‘C; RT = 13.0 min (major), 15.1 min

(minor), ee: 93%.

Compound 3o (Fig. 2)

N~
OoN
MeO %
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(R)-5'-benzyl-5,6-dimethoxy-4',5'-dihydro-6'H-spiro[indene-2,7'-

[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (30); TLC: Ry=0.20 (petroleum ether
/ethyl acetate = 2/1, v/v, UV); white solid (mp: 170-171 °C); yield: 80% (32.4 mg, 0.080
mmol); [a]p**=46 (¢ =0.1, CHCI3); '"H NMR (400 MHz, CDCl5): 5 7.60 (s, 1H), 7.41-
7.30 (m, 3H), 7.31-7.24 (m, 2H), 7.14 (s, 1H), 7.06 (s, 1H), 4.93 (d, /= 16.0 Hz, 1H),
4.86 (d,J=14.8 Hz, 1H), 4.72 (d, J = 14.8 Hz, 1H), 4.56 (d, J=16.1 Hz, 1H), 4.30 (d,
J=16.7 Hz, 1H), 4.21 (d, J = 16.8 Hz, 1H), 4.03 (s, 3H), 3.90 (s, 3H); *C{'H}NMR
(101 MHz, CDCl3): 6 194.7, 163.5, 157.6, 150.5, 150.4, 135.0, 129.9, 129.2, 128.7,
128.4,128.2,124.3,107.5,105.8, 72.7, 56.7, 56.3, 51.3, 41.9, 36.5; HRMS (ESI, m/z):
calcd. For C22H21N4O2" [M+H]": 405.1557, found: 405.1555; HPLC: Chiralpak AD-H
Column, hexane/'PrOH = 60/40, 1.0 mL/min, 254 nm, 30 'C; RT = 14.1 min (major),

24.1 min (minor), ee: 81%.
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Compound 3p (Fig. 2)
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(R)-5'-benzyl-4',5'-dihydro-6'H-spiro[cyclopenta[b]naphthalene-2,7'-
[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (3p); TLC: Rr=0.20 (petroleum ether
/ethyl acetate = 2/1, v/v, UV); white solid (mp: 85-86 °C); yield: 93% (36.7mg, 0.093
mmol); [a]p?*= 66 (¢ = 0.1, CHCI3); '"H NMR (400 MHz, CDCls): 5 8.41 (s, 1H), 8.06
(s, 1H), 7.99 (d,J= 8.3 Hz, 1H), 7.93 (d, /= 8.8 Hz, 1H), 7.70-7.61 (m, 2H), 7.54 (td,
J=1.5,6.8,1.3 Hz, 1H), 7.42-7.31 (m, 3H), 7.31-7.27 (m, 2H), 4.95 (dd, J=16.1, 1.0
Hz, 1H), 4.84 (d, /= 14.8 Hz, 1H), 4.76 (d, J = 14.8 Hz, 1H), 4.61-4.58 (m, 2H), 4.49
(dd, J=16.9, 1.3 Hz, 1H).; BC{'H}NMR (101 MHz, CDCl3): 6 196.8, 163.4, 145.4,
138.4,134.9,132.9,130.7,130.1, 130.0, 129.5, 129.3, 128.8, 128.5, 128.3, 128.2, 128.1,
126.8, 124.9, 72.9, 51.3, 41.9, 36.5; HRMS (ESI, m/z): calcd. For C24Hi9oN4O2"
[M+H]": 395.1503, found: 395.1501; HPLC: Chiralpak AD-H Column, hexane//PrOH
= 70/30, 1.0 mL/min, 254 nm, 30 C; RT = 20.6 min (major), 29.2 min (minor), ee:
91%.

Compound 3q (Fig. 2)
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(R)-5-bromo-5'-(naphthalen-1-ylmethyl)-4',5'-dihydro-6'H-spiro[indene-2,7'-

[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (3q); TLC: Rr=0.20 (petroleum ether
/ethyl acetate = 3/1, v/v, UV); white solid (mp: 93-94 °C); yield: 89% (42.1 mg, 0.089
mmol); [a]p** = 101 (¢ = 0.1, CHCI3); 'TH NMR (400 MHz, CDCl3): 6 8.01-7.93 (m,
1H), 7.94-7.85 (m, 3H), 7.70-7.60 (m, 2H), 7.58-7.40 (m, 5H), 5.34 (d, J = 14.9 Hz,
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1H), 5.20 (d, J = 14.9 Hz, 1H), 4.77 (d, J = 16.3 Hz, 1H), 4.52 (d, J = 16.3 Hz, 1H),
4.37(d,J=17.1 Hz, 1H),4.31 (d,J=17.1 Hz, 1H); BC{'H}NMR (101 MHz, CDCl):
0 195.2, 162.6, 155.4, 134.1, 133.0, 132.5, 131.6, 130.8, 130.1, 130.0, 130.0, 129.7,
129.1, 128.6, 127.8, 127.2, 127.1, 126.6, 125.4, 123.3, 72.1, 49.3, 41.5, 36.7, HRMS
(ESI, m/z): caled. For C24Hi1sBrN4O2" [M+H]": 473.0608, found: 473.0606; HPLC:
Chiralpak AS-H Column, hexane/PrOH = 60/40, 1.0 mL/min, 254 nm, 30 C; RT =

23.7 min (major), 19.7 min (minor), ee: 94%.

Compound 3r (Fig. 2)
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(R)-5'-benzhydryl-5-bromo-4',5'-dihydro-6'H-spiro[indene-2,7'-

[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (3r); TLC: Rr=0.20 (petroleum ether
/ethyl acetate = 3/1, v/v, UV); white solid (mp: 156-157 °C); yield: 98% (48.9mg, 0.098
mmol); [a]p?*=33 (c=0.1, CHCl3); "H NMR (400 MHz, CDCl3): 5 7.85 (s, 1H), 7.64-
7.59 (m, 3H), 7.45-7.32 (m, 6H), 7.26 (d, /= 7.0 Hz, 2H), 7.20-7.11 (m, 3H), 4.70 (dd,
J=16.3,1.0 Hz, 1H), 4.55-4.39 (m, 2H), 4.31 (d, J=17.2 Hz, 1H); BC{'H}NMR (101
MHz, CDCl3): 6 195.5, 163.1, 155.5, 136.9, 133.0, 132.4, 130.6, 130.4, 130.0, 129.1,
128.9, 128.6, 128.4, 127.2, 72.5, 61.9, 39.4, 36.2; HRMS (ESI, m/z): calcd. For
Ca6H20BrN4O2" [M+H]": 499.0764, found: 499.0763; HPLC: Chiralpak AD-H Column,
hexane/PrOH = 70/30, 1.0 mL/min, 254 nm, 30 ‘C; RT = 14.0 min (major), 26.7 min

(minor), ee: 88%.

Compound 3s (Fig. 2)
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(R)-5-bromo-5'-methyl-4',5'-dihydro-6'H-spiro[indene-2,7'-[1,2,3] triazolo[1,5-

a]pyrazine]-1,6'(3H)-dione (3s); TLC: Ry= 0.20 (petroleum ether /ethyl acetate = 3/1,
v/v, UV); white solid (mp: 229-230 °C); yield: 80% (27.8 mg, 0.080 mmol); [a]p®® =
110 (¢=0.1, CHCl3); 'H NMR (400 MHz, CDCl3): 5 7.83 (t,J= 1.1 Hz, 1H), 7.69 (s,
1H), 7.60 (d, J = 0.8 Hz, 1H), 5.06 (dd, J = 16.1, 1.0 Hz, 1H), 4.69 (dd, J = 16.1, 0.7
Hz, 1H), 4.32 (dd, J=17.1, 1.1 Hz, 1H), 4.20 (dd, /= 17.0, 1.0 Hz, 1H), 3.18 (s, 3H);
BC{'H}NMR (101 MHz, CDCl3): & 195.4, 162.6, 155.5, 132.9, 132.4, 130.7, 130.0,
129.9, 128.5, 127.1, 72.0, 44.4, 36.4, 35.7; HRMS (ESI, m/z): calcd. For
C14H12BrN4O2" [M+H]": 347.0138, found: 347.0140; HPLC: Chiralpak AD-H Column,
hexane/PrOH = 90/10, 1.0 mL/min, 254 nm, 30 ‘C; RT = 42.7 min (major), 46.9 min

(minor), ee: 95%.

Compound 3t (Fig. 2)

o"‘f_/%
MeO : > N
(@)

3t

(R)-5'-(tert-butyl)-5-methoxy-4',5'-dihydro-6'H-spiro[indene-2,7'-

[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (3t); TLC: Ry= 0.20 (petroleum ether
/ethyl acetate = 3/1, v/v, UV); white solid (mp: 70-71 °C); yield: 80% (27.3 mg, 0.080
mmol); [a]p?*=90 (¢ = 0.1, CHCI3); "TH NMR (400 MHz, CDCl3): 5 7.67 (s, 1H), 7.66
(d,J=8.6 Hz, 1H), 7.04 (d, J=2.2 Hz, 1H), 6.95 (dd, /= 8.6, 2.2 Hz, 1H), 4.97 (dd, J
=15.7, 1.1 Hz, 1H), 4.84 (d, J = 15.7 Hz, 1H), 4.30 (d, /= 17.0 Hz, 1H), 4.16 (d, J =
17.0 Hz, 1H), 3.92 (s, 3H); BC{'H}NMR (101 MHz, CDCl3): § 194.9, 167.1, 163.8,
157.6, 130.1, 129.7, 127.7, 124.8, 117.1, 109.4, 73.3, 59.9, 56.0, 39.1, 36.3, 27.9;
HRMS (ESI, m/z): calcd. For CisH21N4O3" [M+H]": 341.1608, found: 341.1606;
HPLC: Chiralpak AD-H Column, hexane//PrOH = 70/30, 1.0 mL/min, 254 nm, 30 C;

RT = 7.5 min (major), 9.9 min (minor), ee: 78%.

Compound 3u (Fig. 2)
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(R)-5'-benzyl-3,4,4',5'-tetrahydro-1H,6'H-spiro[naphthalene-2,7'-

[1,2,3]triazolo[1,5-a]pyrazine]-1,6'-dione (3u); TLC: Ry = 0.40 (petroleum ether
/ethyl acetate = 3/1, v/v, UV); colorless oil; yield: 39% (14.0 mg, 0.039 mmol); [a]p?®
=25 (¢ =0.1, CHCI3); "H NMR (400 MHz, CDCl3):  8.00 (dd, /= 7.8, 1.4 Hz, 1H),
7.61 —7.57 (m, 2H), 7.38-7.30 (m, 5H), 7.27 — 7.24 (m, 2H), 4.80-4.76 (m, 3H), 4.54
(d, J=16.2 Hz, 1H), 3.79 (ddd, J = 16.9, 8.9, 5.5 Hz, 1H), 3.53 (dt, /= 16.9, 5.8 Hz,
1H), 3.34 (ddd, J=14.3, 8.9, 5.5 Hz, 1H), 3.15 (dt,J = 14.2, 5.9 Hz, 1H); BC{{H}NMR
(101 MHz, CDCls): § 189.7, 164.6, 145.0, 135.2, 135.0, 130.0, 129.2, 129.2, 129.1,
129.0,128.4,128.2,128.1,127.2,69.3,51.0,41.8, 31.6, 26.3; HRMS (ESI, m/z): calcd.
For C21H1oN4O2" [M+H]": 359.1053, found: 359.1045; HPLC: Chiralpak AD-H
Column, hexane/'PrOH = 70/30, 1.0 mL/min, 254 nm, 30 ‘C; RT = 10.6 min (major),

16.1 min (minor), ee: 44%.

Compound 3v (Fig. 2)

Il3n
0Oy N
s@r
N=N
3v

(R)-5'-benzyl-4',5',8,9-tetrahydro-6'H-spiro[benzo[7]annulene-6,7'-

[1,2,3]triazolo[1,5-a]pyrazine]-5,6'(7H)-dione (3v); TLC: Ry= 0.40 (petroleum ether
/ethyl acetate = 3/1, v/v, UV); colorless oil; yield: 43% (16.0 mg, 0.043 mmol); [a]p?®
=2 (¢ =0.1, CHCl3); "TH NMR (400 MHz, CDCl3): § 7.58 (s, 1H), 7.48 (td, J = 7.3,
2.0 Hz, 1H), 7.35-7.29 (m, 5H), 7.28 — 7.20 (m, 3H), 4.77 (d, /= 14.7 Hz, 1H), 4.65 (d,
J=15.2 Hz, 2H), 4.50 (d, /= 16.1 Hz, 1H), 3.51 (ddd, /= 15.6, 9.6, 6.5 Hz, 1H), 3.14
—2.97 (m, 2H), 2.57 (dt,J=15.2, 4.8 Hz, 1H), 2.37 — 2.12 (m, 2H); BC{'H}NMR (101
MHz, CDCls): 6 201.2, 164.5, 139.0, 137.8, 135.0, 132.7, 129.2, 129.2, 128.9, 128.8,
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128.7,128.4,128.2,127.0, 74.0, 51.1, 41.6, 32.2, 31.9, 22.3; HRMS (ESI, m/z): calcd.
For C22H21N4O2" [M+H]": 373.1659, found: 373.1665; HPLC: Chiralpak AD-H
Column, hexane/'PrOH = 70/30, 1.0 mL/min, 254 nm, 30 C; RT = 12.9 min (major),

9.4 min (minor), ee: 10%.

