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1. General information

Materials:

All photoreactions were carried out in 15 ml quartz tubes (bought from Synthware) under nitrogen
atmosphere, unless otherwise mentioned. Major reagent Bocat, was purchased from Energy
Chemical, and other commercial reagents were purchased from Energy Chemical, Bidepharm or
J&K Scientific. Ultra-dry solvents for all reactions were bought from J&K Scientific. The Photo
Reaction Setup was purchased from Hefei Hanhaixing Technology.

Chromatography and Instrumentation:

All NMR spectra were recorder at 25 °C. Chemical shifts (8) are given in parts per million (ppm)
and referenced to CDClz ("H: 7.26 ppm, '3C: 77.16) or DMSO-d6 ('H: 2.50 ppm, '3C: 39.52).
Coupling constants (J) are given in Hertz (Hz) and refer to apparent multiplicities (s = singlet, br. s
= broad singlet, d = doublet, t = triplet, q = quartet, quin = quintet, sex = sextet, h = heptet, m =
multiplet, dd = doublet of doublets, etc.). The '"H NMR spectra are reported as follows: chemical
shift (multiplicity, coupling constants, number of protons)

2. Experimental procedure

General Procedures for the Synthesis of Azobenzenes.

General Procedure 1 (GP 1): Symmetric Azobenzenes!'.

CuBr (20 mol%)

c = |
o NH2 pyridine (50 mol%) =R
ar N> N
R i N N
Z toluene, 60°C, 24 h RT

air

Aniline (1.0 equiv., 5 mmol), CuBr (143 mg, 20 mol%, 1 mmol), pyridine (198 mg, 50 mol%) and
toluene (30 mL) were carefully weighed into a 100 mL round-bottom flask under the air. The
reaction mixture was refluxed in air at 60°C for 24 hours. At the end of the reaction, the flask was
cooled to room temperature and most of the solvent was removed by concentrating under vacuum.
The reaction mixture was extracted with ethyl acetate, washed with brine, dried over NaSOs, and
concentrated under reduced pressure. The crude product is purified by flash column chromatography

on silica gel (hexane: ethyl acetate = 150:1 ~ 50:1).

General Procedure 2 (GP 2): Asymmetric Azobenzene?.
+ - ) = |
~NH; NO  N(CHs),OH (1 equiv) N°N/©R
= pyridine, 80°C, 1 h ©/

Aniline (1.0 equiv., 5 mmol) and 25% Tetramethylammonium hydroxide (1790 uL, 1.0 equiv.,

R

5.0 mmol) dissolved in pyridine (30 mL) in a 100 mL flask and stirred vigorously for 10 minutes at
room temperature. Nitrobenzene (589 mg, 1.1 equiv., 5.5 mmol) was then added to the flask and the
reaction was heated to 80°C for 1 h. The reaction was cooled to room temperature and extracted
with ethyl acetate, washed with brine, dried over NaSOs, and concentrated under reduced pressure.
The crude product is purified by flash column chromatography on silica gel (hexane: ethyl acetate
=150:1 ~50:1).



General Procedure 3 (GP 3): 2-Acylazobenzenes’.

=
G r2 Pd(OAC),, TBHP Ne S TR
N ! e X
SN T RY O DCE, 80°C,12h R N

R0 L0
=

Azobenzene (2.0 mmol, 1.0 equiv.), aldehyde (2-3.0 mmol, 1.0-1.5 equiv.), Pd(OAc), (5.0 mol %),
and tert-butyl hydroperoxide (TBHP, 5.5 mol/L in decane (over molecular sieve 4A), 4.0 mmol, 2.0
equiv.) were stirred in 1,2-dichloroethane (10.0 mL) at 80°C for 12 h under N, atmosphere. The
resulting mixture was cooled to room temperature, then evaporation of the solvent in vacuo, the
crude product was purified by column chromatography on silica gel using hexane: ethyl acetate =
50:1 ~20:1.

Gram-Scale Synthesis.

