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1. General considerations

Unless otherwise noted, chemicals and materials were purchased from 

commercial suppliers and used without further purification. All the solvents were 

treated according to the general methods. All 1H NMR and 13C NMR spectra were 

recorded on a 400 MHz Bruker FT-NMR spectrometer (400/100 MHz,). All chemical 

shifts are given as δ: value (ppm) with reference to tetramethylsilane (TMS) as an 

internal standard. The peak patterns are indicated as follows: s, singlet; d, doublet; t, 

triplet; m, multiplet; q, quartet. The coupling constants, J, are reported in Hertz (Hz). 

High resolution mass spectroscopy data of the product were collected on an Agilent 

Technologies 6540 UHD Accurate-Mass Q-TOF LC/MS (ESI). Products were 

purified by flash chromatography on 200–300 mesh silica gels, SiO2.

2. Representative procedure for the model reaction

2.1 Representative procedure for the model reaction under N2 

atmosphere in 0.20 mmol scale

+
Mes-Acr+ClO4

- (3 mol%)
Selectfluor (2.0 eq)

450 455 nm, 24 h
EtOH

N2, CH3CN2a
N

N

1a

N
N

3aa

OEt

A 10 mL oven-dried reaction vessel equipped with a magnetic stirrer bar was 

charged with 2-phenyl-2H-indazole (1a, 38.85 mg, 0.20 mmol), EtOH (2a, 3.0 mL), 

Selectfluor (141.70 mg, 0.40 mmol), Mes-Acr+ClO4
− (2.47 mg, 3 mol%,) and CH3CN 

(3.0 mL). The reaction vessel was exposed to LED (450455 nm, 1.5 W) irradiation at 

room temperature in N2 atmosphere with stirring for 24 h. After completion of the 

reaction, the mixture was concentrated to yield the crude product, which was further 

purified by flash chromatography (silica gel, petroleum ether/ethyl acetate = 15:1 to 

9:1) to give the desired product 3aa.
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2.2 Representative procedure for the model reaction under N2 

atmosphere in 5.0 mmol scale

+

Mes-Acr+ClO4
- (3 mol%)

Selectfluor (2.0 eq.)

450-455 nm, 30 h
N2, CH3CN (25 mL)N

N
N

N

O

5 mmol 25 mL 3aa, 70%

OH

1a 2a

A 10 mL oven-dried reaction vessel equipped with a magnetic stirrer bar was 

charged with 2-phenyl-2H-indazole (1a, 971.2 mg, 5.0 mmol), EtOH (2a, 25.0 mL), 

Selectfluor (7085.0 mg, 10.0 mmol), Mes-Acr+ClO4
− (61.8 mg, 3 mol%,) and CH3CN 

(25.0 mL). The reaction vessel was exposed to LED (450455 nm) irradiation at room 

temperature in N2 atmosphere with stirring for 24 h. After completion of the reaction, 

the mixture was concentrated to yield the crude product, which was further purified 

by flash chromatography (silica gel, petroleum ether/ethyl acetate = 15:1 to 9:1) to 

give the desired product 3aa in 70% yield.

2.3 Representative procedure for the model reaction under O2 

atmosphere in 0.10 mmol scale

N
N
OEt

O

+
Mes-Acr+ClO4

- (3 mol%)
450 455 nm, 24 hEtOH

O2, CH3CN2a
N

N

1a 4aa

A 10 mL oven-dried reaction vessel equipped with a magnetic stirrer bar was 

charged with 2-phenyl-2H-indazole (1a, 19.42 mg, 0.10 mmol), EtOH (2a, 3.0 mL), 

Mes-Acr+ClO4
− (1.24 mg, 3 mol%) and CH3CN (3.0 mL). The reaction vessel was 

exposed to LED (450455 nm, 1.5 W) irradiation at room temperature in O2 

atmosphere with stirring for 24 h. After completion of the reaction, the mixture was 

concentrated to yield the crude product, which was further purified by flash 
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chromatography (silica gel, petroleum ether/ethyl acetate = 50:1 to 20:1) to give the 

desired product 4aa.

2.4 Representative procedure for the model reaction under O2 

atmosphere in 5.0 mmol scale

N
N
O

O

4ag, 66%

+
Mes-Acr+ClO4

- (3 mol%)

450-455 nm, 30 h
O2, CH3CN (25 mL)N

N

5 mmol 25 mL

OH

1a 2g

A 10 mL oven-dried reaction vessel equipped with a magnetic stirrer bar was 

charged with 2-phenyl-2H-indazole (1a, 971.2 mg, 5.0 mmol), iso-C3H7OH (2g, 25.0 

mL), Mes-Acr+ClO4
− (61.8 mg, 3 mol%) and CH3CN (25.0 mL). The reaction vessel 

was exposed to LED (450455 nm) irradiation at room temperature in O2 atmosphere 

with stirring for 30 h. After completion of the reaction, the mixture was concentrated 

to yield the crude product, which was further purified by flash chromatography (silica 

gel, petroleum ether/ethyl acetate = 50:1 to 20:1) to give the desired product 4ag in 66% 

yield.
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3. Further optimization of the reaction conditions

3.1 Optimization of the oxidant on C3-alkoxylation of 2H-indazoles

+
Mes-Acr+ClO4

- (3 mol%)
Oxidant (2.0 eq)
450 455 nm, 24 h

EtOH

N2, CH3CN2a
N

N

1a

N
N

3aa

OEt

entry oxidant yield of 3aa (%)a

1 Selectfluor 89
2 BPO 0
3 K2S2O8 0
4 TBHP 0
5 m-CPBA 0
6 H2O2 0
7 PhI(TFA)2 0
8b Selectfluor 75

Reaction conditions: 2-phenyl-2H-indazole (1a, 0.20 mmol), ethanol (2a, 3.0 mL), 

oxidant (0.40 mmol), CH3CN (3.0 mL), N2 atmosphere, at room temperature under 

1.5 W blue LED (450455 nm) irradiation for 24 h. aIsolated yield. bFor 18 h.

3.2 The influence of reaction concentration on the yield of 4aa

N
N
OEt

O

+
Mes-Acr+ClO4

- (3 mol%)
450 455 nm, 24 hEtOH

O2, CH3CN2a
N

N

1a 4aa

entry 1a (mmol) Yield of 4aaa

1 0.40 <10%
2 0.20 61%
3 0.10 76%
4 0.04 42%
5 0.02 40%
6b 0.10 71%
7c 0.10 76%

Reaction conditions of product 4aa: 2-phenyl-2H-indazole (1a, 0.10 mmol), ethanol 

(2a, 3.0 mL), CH3CN (3.0 mL), oxygen ball, at room temperature under 1.5 W blue 

LED (450455 nm) irradiation for 24 h. aIsolated yield. b For 18 h. c For 36 h.
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4. Mechanism investigation 

4.1 Fluorescence quenching experiment

To further elucidate the possible reaction pathway, the related fluorescence 

quenching experiments were performed and the results were shown in Figure S1. In a 

typical experiment, to a 6.0 mL solution of Mes-Acr+ClO4
− (PC, 2.47 mg) in CH3CN 

(3.0 mL) and EtOH (3.0 mL) was added 2-phenyl-2H-indazole (1a, 38.85 mg, 0.20 

mmol,) and Selectfluor (141.70 mg, 0.40 mmol), respectively. It was found that the 

photocatalyst Mes-Acr+ClO4
− was obviously quenched by 2-phenyl-2H-indazole (1a), 

as shown in Figure S1.
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Figure S1. Fluorescence quenching of Mes-Acr+ClO4
− using

     2-phenyl-2H-indazole (1a) or Selectfluor
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4.2 Determination of superoxide radicals
In order to determine the active species of oxygen involved in the present 

reaction, 5,5-dimethyl-pyrroline-N-oxide (DMPO) was employed to capture O2
•−. 

There was no signal when DMPO was added into oxygen-saturated acetonitrile 

solution of Mes-Acr+ClO4
− (PC) in the absence of light irradiation (Figure S2a). 

Irradiation of oxygen-saturated acetonitrile solution of DMPO with PC in O2 with 

LED (450455 nm) resulted in the formation of a strong characteristic signal of O2
•− 

adduct with DMPO (Figure S2b). When the reaction time was prolonged, a series of 

stronger characteristic signal of O2
•− were observed (Figure S2c), indicating the 

formation of O2
•− in the reaction.

3450 3460 3470 3480 3490 3500 3510 3520 3530 3540 3550
-600000

-400000

-200000

0

200000

400000

600000

In
te

ns
ity

/a
.u

.

B/mT

 a
 b
 c

Figure S2. Electron spin resonance (ESR) spectra of O2
•− adduct with DMPO

(a) A solution of DMPO (0.20 mol/L) with Mes-Acr+ClO4
− (PC) in oxygen -

saturated acetonitrile without light irradiation.
(b) A solution of DMPO (0.20 mol/L) with Mes-Acr+ClO4

− (PC) in oxygen -
saturated acetonitrile under LED (450455 nm, 1.5 W) irradiation for 30 s.

(c) A solution of DMPO (0.20 mol/L) with Mes-Acr+ClO4
− (PC) in oxygen -

saturated acetonitrile under LED (450455 nm, 1.5 W) irradiation for 60 s.
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4.3 Determination of the generated intermediates/products in the 

reaction

+
Mes-Acr+ClO4

- (3 mol%)
Selectfluor (2.0 eq)

450 455 nm, 24 h
EtOH

N2, CH3CN2a
N

N

1a

3aa, 89%

N
N

Cl

BF4
-

+

+
5

6

Detected by
HRMS

    A 10 mL oven-dried reaction vessel equipped with a magnetic stirrer bar was 

charged with 2-phenyl-2H-indazole (1a, 38.85 mg, 0.20 mmol), EtOH (2a, 3.0 

mL), Selectfluor (141.70 mg, 0.40 mmol), Mes-Acr+ClO4
− (2.47 mg, 3 mol%) and 

CH3CN (3.0 mL). The reaction vessel was exposed to LED (450455 nm, 1.5 W) 

irradiation at room temperature in N2 atmosphere with stirring for 24 h. After 

completion of the reaction, cation 5 and anion 6 were detected by HRMS analysis 

(Figure S3).

 m/z
100 200 300 400 500 600 700 800 900 1000 1100

%

0

100
sml20201231-55-1-2 61 (0.585) AM2 (Ar,20000.0,0.00,0.00); Cm (61-5) 1: TOF MS ES+ 

6.75e5161.0842

163.0812

275.1626

509.3256303.1941
458.2366 576.3356

1123.8784
1046.8706

714.8865 891.9164
768.9412

m/z
50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125

%

0

100
sml20201231-54-1-1 25 (0.254) AM2 (Ar,20000.0,0.00,0.00); Cm (25-5x2.000) 1: TOF MS ES- 

7.80e387.0028

86.0079

79.195074.417765.780657.8437
120.996798.950090.9926 100.9391 117.6263

110.0126

Figure S3. HRMS analysis of cation 5 and anion 6

N
N

Cl

Exact Mass: 161.0840

Found

5

BF4
-

Exact Mass: 87.0035

Found
6
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4.4 Free-radical trapping experiment