Compound 3w’ (Fig. 2)

O
0%/
Br HN
3w’

(R)-2-azido-5-bromo-1-0xo0-N-(prop-2-yn-1-yl)-2,3-dihydro-1H-indene-2-

carboxamide (3w’ ); TLC: Ry= 0.70 (petroleum ether /ethyl acetate = 3/1, v/v, UV);
white solid (mp: 80-81°C); yield: 55% (18.3 mg, 0.055 mmol); [a]p>’= 10 (¢ = 0.1,
CHCI3); 'TH NMR (400 MHz, CDCl3): 6 7.70 (d, J = 1.6 Hz, 1H), 7.66 (d, J = 8.2 Hz,
1H), 7.59 (dd, J = 8.3, 1.6 Hz, 1H), 6.95 (s, 1H), 4.14 (ddd, J=17.6, 5.8, 2.6 Hz, 1H),
4.05-3.93 (m, 2H), 3.22 (d, /= 17.6 Hz, 1H), 2.28 (t, J = 2.6 Hz, 1H); BC{{H}NMR
(101 MHz, CDCls): 6 196.7, 165.8, 153.8, 132.7, 132.4,132.2, 130.0, 126.7, 78.5, 72.7,
72.55, 37.4, 30.0; HRMS (ESI, m/z): calcd. For Ci3H10BrN4+O2" [M+H]": 332.9982,
found: 332.9990; HPLC: Chiralpak AD-H Column, hexane/PrOH = 90/10, 1.0
mL/min, 254 nm, 30 ‘C; RT = 15.7 min (major), 18.2 min (minor), ee: 74%.

Compound 3x’ (Fig. 2)
O
o/
Br 0
3x'

prop-2-yn-1-yl (R)-2-azido-5-bromo-1-0x0-2,3-dihydro-1H-indene-2-carboxylate
(3x’' ); TLC: Rr=0.70 (petroleum ether /ethyl acetate = 3/1, v/v, UV); white solid (mp:
99-100°C); yield: 76% (25.4 mg, 0.076 mmol); [a]p?>= 96 (¢ = 0.1, CHCl3); 'H NMR
(400 MHz, CDCl3): 6 7.73 — 7.66 (m, 2H), 7.61 (dd, J = 8.2, 1.6 Hz, 1H), 4.86 (dd, J
=15.5,2.5 Hz, 1H), 4.71 (dd, J=15.5, 2.5 Hz, 1H), 3.68 (d, /= 17.6 Hz, 1H), 3.03 (d,
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J=17.6 Hz, 1H), 2.51 (t,J = 2.5 Hz, 1H); BC{'H}NMR (101 MHz, CDCl;3): 5 195.8,
167.5, 153.5, 132.4, 132.4, 131.8, 130.0, 126.9, 76.4, 76.3, 70.1, 54.2, 38.1; HRMS
(ESI, m/z): calcd. For C13HoBrN3Os" [M+H]": 333.9822, found: 333.9812; HPLC:
Chiralpak AD-H Column, hexane//PrOH = 95/5, 1.0 mL/min, 254 nm, 30 C; RT =

17.0 min (major), 15.7 min (minor), ee: 52%.

Compound 5a (Fig. 3)
g Ph
N
O™\
T
Br N,

(R)-5'-benzyl-5-bromo-3'-phenyl-4',5'-dihydro-6'H-spiro[indene-2,7'-

[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (5a); TLC: Ry= 0.50 (petroleum ether
/ethyl acetate = 4/1, v/v, UV); white solid (mp: 86-87 °C); yield: 75% (37.4 mg, 0.075
mmol); [a]p?® = 165 (¢ = 0.1, CHCI3); "TH NMR (400 MHz, CDCl3): 5 7.86 (s, 1H),
7.69-7.59 (m, 4H), 7.44 (t, J=7.5 Hz, 2H), 7.36 (tt, J= 7.0, 5.9 Hz, 4H), 7.32-7.25 (m,
2H), 5.12 (d,J=16.2 Hz, 1H), 4.96 (d, J=14.9 Hz, 1H), 4.69 (t,J = 15.9 Hz, 2H), 4.43
(d, J=17.2 Hz, 1H), 4.30 (d, J = 17.2 Hz, 1H); BC{'H}NMR (101 MHz, CDCl3): 3
195.4,162.8,155.5,142.9,134.8, 133.0, 132.4, 130.7, 130.1, 130.0, 129.3, 129.2, 128.5,
128.5,128.0,127.2, 126.5, 124.8, 72.2, 51.5, 43.2, 36.4; HRMS (ESI, m/z): calcd. For
C26H20BrN4O2" [M+H]": 499.0764, found: 499.0763; HPLC: Chiralpak AD-H Column,
hexane/'PrOH = 70/30, 1.0 mL/min, 254 nm, 30 ‘C; RT = 25.8 min (major), 18.3 min

(minor), ee: 93%.

Compound 5b (Fig. 3)
N
oN

Ph
Br \N{
N\
0] Bn

5b

(R)-5'-benzyl-6-bromo-3'-phenyl-4',5'-dihydro-6'H-spiro[indene-2,7'-
[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (5b); TLC: Rr= 0.50 (petroleum ether
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/ethyl acetate =4/1, v/v, UV); white solid (mp: 190-191 °C); yield: 64% (31.9 mg, 0.064
mmol); [a]p** = 78 (¢ = 0.1, CHCl3); '"H NMR (400 MHz, CDCl3): 6 7.93 (d,J=1.9
Hz, 1H), 7.86 (dd, J = 8.2, 2.0 Hz, 1H), 7.64-7.62 (m, 2H), 7.56 (d, J = 8.2 Hz, 1H),
7.47-7.44 (m, 2H), 7.41-7.32 (m, 4H), 7.29-7.27 (m, 2H), 5.12 (d, J = 16.2 Hz, 1H),
497 (d,J=14.9 Hz, 1H), 4.71 (d, J=16.2 Hz, 1H), 4.67 (d, /= 14.9 Hz, 1H), 4.39 (d,
J=17.3Hz, 1H),4.27 (d,J=17.2 Hz, 1H); BC{'H}NMR (101 MHz, CDCl3): 5 195.3,
162.8,152.8,142.9,139.8,134.7, 133.6, 130.1, 129.3, 129.2, 128.8, 128.5, 128.5, 128.1,
128.0, 126.5, 124.8, 122.7, 72.4, 51.5, 43.2, 36.5; HRMS (ESI, m/z): calcd. For
C26H20BrN4O2" [M+H]": 499.0764, found: 499.0762; HPLC: Chiralpak AD-H Column,
hexane/'PrOH = 70/30, 1.0 mL/min, 254 nm, 30 ‘C; RT = 28.1 min (major), 19.2 min

(minor), ee: 93%.

Compound 5c (Fig. 3)
~ Ph
oN _i/
j! N\
O

(R)-5'-benzyl-3'-phenyl-4',5'-dihydro-6'H-spiro[indene-2,7'-[1,2,3]|triazolo[1,5-
a]pyrazine]-1,6'(3H)-dione (5¢); TLC: Rr= 0.50 (petroleum ether /ethyl acetate = 4/1,
v/v, UV); white solid (mp: 89-90 °C); yield: 70% (29.5 mg, 0.070 mmol); [a]p*5 = 190
(¢ =0.1, CHCl3); '"H NMR (400 MHz, CDCl3): & 7.82 (d, J= 7.7 Hz, 1H), 7.77 (td, J
= 7.5, 1.2 Hz, 1H), 7.68 (d, J = 7.8 Hz, 1H), 7.65-7.63 (m, 2H), 7.53-7.42 (m, 3H),
7.39-7.25 (m, 4H), 7.30 (d, J= 6.5 Hz, 2H), 5.15 (d, J=16.1 Hz, 1H), 4.97 (d,J=14.9
Hz, 1H), 4.70 (dd, J = 15.5, 7.4 Hz, 2H), 4.48 (d, J = 17.0 Hz, 1H), 435 (d, J=17.0
Hz, 1H); BC{'H}NMR (101 MHz, CDCl;): § 196.5, 163.2, 154.3, 142.8, 137.1, 134.9,
131.8,130.3,129.3,129.2, 128.7, 128.4, 128.4, 128.0, 126.7, 126.5, 126.2, 124.9, 72 4,
51.5,43.3,36.7, HRMS (ESI, m/z): calcd. For C26H21N4O2" [M+H]": 421.1659, found:
421.1660; HPLC: Chiralpak AD-H Column, hexane/PrOH = 70/30, 1.0 mL/min, 254
nm, 30 'C; RT = 18.6 min (major), 13.3 min (minor), ee: 94%.

Compound 5d (Fig. 3)
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(R)-5'-benzyl-6-methoxy-3'-phenyl-4',5'-dihydro-6'H-spiro[indene-2,7'-
[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (5d); TLC: Rr= 0.40 (petroleum ether
/ethyl acetate =4/1, v/v, UV); white solid (mp: 219-220 °C); yield: 67% (30.2 mg, 0.067
mmol); [a]p?® = 120 (¢ = 0.1, CHCI3); "TH NMR (400 MHz, CDCl3): § 7.65-7.63 (m,
2H), 7.55 (d, J=8.4 Hz, 1H), 7.46-7.43 (m, 2H), 7.41-7.32 (m, 5H), 7.30-7.29 (m, 2H),
7.20 (d, J=2.6 Hz, 1H), 5.13 (d, /= 16.1 Hz, 1H), 4.98 (d, J = 14.9 Hz, 1H), 4.71 (d,
J=16.1 Hz, 1H), 4.67 (d,J=14.9 Hz, 1H), 4.37 (d,J=16.6 Hz, 1H), 4.24 (d,J=16.7
Hz, 1H), 3.85 (s, 3H); BC{'H}NMR (101 MHz, CDCl3): 5 196.5, 163.2, 160.3, 147.5,
142.7, 134.9, 133.0, 130.3, 129.3, 129.1, 128.40, 128.38, 128.0, 127.3, 126.7, 126.5,
124.8, 106.8, 73.0, 55.9, 51.4, 43.3, 36.3; HRMS (ESI, m/z): calcd. For C27H23N403"
[M+H]": 451.1765, found: 451.1763; HPLC: Chiralpak AD-H Column, hexane//PrOH
= 70/30, 1.0 mL/min, 254 nm, 30 C; RT = 27.7 min (major), 18.6 min (minor), ee:
88%.

Compound Se (Fig. 3)

NS _ph
N
on
r
MeO N,

O Bn
5e
(R)-5'-benzyl-5-methoxy-3'-phenyl-4',5'-dihydro-6'H-spiro[indene-2,7'-
[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (5¢); TLC: Ry=0.20 (petroleum ether
/ethyl acetate = 3/1, v/v, UV); white solid (mp: 120-121 °C); yield: 62% (28.0 mg, 0.062
mmol); [a]p?3= 105 (c = 0.1, CHCI3); '"H NMR (400 MHz, CDCl3): § 7.72 (d, J = 8.6
Hz, 1H), 7.64-7.62 (m, 2H), 7.44-7.42 (m, 2H), 7.39-7.27 (m, 6H), 7.09 (d, J = 2.2 Hz,
1H), 6.99 (dd, J=8.6,2.2 Hz, 1H), 5.16 (d,J=16.0 Hz, 1H), 4.97 (d, J=15.0 Hz,10H),
4.70 (d,J=5.1 Hz, 1H), 4.66 (d, /=4.0 Hz, 1H), 443 (d,/=17.0 Hz, 1H), 4.29 (d, J
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=17.1 Hz, 1H), 3.95 (s, 3H); BC{'H}INMR (101 MHz, CDCl3):  194.3, 167.3, 163.3,
157.5,142.8,135.0, 130.3,129.2, 129.1, 128.4, 128.3, 128.0, 127.9, 126.5, 125.0, 124.7,
117.3,109.6, 72.8, 56.1, 51.5, 43.3, 36.4; HRMS (ESI, m/z): calcd. For C27H23N403"
[M+H]": 451.1765, found: 451.1768; HPLC: Chiralpak AD-H Column, hexane//PrOH
= 70/30, 1.0 mL/min, 254 nm, 30 C; RT = 20.1 min (major), 18.8 min (minor), ee:
83%.