Bocat, (1.5 eq) _N
_N N—Ph
N ~
\© MeOH, 2 h
Ph” 0 Sunlight Ph
1a 3151.5mg 2a 2894.9 mg
11 mmol Yield: 97%

2-Benzoylazobenzene (3151.5 mg, 11 mmol, 1.0 equiv.), Bacatz (3923.9 mg, 16.5 mmol, 1.5 equiv.)
were carefully weighed into a 250 mL quartz flask containing a magnetic stirrer bar, then MeOH

(150 mL) were added in the air. The flask was tightly sealed and stirred under sunlight irradiation
for 2 hours. Irradiation is stopped and MeOH was removed by concentrating under vacuum. The
reaction mixture was extracted with ethyl acetate, washed with water, dried over NaSQO4, and
concentrated under reduced pressure. The crude product is purified by flash column chromatography
on silica gel (hexane: ethyl acetate = 15:1), 2894.9 mg product (97% yield) was obtained as a white
solid (Figures S1).

Figure S1: Gram-scale reaction under the sunlight.

General Procedures for the Synthesis of 2H-Indazoles.

General Procedure 4 (GP 4): Reduction of 2-Acylazobenzenes to 2H-Indazoles under the 450 nm

LED.
O
—rR? .
N N\\N X Bocat, (1.5 equiv) =N —

- 1
R1|_ L R+ N /
A o) THF = \
450 nm, under air R3

R2

R3



Azobenzene (1.0 eq., 0.2 mmol), Bacat, (71 mg, 1.5 eq., 3.0 mmol) were carefully weighed into a
flame-dried 15mL tube containing a small magnetic stirrer bar. THF (1.5 mL) were added in the air.
The tube was tightly sealed and stirred under 450 nm LED irradiation for 0.5-1 hours. Irradiation
was stopped and the solvent was removed by concentrating under vacuum. The crude product is
purified by flash column chromatography on silica gel (hexane: ethyl acetate = 15:1).

General Procedure 5 (GP 5): Reduction of 2-Acylazobenzenes to 2H-Indazoles under the Sunlight.

52

Ns e R Bocat;, (1.5 equiv) = N —
RN - R[N 2
N o) THF or MeOH XS 7 R2
Sunlight, under air R3
R3
Azobenzene (1.0 eq., 0.2 mmol), Bocat, (71 mg, 1.5 eq., 3.0 mmol) were carefully weighed into a

flame-dried 15 mL tube containing a small magnetic stirrer bar. THF or MeOH (1.5 mL) were added
in the air. The tube was tightly sealed and stirred under sunlight irradiation for 0.5-1.5 hours.

Irradiation was stopped and the solvent was removed by concentrating under vacuum. The crude
product is purified by flash column chromatography on silica gel (hexane: ethyl acetate = 15:1)
(Figures S2).

Figure S2: a) Changes in reaction for 30 minutes in MeOH under sunlight; b) Changes in reaction
for 60 minutes in THF under sunlight.

General Procedure 6 (GP 6): Reduction of 2-Acylazobenzenes to 2H-Indazoles without column
chromatography

2-Benzoylazobenzene (1.0 equiv.), Bocat, (1.0 equiv.) were carefully weighed into quartz tube
containing a magnetic stirrer bar, then DCM were added. The tube was tightly sealed and stirred
under 450 nm irradiation for 0.5 hours. Irradiation was stopped, the reaction mixture was extracted
with DCM, washed with sodium hydroxide solution (three times). Combined organic phases, dried

over NaSOj4 and concentrated under reduced pressure. Recrystallization to obtain a purer product.

Table S1. Substrates extension for the chromatography-free method.

R? .
Ns Bscat, (1.0 equiv) _N
o} DCM R?
R3

450 nm, under air
R3
/N\
N N N <
S S

O O g

2a, Yield: 99%7 (99%") 2d, Yield: 95% (96%) 2e, Yield: 99% (99%) 2i, Yield: 99% (99%)
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2k, Yield: 99% (99%) 2, Yield: 99% (98%) 2m, Yield: 99% (97%) 4a, Yield: 99% (99%)

4d, Yield: 99% (92%) 49, Yield: 99% (99%) 4j, Yield: 99% (99%) 6e, Yield: 99% (99%)
2 Yield of chromatography-free method according to GP6; ° Yield of standard condition according to GP4.