4.4.1 Free- -radical trapping experiment (I)

+
Mes-Acr+ClO4

- (3 mol%)
Selectfluor (2.0 eq)

450 455 nm, 24 h
EtOH

2a

N
N

1a

3aa, < 5%BHT (3.0 eq)
+

N
N

HO

7 Detected by
HRMS

N2, CH3CN (3mL)

N
N

O

A 10 mL oven-dried reaction vessel equipped with a magnetic stirrer bar was 

charged with 2-phenyl-2H-indazole (1a, 38.85 mg, 0.20 mmol), EtOH (2a, 3.0 mL), 

Selectfluor (141.70 mg, 0.40 mmol), Mes-Acr+ClO4
− (2.47 mg, 3 mol%), BHT 

(132.21 mg, 0.60 mmol) and CH3CN (3.0 mL). The reaction vessel was exposed to 

LED (450455 nm, 1.5 W) irradiation at room temperature in N2 atmosphere with 

stirring for 24 h. The alkoxylation of 2H-indazole was almost prohibited, providing 

the desired product 3aa in less than 5% yield, along with the formation an adduct 

product 7, which was detected by HRMS analysis (Figure S4). 

sml-3

m/z
400 405 410 415 420 425 430 435 440 445 450

%

0

100
wl20210108-3-1 19 (0.203) AM2 (Ar,20000.0,0.00,0.00); Cm (19-5x5.000) 1: TOF MS ES+ 

4.23e5413.2594

411.2474400.1794
405.2801

427.2386414.2619

422.1589
415.2631 423.1615

435.2426

429.2530
433.2323

449.2206436.2466
441.2585 443.2285

Figure S4. HRMS analysis of adduct product 7 

N
N

HO

[M+H]+

calculated: 413.2587
Found

7
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4.4.2 Free-radical trapping experiment (II)

4aa, <10%
N

N
OEt

O

+

OH

OOH

Detected by HRMS

8

+ EtOH

2a
N

N

1a

BHT (3.0 eq.)
Mes-Acr+ClO4

- (3 mol%)

450 455 nm, 24 h
O2, CH3CN (3 mL)

A 10 mL oven-dried reaction vessel equipped with a magnetic stirrer bar was 

charged with 2-phenyl-2H-indazole (1a, 19.42 mg, 0.10 mmol), EtOH (2a, 3.0 mL), 

Mes-Acr+ClO4
− (1.24 mg, 3 mol%), BHT (66.11 mg, 0.30 mmol) and CH3CN (3.0 

mL). The reaction vessel was exposed to LED (450455 nm, 1.5 W) irradiation at 

room temperature in O2 atmosphere with stirring for 24 h. After completion of the 

reaction, only received less than 10% of 4aa and a radical coupling product 8 was 

detected by HRMS analysis (Figure S5).

m/z
230 235 240 245 250 255 260 265 270 275 280

%

0

100
sml20210105-2 20 (0.211) AM2 (Ar,20000.0,0.00,0.00); Cm (20-5x5.000) 1: TOF MS ES+ 

9.76e5275.1628

239.1188

235.1738
273.1832240.1210

257.1531245.1521
247.1331 251.0827 259.1683

262.1862 270.1828

276.1662

277.1636

Figure S5. HRMS analysis of radical coupling product 8

[M+Na]+

calculated: 275.1618

OH

OOH

Found

8
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4.5 Isotope-labelling experiments

4.5.1 Isotope-labelling experiment (I)

N
N
OEt

18O

major

N
N
OEt

16O

+Mes-Acr+ClO4
- (3 mol%)

18O2, CH3CN (3 mL)
450 455 nm

+ EtOH

2a
N

N

1a

18O-4aa

minor
16O-4aa

A 10 mL oven-dried reaction vessel equipped with a magnetic stirrer bar was 

charged with 2-phenyl-2H-indazole (1a, 19.42 mg, 0.10 mmol), EtOH (2a, 3.0 mL), 

Mes-Acr+ClO4
− (1.24 mg, 3 mol%) and CH3CN (3.0 mL). The reaction vessel was 

exposed to LED (450455 nm, 1.5 W) irradiation at room temperature in 18O2 

atmosphere with stirring for 24 h. After completion of the reaction, the product 4aa 

(18O-4aa +16O-4aa) was isolated in 73% yield, and the HRMS analysis of 4aa 

indicated the oxygen in the carbonyl of the product 4aa was from O2 in major (Figure 

S6).

Figure S6. HRMS analysis of the 4aa

N
N
OEt

16O

Found[M+Na]+

calculated: 277.0947

N
N
OEt

18O

Found

[M+Na]+

calculated: 279.0990



12

4.5.2 Isotope-labelling experiment (II)

minor

H2
18O (0.5 mL)

Mes-Acr+ClO4
- (3 mol%)

O2, CH3CN (3 mL)
450 455 nm, 24 h

N
N
OEt

18O

N
N
OEt

16O

++ EtOH

2a
N

N

1a

18O-4aa

major
16O-4aa

A 10 mL oven-dried reaction vessel equipped with a magnetic stirrer bar was 

charged with 2-phenyl-2H-indazole (1a, 19.42 mg, 0.10 mmol), EtOH (2a, 3.0 mL), 

Mes-Acr+ClO4
− (1.24 mg, 3 mol%), H2

18O (0.50 mL) and CH3CN (3.0 mL). The 

reaction vessel was exposed to LED (450455 nm, 1.5 W) irradiation at room 

temperature in O2 atmosphere with stirring for 24 h. After completion of the reaction, 

the product 4aa (18O-4aa + 16O-4aa) was isolated in 66% yield and the HRMS 

analysis of 4aa indicated the oxygen in the carbonyl of the product 4aa is from H2O 

in minor (Figure S7).

Figure S7. HRMS analysis of the 4aa

N
N
OEt

16O

Found

[M+Na]+

calculated: 277.0947

N
N
OEt

18O

Found [M+Na]+

calculated: 279.0990
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5. Further transformations of 3ra and 4ma

5.1 The transformation of 3ra to 9 via Sonogashira coupling reaction:

N
N

O

N
N

O

Br
+ CuI , Et3N, 50 oC, 12 h

3ra 9, 92%

Pd(PPh3)2Cl2

A sealed tube was charged with the obtained product 3ra (0.20 mmol, 1.0 equiv), 

phenylacetylene (0.24 mmol, 1.2 equiv.), Pd(PPh3)2Cl2 (10 mol %), CuI (5 mol %), 

and Et3N (3.0 mL). The reactants were degassed and filled with N2 for three times. 

Then the reaction mixture was stirred at 50 C for 12 h. When the reaction was 

completed, the solution was concentrated in vacuo and purified by chromatography on 

silica gel (PE/EA = 50/1) to afford the desired product 9 in 92% yield.

5.2 The transformation of 4ma to 10 via Suzuki coupling reaction:

O

O

N
N

O

O

N
N

Br
+

B(OH)2

DME, 50 oC, 12 h

4ma 10, 89%

Pd(PPh3)4, K2CO3

A sealed tube was charged with the obtained product 4ma (0.20 mmol, 1.0 

equiv), 4-methylphenylboronic acid (0.30 mmol, 1.5 equiv.), Pd(PPh3)4 (5 mol %), 

K2CO3 (0.40 mmol, 2.0 equiv.), and DME (3.0 mL). The reactants were degassed and 

filled with N2 for three times. Then the reaction mixture was stirred at 50 C for 12 h. 

When the reaction was completed, the solution was concentrated in vacuo and 

purified by chromatography on silica gel (PE/EA = 50/1) to afford the desired product 

10 in 89% yield.
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6. Characterization data for all products

N
N

O

3-Ethoxy-2-phenyl-2H-indazole (3aa): Yellow liquid. 1H NMR (400 MHz, CDCl3) 

δ: 7.86–7.83 (m, 2H), 7.65 (d, J = 8.4 Hz, 1H), 7.59 (d, J = 8.8 Hz, 1H), 7.50 (t, J = 

7.6 Hz, 2H), 7.40–7.36 (m, 1H), 7.24–7.22 (m, 1H), 6.96–6.92 (m, 1H), 4.53 (q, J = 

7.2 Hz, 2H), 1.43 (d, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 147.8, 146.0, 

138.7, 128.9, 127.7, 127.0, 123.9, 120.3, 119.7, 117.9, 108.4, 69.9, 15.4. HRMS (ESI) 

([M+H]+) Calcd. for [C15H15N2O]+: 239.1179, Found: 239.1181.

N
N

O

3-Methoxy-2-phenyl-2H-indazole (3ab): Yellow liquid. 1H NMR (400 MHz, 

CDCl3) δ: 7.82–7.80 (m, 2H), 7.73–7.71 (m, 1H), 7.59–7.56 (m, 1H), 7.52–7.48 (m, 

2H), 7.41–7.37 (m, 1H), 7.25–7.21 (m, 1H), 6.96–6.92 (m, 1H), 4.28 (s, 3H). 13C 

NMR (100 MHz, CDCl3) δ: 147.9, 146.7, 138.6, 128.9, 127.8, 126.9, 124.0, 120.2, 

119.7, 117.9, 107.7, 60.7. HRMS (ESI) ([M+H]+) Calcd. for [C14H13N2O]+: 225.1022, 

Found: 225.1027.

N
N

O

2-Phenyl-3-(n-propoxy)-2H-indazole (3ac): Yellow liquid. 1H NMR (400 MHz, 

CDCl3) δ: 7.85–7.83 (m, 2H), 7.64 (d, J = 8.4 Hz, 1H), 7.58 (d, J = 8.8 Hz, 1H), 7.50–

7.45 (m, 2H), 7.36 (t, J = 7.2 Hz, 1H), 7.24–7.20 (m, 1H), 6.94–6.90 (m, 1H), 4.41 (t, 

J = 6.8 Hz, 2H), 1.84–1.76 (m, 2H), 0.99 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, 

CDCl3) δ: 147.9, 146.2, 138.7, 128.8, 127.6, 126.8, 123.9, 120.1, 119.7, 117.8, 108.2, 
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75.6, 23.0, 10.2. HRMS (ESI) ([M+H]+) Calcd. for [C16H17N2O]+: 253.1335, Found: 

253.1340.

N
N

O

3-(n-Butoxy)-2-phenyl-2H-indazole (3ad): Yellow liquid. 1H NMR (400 MHz, 

CDCl3) δ: 7.84–7.82 (m, 2H), 7.66–7.64 (m, 1H), 7.59–7.57 (m, 1H), 7.51–7.46 (m, 

2H), 7.39–7.35 (m, 1H), 7.24–7.20 (m, 1H), 6.95–6.91 (m, 1H), 4.46 (t, J = 6.8 Hz, 

2H), 1.80–1.73 (m, 2H), 1.49–1.40 (m, 2H), 0.92 (t, J = 7.6 Hz, 3H). 13C NMR (100 

MHz, CDCl3) δ: 147.9, 146.2, 138.7, 128.8, 127.6, 126.8, 123.9, 120.1, 119.8, 117.9, 

108.2, 73.9, 31.6, 18.9, 13.6. HRMS (ESI) ([M+H]+) Calcd. for [C17H19N2O]+: 

267.1492, Found: 267.1497.