Compound 5f (Fig. 3)

5f

(R)-5'-benzyl-5-bromo-3'-(4-fluorophenyl)-4',5'-dihydro-6'H-spiro[indene-2,7'-
[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (5f); TLC: Ry=0.50 (petroleum ether
/ethyl acetate =4/1, v/v, UV); white solid (mp: 198-199 °C); yield: 63% (32.6 mg, 0.063
mmol); [a]p*3 = 75 (c = 0.1, CHCl3); '"H NMR (400 MHz, CDCl3): 5 7.86 (d, J = 1.5
Hz, 1H), 7.70-7.52 (m, 4H), 7.44-7.31 (m, 3H), 7.29-7.27 (m, 2H), 7.16-7.12 (m, 2H),
5.10 (d, J=16.1 Hz, 1H), 4.96 (d, J = 14.9 Hz, 1H), 4.67 (dd, J = 15.5, 3.6 Hz, 2H),
4.43 (d,J=17.2 Hz, 1H), 4.31 (d,J=17.2 Hz, 1H); BC{'H}NMR (101 MHz, CDC):
0 195.4, 162.81, 162.80 (d, J = 249.7 Hz), 155.5, 142.1, 134.7, 133.1, 132.5, 130.6,
130.1, 129.3, 128.5, 128.3 (d, J = 8.3 Hz), 128.0, 127.2, 126.4 (d, J = 3.3 Hz), 124.6,
116.3 (d,J=21.8 Hz), 72.2, 51.5, 43.1, 36.3; ’FNMR (376 MHz, Chloroform-d): § -
112.6; HRMS (ESI, m/z): caled. For C26H19oBrFN4+O2" [M+H]": 517.0670, found:
517.0671; HPLC: Chiralpak AD-H Column, hexane/PrOH = 70/30, 1.0 mL/min, 254
nm, 30 'C; RT = 19.7 min (major), 17.3 min (minor), ee: 94%.

Compound 5g (Fig. 3)
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(R)-5'-benzyl-5-bromo-3'-(4-chlorophenyl)-4',5'-dihydro-6'H-spiro[indene-2,7'-
[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (5g); TLC: Ry=0.50 (petroleum ether
/ethyl acetate =4/1, v/v, UV); white solid (mp: 178-179 °C); yield: 74% (39.4 mg, 0.074
mmol); [a]p** = 65 (¢ = 0.1, CHCIl3); '"H NMR (400 MHz, CDCl3): 5 7.86 (d, J = 1.5
Hz, 1H), 7.69-7.59 (m, 2H), 7.57-7.54 (m, 2H), 7.44-7.31 (m, 5H), 7.29-7.27 (m, 2H),
5.10 (d,J=16.2 Hz, 1H), 4.96 (d, /= 14.9 Hz, 1H), 4.67 (d, /= 16.2 Hz, 2H), 4.41 (d,
J=17.2Hz, 1H),4.30 (d,J=17.2 Hz, 1H); BC{'H}NMR (101 MHz, CDCl3): 5 195.3,
162.7,155.5,141.9,134.7,134.4, 133.1, 132.5, 130.6, 130.0, 129.4, 129.3, 128.6, 128.5,
128.0, 127.7, 127.2, 124.9, 72.2, 51.5, 43.1, 36.3; HRMS (ESI, m/z): calcd. For
Ca6H19BrCIN4O2" [M+H]": 533.0374, found: 533.0377, HPLC: Chiralpak AD-H
Column, hexane/'PrOH = 70/30, 1.0 mL/min, 254 nm, 30 ‘C; RT = 23.8 min (major),

19.0 min (minor), ee: 94%.

Compound 5h (Fig. 3)
Br

5h

(R)-5'-benzyl-5-bromo-3'-(4-bromophenyl)-4',5'-dihydro-6'H-spiro[indene-2,7'-

[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (Sh); TLC: Rr= 0.50 (petroleum ether
/ethyl acetate = 4/1, v/v, UV); white solid (mp: 70-71 °C); yield: 71% (41.0mg, 0.071
mmol); [a]p?3= 105 (¢ = 0.1, CHCI3); 'H NMR (400 MHz, CDCl3):  7.86 (d, J= 1.5
Hz, 1H), 7.69-7.59 (m, 2H), 7.57-7.55 (m, 2H), 7.50-7.47 (m, 2H), 7.43-7.31 (m, 4H),
7.29-7.27 (m, 2H), 5.09 (d, J = 16.2 Hz, 1H), 4.95 (d, J = 14.9 Hz, 1H), 4.67 (dd, J =
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15.5,4.0 Hz, 2H), 4.41 (d, J= 17.2 Hz, 1H), 4.30 (d, J = 17.2 Hz, 1H); BC{'H}NMR
(101 MHz, CDCl3): 6 195.3, 162.7, 155.5, 141.9, 134.7, 133.1, 132.5, 132.3, 130.6,
130.1, 129.3, 128.5, 128.3, 128.0, 127.9, 127.2, 125.0, 122., 72.2, 51.5, 43.1, 36.3;
HRMS (ESI, m/z): calcd. For CasH19BraN4O2" [M+H]"™: 576.9869, found: 576.9870;
HPLC: Chiralpak AD-H Column, hexane//PrOH = 70/30, 1.0 mL/min, 254 nm, 30 C;
RT =26.0 min (major), 20.2 min (minor), ee: 94%.

Compound 5i (Fig. 3)
Me

5i

(R)-5'-benzyl-5-bromo-3'-(p-tolyl)-4',5'-dihydro-6'H-spiro[indene-2,7'-

[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (5i); TLC: Ry= 0.50 (petroleum ether
/ethyl acetate = 4/1, v/v, UV); white solid (mp: 86-87 °C); yield: 54% (26.2 mg, 0.054
mmol); [a]p?3= 150 (c = 0.1, CHCl3); '"H NMR (400 MHz, CDCl3): 6 7.86 (d, J= 1.4
Hz, 1H), 7.72-7.59 (m, 2H), 7.52-7.50 (m, 2H), 7.40-7.36 (m, 3H), 7.32-7.22 (m, 4H),
5.11(d, J=16.2 Hz, 1H), 4.94 (d, /= 14.9 Hz, 1H), 4.69 (d, /= 16.3 Hz, 2H), 4.44 (d,
J=17.1 Hz, 1H), 4.30 (d, J = 17.2 Hz, 1H), 2.38 (s, 3H); C{'H}INMR (101 MHz,
CDCls): 6 195.5, 162.9, 155.6, 143.0, 138.5, 134.8, 133.0, 132.4, 130.7, 130.1, 129.9,
129.3, 128.5, 128.0, 127.3, 127.2, 126.4, 124.4, 72.2, 51.5, 43.2, 36.4, 21.4; HRMS
(ESI, m/z): calcd. For C27H22BrNsO2" [M+H]": 513.0921, found: 513.0920; HPLC:
Chiralpak AD-H Column, hexane/'PrOH = 70/30, 1.0 mL/min, 254 nm, 30 ‘C; RT =

26.3 min (major), 19.6 min (minor), ee: 94%.

Compound 5j (Fig. 3)
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Bu

5j

(R)-5'-benzyl-5-bromo-3'-(4-(tert-butyl)phenyl)-4',5'-dihydro-6'H-spiro[indene-
2,7'-[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (5j); TLC: Rr= 0.50 (petroleum
ether /ethyl acetate = 4/1, v/v, UV); white solid (mp: 199-200 °C); yield: 60% (33.3 mg,
0.060 mmol); [a]p* = 124 (¢ = 0.1, CHCl3); '"H NMR (400 MHz, CDCl3): § 7.86 (s,
1H), 7.71-7.59 (m, 2H), 7.58-7.56 (m, 2H), 7.48-7.46 (m, 2H), 7.41-7.26 (m, 5H), 5.12
(d, J=16.1 Hz, 1H), 4.95 (d, J=15.0 Hz, 1H), 4.69 (dd, J = 17.0, 15.5 Hz, 2H), 4.44
(d,J=17.2 Hz, 1H), 4.31 (d, J=17.2 Hz, 1H), 1.34 (s, 9H); BC{'H}NMR (101 MHz,
CDCl3): 6 195.4, 162.9, 155.6, 151.6, 142.9, 134.8, 132.9, 132.4, 130.7, 130.0, 129.3,
128.4, 128.0, 127.3, 127.1, 126.2, 126.1, 124.5, 72.2, 51.5, 43.3, 36.4, 34.8, 31.4;
HRMS (ESI, m/z): calcd. For C30H2sBrN4O2" [M+H]": 555.1390, found: 555.1394;
HPLC: Chiralpak AD-H Column, hexane//PrOH = 70/30, 1.0 mL/min, 254 nm, 30 C;
RT = 16.5 min (major), 15.5 min (minor), ee: 93%.

Compound 5k (Fig. 3)
OMe

5k

(R)-5'-benzyl-5-bromo-3'-(4-methoxyphenyl)-4',5'-dihydro-6'H-spiro[indene-

2,7'-[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione; TLC: Ry= 0.50 (petroleum ether
/ethyl acetate = 4/1, v/v, UV); white solid (mp: 70-71 °C); yield: 50% (26.5 mg, 0.050
mmol); [a]p?*=99 (c = 0.1, CHCl3); "H NMR (400 MHz, CDCl3): 5 7.86 (s, 1H), 7.68-
7.60 (m, 2H), 7.55 (d, J=8.7 Hz, 2H), 7.44-7.28 (m, 5H), 6.97 (d, /= 8.8 Hz, 2H), 5.09
(d,J=16.1 Hz, 1H),4.95 (d,J=14.9 Hz, 1H), 4.67 (dd, J=15.5, 4.0 Hz, 2H), 4.43 (d,
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J =172 Hz, H), 430 (d, J = 17.2 Hz, 1H), 3.84 (s, 3H); BC{'H}NMR (101 MHz,
CDCls): 6 195.5, 162.9, 159.8, 155.6, 142.8, 134.8, 133.0, 132.4, 130.7, 130.1, 129.3,
128.5, 128.0, 127.9, 127.2, 123.9, 122.7, 114.6, 72.2, 55.5, 51.5, 43.2, 36.4; HRMS
(ESI, m/z): calcd. For C27H22BrNsO2" [M+H]": 529.0870, found: 529.0868; HPLC:
Chiralpak AS-H Column, hexane//PrOH = 60/40, 1.0 mL/min, 254 nm, 30 C; RT =

25.4 min (major), 20.1 min (minor), ee: 94%.

Compound 5l (Fig. 3)
OCF3

(R)-5'-benzyl-5-bromo-3'-(4-(trifluoromethoxy)phenyl)-4',5'-dihydro-6'H-
spiro[indene-2,7'-[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione; TLC: Ry = 0.40
(petroleum ether /ethyl acetate = 4/1, v/v, UV); white solid (mp: 190-191 °C); yield:
75% (43.7 mg, 0.075 mmol); [a]p*> = 136 (¢ = 0.1, CHCI3); "H NMR (400 MHz,
CDCl3): 6 7.87 (s, 1H), 7.68-7.62 (m, 4H), 7.43-7.27 (m, 7H), 5.11 (d,J=16.2 Hz, 1H),
498 (d, J=14.9 Hz, 1H), 4.68 (dd, J = 15.5, 4.2 Hz, 2H), 4.44 (d, J = 17.2 Hz, 1H),
4.32 (d, J = 17.2 Hz, 1H); BC{'H}NMR (101 MHz, CDCl): § 195.3, 162., 155.5,
149.2,141.7,134.7,133.1,132.5, 130.6, 130.1, 129.4, 128.9, 128.6, 128.0, 127.9, 127.2,
125.1, 121.7, 120.6 (q, J = 257.9 Hz), 72.3, 51.5, 43.1, 36.3; YFNMR (376 MHz,
Chloroform-d): 5 -57.8; HRMS (ESI, m/z): calcd. For C27H19BrFsN4Os* [M+H]":
583.0587, found: 583.0588; HPLC: Chiralpak AD-H Column, hexane/'PrOH = 70/30,
1.0 mL/min, 254 nm, 30 'C; RT = 16.4 min (major), 13.2 min (minor), ee: 94%.

Compound 5m (Fig. 3)
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Ph

(R)-3'-([1,1'-biphenyl]-4-yl)-5'-benzyl-5-bromo-4',5'-dihydro-6'H-spiro[indene-

2,7'-[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (5m); TLC: R/= 0.50 (petroleum
ether /ethyl acetate =4/1, v/v, UV); white solid (mp: 247-248 °C); yield: 50% (28.8 mg,
0.050 mmol); [a]p?’ = 58 (¢ = 0.1, CHCI3); '"H NMR (400 MHz, CDCl3): § 7.87 (d, J
= 1.5 Hz, 1H), 7.74-7.59 (m, 8H), 7.48-7.44 (m, 2H), 7.42-7.28 (m, 6H), 5.16 (d, J =
16.2 Hz, 1H), 4.98 (d, J = 15.0 Hz, 1H), 4.72 (dd, J=20.7, 15.5 Hz, 2H), 4.45 (d, J =
17.2 Hz, 1H), 4.32 (d, J = 17.2 Hz, 1H); BC{'H}NMR (101 MHz, CDCl3): § 195.4,
162.9, 155.6,142.6,141.3,140.4, 134.8, 133.0, 132.5, 130.7, 130.1, 129.3, 129.1, 129.0,
128.5, 128.0, 127.8, 127.8, 127.2, 127.2, 126.9, 124.8, 72.2, 51.5, 43.3, 36.4; HRMS
(ESI, m/z): caled. For C32H24BrN4O2" [M+H]": 575.1077, found: 575.1078; HPLC:
Chiralpak OD-H Column, hexane/'PrOH = 50/50, 1.0 mL/min, 254 nm, 30 ‘C; RT =

25.8 min (major), 42.7 min (minor), ee: 94%.