(1) Conversion of azobenzene 1a to 2H-indazole 2a.

B,cat, (1.5 equiv)

THF
450 nm or Sunlight, under air

According to GP4/5/6, the reaction is carried out with 1a (57.3 mg, 0.20 mmol), Bxcat; (71 mg, 0.3

mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 2a (53.9 mg, 99% yield under 450 nm LED; 53.8 mg, 99% yield under

sunlight; 99% yield under 450 nm LED without column chromatography).

"H NMR (400 MHz, CDCl3) 6 7.83 (d, J = 8.8 Hz, 1H), 7.75 (d, J = 8.5 Hz, 1H), 7.50 — 7.36 (m,

11H), 7.20 — 7.14 (m, 1H).

13C NMR (125 MHz, CDCls) & 149.02, 140.28, 135.42, 129.96, 129.70, 128.97, 128.76, 128.31,

128.25, 126.98, 126.04, 122.51, 121.77, 120.51, 117.78.

(2) Conversion of azobenzene 1b to 2H-indazole 2b.

N¢ /@
N
Bocat, (1.5 equiv)

0 -

THF
450 nm or Sunlight, under air

Cl

According to GP 4/5, the reaction is carried out with 1b (64.2 mg, 0.20 mmol), Bacat, (71 mg, 0.3

mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)

give the desired product 2b (59.1 mg, 97% yield under 450 nm LED; 57.3 mg, 94% yield under

sunlight).

'"H NMR (400 MHz, CDCl3) & 7.83 (d, J = 8.8 Hz, 1H), 7.69 (d, J = 8.5 Hz, 1H), 7.47 — 7.35 (m,

8H), 7.30 (d, J = 8.6 Hz, 2H), 7.22 — 7.14 (m, 1H).

3C NMR (125 MHz, CDCls) & 148.99, 140.00, 134.50, 134.13, 130.86, 129.15, 129.14, 128.51,
5



128.40, 127.12, 126.04, 122.89, 121.73, 120.12, 117.91.

(3) Conversion of azobenzene 1c¢ to 2H-indazole 2c.

N: /@
N
B,cat, (1.5 equiv)

0o -

THF
450 nm or Sunlight, under air

According to GP 4/5, the reaction is carried out with 1¢ (60.9 mg, 0.20 mmol), Bcat, (71 mg, 0.3

mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 2¢ (57.5 mg, 99% yield under 450 nm LED; 57.4 mg, 99% yield under

sunlight).

"H NMR (400 MHz, CDCl3) 6 7.82 (d, J = 8.8 Hz, 1H), 7.68 (d, J = 8.5 Hz, 1H), 7.46 — 7.38 (m,

6H), 7.35 (dd, J= 8.7, 5.4 Hz, 2H), 7.19 — 7.08 (m, 3H).

3C NMR (125 MHz, CDCls) & 163.85, 161.38, 148.96, 140.05, 134.39, 131.53, 131.45, 129.09,

128.42, 127.08, 126.03, 122.70, 121.73, 120.21, 117.84, 116.13, 115.91.

(4) Conversion of azobenzene 1d to 2H-indazole 2d.

B,cat, (1.5 equiv)

Y

THF
450 nm, under air

According to GP 4/6, the reaction is carried out with 1d (62.9 mg, 0.20 mmol), Bacat, (71 mg, 0.3

mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 2d (57.3 mg, 96% yield under 450 nm LED; 95% yield under 450 nm LED

without column chromatography).

"H NMR (400 MHz, CDCls) 6 7.85 (d, J= 8.8 Hz, 1H), 7.50 — 7.29 (m, 11H), 7.14 — 7.08 (m, 1H),

2.32 (dp,J=22.1,7.4 Hz, 2H), 0.91 (t, J= 7.6 Hz, 3H).