N
N

O

3-(n-Pentyloxy)-2-phenyl-2H-indazole (3ae): Yellow liquid. 1H NMR (400 MHz, 

CDCl3) δ: 7.85–7.82 (m, 2H), 7.67–7.64 (m, 1H), 7.58 (d, J = 8.8 Hz, 1H), 7.52– 7.47 

(m, 2H), 7.40–7.36 (m, 1H), 7.25–7.21 (m, 1H), 6.96–6.92 (m, 1H), 4.46 (t, J = 6.4 

Hz, 2H), 1.82–1.75 (m, 2H), 1.41–1.29 (m, 4H), 0.88 (t, J = 7.2 Hz, 3H). 13C NMR 

(100 MHz, CDCl3) δ: 147.9, 146.3, 138.7, 128.8, 127.6, 126.9, 124.0, 120.1, 119.8, 

117.9, 108.3, 74.2, 29.3, 27.8, 22.2, 13.9. HRMS (ESI) ([M+H]+) Calcd. for 

[C18H21N2O]+: 281.1684, Found: 281.1652.

N
N

O
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3-(n-Hexyloxy)-2-phenyl-2H-indazole (3af): Yellow liquid. 1H NMR (400 MHz, 

CDCl3) δ: 7.85–7.82 (m, 2H), 7.67–7.65 (m, 1H), 7.59–7.57 (m, 1H), 7.51–7.47 (m, 

2H), 7.41–7.36 (m, 1H), 7.25–7.21 (m, 1H), 6.96–6.92 (m, 1H), 4.47 (t, J = 6.8 Hz, 

2H), 1.82–1.75 (m, 2H), 1.45–1.37 (m, 2H), 1.29–1.26 (m, 4H), 0.87 (t, J = 6.8 Hz, 

3H). 13C NMR (100 MHz, CDCl3) δ: 147.9, 146.3, 138.7, 128.9, 127.7, 126.9, 124.0, 

120.1, 119.8, 117.9, 108.3, 74.2, 31.3, 29.6, 25.4, 22.5, 13.9. HRMS (ESI) ([M+H]+) 

Calcd. for [C19H23N2O]+: 295.1805, Found: 295.1815.

N
N

O

3-(iso-Propoxy)-2-phenyl-2H-indazole (3ag): Yellow liquid.  1H NMR (400 MHz, 

CDCl3) δ: 7.87–7.86 (m, 1H), 7.84 (s, 1H), 7.59 (d, J = 9.6 Hz, 2H), 7.52–7.48 (m, 

2H), 7.40–7.37 (m, 1H), 7.26–7.22 (m, 1H), 6.98–6.94 (m, 1H), 4.80–4.74 (m, 1H), 

1.34 (d, J = 6.4 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ: 147.9, 145.2, 138.9, 128.9, 

127.7, 126.9, 124.1, 120.4, 119.6, 117.9, 109.4, 77.8, 22.6. HRMS (ESI) ([M+H]+) 

Calcd. for [C16H17N2O]+: 253.1335, Found: 253.1342.

N
N

O

3-(iso-Butoxy)-2-phenyl-2H-indazole (3ah): Yellow solid; m.p. = 44.9−45.8 °C. 1H 

NMR (400 MHz, CDCl3) δ: 7.85–7.83 (m, 2H), 7.66 (d, J = 8.8 Hz, 1H), 7.59–7.57 

(m, 1H), 7.51–7.47 (m, 2H), 7.38 (t, J = 7.6 Hz, 1H), 7.25–7.21 (m, 1H), 6.95–6.91 

(m, 1H), 4.25 (d, J = 6.0 Hz, 2H), 2.15–2.05 (m, 1H), 1.00 (d, J = 6.8 Hz, 6H). 13C 

NMR (100 MHz, CDCl3) δ: 147.9, 146.3, 138.7, 128.8, 127.6, 126.9, 124.0, 120.1, 

119.8, 117.9, 108.1, 80.2, 28.8, 18.9. HRMS (ESI) ([M+H]+) Calcd. for 

[C17H19N2O]+: 267.1492, Found: 267.1497.
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N
N

O

3-(sec-Butoxy)-2-phenyl-2H-indazole (3ai): Yellow liquid. 1H NMR (400 MHz, 

CDCl3) δ: 7.86–7.83 (m, 2H), 7.61–7.58 (m, 2H), 7.51–7.47 (m, 2H), 7.41–7.36 (m, 

1H), 7.26–7.22 (m, 1H), 6.98–6.94 (m, 1H), 4.67–4.60 (m, 1H), 1.83–1.60 (m, 2H), 

1.27 (d, J = 6.4 Hz, 3H), 0.96 (t, J = 7.6 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 

147.9, 145.4, 138.9, 128.8, 127.7, 126.8, 124.2, 120.3, 119.7, 118.0, 109.1, 82.5, 29.4, 

19.7, 9.5. HRMS (ESI) ([M+H]+) Calcd. for [C17H19N2O]+: 267.1492, Found: 

267.1497.

    N
N

O

3-(Cyclopentyloxy)-2-phenyl-2H-indazole (3aj): Yellow liquid. 1H NMR (400 

MHz, CDCl3) δ: 7.84–7.81 (m, 2H), 7.64 (d, J = 8.8 Hz, 1H), 7.58 (d, J = 8.8 Hz, 1H), 

7.51–7.47 (m, 2H), 7.40–7.36 (m, 1H), 7.24–7.22 (m, 1H), 6.97–6.93 (m, 1H), 5.22–

5.18 (m, 1H), 1.97–1.92 (m, 2H), 1.82–1.76 (m, 2H), 1.72–1.67 (m, 2H), 1.65–1.58 

(m, 2H). 13C NMR (100 MHz, CDCl3) δ: 148.0, 145.4, 138.9, 128.8, 127.6, 126.9, 

124.1, 120.2, 119.9, 117.9, 108.8, 86.6, 33.2, 23.3. HRMS (ESI) ([M+H]+) Calcd. for 

[C18H19N2O]+: 279.1492, Found: 279.1501.

N
N

O

3-(Cyclohexyloxy)-2-phenyl-2H-indazole (3ak): Yellow liquid. 1H NMR (400 MHz, 

CDCl3) δ: 7.86 (d, J = 7.6 Hz, 2H), 7.59 (d, J = 9.2 Hz, 2H), 7.50 (t, J = 8.0 Hz, 2H), 
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7.39 (t, J = 7.2 Hz, 1H), 7.24–7.22 (m, 1H), 6.98–6.94 (m, 1H), 4.58–4.52 (m, 1H), 

1.95–1.91 (m, 2H), 1.71–1.68 (m, 2H), 1.61–1.56 (m, 2H), 1.52–1.25 (m, 4H). 13C 

NMR (100 MHz, CDCl3) δ: 147.9, 145.2, 138.9, 128.8, 127.6, 126.9, 124.1, 120.3, 

119.7, 117.9, 109.1, 82.6, 32.2, 25.2, 23.3. HRMS (ESI) ([M+H]+) Calcd. for 

[C19H21N2O]+: 293.1684, Found: 293.1653.

N
N

O

3-Ethoxy-2-(p-tolyl)-2H-indazole (3ba): Yellow liquid. 1H NMR (400 MHz, CDCl3) 

δ: 7.70 (d, J = 8.4 Hz, 2H), 7.65–762 (m, 1H), 7.59–7.56 (m, 1H), 7.29–7.27 (m, 2H), 

7.24–7.20 (m, 1H), 6.95–6.91 (m, 1H), 4.50 (q, J = 7.2 Hz, 2H), 2.41 (s, 3H), 1.41 (t, 

J = 6.8 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 147.7, 145.8, 137.6, 136.2, 129.4, 

126.8, 123.7, 120.1, 119.6, 117.8, 108.4, 69.8, 21.1, 15.4. HRMS (ESI) ([M+H]+) 

Calcd. for [C16H17N2O]+: 253.1335, Found: 253.1340.

N
N

O

O

3-Ethoxy-2-(4-methoxyphenyl)-2H-indazole (3ca): Yellow liquid. 1H NMR (400 

MHz, CDCl3) δ: 7.74–7.72 (m, 2H), 7.65 (d, J = 8.8 Hz, 1H), 7.58 (d, J = 9.2 Hz, 1H), 

7.24–7.22 (m, 1H), 7.01 (d, J = 9.2 Hz, 2H), 6.97–6.93 (m, 1H), 4.51 (q, J = 7.2 Hz, 

2H), 3.86 (s, 3H), 1.42 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 159.0, 

147.5, 145.8, 131.7, 126.8, 125.4, 120.2, 119.6, 117.7, 114.1, 108.4, 69.8, 55.5, 15.4. 

HRMS (ESI) ([M+H]+) Calcd. for [C16H17N2O2]+: 269.1285, Found: 269.1290.

N
N

O

F

3-Ethoxy-2-(4-fluorophenyl)-2H-indazole (3da): Yellow solid; m.p. 71.2−71.9 °C. 

1H NMR (400 MHz, CDCl3) δ: 7.83–7.80 (m, 2H), 7.64 (d, J = 8.4 Hz, 1H), 7.56 (d, J 
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= 9.2 Hz, 1H), 7.25–7.15 (m, 3H), 6.96–6.92 (m, 1H), 4.54 (q, J = 7.2 Hz, 2H), 1.43 

(t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 161.7 (d, J = 246.2 Hz), 147.8, 

145.9, 134.8 (d, J = 3.1 Hz) 127.1, 125.7 (d, J = 8.6 Hz), 120.3, 119.7, 117.8, 115.8 (d, 

J = 22.7 Hz), 108.1, 69.8, 15.4. 19F NMR (376 MHz, CDCl3) δ: –113.83. HRMS 

(ESI) ([M+H]+) Calcd. for [C15H14FN2O]+: 257.1085, Found: 257.1089.

N
N

O

Cl

2-(4-Chlorophenyl)-3-ethoxy-2H-indazole (3ea): Yellow solid; m.p. 67.1−68.2 °C. 

1H NMR (400 MHz, CDCl3) δ: 7.84–7.80 (m, 2H), 7.63 (d, J = 8.8 Hz, 1H), 7.56 (d, J 

= 9.2 Hz, 1H), 7.48– 7.44 (m, 2H), 7.25–7.21 (m, 1H), 6.95–6.91 (m, 1H), 4.56 (q, J 

= 7.2 Hz, 2H), 1.44 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 148.0, 146.1, 

137.2, 133.3, 129.0, 127.2, 124.9, 120.4, 119.7, 117.8, 108.2, 69.9, 15.4. HRMS (ESI) 

([M+H]+) Calcd. for [C15H14ClN2O]+: 273.0789, Found: 273.0793.

N
N

O

Br

2-(4-Bromophenyl)-3-ethoxy-2H-indazole (3fa): Yellow solid; m.p. 62.2−64.1 °C. 

1H NMR (400 MHz, CDCl3) δ: 7.78–7.76 (m, 2H), 7.64–7.60 (m, 3H), 7.56 (d, J = 

8.8 Hz, 1H), 7.24–7.21 (m, 1H), 6.96–6.92 (m, 1H), 4.56 (q, J = 7.2 Hz, 2H), 1.44 (t, 

J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 148.0, 146.1, 137.7, 132.0, 127.3, 

125.2, 121.3, 120.5, 119.7, 117.8, 108.2, 69.9, 15.4. HRMS (ESI) ([M+H]+) Calcd. 

for [C15H14BrN2O]+: 317.0284, Found: 317.0287.