Compound 5n (Fig. 3)

N OH

(R)-5'-benzyl-5-bromo-3'-(4-(hydroxymethyl)phenyl)-4',5'-dihydro-6'H-

spiro[indene-2,7'-[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (5n); TLC: Ry =
0.20 (petroleum ether /ethyl acetate = 1/1, v/v, UV); white solid (mp: 87-88 °C); yield:
51% (27.0 mg, 0.051 mmol); [a]p>>=93 (¢ =0.1, CHCI3); '"H NMR (400 MHz, CDCl;):
0 7.86 (d, J= 1.4 Hz, 1H), 7.71-7.54 (m, 4H), 7.45-7.38 (m, 5H), 7.32-7.22 (m, 2H),
5.95 (brs, 1H), 5.11 (d, J = 16.3 Hz, 1H), 4.94 (d, /= 14.9 Hz, 1H), 4.71 (s, 2H), 4.69
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(d,J=16.4Hz,2H),4.42 (d,J=17.2 Hz, 1H), 4.30 (d,J=17.2 Hz, 1H); BC{'H}NMR
(101 MHz, CDCl3): 6 195.4, 162.9, 155.6, 142.7, 141.3, 134.8, 133.0, 132.5, 130.7,
130.1, 129.5, 129.3, 128.5, 128.1, 127.7, 127.2, 126.7, 124.8, 72.2, 65.0, 51.5, 43.2,
36.4;, HRMS (ESI, m/z): caled. For C27H2BrN4Os* [M+H]": 529.0870, found:
529.0873; HPLC: Chiralpak AD-H Column, hexane/PrOH = 60/40, 1.0 mL/min, 254
nm, 30 'C; RT = 12.2 min (major), 23.9 min (minor), ee: 92%.

Compound 5o (Fig. 3)

(R)-5'-benzyl-5-bromo-3'-(2-methoxyphenyl)-4',5'-dihydro-6'H-spiro[indene-
2,7'-[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (50); TLC: Ry= 0.50 (petroleum
ether /ethyl acetate = 5/1, v/v, UV); white solid (mp: 117-118 °C); yield: 40% (21.2mg,
0.040 mmol); [a]p**= 78 (¢ = 0.1, CHCI3); '"H NMR (400 MHz, CDCl3): 6 7.86 (d, J
= 1.5 Hz, 1H), 7.80 (dd, J = 7.6, 1.8 Hz, 1H), 7.69-7.57 (m, 2H), 7.43-7.27 (m, 6H),
7.09-7.05 (m, 1H), 6.92 (dd, J = 8.4, 1.0 Hz, 1H), 4.88 (d, J = 16.7 Hz, 1H), 4.78 (s,
2H), 4.62 (d, J = 16.7 Hz, 1H), 4.44 (d, J = 17.2 Hz, 1H), 4.31 (d, J = 17.2 Hz, 1H),
3.62 (s, 3H); BC{IH}NMR (101 MHz, CDCl3): § 195.7, 162.9, 155.8, 155.6, 140.2,
135.1,132.8,132.3,130.9, 130.8, 130.3, 130.0, 129.2, 128.4, 128.3, 127.1, 126.7, 121 .4,
119.2,111.1,72.2,55.2,51.3,43.6,36.6; HRMS (ESI, m/z): calcd. For C27H22BrN4O3*
[M+H]": 529.0870, found: 529.0869; HPLC: Chiralpak AD-H Column, hexane//PrOH
= 60/40, 1.0 mL/min, 254 nm, 30 ‘C; RT = 30.3 min (major), 25.7 min (minor), ee:
92%.

Compound Sp (Fig. 3)
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(R)-3'-([1,1'-biphenyl]-2-yl)-5'-benzyl-5-bromo-4',5'-dihydro-6'H-spiro[indene-
2,7'-[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (5p); TLC: Ry= 0.50 (petroleum
ether /ethyl acetate = 5/1, v/v, UV); white solid (mp: 78-79 °C); yield: 60% (34.5 mg,
0.060 mmol); [a]p?’= 51 (¢ = 0.1, CHCI3); '"H NMR (400 MHz, CDCl3): § 7.84 (d, J
= 1.5 Hz, 1H), 7.76 (dd, J = 6.9, 2.1 Hz, 1H), 7.67-7.57 (m, 2H), 7.52-7.38 (m, 3H),
7.35-7.31 (m, 3H), 7.25-7.12 (m, 5H), 7.02-7.00 (m, 2H), 4.85 (d, J = 14.7 Hz, 1H),
442 (d,J=17.1 Hz, 1H), 4.23 (d,J=17.2 Hz, 1H), 3.98 (d, /= 14.7 Hz, 1H), 3.46 (d,
J=16.6 Hz, 1H),3.12 (d, J=16.5 Hz, 1H); BC{'H}NMR (101 MHz, CDCl3): § 195.2,
162.6, 155.5,143.2,140.6, 140.3, 134.6, 132.8, 132.4, 131.4, 130.7, 130.3, 130.0, 129.4,
129.2, 129.1, 129.0, 128.5, 128.2, 128.1, 128.0, 127.4, 127.1, 126.2, 72.2, 51.1, 42.0,
36.0, HRMS (ESI, m/z): caled. For C32H24BrN4O2" [M+H]": 575.1077, found:
575.1080; HPLC: Chiralpak AD-H Column, hexane/PrOH = 80/20, 1.0 mL/min, 254
nm, 30 'C; RT = 19.8 min (major), 18.1 min (minor), ee: 93%.

Compound 5q (Fig. 3)

oN"

,\N Bn
Br N
o

Bn
5q
(R)-5'-benzyl-3'-(2-benzylphenyl)-5-bromo-4',5'-dihydro-6'H-spiro[indene-2,7'-
[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (5q); TLC: Ry=0.50 (petroleum ether
/ethyl acetate = 4/1, v/v, UV); white solid (mp: 88-89 °C); yield: 60% (35.3 mg, 0.060
mmol); [a]p?*= 63 (c = 0.1, CHCI3); 'H NMR (400 MHz, CDCl5): 6 7.87 (d,J=1.4
Hz, 1H), 7.74-7.58 (m, 2H), 7.40-7.24 (m, 6H), 7.17-7.14 (m, 3H), 7.12-7.08 (m, 2H),
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7.06-7.01 (m, 1H), 6.89-6.84 (m, 2H), 4.82 (d, /= 14.8 Hz, 1H), 4.39 (d, /= 16.5 Hz,
2H), 4.34 (d, J = 14.8 Hz, 1H), 4.28 (d, J = 17.2 Hz, 1H), 4.07 (d, J = 15.2 Hz, 1H),
3.98 (d,J=15.2 Hz, 1H), 3.83 (d, /= 16.3 Hz, 1H); BC{'H}NMR (101 MHz, CDCl):
0 1954, 162.8, 155.4, 142.7, 141.6, 141.0, 134.8, 132.9, 132.4, 131.0, 130.9, 130.5,
130.0, 129.5,129.2,129.1, 128.8, 128.3, 128.2, 128.1, 127.1, 126.7, 126.4, 126.0, 71.9,
51.3, 42.0, 39.7, 36.8; HRMS (ESI, m/z): caled. For C33H26BrN4+O2" [M+H]":
589.1234, found: 589.1235; HPLC: Chiralpak AD-H Column, hexane/PrOH = 50/50,
1.0 mL/min, 254 nm, 30 'C; RT = 51.8 min (major), 13.3 min (minor), ee: 94%.

Compound 5r (Fig. 3)

5r

(R)-5'-benzyl-5-bromo-3'-(2-(tert-butyl)phenyl)-4',5'-dihydro-6'H-spiro[indene-

2,7'-[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (5r); TLC: Ry = 0.50 (petroleum
ether /ethyl acetate = 4/1, v/v, UV); yellow oil; yield: 36% (20.0 mg, 0.036 mmol);
[a]p?*=102 (¢ =0.1, CHCI3); '"H NMR (400 MHz, CDCl3): 5 7.88 (s, 1H), 7.68 — 7.62
(m, 2H), 7.56 (dd, J = 8.1, 1.2 Hz, 1H), 7.40 — 7.29 (m, 4H), 7.21-7.17 (m, 3H), 6.98
(dd, J=7.5,1.6 Hz, 1H), 4.78 — 4.73 (m, 3H), 4.52 (d, /= 17.1 Hz, 1H), 4.34 (dd, J =
16.8, 14.3 Hz, 2H), 1.19 (s, 9H); BC{'H}NMR (101 MHz, CDCl3): § 195.7, 163.0,
155.6, 150.9, 145.9, 134.7 133.01, 132.96, 132.4, 130.6, 130.1, 129.5, 129.2, 128.4,
128.2,127.9,127.3,127.2,126.5,125.9, 72.5, 51.3,42.2,36.5, 35.9, 31.8; HRMS (ESI,
m/z): calcd. For CsoH2sBrN4O2" [M+H]": 555.1390, found: 555.1401; HPLC:
Chiralpak AD-H Column, hexane//PrOH = 50/50, 1.0 mL/min, 254 nm, 30 ‘C; RT =

59.8 min (major), 8.5 min (minor), ee: 93%.

Compound 5s (Fig. 3)
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Me
Br/©:/>>7N\
@)

(R)-5'-benzyl-5-bromo-3'-(m-tolyl)-4',5'-dihydro-6'H-spiro[indene-2,7'-
[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (5s); TLC: Ry=0.50 (petroleum ether
/ethyl acetate = 4/1, v/v, UV); white solid (mp: 85-86 °C); yield: 65% (33.3 mg, 0.065
mmol); [a]p?*=92 (c=0.1, CHCl3); "H NMR (400 MHz, CDCl3): 5 7.86 (s, 1H), 7.67-
7.61 (m, 2H), 7.53 (s, 1H), 7.40-7.26 (m, 7H), 7.18 (t, J=4.6 Hz, 1H), 5.12 (d, J=16.1
Hz, 1H), 4.94 (d, J = 14.9 Hz, 1H), 4.70 (dd, J = 15.6, 3.5 Hz, 2H), 4.44 (d, J=17.2
Hz, 1H), 4.30 (d, J= 17.2 Hz, 1H), 2.40 (s, 3H); BC{'H}NMR (101 MHz, CDCl): §
195.4, 162.9, 155.5, 143.0, 139.0, 134.8, 133.0, 132.4, 130.7, 130.0, 129.31, 129.27,
129.0, 128.4, 128.0, 127.3, 127.2, 125.9, 124.8, 123.5, 72.2, 51.5, 43.2, 36.3, 21.6;
HRMS (ESI, m/z): calcd. For C27H22BrN4O2" [M+H]": 513.0921, found: 513.0920;
HPLC: Chiralpak AD-H Column, hexane//PrOH = 70/30, 1.0 mL/min, 254 nm, 30 C;
RT = 22.4 min (major), 17.1 min (minor), ee: 90%.

Compound 5t (Fig. 3)
Me

Me
Br/©i>>7N\
o}

(R)-5'-benzyl-5-bromo-3'-(3,5-dimethylphenyl)-4',5'-dihydro-6'H-spiro[indene-

2,7'-[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (5t); TLC: Rr= 0.30 (petroleum
ether /ethyl acetate = 4/1, v/v, UV); white solid (mp: 86-87 °C); yield: 50% (26.4 mg,
0.050 mmol); [a]p* = 121 (c = 0.1, CHCl3); '"H NMR (400 MHz, CDCl3): § 7.86 (s,
1H), 7.73-7.53 (m, 2H), 7.43-7.24 (m, 5SH), 7.23 (s, 2H), 7.01 (s, 1H), 5.13 (d, /= 16.1
Hz, 1H), 4.92 (d, J = 14.9 Hz, 1H), 4.71 (dd, J = 15.5, 6.8 Hz, 2H), 4.45 (d, J=17.2
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Hz, 1H), 4.30 (d, J=17.2 Hz, 1H), 2.35 (s, 6H); BC{TH}NMR (101 MHz, CDCl): §
195.4, 162.9, 155.6, 143.1, 138.8, 134.82, 132.9, 132.4, 130.7, 130.2, 130.0, 130.0,
129.3, 128.4, 128.0, 127.1, 124.7, 124.4, 72.2, 51.5, 43.2, 36.3, 21.5; HRMS (ESI,
m/z): calcd. For C2sH24BrN4O2" [M+H]": 527.1077, found: 527.1080; HPLC:
Chiralpak AD-H Column, hexane/'PrOH = 50/50, 1.0 mL/min, 254 nm, 30 ‘C; RT =

14.5 min (major), 12.8 min (minor), ee: 94%.

Compound 5Su (Fig. 3)

Br
N

oN" /

j; N\
o

Bn
5u

(R)-5'-benzyl-3'-(4-bromophenyl)-4',5'-dihydro-6'H-spiro[indene-2,7'-

[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (Su); TLC: Ry= 0.40 (petroleum ether
/ethyl acetate = 4/1, v/v, UV); white solid (mp: 94-95 °C); yield: 70% (34.9 mg, 0.070
mmol); [a]p*® = 151 (¢ = 0.1, CHCl3); "TH NMR (400 MHz, CDCl;): § 7.83-7.75 (m,
2H), 7.68 (d, J= 7.8 Hz, 1H), 7.57 (d, J = 8.5 Hz, 2H), 7.53-7.46 (m, 3H), 7.41-7.29
(m, 5H), 5.12 (d, J = 16.1 Hz, 1H), 4.96 (d, J = 14.9 Hz, 1H), 4.68 (dd, J = 15.5,9.3
Hz, 2H), 4.46 (d,J=17.1 Hz, 1H), 4.34 (d,J=17.1 Hz, 1H); BC{'H}NMR (101 MHz,
CDCl3): 6 196.4, 163.1, 154.2, 141.9, 137.2, 134.8, 132.3, 131.7, 129.3, 129.2, 128.7,
128.5, 128.0, 128.0, 126.7, 126.2, 125.1, 122.5, 72.4, 51.5, 43.1, 36.6; HRMS (ESI,
m/z): calcd. For CH20BrN4O2" [M+H]": 499.0764, found: 499.0760; HPLC:
Chiralpak AD-H Column, hexane/'PrOH = 70/30, 1.0 mL/min, 254 nm, 30 ‘C; RT =

31.9 min (major), 18.7 min (minor), ee: 92%.