13C NMR (125 MHz, CDCls) & 148.75, 143.83, 140.37, 135.25, 131.40, 129.55, 128.98, 128.88,

128.84, 127.88, 127.02, 126.02, 124.89, 122.91, 122.09, 120.72, 117.65, 26.00, 14.48.

(5) Conversion of azobenzene 1e to 2H-indazole 2e.

Bscat, (1.5 equiv)

>

THF
450 nm or Sunlight, under air

According to GP 4/5/6, the reaction is carried out with 1e (63.3 mg, 0.20 mmol), Bocat, (71 mg, 0.3

mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 2e (60.0 mg, 99% yield under 450 nm LED; 59.9 mg, 99% yield under

sunlight; 99% yield under 450 nm LED without column chromatography).

'"H NMR (400 MHz, CDCl3) 6 7.84 (dd, J=8.7, 5.5 Hz, 1H), 7.65 — 7.59 (m, 1H), 7.51 — 7.32 (m,
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8H), 7.16 — 7.07 (m, 2H), 6.88 (dd, /= 7.9, 5.7 Hz, 1H), 3.37 (d, J = 5.6 Hz, 3H).
13C NMR (125 MHz, CDCls) § 156.75, 148.97, 141.41, 132.53, 131.68, 130.64, 128.60, 127.72,
126.74, 124.58, 122.59, 121.99, 120.89, 120.75, 119.15, 117.71, 111.51, 54.83.

(6) Conversion of azobenzene 1f to 2H-indazole 2f.

Bocat, (1.5 equiv)

Y

THF
450 nm, under air

According to GP 4, the reaction is carried out with 1f (66.3 mg, 0.20 mmol), Bocat, (71 mg, 0.3
mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 2f (49.2 mg, 78% yield under 450 nm LED).

"H NMR (400 MHz, CDCl;) 6 8.25 (d, J = 8.9 Hz, 2H), 7.85 (d, J= 8.8 Hz, 1H), 7.73 (d, J = 8.5
Hz, 1H), 7.53 (d, J = 8.9 Hz, 2H), 7.48 — 7.40 (m, 6H), 7.27 — 7.21 (m, 1H).

3C NMR (125 MHz, CDCls) & 149.15, 147.16, 139.73, 136.37, 132.73, 130.15, 129.42, 128.99,
127.33, 126.09, 124.06, 123.91, 122.08, 119.58, 118.29.

(7) Conversion of azobenzene 1g to 2H-indazole 2g.

Bocat, (1.5 equiv)

Y

THF
450 nm, under air

NO,

According to GP 4, the reaction is carried out with 1g (66.3 mg, 0.20 mmol), Bocat; (71 mg, 0.3

mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 2g (51.1 mg, 81% yield under 450 nm LED).

"H NMR (400 MHz, CDCls) 6 8.31 (s, 1H), 8.24 (d, J= 8.0 Hz, 1H), 7.86 (d, J = 8.8 Hz, 1H), 7.74

(d, J=8.5Hz, 1H), 7.60 (dt, J = 15.7, 7.8 Hz, 2H), 7.45 (s, 6H), 7.28 — 7.22 (m, 1H).

13C NMR (125 MHz, CDCls) & 149.06, 148.52, 139.60, 135.31, 132.51, 131.68, 129.84, 129.41,

128.98, 127.32, 126.10, 124.19, 123.70, 122.94, 121.87, 119.53, 118.21.

(8) Conversion of azobenzene 1h to 2H-indazole 2h.

B,cat, (1.5 equiv)

Y

THF
450 nm, under air

According to GP 4, the reaction is carried out with 1h (67.3 mg, 0.20 mmol), Bocat; (71 mg, 0.3
mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 2h (63.9 mg, 99% yield under 450 nm LED).