   N
N

O

CF3

3-Ethoxy-2-(4-(trifluoromethyl)phenyl)-2H-indazole (3ga): Yellow solid; m.p. 

74.7−75.9 °C. 1H NMR (400 MHz, CDCl3) δ: 8.07–8.04 (m, 2H), 7.75 (d, J = 8.4 Hz, 
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2H), 7.66–7.63 (m, 1H), 7.57–7.55 (m, 1H), 7.26–7.22 (m, 1H), 6.96–6.92 (m, 1H), 

4.61 (q, J = 7.2 Hz, 2H), 1.47 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 

148.4, 146.5, 141.6, 129.4, 129.1, 127.5, 126.1 (q, J = 3.9 Hz), 123.6, 120.7, 119.9, 

118.0, 108.2, 70.0, 15.4. 19F NMR (376 MHz, CDCl3) δ: –62.40. HRMS (ESI) 

([M+H]+) Calcd. for [C16H14F3N2O]+: 307.1053, Found: 307.1059.

N
N

O

COOEt

Ethyl 4-(3-ethoxy-2H-indazol-2-yl)benzoate (3ha): Yellow solid; m.p. 97.6−99.4 

°C. 1H NMR (400 MHz, CDCl3) δ: 8.20–8.16 (m, 2H), 8.03–7.99 (m, 2H), 7.66–7.63 

(m, 1H), 7.58–7.55 (m, 1H), 7.26–7.22 (m, 1H), 6.96–6.92 (m, 1H), 4.59 (q, J = 6.8 

Hz, 2H), 4.41 (q, J = 6.8 Hz, 2H), 1.47 (t, J = 7.2 Hz, 3H), 1.42 (t, J = 7.2 Hz, 3H). 

13C NMR (100 MHz, CDCl3) δ: 165.9, 148.4, 146.5, 142.4, 130.4, 129.2, 127.4, 

123.1, 120.6, 119.8, 118.0, 108.4, 70.1, 61.2, 15.4, 14.3. HRMS (ESI) ([M+H]+) 

Calcd. for [C18H19N2O3]+: 311.1390, Found: 311.1395.

N
N

O

3-Ethoxy-2-(m-tolyl)-2H-indazole (3ia): Yellow liquid. 1H NMR (400 MHz, CDCl3) 

δ: 7.68–7.61 (m, 3H), 7.60–7.57 (m, 1H), 7.36 (t, J = 8.0 Hz, 1H), 7.25–7.18 (m, 2H), 

6.95–6.91 (m, 1H), 4.51 (q, J = 6.8 Hz, 2H), 2.43 (s, 3H), 1.42 (t, J = 7.2 Hz, 3H). 13C 

NMR (100 MHz, CDCl3) δ: 147.7, 146.0, 139.0, 138.5, 128.6, 128.5, 126.9, 124.6, 

120.9, 120.2, 119.7, 117.8, 108.4, 69.8, 21.3, 15.3. HRMS (ESI) ([M+H]+) Calcd. for 

[C16H17N2O]+: 253.1335, Found: 253.1337.

N
N

O Cl
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2-(3-Chlorophenyl)-3-ethoxy-2H-indazole (3ja): Yellow liquid. 1H NMR (400 

MHz, CDCl3) δ: 7.94 (t, J = 2.0 Hz, 1H), 7.81–7.78 (m, 1H), 7.65–7.62 (m, 1H), 7.56 

(d, J = 8.8 Hz, 1H), 7.41 (t, J = 8.0 Hz, 1H), 7.36–7.33 (m, 1H), 7.25–7.21 (m, 1H), 

6.96–6.91 (m, 1H), 4.57 (q, J = 6.8 Hz, 2H), 1.46 (t, J = 7.2 Hz, 3H). 13C NMR (100 

MHz, CDCl3) δ: 148.0, 146.2, 139.7, 134.6, 129.9, 127.6, 127.3, 123.8, 121.6, 120.5, 

119.8, 117.9, 108.2, 70.0, 15.4. HRMS (ESI) ([M+H]+) Calcd. for [C15H14ClN2O]+: 

273.0789, Found: 273.0794.

N
N

O

3-Ethoxy-2-(o-tolyl)-2H-indazole (3ka): Yellow liquid. 1H NMR (400 MHz, CDCl3) 

δ: 7.69–7.67 (m, 1H), 7.60–7.57 (m, 1H), 7.40–7.30 (m, 4H), 7.28–7.23 (m, 1H), 

6.99–6.96 (m, 1H), 4.47 (q, J = 7.2 Hz, 2H), 2.14 (s, 3H), 1.34 (t, J = 7.2 Hz, 3H). 13C 

NMR (100 MHz, CDCl3) δ: 147.9, 146.6, 137.3, 135.4, 130.7, 129.3, 127.5, 126.6, 

126.3, 120.1, 119.7, 117.9, 107.2, 69.5, 17.5, 15.3. HRMS (ESI) ([M+H]+) Calcd. for 

[C16H17N2O]+: 253.1335, Found: 253.1340.

N
N

O Cl

2-(3-Chloro-4-methylphenyl)-3-ethoxy-2H-indazole (3la): Yellow solid; m.p. 

57.9−59.3 °C. 1H NMR (400 MHz, CDCl3) δ: 7.91 (d, J = 2.4 Hz, 1H), 7.70–7.67 (m, 

1H), 7.64 (d, J = 8.8 Hz, 1H), 7.57 (d, J = 8.8 Hz, 1H), 7.35–7.33 (m, 1H), 7.24–7.22 

(m, 1H), 6.96–6.92 (m, 1H), 4.57 (q, J = 6.8 Hz, 2H), 2.43 (s, 3H), 1.46 (t, J = 6.8 Hz, 

3H). 13C NMR (100 MHz, CDCl3) δ: 147.9, 146.1, 137.3, 135.5, 134.5, 131.0, 127.2, 

124.2, 121.8, 120.4, 119.7, 117.8, 108.3, 70.0, 19.7, 15.4. HRMS (ESI) ([M+H]+) 

Calcd. for [C16H16ClN2O]+: 287.0946, Found: 287.0951.
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N
N

O

3-Ethoxy-2-(naphthalen-1-yl)-2H-indazole (3ma): Yellow solid; m.p. 75.1−75.9 °C. 

1H NMR (400 MHz, CDCl3) δ: 8.01–7.99 (m, 1H), 7.94 (d, J = 8.0 Hz, 1H), 7.73 (d, J 

= 8.8 Hz, 1H), 7.66– 7.59 (m, 3H), 7.55–7.51 (m, 1H), 7.49–7.43 (m, 2H), 7.33–7.29 

(m, 1H), 7.05–7.01 (m, 1H), 4.44 (q, J = 6.8 Hz, 2H), 1.23 (t, J = 7.2 Hz, 3H). 13C 

NMR (100 MHz, CDCl3) δ: 148.1, 147.6, 134.5, 134.0, 129.8, 129.8, 128.0, 127.3, 

127.0, 126.6, 125.3, 124.9, 123.2, 120.4, 119.7, 118.0, 107.4, 69.8, 15.3. HRMS (ESI) 

([M+H]+) Calcd. for [C19H17N2O]+: 289.1335, Found: 289.1341.

N
N

O
F

3-Ethoxy-5-fluoro-2-phenyl-2H-indazole (3na): Yellow solid; m.p. 41.2−43.9 °C. 

1H NMR (400 MHz, CDCl3) δ: 7.83–7.81 (m, 2H), 7.57–7.54 (m, 1H), 7.51–7.47 (m, 

2H), 7.41–7.36 (m, 1H), 7.23–7.20 (m, 1H), 7.07–7.02 (m, 1H), 4.41 (q, J = 6.8 Hz, 

2H), 1.39 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 157.2 (d, J = 237.6 Hz), 

146.2 (d, J = 8.4 Hz), 145.3, 138.6, 128.9, 127.8, 123.8, 120.0 (d, J = 9.5 Hz), 118.6 

(d, J = 28.9 Hz), 107.2 (d, J = 11.1 Hz), 101.9 (d, J = 25.1 Hz), 70.0, 15.3. 19F NMR 

(376 MHz, CDCl3) δ: –121.56. HRMS (ESI) ([M+H]+) Calcd. for [C15H14FN2O]+: 

257.1085, Found: 257.1089.

N
N

O
Cl

5-Chloro-3-ethoxy-2-phenyl-2H-indazole (3oa): Yellow solid; m.p. 52.9−53.9 °C. 

1H NMR (400 MHz, CDCl3) δ: 7.83–7.80 (m, 2H), 7.623–7.616 (m, 1H), 7.53–7.47 

(m, 3H), 7.41–7.36 (m, 1H), 7.17–7.14 (m, 1H), 4.46 (q, J = 7.2 Hz, 2H), 1.41 (t, J = 

7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 146.0, 145.6, 138.4, 129.0, 128.3, 128.0, 
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125.7, 123.8, 119.5, 118.3, 114.2, 108.6, 70.1, 15.3. HRMS (ESI) ([M+H]+) Calcd. 

for [C15H14ClN2O]+: 273.0789, Found: 273.0795.

N
N

O
Br

5-Bromo-3-ethoxy-2-phenyl-2H-indazole (3pa): Yellow solid; m.p. 45.9−47.2 °C. 

1H NMR (400 MHz, CDCl3) δ: 7.83–7.80 (m, 3H), 7.51–7.45 (m, 3H), 7.41–7.37 (m, 

1H), 7.28–7.25 (m, 1H), 4.48 (q, J = 7.2 Hz, 2H), 1.42 (t, J = 7.2 Hz, 3H). 13C NMR 

(100 MHz, CDCl3) δ: 146.1, 145.3, 138.4, 130.4, 129.0, 127.9, 123.8, 121.7, 119.7, 

113.3, 109.5, 70.1, 15.3. HRMS (ESI) ([M+H]+) Calcd. for [C15H14BrN2O]+: 

317.0284, Found: 317.0288.

N
N

O

3-Ethoxy-6-methyl-2-phenyl-2H-indazole (3qa): Yellow liquid. 1H NMR (400 

MHz, CDCl3) δ: 7.84–7.82 (m, 2H), 7.54 (d, J = 8.8 Hz, 1H), 7.48 (t, J = 8.0 Hz, 2H), 

7.38–7.32 (m, 2H), 6.79–6.77 (m, 1H), 4.53 (q, J = 6.8 Hz, 2H), 2.41 (s, 3H), 1.43 (t, 

J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 148.5, 145.9, 138.8, 136.8, 128.8, 

127.4, 123.8, 123.2, 119.3, 116.1, 106.6, 69.7, 22.2, 15.4. HRMS (ESI) ([M+H]+) 

Calcd. for [C16H17N2O]+: 253.1335, Found: 253.1340.

N
N

O

Br

6-Bromo-3-ethoxy-2-phenyl-2H-indazole (3ra): Yellow liquid. 1H NMR (400 MHz, 

CDCl3) δ: 7.82–7.75 (m, 3H), 7.51–7.47 (m, 3H), 7.41–7.36 (m, 1H), 6.99–6.97 (m, 

1H), 4.50 (q, J = 6.8 Hz, 2H), 1.42 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) 

δ: 148.3, 146.3, 138.3, 128.9, 127.8, 123.8, 123.8, 121.2, 120.1, 106.8, 69.9, 15.3. 