Compound Sv (Fig. 3)

-
_N /
oN" NN
Br/©i>>*N\
@) Bn

Sv
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(R)-5'-benzyl-5-bromo-3'-(pyridin-3-yl)-4',5'-dihydro-6'H-spiro[indene-2,7'-

[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (5v); TLC: Ry=0.20 (petroleum ether
/ethyl acetate = 1/1, v/v, UV); white solid (mp: 109-110 °C); yield: 60% (30.0 mg, 0.060
mmol); [a]p?® = 102 (¢ = 0.1, CHCI3); "TH NMR (400 MHz, CDCl): 6 8.75 (s, 1H),
8.60 (s, 1H), 8.14 (d, J= 7.9 Hz, 1H), 7.87 (s, 1H), 7.72-7.61 (m, 2H), 7.46-7.27 (m,
6H), 5.13 (d, J=16.3 Hz, 1H), 4.96 (d, J = 14.8 Hz, 1H), 4.72 (dd, J = 22.9, 15.5 Hz,
2H), 4.41 (d, J = 17.2 Hz, 1H), 431 (d, J = 17.2 Hz, 1H); BC{'H}NMR (101 MHz,
CDCl3): 6 195.2, 162.6, 155.4, 149.4, 146.9, 139.8, 134.5, 134.1, 133.1, 132.5, 130.6,
130.0, 129.3, 128.6, 128.2, 127.2, 126.6, 125.6, 124.2, 72.2, 51.5, 43.0, 36.4; HRMS
(ESI, m/z): calcd. For C2sH19BrNsO2" [M+H]": 500.0717, found: 500.0720; HPLC:
Chiralpak AD-H Column, hexane/'PrOH = 60/40, 1.0 mL/min, 254 nm, 30 ‘C; RT =

17.2min (major), 20.5 min (minor), ee: 90%.

Compound Sw (Fig. 3)

(R)-5'-benzyl-5-bromo-3'-(quinolin-6-yl)-4',5'-dihydro-6'H-spiro[indene-2,7'-

[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (Sw); TLC: R/=0.20 (petroleum ether
/ethyl acetate = 1/1, v/v, UV); white solid (mp: 119-120 °C); yield: 60% (33.0 mg, 0.060
mmol); [a]p?*= 106 (¢ = 0.1, CHCI3); '"H NMR (400 MHz, CDCl3): 6 8.93 (d,J=5.2
Hz, 1H), 8.20-8.16 (m, 2H), 8.09 (s, 1H), 7.96 (dd, J= 8.7, 2.0 Hz, 1H), 7.87 (s, 1H),
7.74-7.61 (m, 2H), 7.53-7.28 (m, 6H), 5.24 (d, /= 16.1 Hz, 1H), 4.99 (d, /= 15.0 Hz,
1H), 4.81 (d, J = 16.2 Hz, 1H), 4.71 (d, J = 15.0 Hz, 1H), 4.46 (d, J = 17.2 Hz, 1H),
4.33 (d, J=17.2 Hz, 1H); BC{H}NMR (101 MHz, CDCl3): § 195.3, 162.7, 155.5,
151.1,147.9,142.2,136.5,134.7, 133.1, 132.5, 130.6, 130.5, 130.1, 129.3, 128.5, 128.5,
128.4, 128.0, 127.7, 127.2, 125.4, 125.4, 122.0, 72.3, 51.5, 43.3, 36.4; HRMS (ESI,
m/z): caled. For CaoH2:BrNsO2" [M+H]": 550.0873, found: 550.0870; HPLC:
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Chiralpak AD-H Column, hexane/'PrOH = 60/40, 1.0 mL/min, 254 nm, 30 ‘C; RT =

14.3 min (major), 25.0 min (minor), ee: 94%.

Compound 5x (Fig. 3)

(R)-5'-benzyl-5-bromo-3'-methyl-4',5'-dihydro-6'H-spiro[indene-2,7'-
[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (5x); TLC: Ry= 0.30 (petroleum ether
/ethyl acetate = 1/1, v/v, UV); white solid (mp: 206-207 °C); yield: 71% (31.0 mg, 0.071
mmol); [a]p?® = 105 (¢ = 0.1, CHCI3); "TH NMR (400 MHz, CDCl3): 5 7.83 (s, 1H),
7.67-7.56 (m, 2H), 7.42-7.31 (m, 3H), 7.28-7.26 (m, 2H), 4.89 (d, J = 14.8 Hz, 1H),
4.80 (d,J=16.0 Hz, 1H), 4.68 (d, J = 14.8 Hz, 1H), 4.44 (d, J=16.0 Hz, 1H), 4.33 (d,
J =172 Hz, 1H), 4.24 (d, J = 17.2 Hz, 1H), 2.28 (s, 3H); BC{'H}INMR (101 MHz,
CDCls): 6 195.6, 163.0, 155.5, 138.9, 134.8, 132.9, 132.4, 130.7, 130.0, 129.2, 128.4,
128.1, 127.1, 125.1, 71.9, 51.4, 41.9, 36.5, 10.2; HRMS (ESI, m/z): calcd. For
C21H1sBrN4O2" [M+H]": 437.0608, found: 437.0610; HPLC: Chiralpak AD-H Column,
hexane/PrOH = 70/30, 1.0 mL/min, 254 nm, 30 ‘C; RT = 10.7 min (major), 14.9 min

(minor), ee: 95%.

Compound Sy (Fig. 3)

(R)-5'-benzyl-5-bromo-3'-ethyl-4',5'-dihydro-6'H-spiro[indene-2,7'-
[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (5y); TLC: R/= 0.30 (petroleum ether
/ethyl acetate = 1/1, v/v, UV); white solid (mp: 204-205 °C); yield: 60% (27.1 mg, 0.060
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mmol); [a]p?3= 133 (¢ = 0.1, CHCI3); 'H NMR (400 MHz, CDCl3): 6 7.84 (d, J=1.5
Hz, 1H), 7.68-7.56 (m, 2H), 7.42-7.31 (m, 3H), 7.29-7.24 (m, 2H), 4.85 (dd, J = 22.0,
15.4 Hz, 2H), 4.70 (d, /= 14.8 Hz, 1H), 4.46 (d, J=15.9 Hz, 1H), 4.35 (d, /= 17.1 Hz,
1H), 4.25 (d, J = 17.2 Hz, 1H), 2.67 (q, J = 7.6 Hz, 2H), 1.25 (t, J = 7.6 Hz, 3H);
BC{'H}NMR (101 MHz, CDCl3): § 195.6, 163.1, 155.6, 144.4, 134.9, 132.8, 132.3,
130.8, 130.0, 129.2, 128.4, 128.1, 127.1, 124.6, 72.0, 51.4, 41.9, 36.5, 18.6, 13.3;
HRMS (ESI, m/z): calcd. For C22H20BrN4O2" [M+H]": 451.0764, found: 451.0760;
HPLC: Chiralpak AD-H Column, hexane//PrOH = 70/30, 1.0 mL/min, 254 nm, 30 C;
RT = 10.5 min (major), 14.2 min (minor), ee: 92%.

Compound 5z (Fig. 3)

N

“

oN" /

Br/©:/>>’N\
0]

Bn
5z

(R)-5'-benzyl-5-bromo-3'-cyclohexyl-4',5'-dihydro-6'H-spiro[indene-2,7'-

[1,2,3]triazolo[1,5-a]pyrazine]-1,6'(3H)-dione (5z); TLC: Ry= 0.50 (petroleum ether
/ethyl acetate = 3/1, v/v, UV); white solid (mp: 70-71 °C); yield: 50% (25.3 mg, 0.050
mmol); [a]p**=39 (¢ =0.1, CHCI3); '"H NMR (400 MHz, CDCl5): 5 7.83 (s, 1H), 7.67-
7.56 (m, 2H), 7.40-7.33 (m, 3H), 7.32-7.28 (m, 2H), 4.89 (dd, J = 18.8, 15.4 Hz, 2H),
4.67 (d,J=14.9 Hz, 1H), 4.51 (d, /= 15.9 Hz, 1H), 4.36 (d, J=17.2 Hz, 1H), 4.24 (d,
J=17.2 Hz, 1H), 2.67 (tt, J=12.0, 3.6 Hz, 1H), 1.85 (dd, J=29.0, 11.7 Hz, 4H), 1.71
(d, J=11.5 Hz, 1H), 1.57-1.47 (m, 2H), 1.39-1.22 (m, 3H); BC{'H}NMR (101 MHz,
CDCl3): 6 195.7, 163.1, 155.6, 147.8, 134.9, 132.8, 132.3, 130.8, 130.0, 129.2, 128.4,
128.0, 127.1, 123.9, 72.0, 51.4, 42.4, 36.5, 35.6, 32.3, 32.3, 26.4, 26.4, 25.9; HRMS
(ESI, m/z): calcd. For C26H26BrNsO2" [M+H]": 505.1234, found: 505.1230; HPLC:
Chiralpak AD-H Column, hexane/'PrOH = 70/30, 1.0 mL/min, 254 nm, 30 ‘C; RT =

15.9 min (major), 9.9 min (minor), ee: 93%.

1.7. Procedure for synthesis of 3a in gram-scale
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N

o Ns oN™ /
O // I 0 N
/ N-Bn  Cu(MeCN)PFs (5.0 mol%) ;
. N + L8 (6.0 (r)nol %) Br N
R2 o) DCM, 25°C, 48h d  Bn

2a, 3.0 mmol, 1.15g 1d, 4.5 mmol 326/3,'31%2 -

After stirring a mixture of Cu(CH3CN)4PF¢ (5 mol %) and L8 (6 mol %) in dry
dichloromethane (10 mL) at 25 °C under nitrogen atmosphere at for 2 h, substrates 2a
(3.0 mmol) and 1d (4.5 mmol) in dry dichloromethane (30 mL) was added and the
reaction mixture was stirred at 25 °C under nitrogen atmosphere. After 48 h, when the
substrates 2a was disappeared (monitored by TLC), the reaction mixture was stirred at
40 °C for another 48 h. Finally, the crude product was purified by silica gel flash
chromatography to afford the desired product 3a (1.21g, 95% yield, 94% ee).
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2. Supplementary Discussion

2.1. Radical inhibition experiments

0o N3 N”N
0 y i Cu(MeCN),PFg (5.0 mol%) O N /
\ 0, ~
/ . N-Bn L8 (6.0 mol%) ;
(o]
Br /N ) DCM 25°C, 48h_ Br N
B e} inhibitors (1.5equiv) o Bn
2a 1d Tempo, BHT, DBE 3a, trace

The radical inhibition experiments were carried out according to the general
procedure: After stirring a mixture of Cu(CH3CN)4PF¢ (5 mol %) and L8 (6 mol %)
in dry dichloromethane (1 mL) at 25 °C under nitrogen atmosphere for 1.5 h, substrates
2a (0.1 mmol), 1d (0.15 mmol) and inhibitors (1.5 equiv) in dry dichloromethane (1
mL) was added and the reaction mixture was stirred at 25 °C under nitrogen atmosphere.
After 48 h, the reaction was monitored by TLC and 'H NMR, all of these control

reactions did not work.

2.2. Nonlinear effect study

N3

0 oN
O // N o N /
/ N_Bn Cu(MeCN)sPFg (5.0 mol%) !
Br N + L8 (6.0 mol%)
/ o Br
Bri o) DCM, 25°C, 48h

2a 1d 3a

The nonlinear effect study experiments were carried out according to the
general procedure:After stirring a mixture of Cu(CH3CN)4PF¢ (0.005 mmol, 5 mol %)
and L8 (0.006 mmol, 6 mol %) in dry dichloromethane (1 mL) at 25 °C under nitrogen
atmosphere for 1.5 h, substrates 2a (0.10 mmol) and 1d (0.15 mmol) in dry
dichloromethane (1 mL) was added and the reaction mixture was stirred at 25 °C under
nitrogen atmosphere. After 48 h, the substrates 2a was disappeared (monitored by TLC)
completely. The crude product was purified by silica gel flash chromatography to afford

the desired product 3a. And the ee values were determined by HPLC analysis.
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Supplementary Table 5. Nonlinear effect study comparing the ee of L8 with the ee of

the product 3a
entry ee of L8 (%) ee of 3a (%)
1 0 0
2 20 20
3 40 39
4 60 55
5 80 77
6 99 94
100
90 -
80 y=0.9453x + 03915 K
7 R2 = 0.9989
g o ‘
S 50
8 40 K
30 o
20 s
10 | .
0 e
0 20 40 60 80 100
ee % (L8)

Supplementary Fig. 1. Nonlinear effect study comparing the ee of L.8 with the ee of

the product 3a

2.3. Investigation of intermediate azide

(6] Me
/@é_q / @[« Cu(MeCN)4PF5 (5.0 mol%) /@éﬁ‘f{o / {
g UL oo

aw 6, 50%, 95% ee 5w, 15%, 4% ee

The investigation of intermediate azide experiment was carried out according
to the general procedure: After stirring a mixture of Cu(CH3CN)4PFs (0.005 mmol, 5
mol %) and L8 (0.006 mmol, 6 mol %) in dry dichloromethane (1 mL) at 25 °C under
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nitrogen atmosphere for 1.5 h, substrates 4w (0.10 mmol) and 1d (0.15 mmol) in dry
dichloromethane (1 mL) was added and the reaction mixture was stirred at room
temperature under nitrogen atmosphere. The reaction was terminated after stirring for
24 h. The crude product was purified by silica gel flash chromatography to afford the
desired product 6 with 50% yield and 95% ee.