HRMS (ESI) ([M+H]+) Calcd. for [C15H14BrN2O]+: 317.0284, Found: 317.0286.
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O

O

N
N

Ethyl (E)-2-(phenyldiazenyl)benzoate (4aa): Yellow liquid. 1H NMR (400 MHz, 

CDCl3) δ: 7.94–7.91 (m, 2H), 7.85–7.82 (m, 1H), 7.61–7.56 (m, 2H), 7.54–7.46 (m, 

4H), 4.37 (q, J = 7.2 Hz, 2H), 1.31 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) 

δ: 167.5, 152.5, 152.0, 131.8, 131.4, 129.7, 129.7, 129.1, 129.0, 123.2, 118.6, 61.4, 

14.3. HRMS (ESI) ([M+H]+) Calcd. for [C15H15N2O2]+: 255.1128, Found: 255.1134.

O

O

N
N

Methyl (E)-2-(phenyldiazenyl)benzoate (4ab): Yellow liquid. 1H NMR (400 MHz, 

CDCl3) δ: 7.93–7.89 (m, 2H), 7.84–7.81 (m, 1H), 7.63–7.56 (m, 2H), 7.53–7.46 (m, 

4H), 3.90 (s, 3H). 13C NMR (100 MHz, CDCl3) δ: 167.8, 152.6, 151.9, 131.9, 131.4, 

129.7, 129.1, 128.5, 123.1, 118.7, 52.4. HRMS (ESI) ([M+Na]+) Calcd. for 

[C14H12N2O2Na]+: 263.0791, Found: 263.0795.

O

O

N
N

n-Propyl (E)-2-(phenyldiazenyl)benzoate (4ac): Yellow liquid. 1H NMR (400 MHz, 

CDCl3) δ: 7.93–7.91 (m, 2H), 7.85–7.82 (m, 1H), 7.60–7.55 (m, 2H), 7.54–7.46 (m, 

4H), 4.28 (t, J = 6.8 Hz, 2H), 1.74–1.65 (m, 2H), 0.91 (t, J = 7.2 Hz, 3H). 13C NMR 

(100 MHz, CDCl3) δ: 167.6, 152.5, 152.0, 131.8, 131.4, 129.7, 129.7, 129.0, 129.0, 

123.2, 118.6, 67.0, 22.0, 10.4. HRMS (ESI) ([M+Na]+) Calcd. for [C16H16N2O2Na]+: 

291.1104, Found: 291.1109.
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O

O

N
N

n-Butyl (E)-2-(phenyldiazenyl)benzoate (4ad): Yellow liquid. 1H NMR (400 MHz, 

CDCl3) δ: 7.93–7.90 (m, 2H), 7.85–7.82 (m, 1H), 7.58–7.56 (m, 2H), 7.53–7.46 (m, 

4H), 4.32 (t, J = 6.8 Hz, 2H), 1.68–1.61 (m, 2H), 1.39–1.28 (m, 2H), 0.85 (t, J = 7.2 

Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 167.6, 152.5, 152.0, 131.8, 131.4, 129.7, 

129.6, 129.0, 123.2, 118.5, 65.3, 30.7, 19.1, 13.6. HRMS (ESI) ([M+H]+) Calcd. for 

[C17H19N2O2]+: 283.1441, Found: 283.1446.

O

O

N
N

n-Pentyl (E)-2-(phenyldiazenyl)benzoate (4ae): Yellow liquid. 1H NMR (400 MHz, 

CDCl3) δ: 7.93–7.91 (m, 2H), 7.84–7.82 (m, 1H), 7.58–7.56 (m, 2H), 7.52–7.45 (m, 

4H), 4.30 (t, J = 6.8 Hz, 2H), 1.69–1.62 (m, 2H), 1.31–1.22 (m, 4H), 0.81 (t, J = 7.2 

Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 167.6, 152.5, 152.0, 131.8, 131.4, 129.7, 

129.6, 129.0, 123.2, 118.6, 65.6, 28.4, 28.1, 22.2, 13.8. HRMS (ESI) ([M+Na]+) 

Calcd. for [C18H20N2O2Na]+: 319.1417, Found: 319.1418.

O

O

N
N

n-Hexyl (E)-2-(phenyldiazenyl)benzoate (4af): Yellow liquid. 1H NMR (400 MHz, 

CDCl3) δ: 7.93–7.90 (m, 2H), 7.84–7.82 (m, 1H), 7.58–7.57 (m, 2H), 7.53–7.46 (m, 

4H), 4.30 (t, J = 6.8 Hz, 2H), 1.68–1.61 (m, 2H), 1.34–1.27 (m, 2H), 1.22–1.19 (m, 

4H), 0.83 (t, J = 6.8 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 167.6, 152.5, 152.0, 

131.8, 131.4, 129.7, 129.6, 129.0, 129.0, 123.2, 118.6, 65.6, 31.4, 28.7, 25.6, 22.4, 
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13.9. HRMS (ESI) ([M+Na]+) Calcd. for [C19H22N2O2Na]+: 333.1573, Found: 

333.1578.

O

O

N
N

iso-Propyl (E)-2-(phenyldiazenyl)benzoate (4ag): Yellow liquid. 1H NMR (400 

MHz, CDCl3) δ: 7.94–7.91 (m, 2H), 7.82–7.80 (m, 1H), 7.59–7.56 (m, 2H), 7.54–7.45 

(m, 4H), 5.31–5.22 (m, 1H), 1.30 (d, J = 6.4 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ: 

167.1, 152.5, 151.9, 131.6, 131.4, 129.6, 129.6, 129.0, 123.2, 118.4, 69.0, 21.9. 

HRMS (ESI) ([M+Na]+) Calcd. for [C16H16N2O2Na]+: 291.1104, Found: 291.1107.

O

O

N
N

iso-Butyl (E)-2-(phenyldiazenyl)benzoate (4ah): Yellow liquid. 1H NMR (400 

MHz, CDCl3) δ: 7.93–7.90 (m, 2H), 7.85–7.83 (m, 1H), 7.58–7.57 (m, 2H), 7.53–7.46 

(m, 4H), 4.10 (d, J = 6.4 Hz, 2H), 2.02–1.92 (m, 1H), 0.90 (d, J = 6.8 Hz, 6H). 13C 

NMR (100 MHz, CDCl3) δ: 167.5, 152.5, 152.0, 131.8, 131.4, 129.7, 129.6, 129.1, 

129.0, 123.2, 118.5, 71.6, 27.7, 19.1. HRMS (ESI) ([M+H]+) Calcd. for 

[C17H19N2O2]+: 283.1441, Found: 283.1447.

O

O

N
N

sec-Butyl (E)-2-(phenyldiazenyl)benzoate (4ai): Yellow liquid. 1H NMR (400 MHz, 

CDCl3) δ: 7.93–7.90 (m, 2H), 7.82 (d, J = 7.6 Hz, 1H), 7.60–7.55 (m, 2H), 7.54–7.46 

(m, 4H), 5.16–5.08 (m, 1H), 1.72–1.53 (m, 2H), 1.29 (d, J = 6.4 Hz, 3H), 0.90 (t, J = 
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7.6 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 167.2, 152.5, 151.9, 131.6, 131.4, 129.8, 

129.6, 129.5, 129.0, 123.2, 118.3, 73.6, 28.9, 19.5, 9.7. HRMS (ESI) ([M+H]+) Calcd. 

for [C17H19N2O2]+: 283.1441, Found: 283.1445.

O

O

N
N

Cyclopentyl (E)-2-(phenyldiazenyl)benzoate (4aj): Yellow liquid. 1H NMR (400 

MHz, CDCl3) δ: 7.93–7.91 (m, 2H), 7.82–7.80 (m, 1H), 7.57–7.45 (m, 6H), 5.44–5.40 

(m, 1H), 1.94–1.86 (m, 2H), 1.79–1.74 (m, 2H), 1.63–1.50 (m, 4H). 13C NMR (100 

MHz, CDCl3) δ: 167.4, 152.5, 152.0, 131.7, 131.4, 129.7, 129.6, 129.0, 123.2, 118.4, 

95.7, 78.3, 32.7, 23.7. HRMS (ESI) ([M+Na]+) Calcd. for [C18H18N2O2Na]+: 

317.1260, Found: 317.1265.

O

O

N
N

Cyclohexyl (E)-2-(phenyldiazenyl)benzoate (4ak): Yellow liquid. 1H NMR (400 

MHz, CDCl3) δ: 7.93–7.91 (m, 2H), 7.84–7.82 (m, 1H), 7.57–7.46 (m, 6H), 5.07–5.01 

(m, 1H), 1.94–1.90 (m, 2H), 1.71–1.67 (m, 2H), 1.53–1.18 (m, 6H). 13C NMR (100 

MHz, CDCl3) δ: 166.9, 152.5, 152.0, 131.7, 131.3, 129.7, 129.7, 129.6, 129.0, 123.2, 

118.3, 73.9, 31.6, 25.3, 23.6. HRMS (ESI) ([M+Na]+) Calcd. for [C19H20N2O2Na]+: 

331.1417, Found: 331.1420.

O

O

N
N

Ethyl (E)-2-(p-tolyldiazenyl)benzoate (4ba): Yellow liquid. 1H NMR (400 MHz, 

CDCl3) δ: 7.84–7.82 (m, 3H), 7.60–7.53 (m, 2H), 7.49–7.45 (m, 1H), 7.31 (d, J = 8.0 
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Hz, 2H), 4.37 (q, J = 7.2 Hz, 2H), 2.44 (s, 3H), 1.30 (t, J = 7.2 Hz, 3H). 13C NMR 

(100 MHz, CDCl3) δ: 167.7, 152.0, 150.6, 142.1, 131.8, 129.7, 129.7, 129.4, 128.8, 

123.2, 118.8, 61.4, 21.5, 14.3. HRMS (ESI) ([M+Na]+) Calcd. for [C16H16N2O2Na]+: 

291.1104, Found: 291.1107.

O

O

N
N

O

Ethyl (E)-2-((4-methoxyphenyl)diazenyl)benzoate (4ca): Yellow liquid. 1H NMR 

(400 MHz, CDCl3) δ: 7.93–7.90 (m, 2H), 7.82–7.79 (m, 1H), 7.60–7.54 (m, 2H), 

7.47–7.43 (m, 1H), 7.03–6.99 (m, 2H), 4.36 (q, J = 7.2 Hz, 2H), 3.89 (s, 3H), 1.30 (t, 

J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 167.8, 162.4, 152.1, 147.0, 131.7, 

129.6, 129.1, 128.7, 125.1, 118.8, 114.2, 61.3, 55.6, 14.3. HRMS (ESI) ([M+Na]+) 

Calcd. for [C16H16N2O3Na]+: 307.1053, Found: 307.1058.