Compound 6 (Fig. 4)

(@] Me
Joo v/
Br N
Bn/

6

(R)-2-azido-N-benzyl-5-bromo-N-(but-2-yn-1-yl)-1-0x0-2,3-dihydro-1H-indene-2-
carboxamide (6); TLC: Rr=0.70 (petroleum ether /ethyl acetate = 3/1, v/v, UV); white
solid; yield; [@]p* = 229 (¢ = 0.1, CHCl3); '"H NMR (400 MHz, CDCl3): 6 7.71 (d, J =
8.1 Hz, 1H), 7.66-7.58 (m, 2H), 7.45-7.15 (m, 5H), 4.74 (s, 2H), 4.40-3.84 (m, 2H),
3.75(d,J=17.5 Hz, 1H), 3.14 (d, J = 17.4 Hz, 1H), 1.86 (s, 3H); *C{'H}NMR (101
MHz, CDCls): 6 195.7, 167.4, 151.8, 135.4, 132.7, 132.4, 131.9, 129.9, 128.9, 128.5,
128.0, 126.8, 84.2, 73.0, 69.4, 48.8, 38.3, 37.0, 3.7; HRMS (ESI, m/z): calcd. For
C21H1sBrN4O2" [M+H]™: 437.0608, found:437.0600; HPLC: Chiralpak AD-H Column,
hexane/’PrOH = 90/10, 1.0 mL/min, 254 nm, 30 ‘C; RT = 18.9 min (major), 20.4 min

(minor), ee: 95%.

ON”N/ Me Conditions Sw
6. 050t Conditions N A: Cu(MeCN),PFe (5 mol %) | 75% 4% ce
(0’ 1 m;‘]i?) CH,Cl, \ L8 (6 mol %) ; ’

' 40°C, 48h Br g N\Bn B - 1 10%, 95% ee
5w C: Cu(MeCN)4PFs (5 mol %) | 31%, 94% ee

Condition A: After stirring a mixture of Cu(CH3CN)4PFs (0.005 mmol, 5 mol %)
and L8 (0.006 mmol, 6 mol %) in dry dichloromethane (1 mL) at 25 °C under nitrogen
atmosphere for 1.5 h, intermediated 6 (0.1 mmol) was added and the reaction was stirred

at 40 °C under nitrogen atmosphere for 48 h. when the intermediated 6 was disappeared
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and the product Sw was detected (monitored by TLC), the crude product was purified
by silica gel flash chromatography to afford the desired product Sw with 75% yield and
94% ee.

Condition B: The intermediated 6 (0.05 mmol) was dissolved in dry
dichloromethane (1 mL) and stirred at 40 °C under nitrogen atmosphere for 48 h, the
reaction was terminated and the crude product was purified by silica gel flash

chromatography to afford the desired product Sw with 10% yield and 95% ee.

Condition C: After stirring a mixture of Cu(CH3CN)4PFs (0.005 mmol, 5 mol %)
and 6 (0.1 mmol) in dry dichloromethane (1 mL) at 40 °C under nitrogen atmosphere
for 48 h, the reaction was terminated and the crude product was purified by silica gel

flash chromatography to afford the desired product Sw with 31% yield and 94% ee.

2.4. Control experiments with other substrates

2.4.1 General Procedure for the synthesis of racemic 7a-7d

7a and 7b were synthesized according to the literature procedures.®® 7¢ and 7d were

synthesized according to the general procedure.

o 0O
0 H reflux O
+ N
R™INTN toluene, 12h Br N—/_
R

OMe

Br

S3 S22 7c-7d
R=Bn, Me

S3 (1 mmol, 1.0 equiv) were dissolved in dry toluene (20 mL), then propylamine
S22 (1.5 mmol) was added, and the mixture was stirring at 110 oC for 12 h. After the
disappearance of substrate (monitored by TLC), the mixture was cooled to room
temperature and was quenched with HCI (aq.). The residue was extracted three times
with ethyl acetate, and was then washed with NaHCO3 (aq.). Finally, the crude product

was purified by silica gel flash chromatography to get the desired products 7¢c-7d.

Compound 7c¢ (Fig. 4)
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O
@fﬂo
Br /N—/_
Bn

7c

N-benzyl-5-bromo-1-oxo-N-propyl-2,3-dihydro-1H-indene-2-carboxamide; TLC:
Ry = 0.40 (petroleum ether /ethyl acetate = 10/1, v/v, UV); yellow oil; Enol
isomerization were observed by NMR; 'H NMR (400 MHz, CDCl3): § 7.67 (dd, J =
17.7, 1.5 Hz, 1H), 7.58 (dd, J = 15.8, 8.2 Hz, 1H), 7.50 (ddd, J = 9.9, 8.4, 1.5 Hz, 1H),
7.39-7.22 (m, 5H), 5.33 (d, ] = 17.7 Hz, 0.5H), 5.01 (d, J = 15.2 Hz, 0.5H), 4.56 (d, J =
17.8 Hz, 0.5H), 4.34 (d, J = 15.2 Hz, 0.5H), 4.13 (dd, J = 7.9, 3.8 Hz, 0.5H), 3.96 (dd,
J=17.9,3.6 Hz, 0.5H), 3.85-3.73 (m, 2H), 3.32-3.19 (m, 1H), 3.34-2.99 (m, 1H), 1.77-
1.58 (m, 2H), 0.91 (dt, J = 10.3, 7.4 Hz, 3H); BC{'H}NMR (101 MHz, CDCl3): 5 200.9
(200.8), 168.41 (168.39), 156.44 (156.40), 137.3 (137.2), 134.4 (134.3), 131.33
(131.27),130.84 (130.82), 129.91 (129.87), 129.1 (128.7), 127.7 (127.3) 127.6 (126.2),
125.7 (125.6), 51.4 (51.1), 50.5 (49.4), 49.1 (48.9), 30.9 (30.6), 22.2 (20.9), 11.42
(11.35); HRMS (ESI, m/z): caled. For C20H2:BrNO2" [M+H]": 386.0750, found:
386.0741.

Compound 7d (Fig. 4)

@]
@fﬂo
Br /N—/_
Me

7d

5-bromo-N-methyl-1-0xo0-N-propyl-2,3-dihydro-1H-indene-2-carboxamide; TLC:
Rr = 0.40 (petroleum ether /ethyl acetate = 10/1, v/v, UV); yellow oil; Enol
isomerization were observed by NMR; "TH NMR (400 MHz, CDCl3): 5 7.66 (d,J=1.6
Hz, 1H), 7.53 (dd, J = 8.2, 4.2 Hz, 1H), 7.47 (d, J = 8.1 Hz, 1H), 6 4.09 (dd, J = 7.9,
3.6 Hz, 0.6H), 4.04 (dd, J=17.9, 3.6 Hz, 0.4H), 3.84 — 3.78 (m, 0.4H), 3.77 — 3.67 (m,
1H), 3.47 (dt, J=13.1, 7.5 Hz, 0.6H), 3.34-3.16 (m, 4H), 2.97 (s, 1H), 1.78-1.54 (m,
2H), 0.91 (dt,J=27.1, 7.5 Hz, 3H); BC{'H}NMR (101 MHz, CDCl3): 5 200.7 (200.5),
167.6 (167.4), 156.23 (156.21), 134.22 (134.18), 131.02 (130.97), 130.48 (130.46),
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129.68 (129.67), 125.33 (125.29), 52.0 (50.8), 50.2 (50.0), 36.0 (34.1),30.7 (30.2), 21.8
(20.3), 11.12 (11.08); HRMS (ESI, m/z): calcd. For C14H17BrNO2" [M+H]": 310.0473,
found: 310.0473.

2.4.2 General Procedure for the synthesis of racemic 8a-8d

o) /N3 0]
i Cu(MeCN)4PFg (5 mol %)
/@é_/f + @N_B” L8 (6 mol %) R N3
CH,Clp, 25°C, 24 h B
Br R S ' R
7a-7d 1d 8a-8d

After stirring a mixture of Cu(MeCN)4PFs (0.005 mmol, 5 mol %) and L8 (0.006
mmol, 6 mol %) in dry dichloromethane (1 mL) at 25 °C under nitrogen atmosphere for
1.5 h, substrates 7a-7d (0.10 mmol) and 1d (0.15 mmol) in dry dichloromethane (1 mL)
was added and the reaction mixture was stirred at 25 °C under nitrogen atmosphere.
After 24 h, the substrates 7a-7d was disappeared (monitored by TLC) completely.
Finally, the crude product was purified by silica gel flash chromatography to afford the

desired products 8a-8d.

Compound 8a (Fig. 4)
0

Br O-Bu

8a

The NMR of 8a according to the literature®.

tert-butyl (R)-2-azido-5-bromo-1-0x0-2,3-dihydro-1H-indene-2-carboxylate (8a);
TLC: Rr= 0.80 (petroleum ether /ethyl acetate = 10/1, v/v, UV); colorless oil; yield:
91% (32.0 mg, 0.091 mmol); [a]p?> =115 (c = 1.0, CHCL3); {ref. 8: [a]p®® +143.2 (c =
0.94, CHCl3, 90% ee, R absolute configuration)}; '"H NMR (400 MHz, CDCl3): 6 7.67
(d, J=8.2 Hz, 1H), 7.64 (d, J= 1.5 Hz, 1H), 7.58 (dd, J= 8.2, 1.6 Hz, 1H), 3.61 (d, J
= 17.4 Hz, 1H), 2.96 (d, J = 17.4 Hz, 1H), 1.46 (s, 9H); HPLC: Chiralpak AD-H
Column, hexane/PrOH = 99/1, 1.0 mL/min, 254 nm, 30 ‘C; RT = 12.6 min (major),

10.6 min (minor), ee: 55%.
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Compound 8b (Fig. 4)
0

Br HN—Bn

8b

(R)-2-azido-N-benzyl-5-bromo-1-0x0-2,3-dihydro-1H-indene-2-carboxamide (8b);
TLC: Rr=0.40 (petroleum ether /ethyl acetate = 5/1, v/v, UV); colorless oil; yield: 71%
(27.3 mg, 0.071 mmol); [a]p?*= 29 (c = 0.5, CHCI3); "TH NMR (400 MHz, CDCls): §
7.71 (s, 1H), 7.67 (d, J = 8.2 Hz, 1H), 7.59 (d, J = 8.3 Hz, 1H), 7.40 — 7.23 (m, 5H),
7.06 (s, 1H), 4.57 — 4.40 (m, 2H), 4.02 (d, /= 17.5 Hz, 1H), 3.23 (d, /= 17.5 Hz, 1H);
BC{'H}NMR (101 MHz, CDCl3): & 197.0, 166.0, 153.9, 137.3, 132.6, 132.4, 132.3,
130.0, 129.0, 127.9, 127.8, 126.7, 73.0, 44.2, 37.5; HRMS (ESI, m/z): calcd. For
C17H14BrN4O2" [M+H]": 385.0295, found: 385.0289; HPLC: Chiralpak AD-H Column,
hexane/PrOH = 80/20, 1.0 mL/min, 254 nm, 30 ‘C; RT = 10.0 min (major), 14.6 min

(minor), ee: 46%.