O

O

N
N

Cl

Ethyl (E)-2-((4-chlorophenyl)diazenyl)benzoate (4da): Yellow liquid. 1H NMR 

(400 MHz, CDCl3) δ: 7.88–7.83 (m, 3H), 7.60–7.59 (m, 2H), 7.53–7.48 (m, 3H), 4.38 

(q, J = 7.2 Hz, 2H), 1.32 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 167.4, 

151.7, 150.9, 137.4, 131.9, 130.0, 129.8, 129.4, 129.2, 124.4, 118.4, 61.5, 14.4. 

HRMS (ESI) ([M+Na]+) Calcd. for [C15H13ClN2O2Na]+: 311.0558, Found: 311.0562.

O

O

N
N

CF3
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Ethyl (E)-2-((4-(trifluoromethyl)phenyl)diazenyl)benzoate (4ea): Yellow liquid. 

1H NMR (400 MHz, CDCl3) δ: 8.00 (d, J = 8.0 Hz, 2H), 7.88–7.85 (m, 1H), 7.78 (d, J 

= 8.4 Hz, 2H), 7.62–7.58 (m, 2H), 7.56–7.51 (m, 1H), 4.39 (q, J = 7.2 Hz, 2H), 1.33 

(t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 167.2, 154.3, 151.6, 132.6 (q, J = 

32.2 Hz), 131.9, 130.5, 129.9, 129.5, 126.3 (q, J = 3.8 Hz), 123.8 (q, J = 270.7 Hz), 

123.3, 118.3, 61.5, 14.3. 19F NMR (376 MHz, CDCl3) δ: –62.60. HRMS (ESI) 

([M+Na]+) Calcd. for [C16H13F3N2O2Na]+: 345.0821, Found: 345.0828.

O

O

N
N

COOEt

Ethyl (E)-2-((4-(ethoxycarbonyl)phenyl)diazenyl)benzoate (4fa): Yellow liquid. 

1H NMR (400 MHz, CDCl3) δ: 8.22–8.19 (m, 2H), 7.97–7.94 (m, 2H), 7.86–7.84 (m, 

1H), 7.64–7.58 (m, 2H), 7.54–7.50 (m, 1H), 4.45–4.36 (m, 4H), 1.43 (t, J = 7.2 Hz, 

3H), 1.32 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 167.3, 165.9, 154.9, 

151.7, 132.5, 131.9, 130.6, 130.3, 129.8, 129.5, 122.9, 118.4, 61.5, 61.3, 14.3, 14.3. 

HRMS (ESI) ([M+Na]+) Calcd. for [C18H18N2O4Na]+: 349.1159, Found: 349.1164.

O

O

N
N

Ethyl (E)-2-(m-tolyldiazenyl)benzoate (4ga): Yellow liquid. 1H NMR (400 MHz, 

CDCl3) δ: 7.83 (d, J = 7.6 Hz, 1H), 7.73 (t, J = 2.4 Hz, 2H), 7.58 (d, J = 3.6 Hz, 2H), 

7.51–7.45 (m, 1H), 7.43–7.39 (m, 1H), 7.31 (d, J = 7.6 Hz, 1H), 4.37 (q, J = 7.2 Hz, 

2H), 2.45 (s, 3H), 1.32 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 167.6, 

152.6, 152.0, 139.0, 132.2, 131.8, 129.7, 129.6, 128.9, 128.8, 123.4, 120.7, 118.7, 

61.4, 21.3, 14.3. HRMS (ESI) ([M+Na]+) Calcd. for [C16H16N2O2Na]+: 291.1104, 

Found: 291.1109.
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O

O

N
N Cl

Ethyl (E)-2-((3-chlorophenyl)diazenyl)benzoate (4ha): Yellow liquid. 1H NMR 

(400 MHz, CDCl3) δ: 7.89–7.88 (m, 1H), 7.86–7.82 (m, 2H), 7.60–7.58 (m, 2H), 

7.53–7.49 (m, 1H), 7.47–7.46 (m, 2H), 4.39 (q, J = 7.2 Hz, 2H), 1.34 (t, J = 7.2 Hz, 

3H). 13C NMR (100 MHz, CDCl3) δ: 167.3, 153.3, 151.5, 135.2, 131.9, 131.1, 130.2, 

130.2, 129.8, 129.4, 122.6, 122.1, 118.4, 61.5, 14.3. HRMS (ESI) ([M+Na]+) Calcd. 

for [C15H13ClN2O2Na]+: 311.0558, Found: 311.0563.

O

O

N
N

F

Ethyl (E)-5-fluoro-2-(phenyldiazenyl)benzoate (4ia): Yellow solid; m.p. 65.2−66.1 

°C. 1H NMR (400 MHz, CDCl3) δ: 7.91–7.88 (m, 2H), 7.70–7.67 (m, 1H), 7.53–7.47 

(m, 4H), 7.28–7.23 (m, 1H), 4.39 (q, J = 7.2 Hz, 2H), 1.33 (t, J = 7.2 Hz, 3H). 13C 

NMR (100 MHz, CDCl3) δ: 166.3 (d, J = 2.3 Hz), 163.0 (d, J = 250.5 Hz), 152.3, 

147.9 (d, J = 3.0 Hz), 131.6 (d, J = 7.5 Hz), 131.5, 129.1, 123.1, 120.6 (d, J = 8.3 

Hz), 118.7 (d, J = 22.4 Hz), 116.4 (d, J = 24.5 Hz), 61.7, 14.2. 19F NMR (376 MHz, 

CDCl3) δ: –109.91. HRMS (ESI) ([M+Na]+) Calcd. for [C15H13FN2O2Na]+: 295.0853, 

Found: 295.0858.

O

O

N
N

Cl

Ethyl (E)-5-chloro-2-(phenyldiazenyl)benzoate (4ja): Yellow solid; m.p. 61.2−61.9 

°C. 1H NMR (400 MHz, CDCl3) δ: 7.92–7.89 (m, 2H), 7.80 (d, J = 2.0 Hz, 1H), 

7.62–7.60 (m, 1H), 7.55–7.50 (m, 4H), 4.39 (q, J = 7.2 Hz, 2H), 1.33 (t, J = 7.2 Hz, 

3H). 13C NMR (100 MHz, CDCl3) δ: 166.3, 152.4, 150.0, 135.8, 131.8, 131.7, 130.8, 
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129.6, 129.1, 123.3, 120.0, 61.8, 14.3. HRMS (ESI) ([M+Na]+) Calcd. for 

[C15H13ClN2O2Na]+: 311.0558, Found: 311.0565.

O

O

N
N

Br

Ethyl (E)-5-bromo-2-(phenyldiazenyl)benzoate (4ka): Yellow solid; m.p. 

71.5−73.4 °C. 1H NMR (400 MHz, CDCl3) δ: 7.95 (d, J = 2.4 Hz, 1H), 7.92–7.89 (m, 

2H), 7.70–7.68 (m, 1H), 7.52–7.50 (m, 4H), 4.38 (q, J = 7.2 Hz, 2H), 1.32 (t, J = 7.2 

Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 166.1, 152.4, 150.4, 134.8, 132.5, 131.7, 

130.9, 129.1, 123.8, 123.3, 120.1, 61.8, 14.3. HRMS (ESI) ([M+Na]+) Calcd. for 

[C15H13BrN2O2Na]+: 355.0053, Found: 355.0059.

O

O

N
N

Ethyl (E)-4-methyl-2-(phenyldiazenyl)benzoate (4la): Yellow liquid. 1H NMR (400 

MHz, CDCl3) δ: 7.93–7.91 (m, 2H), 7.78 (d, J = 8.0 Hz, 1H), 7.54–7.48 (m, 3H), 

7.33–7.28 (m, 2H), 4.35 (q, J = 7.2 Hz, 2H), 2.45 (s, 3H), 1.30 (t, J = 7.2 Hz, 3H). 13C 

NMR (100 MHz, CDCl3) δ: 167.3, 152.6, 152.5, 142.8, 131.3, 130.2, 130.1, 129.1, 

125.8, 123.2, 118.7, 61.2, 21.5, 14.3. HRMS (ESI) ([M+H]+) Calcd. for 

[C16H17N2O2]+: 269.1285, Found: 269.1290.

 

O

O

N
N

Br

Ethyl (E)-4-bromo-2-(phenyldiazenyl)benzoate (4ma): Yellow solid; m.p. 

64.4−66.3 °C. 1H NMR (400 MHz, CDCl3) δ: 7.93–7.91 (m, 2H), 7.74–7.72 (m, 2H), 

7.61–7.58 (m, 1H), 7.53–7.49 (m, 3H), 4.37 (q, J = 7.2 Hz, 2H), 1.31 (t, J = 7.2 Hz, 
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3H). 13C NMR (100 MHz, CDCl3) δ: 166.4, 152.6, 152.3, 132.3, 131.8, 131.3, 129.1, 

127.9, 126.3, 123.3, 121.1, 61.6, 14.3. HRMS (ESI) ([M+Na]+) Calcd. for 

[C15H13BrN2O2Na]+: 355.0053, Found: 355.0058.

O

O

N
N

F

O

Ethyl (E)-5-fluoro-2-((4-methoxyphenyl)diazenyl)benzoate (4na): Yellow liquid. 
1H NMR (400 MHz, CDCl3) δ: 7.89 (d, J = 8.8 Hz, 2H), 7.69–7.66 (m, 1H), 7.49–

7.46 (m, 1H), 7.27–7.22 (m, 1H), 7.00 (d, J = 9.2 Hz, 2H), 4.39 (q, J = 7.2 Hz, 2H), 

3.88 (s, 3H), 1.33 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 166.6 (d, J = 

2.4 Hz), 162.7 (d, J = 249.6 Hz), 162.4, 148.0 (d, J = 3.3 Hz), 146.8, 131.1 (d, J = 7.8 

Hz), 125.1, 120.7 (d, J = 8.4 Hz), 118.6 (d, J = 22.4 Hz), 116.3 (d, J = 24.4 Hz), 114.2, 

61.7, 55.6, 14.3. 19F NMR (376 MHz, CDCl3) δ: –110.93. HRMS (ESI) ([M+Na]+) 

Calcd. for [C16H15FN2O3Na]+: 325.0959, Found: 325.0958.

O

O

N
N

Br

Ethyl (E)-4-bromo-2-(p-tolyldiazenyl)benzoate (4oa): Yellow liquid. 1H NMR (400 

MHz, CDCl3) δ: 7.83 (d, J = 8.4 Hz, 2H), 7.74–7.71 (m, 2H), 7.60–7.58 (m, 1H), 7.32 

(d, J = 8.0 Hz, 2H), 4.37 (q, J = 7.2 Hz, 2H), 2.44 (s, 3H), 1.31 (t, J = 7.2 Hz, 3H). 13C 

NMR (100 MHz, CDCl3) δ: 166.6, 152.7, 150.5, 142.7, 132.1, 131.2, 129.8, 127.8, 

126.3, 123.4, 121.2, 61.6, 21.6, 14.3. HRMS (ESI) ([M+Na]+) Calcd. for 

[C16H15BrN2O2Na]+: 369.0209, Found: 369.0209.
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O

O

N
N

Br

Ethyl (E)-2-((4-bromophenyl)diazenyl)-4-methylbenzoate (4pa): Yellow liquid. 1H 

NMR (400 MHz, CDCl3) δ: 7.81–7.78 (m, 3H), 7.67–7.64 (m, 2H), 7.33–7.30 (m, 

2H), 4.35 (q, J = 7.2 Hz, 2H), 2.46 (s, 3H), 1.31 (t, J = 7.2 Hz, 3H). 13C NMR (100 

MHz, CDCl3) δ: 167.1, 152.2, 151.3, 142.9, 132.4, 130.6, 130.1, 126.0, 125.8, 124.6, 

118.4, 61.3, 21.5, 14.4. HRMS (ESI) ([M+Na]+) Calcd. for [C16H15BrN2O2Na]+: 

369.0209, Found: 369.0213.