Compound 8c (Fig. 4)
0O
N; O

/N_/_

Bn
8c

Br

(R)-2-azido-N-benzyl-5-bromo-1-0x0-N-propyl-2,3-dihydro-1H-indene-2-

carboxamidee (8c); TLC: Ry= 0.60 (petroleum ether /ethyl acetate = 10/1, v/v, UV);
colorless oil; yield: 90% (38.4 mg, 0.090 mmol); [a]p®® = 199 (¢ = 1.0, CHCL3); two
rotamers were observed by NMR;!%!* 'TH NMR (400 MHz, CDCl;): § 7.73-7.68 (m,
1H), 7.63-7.57 (m, 2H), 7.37-7.17 (m, SH), 4.80-4.59 (m, 2H), 3.57 (dd, J = 36.5, 17.4
Hz, 1H), 3.29-3.07 (m, 3H), 1.65-1.53 (m, 2H), 0.80 (dt, J = 27.2, 7.5 Hz, 3H);
BC{'TH}NMR (101 MHz, CDCl3): 5 196.6, 167.5, 151.8, 136.7 (136.0), 132.7 (132.4),
131.8, 129.9, 129.0 (128.9), 128.0, 127.7, 126.8, 126.7, 72.2 (71.8), 50.9 (48.6), 48.3,
38.6 (38.5), 21.2 (20.1), 11.3 (11.2); HRMS (ESI, m/z): calcd. For C20H20BrN4O2"
[M+H]": 427.0764, found: 427.0760; HPLC: Chiralpak AD-H Column, hexane//PrOH
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=90/10, 1.0 mL/min, 254 nm, 30 C; RT = 21.8 min (major), 17.5 min (minor), ee:

90%.
Compound 8d (Fig. 4)
O
N; 0
Br /N_/_
Me
8d

(R)-2-azido-5-bromo-N-methyl-1-o0xo0-N-propyl-2,3-dihydro-1H-indene-2-

carboxamide (8d); TLC: Ry = 0.60 (petroleum ether /ethyl acetate = 10/1, v/v, UV);
colorless oil; yield: 85% (29.8 mg, 0.085 mmol); [a]p® = 232 (¢ = 1.0, CHCI3); 'H
NMR (400 MHz, CDCl3): 6 7.69 (d, J = 8.2 Hz, 1H), 7.62 (d, J = 1.6 Hz, 1H), 7.58
(dd,/=8.1, 1.6 Hz, 1H), 3.55 (d, J=17.4 Hz, 1H), 3.40-3.26 (m, 2H), 3.13 (d, /=174
Hz, 1H), 2.97 (d, J = 17.0 Hz, 3H), 1.59 (q, J = 7.5 Hz, 2H), 0.90-0.88 (m, 3H).;
BC{'H}NMR (101 MHz, CDCl3): 6 196.7, 166.7, 151.8, 132.7, 132.4, 131.7, 129.9,
126.6, 72.0, 51.2, 38.3, 35.4,20.1, 11.2; HRMS (ESI, m/z): calcd. For C20H20BrNs+O>"
[M+H]": 351.0451, found: 351.0442. HPLC: Chiralpak AD-H Column, hexane//PrOH
= 80/20, 1.0 mL/min, 254 nm, 30 °C; RT = 8.8 min (major), 7.8 min (minor), ee: 83%.

2.5. DFT calculations

For both conformations, the systems were set with a charge and spin multiplicity
of 1 and 3, respectively. Optimizations were then performed at the M06-2X/def2-SVP
level, incorporating Grimme's D3 empirical dispersion correction!®. The Polarizable
Continuum Model (PCM) was employed across all calculations, utilizing
dichloromethane as the solvent to mimic the dielectric environment of the solution.
Subsequently, frequency calculations were conducted to obtain the free energies. All

computational analyses were executed using the Gaussian 16 software.
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Discussions: The favored conformation exhibits an energy that is 8.337718
kcal/mol lower than that of the other side. This discrepancy is primarily attributed to
the steric hindrance caused by the carbonyl group and the tert-butyl group. Such
hindrance leads to an increase in the angle between the exocyclic amide carbonyl and
the five-membered ring from 54 degrees on the left to 71 degrees on the right. The
enlargement of this angle results in a deterioration of conjugation, which not only

elevates the energy level but also makes the enol double bond more reactive due to the

loss of conjugation.

Discussions: Additionally, the enlargement of the angle causes the groups
attached to the amide, such as the alkynyl group in this case, to rotate towards the

backside of the a-carbon, thereby obstructing the approach of azides, as depicted in the

figure below

-
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Supplementary Fig. 3. The influence of N-propargyl group
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3. Supplementary Notes

3.1 Determination of the Absolute Configuration of Sb by X-ray Analysis .

Compound 5b (Fig. 3)

C16

Supplementary Fig. 4. X-ray analysis to determine the absolutecon figuration of

compound Sb (CCDC2327853)

Supplementary Table 6. Crystal data and structure refinement for Sb (CCD(C2327853)

Identification code 231127cx _a

Empirical formula C26 Hi9 Br N4 O2

Formula weight 499.36

Temperature 173.00 K

Wavelength 1.34139 A

Crystal system Orthorhombic

Space group P212124

Unit cell dimensions a=10.7747(2) A a=90°.
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b=10.8254(2) A b=90°.
c=18.5960(3) A g =90°.

Volume 2169.05(7) A3

Z 4

Density (calculated) 1.529 Mg/m3

Absorption coefficient 1.874 mm-!

F(000) 1016

Crystal size 0.17 x 0.17 x 0.05 mm3

Theta range for data collection

4.111 to 54.949°.

-13<=h<=13, -
Index ranges 13<=k<=13, -

22<=]<=20)
Reflections collected 19722

Independent reflections

4113 [R(int) = 0.0469]

Completeness to theta = 53.594°

99.8 %

Absorption correction

Semi-empirical from

equivalents

Max. and min. transmission

0.7508 and 0.5919

Refinement method

Full-matrix least-

squares on F2

Data / restraints / parameters

4113/0/298

Goodness-of-fit on F2

1.061

Final R indices [[>2sigma(I)]

R1=10.0292, wR2 =
0.0624

R1=0.0352, wR2 =

R indices (all data)

0.0654
Absolute structure parameter 0.021(10)
Extinction coefficient n/a

Largest diff. peak and hole

0.263 and -0.512 ¢.A-3
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3.2 Determination of the Absolute Configuration of 5d by X-ray Analysis

Compound 5d (Fig. 3)

N
2 Ph
oN" /
MeO N
N\
O Bn
5d

o3

Supplementary Fig. 5. X-ray analysis to determine the absolutecon figuration of

compound 5d (CCDC2327852)

Supplementary Table 7. Crystal data and structure refinement for Sd (CCDC2327852)

Identification code 231127cx ¢
Empirical formula C27 H21 N4 O3
Formula weight 449.48
Temperature 173.00 K
Wavelength 1.34139 A
Crystal system Orthorhombic
Space group P2:12124

. , , a=10.81492) A a=90°.
Unit cell dimensions

b=11.3892(2) A b=90°.
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c=18.1350(4) A

g = 90°.

Volume 2233.74(8) A3

Z 4

Density (calculated) 1.337 Mg/m3
Absorption coefficient 0.461 mm-!

F(000) 940

Crystal size 0.17 x 0.17 x 0.05 mm3

Theta range for data collection

4.141 to 54.907°.

-13<=h<=12, -
Index ranges 13<=k<=13, -

21<=l<=22
Reflections collected 28567

Independent reflections

4236 [R(int) = 0.0553]

Completeness to theta = 53.594°

99.8 %

Absorption correction

Semi-empirical from

equivalents

Max. and min. transmission

0.7508 and 0.6201

Refinement method

Full-matrix least-

squares on F2

Data / restraints / parameters

4236/0/308

Goodness-of-fit on F2

1.055

Final R indices [[>2sigma(I)]

R1=0.0354, wR2 =
0.0949

R1=0.0396, wR2 =

R indices (all data)

0.0970
Absolute structure parameter 0.10(9)
Extinction coefficient n/a

Largest diff. peak and hole

0.439 and -0.351 e.A-3
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3.3 Determination of the Absolute Configuration of 5x by X-ray Analysis

Compound 5x (Fig. 4)

Supplementary Fig. 6. X-ray analysis to determine the absolutecon figuration of

compound 5x (CCDC2327851)

Supplementary Table 8. Crystal data and structure refinement for Sx (CCDC2327851)

Identification code 231116¢x 6 2a

Empirical formula C21 His Br N4 O2

Formula weight 436.29

Temperature 173.00 K

Wavelength 1.34139 A

Crystal system Orthorhombic

Space group P212124
a=8.8875(2) A a=90°.

Unit cell dimensions b=10.0683(2) A b= 90°.
c=21.2805(4) A g=90°.
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Volume 1904.22(7) A3

4 4

Density (calculated) 1.522 Mg/m3
Absorption coefficient 2.075 mm-!

F(000) 884

Crystal size 0.17 x 0.17 x 0.05 mm3

Theta range for data collection

3.614 to 54.919°.

-10<=h<=10, -
Index ranges 10<=k<=12, -

20<=]<=25
Reflections collected 11847

Independent reflections

3597 [R(int) = 0.0478]

Completeness to theta = 53.594°

99.8 %

Absorption correction

Semi-empirical from

equivalents

Max. and min. transmission

0.7508 and 0.4592

Refinement method

Full-matrix least-

squares on F2

Data / restraints / parameters

3597/0/254

Goodness-of-fit on F2

1.060

Final R indices [[>2sigma(])]

R1=0.0383, wR2 =
0.0850

R1=0.0498, wR2 =

R indices (all data)

0.0907
Absolute structure parameter 0.048(14)
Extinction coefficient n/a

Largest diff. peak and hole

0.559 and -0.506 e.A-3
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4. Supplementary Figures
4.1 NMR Spectra of New Compounds ('"H NMR, 3C NMR and F NMR)
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Fig. 3: 4a, °C NMR (101 MHz, CDCI,)
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4.2 Chromatographic Data for Chiral Products

N HPLC Conditions
oN” / Column: Chiralpak AD-H,
N Daicel Chemical Industries Ltd.
Eluent: Hexanes / Isopropanol (70:30)
Br N FI - 1.0 mL/mi
o) Bn ow rate: 1.0 mL/min
Detection: UV 254 nm
3a
Chiral
160
140]
1 i
1201 5
1007 A
2 0] A
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Supplementary Fig. 7. HPLC spectrum of compound 3a
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oN" HPLC Conditions
fN Column: Chiralpak OD-H,
N Daicel Chemical Industries Ltd.
Br o] Bn Eluent: Hexanes / Isopropanol (70:30)

Flow rate: 1.0 mL/min

3b .
Detection: UV 254 nm
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Supplementary Fig. 8. HPLC spectrum of compound 3b
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. oN"
r ~\N HPLC Conditions
N Column: Chiralpak AD-H,
o) \Bn Daicel Chemical Industries Ltd.
3 Eluent: Hexanes / Isopropanol (70:30)
C .
Flow rate: 1.0 mL/min
Detection: UV 254 nm
Chiral
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Supplementary Fig. 9. HPLC spectrum of compound 3¢
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HPLC Conditions
Column: Chiralpak AD-H,
Daicel Chemical Industries Ltd.
Eluent: Hexanes / Isopropanol (70:30)
Flow rate: 1.0 mL/min
Detection: UV 254 nm

3d
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Supplementary Fig. 10. HPLC spectrum of compound 3d
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N HPLC Conditions

oN’ / Column: Chiralpak AD-H,
Q\N Daicel Chemical Industries Ltd.
Eluent: Hexanes / Isopropanol (70:30)
Cl N‘ Fl : 1.0 mL/mi
o) Bn ow rate: 1.0 mL/min
Detection: UV 254 nm
3e
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Supplementary Fig. 11. HPLC spectrum of compound 3e
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N HPLC Conditions

oN’ / Column: Chiralpak AD-H,
F Q\N Daicel Chemical Industries Ltd.
N Eluent: Hexanes / Isopropanol (70:30)
o) \Bn Flow rate: 1.0 mL/min
Detection: UV 254 nm
3f
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Supplementary Fig. 12. HPLC spectrum of compound 3f
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N HPLC Conditions
oN’ / Column: Chiralpak AD-H,
NC ‘\N Daicel Chemical Industries Ltd.
N Eluent: Hexanes / Isopropanol (60:40)
o Bn Flow rate: 1.0 mL/min
Detection: UV 254 nm
39
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Supplementary Fig. 13. HPLC spectrum of compound 3g
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HPLC Conditions

ON\// / Column: Chiralpak AD-H,
CF3 ~\N Daicel Chemical Industries Ltd.
N Eluent: Hexanes / Isopropanol (70:30)
0 \Bn Flow rate: 1.0 mL/min
3h Detection: UV 254 nm
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Supplementary Fig. 14. HPLC spectrum of compound 3h
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N HPLC Conditions
oN”’ / Column: Chiralpak OD-H,
Daicel Chemical Industries Ltd.
N Eluent: Hexanes / Isopropanol (50:50)
Flow rate: 1.0 mL/min

OMe (@) Bn
3 Detection: UV 254 nm
i
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Supplementary Fig. 15. HPLC spectrum of compound 3i
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HPLC Conditions

.N
oN’ / Column: Chiralpak AD-H,
~\N Daicel Chemical Industries Ltd.
Eluent: Hexanes / Isopropanol (70:30)
MeO N, .
o Bn Flow rate: 1.0 mL/min
. Detection: UV 254 nm
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Supplementary Fig. 16. HPLC spectrum of compound 3j
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HPLC Conditions

_N
oN’ / Column: Chiralpak AD-H,
MeO N Daicel Chemical Industries Ltd.
N Eluent: Hexanes / Isopropanol (70:30)
o \Bn Flow rate: 1.0 mL/min
Detection: UV 254 nm
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Supplementary Fig. 17. HPLC spectrum of compound 3k

328



HPLC Conditions
Column: Chiralpak OD-H,
Daicel Chemical Industries Ltd.
Eluent: Hexanes / Isopropanol (50:50)
Flow rate: 1.0 mL/min
Detection: UV 254 nm
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Supplementary Fig. 18. HPLC spectrum of compound 31
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N HPLC Conditions

oN / Column: Chiralpak AD-H,
-N Daicel Chemical Industries Ltd.
Me N Eluent: Hexanes / Isopropanol (70:30)
0] Bn Flow rate: 1.0 mL/min
Detection: UV 254 nm
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N HPLC Conditions

ON\// / Column: Chiralpak AD-H,
;N Daicel Chemical Industries Ltd.
N Eluent: Hexanes / Isopropanol (70:30)
o) Bn Flow rate: 1.0 mL/min
3 Detection: UV 254 nm
n
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Supplementary Fig. 20. HPLC spectrum of compound 3n
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HPLC Conditions

_N
oN / Column: Chiralpak AD-H,
MeO ;N Daicel Chemical Industries Ltd.
Eluent: Hexanes / Isopropanol (60:40

o) Bn Flow rate: 1.0 mL/min

Detection: UV 254 nm
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Supplementary Fig. 21. HPLC spectrum of compound 30
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HPLC Conditions
Column: Chiralpak AD-H,
Daicel Chemical Industries Ltd.
Eluent: Hexanes / Isopropanol (70:30)
Flow rate: 1.0 mL/min
Detection: UV 254 nm
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Supplementary Fig. 22. HPLC spectrum of compound 3p
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HPLC Conditions

ON\N / Column: Chiralpak AS-H,
> 0 Daicel Chemical Industries Ltd.
Br N Eluent: Hexanes / Isopropanol (60:40)
O O Flow rate: 1.0 mL/min
Detection: UV 254 nm
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Supplementary Fig. 23. HPLC spectrum of compound 3q

334



N HPLC Conditions
0 \N // Column: Chiralpak AD-H,
Q Daicel Chemical Industries Ltd.
Br N Eluent: Hexanes / Isopropanol (70:30)
@ > Ph Flow rate: 1.0 mL/min
Ph Detection: UV 254 nm
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Supplementary Fig. 24. HPLC spectrum of compound 3r
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HPLC Conditions

Column: Chiralpak AD-H,
Daicel Chemical Industries Ltd.