O

O

N
N

Cl

Cl

Ethyl (E)-5-chloro-2-((3-chloro-4-methylphenyl)diazenyl)benzoate (4qa): Yellow 

liquid. 1H NMR (400 MHz, CDCl3) δ: 7.88–7.87 (m, 1H), 7.79 (d, J = 2.0 Hz, 1H), 

7.74-7.71 (m, 1H), 7.59–7.57 (m, 1H), 7.53–7.51 (m, 1H), 7.37 (d, J = 8.4 Hz, 1H), 

4.40 (q, J = 7.2 Hz, 2H), 2.44 (s, 3H), 1.35 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, 

CDCl3) δ: 166.2, 151.4, 149.5, 139.9, 136.0, 135.2, 131.8, 131.3, 131.0, 129.7, 122.7, 

122.5, 119.7, 61.8, 20.2, 14.3. HRMS (ESI) ([M+Na]+) Calcd. for 

[C16H14Cl2N2O2Na]+: 359.0325, Found: 359.0329. 

N
N

O

3-Ethoxy-2-phenyl-6-(phenylethynyl)-2H-indazole (9): Yellow liquid. 1H NMR 

(400 MHz, CDCl3) δ: 7.85–7.83 (m, 2H), 7.79 (s, 1H), 7.63–7.61 (m, 1H), 7.58–7.56 

(m, 2H), 7.52–7.48 (m, 2H), 7.42–7.34 (m, 4H), 7.06–7.04 (m, 1H), 4.54 (q, J = 7.2 

Hz, 2H), 1.44 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 147.4, 146.2, 138.6, 
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131.6, 129.0, 128.3, 128.2, 127.8, 123.9, 123.3, 123.2, 121.6, 121.5, 119.8, 107.6, 

90.2, 89.6, 69.9, 15.4. HRMS (ESI) ([M+Na]+) Calcd. for [C18H23N2ONa]+: 361.1311, 

Found: 361.1315.

O

O

N
N

Ethyl (E)-4'-methyl-3-(phenyldiazenyl)-[1,1'-biphenyl]-4-carboxylate (10): 

Yellow liquid. 1H NMR (400 MHz, CDCl3) δ: 7.96–7.91 (m, 3H), 7.76–7.75 (m, 1H), 

7.70–7.68 (m, 1H), 7.62–7.49 (m, 5H), 7.28–7.27 (m, 2H), 4.38 (q, J = 7.2 Hz, 2H), 

2.40 (s, 3H), 1.32 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 167.2, 152.8, 

152.6, 145.0, 138.3, 136.6, 131.4, 130.5, 129.6, 129.1, 127.7, 127.1, 126.8, 123.2, 

116.8, 61.3, 21.1, 14.3. HRMS (ESI) ([M+H]+) Calcd. for [C22H21N2O2]+: 345.1598, 

Found: 345.1602.
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7. 1H and 13C NMR spectra of the products
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8. HRMS analysis for the products

sml-1

m/z
226 228 230 232 234 236 238 240 242 244 246 248 250

%

0

100
wl20201231-1 159 (1.483) AM2 (Ar,20000.0,0.00,0.00); Cm (159-5) 1: TOF MS ES+ 

8.21e4239.1181

sml-19

m/z
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420

%

0

100
wl20201231-19 145 (1.363) AM2 (Ar,20000.0,0.00,0.00); Cm (145-5) 1: TOF MS ES+ 

5.81e5225.1027

sml-20

m/z
215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 305 310

%

0

100
wl20201231-20 150 (1.406) AM2 (Ar,20000.0,0.00,0.00); Cm (150-5) 1: TOF MS ES+ 

6.49e4253.1340

N
N

O

3aa
[M+H]+

calculated: 239.1179

Found

N
N

O

3ab

Found

[M+H]+

calculated: 225.1022

N
N

O

3ac

Found

[M+H]+

calculated: 253.1335
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sml-22

m/z
200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360

%

0

100
wl20201231-22 69 (0.654) AM2 (Ar,20000.0,0.00,0.00); Cm (69-5) 1: TOF MS ES+ 

6.09e5267.1497

sml-25

m/z
50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500

%

0

100
wl20201231-25 156 (1.457) AM2 (Ar,20000.0,0.00,0.00); Cm (156-5) 1: TOF MS ES+ 

1.05e5281.1652

sml-26

m/z
160 180 200 220 240 260 280 300 320 340 360 380 400 420 440

%

0

100
wl20201231-26 158 (1.475) AM2 (Ar,20000.0,0.00,0.00); Cm (158-5) 1: TOF MS ES+ 

1.48e5295.1815

N
N

O

3ad

Found

[M+H]+

calculated: 267.1492

N
N

O

3ae

Found

[M+H]+

calculated: 281.1648

N
N

O

3af

Found

[M+H]+

calculated: 295.1805



97

sml-21

m/z
249 250 251 252 253 254 255 256 257 258 259

%

0

100
wl20201231-21 114 (1.074) AM2 (Ar,20000.0,0.00,0.00) 1: TOF MS ES+ 

1.88e5253.1342

sml-23

m/z
220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 305 310 315

%

0

100
wl20201231-23 53 (0.505) AM2 (Ar,20000.0,0.00,0.00); Cm (53-5) 1: TOF MS ES+ 

2.64e5267.1497

sml-24

m/z
258 260 262 264 266 268 270 272 274 276 278 280 282

%

0

100
wl20201231-24 90 (0.845) AM2 (Ar,20000.0,0.00,0.00); Cm (90-5) 1: TOF MS ES+ 

1.99e5267.1497

N
N

O

3ag

Found

[M+H]+

calculated: 253.1335

N
N

O

3ah

Found

[M+H]+

calculated: 267.1492

N
N

O

3ai

Found

[M+H]+

calculated: 267.1492



98

sml-27

m/z
278.950 279.000 279.050 279.100 279.150 279.200 279.250 279.300

%

0

100
wl20201231-27 78 (0.743) AM2 (Ar,20000.0,0.00,0.00) 1: TOF MS ES+ 

7.19e4279.1501

sml-28

m/z
276 278 280 282 284 286 288 290 292 294 296 298 300 302 304 306 308 310

%

0

100
wl20201231-28 78 (0.743) AM2 (Ar,20000.0,0.00,0.00); Cm (78-5) 1: TOF MS ES+ 

1.96e5293.1653

sml-2

m/z
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480

%

0

100
wl20201231-2 65 (0.620) AM2 (Ar,20000.0,0.00,0.00); Cm (65-5) 1: TOF MS ES+ 

3.50e6253.1340

N
N

O

3aj

Found

[M+H]+

calculated: 279.1492

N
N

O

3ak

Found

[M+H]+

calculated: 293.1648

Found

[M+H]+

calculated: 253.1335

N
N

O

3ba



99

sml-3

m/z
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480

%

0

100
wl20201231-3 59 (0.568) AM2 (Ar,20000.0,0.00,0.00); Cm (59-5) 1: TOF MS ES+ 

2.13e6269.1290

sml-4

m/z
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460

%

0

100
wl20201231-4 127 (1.197) AM2 (Ar,20000.0,0.00,0.00); Cm (127-5) 1: TOF MS ES+ 

8.01e4257.1089

sml-5

m/z
190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370

%

0

100
wl20201231-5 57 (0.551) AM2 (Ar,20000.0,0.00,0.00); Cm (57-5) 1: TOF MS ES+ 

4.01e6273.0793

Found

[M+H]+

calculated: 269.1285

N
N

O

O

3ca

Found

[M+H]+

calculated: 257.1085

N
N

O

F

3da

Found

[M+H]+

calculated: 273.0789

N
N

O

Cl

3ea



100

sml-6

m/z
304 306 308 310 312 314 316 318 320 322 324 326 328 330 332

%

0

100
wl20201231-6 102 (0.960) AM2 (Ar,20000.0,0.00,0.00); Cm (102-5) 1: TOF MS ES+ 

9.01e4317.0287 319.0270

sml-8

m/z
50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575

%

0

100
wl20201231-8 64 (0.612) AM2 (Ar,20000.0,0.00,0.00); Cm (64-5) 1: TOF MS ES+ 

1.42e6307.1059

sml-7

m/z
125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525

%

0

100
wl20201231-7 101 (0.951) AM2 (Ar,20000.0,0.00,0.00); Cm (101-5) 1: TOF MS ES+ 

3.44e5311.1395

Found

[M+H]+

calculated: 317.0284

N
N

O

Br

3fa

Found

[M+H]+

calculated: 307.1053

N
N

O

CF3

3ga

Found

[M+H]+

calculated: 311.1390

N
N

O

COOEt

3ha



101

sml-9

m/z
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460

%

0

100
wl20201231-9-1 132 (1.240) AM2 (Ar,20000.0,0.00,0.00); Cm (132-5) 1: TOF MS ES+ 

1.13e5253.1337

sml-10

m/z
50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500

%

0

100
wl20201231-10 145 (1.363) AM2 (Ar,20000.0,0.00,0.00); Cm (145-5) 1: TOF MS ES+ 

3.04e5273.0794

sml-11

m/z
50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500

%

0

100
wl20201231-11 147 (1.380) AM2 (Ar,20000.0,0.00,0.00); Cm (147-5) 1: TOF MS ES+ 

1.61e5253.1340

Found

[M+H]+

calculated: 253.1335

N
N

O

3ia

Found

[M+H]+

calculated: 273.0789

N
N

O Cl

3ja

Found

[M+H]+

calculated: 253.1335

N
N

O

3ka



102

sml-12

m/z
160 180 200 220 240 260 280 300 320 340 360 380 400

%

0

100
wl20201231-12 129 (1.214) AM2 (Ar,20000.0,0.00,0.00); Cm (129-5) 1: TOF MS ES+ 

1.41e5287.0951

sml-13

m/z
278 280 282 284 286 288 290 292 294 296 298 300

%

0

100
wl20201231-13 90 (0.845) AM2 (Ar,20000.0,0.00,0.00) 1: TOF MS ES+ 

2.19e5289.1341

sml-14

m/z
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480

%

0

100
wl20201231-14 127 (1.197) AM2 (Ar,20000.0,0.00,0.00); Cm (127-5) 1: TOF MS ES+ 

2.10e5257.1089

Found

[M+H]+

calculated: 287.0946

N
N

O Cl

3la

Found

[M+H]+

calculated: 289.1335

N
N

O

3ma

Found

[M+H]+

calculated: 257.1085

N
N

O
F

3na



103

sml-15

m/z
50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550

%

0

100
wl20201231-15 84 (0.794) AM2 (Ar,20000.0,0.00,0.00); Cm (84-5) 1: TOF MS ES+ 

6.01e5273.0795

sml-16

m/z
298 300 302 304 306 308 310 312 314 316 318 320 322 324 326 328 330 332 334 336 338

%

0

100
wl20201231-16 113 (1.065) AM2 (Ar,20000.0,0.00,0.00); Cm (113-5) 1: TOF MS ES+ 

1.71e5317.0288 319.0269

sml-17

m/z
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440

%

0

100
wl20201231-17 157 (1.466) AM2 (Ar,20000.0,0.00,0.00); Cm (157-5) 1: TOF MS ES+ 

1.75e5253.1340

Found

[M+H]+

calculated: 273.0789

N
N

O
Cl

3oa

Found

[M+H]+

calculated: 317.0284

N
N

O
Br

3pa

Found

[M+H]+

calculated: 253.1335

N
N

O

3qa



104

sml-18

m/z
290 295 300 305 310 315 320 325 330 335 340 345

%

0

100
wl20201231-18 66 (0.628) AM2 (Ar,20000.0,0.00,0.00); Cm (66-5) 1: TOF MS ES+ 

7.34e4317.0286319.0273

sml-30

m/z
236 238 240 242 244 246 248 250 252 254 256 258 260 262 264 266 268 270 272 274

%

0

100
wl20201231-30 67 (0.637) AM2 (Ar,20000.0,0.00,0.00); Cm (67-5) 1: TOF MS ES+ 

4.56e4255.1134

sml-29

m/z
190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350

%

0

100
wl20201231-29 142 (1.326) AM2 (Ar,20000.0,0.00,0.00); Cm (142-5) 1: TOF MS ES+ 

1.54e5263.0795

Found

[M+H]+

calculated: 317.0284

N
N

O

Br
3ra

Found

[M+H]+

calculated: 255.1128

N
N
O

O

4aa

Found

[M+Na]+

calculated: 263.0791

N
N
O

O

4ab



105

sml-31

m/z
50 100 150 200 250 300 350 400 450 500 550 600

%

0

100
wl20201231-31 106 (0.994) AM2 (Ar,20000.0,0.00,0.00); Cm (106-5) 1: TOF MS ES+ 

7.36e5291.1109

sml-33

m/z
268 270 272 274 276 278 280 282 284 286 288 290 292 294 296 298

%

0

100
wl20201231-33 40 (0.394) AM2 (Ar,20000.0,0.00,0.00); Cm (40-5) 1: TOF MS ES+ 

1.93e5283.1446

sml-36

m/z
50 100 150 200 250 300 350 400 450 500 550 600

%

0

100
wl20201231-36 144 (1.343) AM2 (Ar,20000.0,0.00,0.00); Cm (144-5) 1: TOF MS ES+ 

3.58e4319.1418

Found

[M+Na]+

calculated: 291.1104

N
N
O

O

4ac

Found

[M+H]+

calculated: 283.1441

N
N
O

O

4ad

Found

[M+Na]+

calculated: 319.1417

N
N
O

O

4ae



106

sml-37

m/z
50 100 150 200 250 300 350 400 450 500 550 600

%

0

100
wl20201231-37 54 (0.514) AM2 (Ar,20000.0,0.00,0.00); Cm (54-5) 1: TOF MS ES+ 

4.45e6333.1578

sml-32

m/z
50 100 150 200 250 300 350 400 450 500 550 600

%

0

100
wl20201231-32 103 (0.969) AM2 (Ar,20000.0,0.00,0.00); Cm (103-5) 1: TOF MS ES+ 

1.15e5291.1107

sml-35

m/z
277 278 279 280 281 282 283 284 285 286 287 288 289 290

%

0

100
wl20201231-35 20 (0.211) AM2 (Ar,20000.0,0.00,0.00); Cm (20-5) 1: TOF MS ES+ 

4.53e5283.1447

Found

[M+Na]+

calculated: 333.1573

N
N
O

O

4af

Found

[M+Na]+

calculated: 291.1104

N
N
O

O

4ag

Found

[M+H]+

calculated: 283.1441

N
N
O

O

4ah



107

sml-34

m/z
274 276 278 280 282 284 286 288 290 292 294

%

0

100
wl20201231-34 25 (0.254) AM2 (Ar,20000.0,0.00,0.00); Cm (25-5) 1: TOF MS ES+ 

6.19e4283.1445

sml-38

m/z
160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

%

0

100
wl20201231-38 83 (0.786) AM2 (Ar,20000.0,0.00,0.00); Cm (83-5) 1: TOF MS ES+ 

3.15e5317.1265

sml-39

m/z
50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550

%

0

100
wl20201231-39 125 (1.168) AM2 (Ar,20000.0,0.00,0.00); Cm (125-5) 1: TOF MS ES+ 

2.21e5331.1420

Found

[M+H]+

calculated: 283.1441

N
N
O

O

4ai

Found

[M+Na]+

calculated: 317.1260

N
N
O

O

4aj

Found

[M+Na]+

calculated: 331.1417

N
N
O

O

4ak



108

sml-40

m/z
50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550

%

0

100
wl20201231-40 113 (1.066) AM2 (Ar,20000.0,0.00,0.00); Cm (113-5) 1: TOF MS ES+ 

2.21e5291.1107

sml-41

m/z
100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525

%

0

100
wl20201231-41 52 (0.497) AM2 (Ar,20000.0,0.00,0.00); Cm (52-5) 1: TOF MS ES+ 

1.50e6307.1058

sml-43

m/z
180 200 220 240 260 280 300 320 340 360 380 400 420 440

%

0

100
wl20201231-43 37 (0.368) AM2 (Ar,20000.0,0.00,0.00); Cm (37-5) 1: TOF MS ES+ 

3.69e5311.0562

Found

[M+Na]+

calculated: 291.1104

N
N
O

O

4ba

Found

[M+Na]+

calculated: 307.1053

N
N
O

O

O4ca

Found

[M+Na]+

calculated: 311.0558

N
N
O

O

Cl4da



109

sml-46

m/z
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750

%

0

100
wl20201231-46 91 (0.865) AM2 (Ar,20000.0,0.00,0.00); Cm (91-5) 1: TOF MS ES+ 

1.41e5345.0828

sml-45

m/z
175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625

%

0

100
wl20201231-45 77 (0.734) AM2 (Ar,20000.0,0.00,0.00); Cm (77-5) 1: TOF MS ES+ 

1.66e5349.1164

sml-48

m/z
50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575

%

0

100
wl20201231-48 95 (0.900) AM2 (Ar,20000.0,0.00,0.00); Cm (95-5) 1: TOF MS ES+ 

5.94e4291.1109

Found

[M+Na]+

calculated: 345.0821

N
N
O

O

CF34ea

Found

[M+Na]+

calculated: 349.1159

N
N
O

O

COOEt4fa

Found

[M+Na]+

calculated: 291.1104

N
N
O

O

4ga



110

sml-47

m/z
50 100 150 200 250 300 350 400 450 500 550 600

%

0

100
wl20201231-47 104 (0.977) AM2 (Ar,20000.0,0.00,0.00); Cm (104-5) 1: TOF MS ES+ 

2.29e5311.0563

sml-49

m/z
50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550

%

0

100
wl20201231-49 67 (0.637) AM2 (Ar,20000.0,0.00,0.00); Cm (67-5) 1: TOF MS ES+ 

4.17e5295.0858

sml-50

m/z
50 100 150 200 250 300 350 400 450 500 550 600

%

0

100
wl20201231-50 18 (0.183) AM2 (Ar,20000.0,0.00,0.00); Cm (18-5) 1: TOF MS ES+ 

1.59e6311.0565

Found

[M+Na]+

calculated: 311.0558

N
N
O

O

Cl

4ha

Found

[M+Na]+

calculated: 295.0853

N
N
O

O
F

4ia

Found

[M+Na]+

calculated: 311.0558

N
N
O

O
Cl

4ja



111

sml-51

m/z
352 353 354 355 356 357 358 359

%

0

100
wl20201231-51 25 (0.254) AM2 (Ar,20000.0,0.00,0.00); Cm (25-6) 1: TOF MS ES+ 

1.34e5355.0059 357.0040

sml-53

m/z
258 260 262 264 266 268 270 272 274 276 278 280

%

0

100
wl20201231-53 97 (0.917) AM2 (Ar,20000.0,0.00,0.00); Cm (97-5) 1: TOF MS ES+ 

8.38e3269.1290

sml-52

m/z
336 338 340 342 344 346 348 350 352 354 356 358 360 362 364 366 368 370 372

%

0

100
wl20201231-52 94 (0.891) AM2 (Ar,20000.0,0.00,0.00); Cm (94-5) 1: TOF MS ES+ 

8.78e4355.0058 357.0040

Found

[M+Na]+

calculated: 355.0053

N
N
O

O
Br

4ka

Found

[M+H]+

calculated: 269.1285

N
N
O

O

4la

Found

[M+Na]+

calculated: 355.0053

N
N
O

O

Br

4ma



112

sml-3

m/z
270 280 290 300 310 320 330 340 350 360 370

%

0

100
wl20210119-3 60 (0.577) AM2 (Ar,20000.0,0.00,0.00); Cm (60-5x2.000) 1: TOF MS ES+ 

3.32e6325.0958

sml-2

m/z
350 355 360 365 370 375 380 385 390 395 400

%

0

100
wl20210119-2 65 (0.620) AM2 (Ar,20000.0,0.00,0.00); Cm (65-5x2.000) 1: TOF MS ES+ 

4.88e5369.0209 371.0165

sml-4

m/z
280 300 320 340 360 380 400 420 440 460 480 500 520

%

0

100
wl20210119-4 60 (0.577) AM2 (Ar,20000.0,0.00,0.00); Cm (60-5x2.000) 1: TOF MS ES+ 

8.37e4369.0213

371.0196

sml-1

m/z
240 260 280 300 320 340 360 380 400 420 440 460 480

%

0

100
wl20210119-1 55 (0.534) AM2 (Ar,20000.0,0.00,0.00); Cm (55-5x2.000) 1: TOF MS ES+ 

3.47e5359.0329

361.0304

Found

[M+Na]+

calculated: 325.0959

O

O

N
N

F

O4na

Found

[M+Na]+

calculated: 369.0209

O

O

N
N

Br

4oa

Found

[M+Na]+

calculated: 369.0209

O

O

N
N

Br4pa

Found

[M+Na]+

calculated: 359.0325

O

O

N
N

Cl

4qa

Cl
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SML-1

m/z
342 344 346 348 350 352 354 356 358 360 362 364 366 368 370 372 374 376 378 380 382 384

%

0

100
wl20210414-1 134 (1.257) AM2 (Ar,20000.0,0.00,0.00); Cm (134-5x5.000) 1: TOF MS ES+ 

1.17e5361.1315

SML-2

m/z
328 330 332 334 336 338 340 342 344 346 348 350 352 354 356 358 360

%

0

100
wl20210414-2 155 (1.448) AM2 (Ar,20000.0,0.00,0.00); Cm (155-5) 1: TOF MS ES+ 

1.68e5345.1602

9. X-Ray crystal structure of 4ia (CCDC: 2063557)

N
N

O

Found

[M+Na]+

calculated: 361.1311

9

O

O

N
N Found

[M+H]+

calculated: 345.1598

10
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