Eluent: Hexanes / Isopropanol (90:10
Br N prop
e) Me Flow rate: 1.0 mL/min
3 Detection: UV 254 nm
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Supplementary Fig. 25. HPLC spectrum of compound 3s
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MeO

Chiral

3t

HPLC Conditions
Column: Chiralpak AD-H,
Daicel Chemical Industries Ltd.
Eluent: Hexanes / Isopropanol (70:30)
Flow rate: 1.0 mL/min
Detection: UV 254 nm
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N HPLC Conditions
N IH Column: Chiralpak AD-H,

Daicel Chemical Industries Ltd.

*Bn Eluent: Hexanes / Isopropanol (70:30)
o) Flow rate: 1.0 mL/min
3u Detection: UV 254 nm
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: HPLC Conditions
OO N Column: Chiralpak AD-H,
Daicel Chemical Industries Ltd.
N N Eluent: Hexanes / Isopropanol (70:30)
N=N Flow rate: 1.0 mL/min
3v Detection: UV 254 nm
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Supplementary Fig. 28. HPLC spectrum of compound 3v
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HPLC Conditions

O
N; O / / Column: Chiralpak AD-H,
" / Daicel Chemical Industries Ltd.
Br HN Eluent: Hexanes / Isopropanol (90:10)
3w’

Flow rate: 1.0 mL/min
Detection: UV 254 nm
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Supplementary Fig. 29. HPLC spectrum of compound 3w’
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HPLC Conditions
Column: Chiralpak AD-H,
Daicel Chemical Industries Ltd.
Eluent: Hexanes / Isopropanol (95:5)
Flow rate: 1.0 mL/min
Detection: UV 254 nm
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Supplementary Fig. 30. HPLC spectrum of compound 3x’
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Br N
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Eluent: Hexanes / Isopropanol (70:30)

HPLC Conditions
Column: Chiralpak AD-H,
Daicel Chemical Industries Ltd.

Flow rate: 1.0 mL/min
Detection: UV 254 nm
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Supplementary Fig. 31. HPLC spectrum of compound 5a
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N* Ph HPLC Conditions
Br O N / Column: Chiralpak AD-H,
Q Daicel Chemical Industries Ltd.
N, Eluent: Hexanes / Isopropanol (70:30)
O Bn Flow rate: 1.0 mL/min
5b Detection: UV 254 nm
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Supplementary Fig. 32. HPLC spectrum of compound 5b
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N Ph HPLC Conditions

ON‘N / Column: Chiralpak AD-H,
3 Daicel Chemical Industries Ltd.
N, Eluent: Hexanes / Isopropanol (70:30)
O Bn Flow rate: 1.0 mL/min
5c

Detection: UV 254 nm
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Supplementary Fig. 33. HPLC spectrum of compound 5¢
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N7 N Ph HPLC Conditions
MeO O / Column: Chiralpak AD-H,
Daicel Chemical Industries Ltd.

N Eluent: Hexanes / Isopropanol (70:30)
o Bn Flow rate: 1.0 mL/min
5d Detection: UV 254 nm
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Supplementary Fig. 34. HPLC spectrum of compound 5d
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N7 Ph HPLC Conditions
o N / Column: Chiralpak AD-H,
% Daicel Chemical Industries Ltd.
MeO N Eluent: Hexanes / Isopropanol (70:30)
o Bn Flow rate: 1.0 mL/min
5e Detection: UV 254 nm
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Supplementary Fig. 35. HPLC spectrum of compound 5e
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F HPLC Conditions

ON/’N ) Column: Chiralpak AD-H,
\\N Daicel Chemical Industries Ltd.
\ Eluent: Hexanes / Isopropanol (70:30)
Br N Flow rate: 1.0 mL/min
O Bn .
Detection: UV 254 nm
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Supplementary Fig. 36. HPLC spectrum of compound 5f
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Cl HPLC Conditions

ON/’N ) Column: Chiralpak AD-H,
\ . . .
N Daicel Chemical Industries Ltd.
\ Eluent: Hexanes / Isopropanol (70:30)
Br N Flow rate: 1.0 mL/min
0 Bn .
Detection: UV 254 nm
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HPLC Conditions

ON/’N ) Column: Chiralpak AD-H,
\N Daicel Chemical Industries Ltd.
\ Eluent: Hexanes / Isopropanol (70:30)
Br N, Flow rate: 1.0 mL/min
) Bn .
Detection: UV 254 nm
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Supplementary Fig. 38. HPLC spectrum of compound 5h

349



Me HPLC Conditions
Column: Chiralpak AD-H,
N Daicel Chemical Industries Ltd.
Eluent: Hexanes / Isopropanol (70:30)

Br N\ Flow rate: 1.0 mL/min
0] Bn .
Detection: UV 254 nm
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By HPLC Conditions

ON/’N Column: Chiralpak AD-H,
N ] Daicel Chemical Industries Ltd.
\ Eluent: Hexanes / Isopropanol (70:30)
Br N Flow rate: 1.0 mL/min
o Bn Detection: UV 254 nm
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HPLC Conditions

OMe
ON/’N ) Column: Chiralpak AS-H,
\\N Daicel Chemical Industries Ltd.
\ Eluent: Hexanes / Isopropanol (60:40)
Br N Flow rate: 1.0 mL/min
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Detection: UV 254 nm
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HPLC Conditions

ON/’N ) Column: Chiralpak AD-H,
N Daicel Chemical Industries Ltd.
\ Eluent: Hexanes / Isopropanol (70:30)
Br N\ Flow rate: 1.0 mL/min
@) Bn .
Detection: UV 254 nm
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353



Ph HPLC Conditions
ON/’N ) Column: Chiralpak OD-H,
N Daicel Chemical Industries Ltd.
\ Eluent: Hexanes / Isopropanol (50:50)
Br N\ Flow rate: 1.0 mL/min
@) Bn .
Detection: UV 254 nm
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HPLC Conditions

ON/’N ) OH Column: Chiralpak AD-H,
\\N Daicel Chemical Industries Ltd.
\ Eluent: Hexanes / Isopropanol (60:40)
Br N\ Flow rate: 1.0 mL/min
0] Bn .
Detection: UV 254 nm
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HPLC Conditions

N,/N Column: Chiralpak AD-H,
% N / Daicel Chemical Industries Ltd.
~ MeO
\ Eluent: Hexanes / Isopropanol (60:40)
Br N, Flow rate: 1.0 mL/min
Bn Detection: UV 254 nm
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HPLC Conditions

N/’N Column: Chiralpak AD-H,
0 N / Daicel Chemical Industries Ltd.
\ Ph Eluent: Hexanes / Isopropanol (80:20)
Br N Flow rate: 1.0 mL/min
@) Bn .
Detection: UV 254 nm
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HPLC Conditions

N”N Column: Chiralpak AD-H,
0 N / 5 Daicel Chemical Industries Ltd.
~ n
\ Eluent: Hexanes / Isopropanol (50:50)
Br N Flow rate: 1.0 mL/min
(@) Bn .
Detection: UV 254 nm
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HPLC Conditions

ON/’N Column: Chiralpak AD-H,
\N / 5 Daicel Chemical Industries Ltd.
> u
Eluent: Hexanes / Isopropanol (50:50)
Br N Flow rate: 1.0 mL/min
O Bn .
Detection: UV 254 nm
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HPLC Conditions

N”N Column: Chiralpak AD-H,
Qo \N / Me Daicel Chemical Industries Ltd.
\ Eluent: Hexanes / Isopropanol (70:30)
Br N, Flow rate: 1.0 mL/min
Bn .
o Detection: UV 254 nm
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Me

HPLC Conditions
Column: Chiralpak AD-H,

N”N Daicel Chemical Industries Ltd.
O ‘N / Me Eluent: Hexanes / Isopropanol (50:50)
N Flow rate: 1.0 mL/min
Br N, Detection: UV 254 nm
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Br HPLC Conditions
) Column: Chiralpak AD-H,
\\N Daicel Chemical Industries Ltd.
\ Eluent: Hexanes / Isopropanol (70:30)
Flow rate: 1.0 mL/min
0] Bn .
Detection: UV 254 nm
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— HPLC Conditions

ON//N N\ l/\l Column: Chiralpak AD-H,
N J Daicel Chemical Industries Ltd.
\ Eluent: Hexanes / Isopropanol (60:40)
Br N Flow rate: 1.0 mL/min
o Bn )
Detection: UV 254 nm
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HPLC Conditions

Column: Chiralpak AD-H,
Daicel Chemical Industries Ltd.
Eluent: Hexanes / Isopropanol (60:40)

Flow rate: 1.0 mL/min
Detection: UV 254 nm
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N M HPLC Conditions
P e .
oN / Column: Chiralpak AD-H,
N Daicel Chemical Industries Ltd.
B N Eluent: Hexanes / Isopropanol (70:30)
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Bn Flow rate: 1.0 mL/min
Detection: UV 254 nm
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HPLC Conditions

P Et .
oN / Column: Chiralpak AD-H,
Q\N Daicel Chemical Industries Ltd.
B N Eluent: Hexanes / Isopropanol (70:30)
r | )
o) Bn Flow rate: 1.0 mL/min
Detection: UV 254 nm
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HPLC Conditions

oN Column: Chiralpak AD-H,
N / Daicel Chemical Industries Ltd.
\ Eluent: Hexanes / Isopropanol (70:30)
Br N Flow rate: 1.0 mL/min
O Bn .
Detection: UV 254 nm
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Bn/

6

HPLC Conditions
Column: Chiralpak AD-H,
Daicel Chemical Industries Ltd.
Eluent: Hexanes / Isopropanol (90:10)
Flow rate: 1.0 mL/min
Detection: UV 254 nm
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0 HPLC Conditions
~\N3 0 Column: Chiralpak AD-H,
Br 0-'Bu Daicel Chemical Industries Ltd.
Eluent: Hexanes / Isopropanol (99:1)
8a Flow rate: 1.0 mL/min

Detection: UV 254 nm

Chiral

120
1.001

0.80-

= 12.500

2 0.60:

040

~
3
— S
020—: /\ ‘I,| \
] )

0.00 —

I S e e e B I S e e ey S Sy By By B R B R
0.00 200 4.00 6.00 8.00 10.00 1200 14.00 16.00 18.00 20.00

Fa:tingE)
(51 8)

1 10637 8371847 2249
2 12.590 28846765  77.51

m# | % mE

Racemic

120
] Py
1.00H ©

U.BEF: {ﬁ

13.916

2 0] |

>

040 [ [

uzu—: / |

oo0}— > —

I R S B B e E e D L L O
0.00 200 4.00 6.00 800 10.00 1200 14.00 16.00 18.00 2000

{5 BB 8]
(5rE)

1 11.858 27901671 50.08

mf | % miE

2 13916 27814411 4992

Supplementary Fig. 58. HPLC spectrum of compound 8a
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0 HPLC Conditions
~\N3 0O Column: Chiralpak AD-H,
Br HN—Bn Daicel Chemical Industries Ltd.
Eluent: Hexanes / Isopropanol (80:20)
Flow rate: 1.0 mL/min
Detection: UV 254 nm
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Supplementary Fig. 59. HPLC spectrum of compound 8b
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HPLC Conditions
‘\N3 0O Column: Chiralpak AD-H,
Br N e Daicel Chemical Industries Ltd.
Bri Eluent: Hexanes / Isopropanol (90:10)
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Flow rate: 1.0 mL/min
Detection: UV 254 nm
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Supplementary Fig. 60. HPLC spectrum of compound 8¢
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Supplementary Fig. 61. HPLC spectrum of compound 8d
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