'"H NMR (400 MHz, CDCl3) 8 7.98 — 7.91 (m, 3H), 7.70 (d, J = 8.4 Hz, 1H), 7.55 — 7.37 (m, 8H),

7



7.26 —7.21 (m, 3H), 7.10 (dd, J = 8.2, 6.8 Hz, 1H).
13C NMR (125 MHz, CDCls) § 148.91, 140.28, 134.01, 133.77, 132.08, 129.65, 129.53, 128.82,
127.08, 126.84, 126.34, 125.65, 125.32, 125.06, 123.45, 122.33, 120.87, 117.87.

(9) Conversion of azobenzene 1i to 2H-indazole 2i

Bocat; (1.5 equiv)

v

THF
450 nm or Sunlight, under air

According to GP 4/5/6, the reaction is carried out with 1i (67.3 mg, 0.20 mmol), Bacat; (71 mg, 0.3

mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 2i (64.0 mg, 99% yield under 450 nm LED; 64.0 mg, 99% yield under

sunlight; 99% yield under 450 nm LED without column chromatography).

"H NMR (400 MHz, CDCI3) & 8.03 (s, 1H), 7.85 (dd, J = 22.8, 8.2 Hz, 5H), 7.61 — 7.48 (m, 4H),

7.48 —7.36 (m, 4H), 7.33 (d, J = 8.5 Hz, 1H), 7.20 (t, J= 7.5 Hz, 1H).

3C NMR (125 MHz, CDCls) & 149.12, 140.29, 135.38, 133.31, 132.79, 129.08, 129.06, 128.45,

128.33, 128.25, 127.82, 127.39, 127.11, 127.00, 126.89, 126.69, 126.03, 122.70, 122.06, 120.58,

117.87.

(10) Conversion of azobenzene 1j to 2H-indazole 2j

Bocat; (1.5 equiv)

Y

THF
450 nm, under air

According to GP 4, the reaction is carried out with 1j (82.5 mg, 0.20 mmol), Bacat, (71 mg, 0.3

mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 2j (78.9 mg, 99% yield under 450 nm LED).

"H NMR (400 MHz, CDCl3) & 8.31 —7.92 (m, 9H), 7.82 (d, J= 7.7 Hz, 1H), 7.44 (dd, J=17.0, 7.9

Hz, 4H), 7.16 (d, J= 30.0 Hz, 4H).

3C NMR (125 MHz, CDCls) & 148.84, 140.13, 134.54, 131.76, 131.26, 130.85, 130.00, 128.91,

128.51, 128.46, 128.00, 127.29, 127.26, 126.40, 125.80, 125.65, 125.29, 124.97, 124.74, 124.54,

124.44,123.68, 122.58, 120.95, 117.90.

(11) Conversion of azobenzene 1k to 2H-indazole 2k

Bocat, (1.5 equiv)

Y

THF
450 nm, under air

According to GP 4/6, the reaction is carried out with 1k (77.3 mg, 0.20 mmol), Bacat, (71 mg, 0.3
mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)

8



give the desired product 2k (73.9 mg, 99% yield under 450 nm LED; 99% yield under 450 nm LED
without column chromatography).

"H NMR (400 MHz, CDCl3) & 7.85 (dd, J= 8.8, 1.8 Hz, 1H), 7.76 (d, J= 8.5 Hz, 1H), 7.57 (dtd, J
=5.9,3.4,2.0 Hz, 4H), 7.49 — 7.36 (m, 11H), 7.23 — 7.17 (m, 1H).

13C NMR (125 MHz, CDCls) & 149.07, 140.13, 134.67, 131.97, 131.66, 129.66, 129.53, 129.15,
128.55, 128.46, 128.43, 127.11, 126.06, 123.25, 122.96, 122.88, 121.78, 120.33, 117.92, 90.94,
88.86.

(12)Conversion of azobenzene 11 to 2H-indazole 21

0

Bjcat, (1.5 equiv)

THF
450 nm or Sunlight, under air

According to GP 4/5/6, the reaction is carried out with 11 (64.5 mg, 0.20 mmol), Bacat; (71 mg, 0.3

mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 21 (64.0 mg, 98% yield under 450 nm LED; 64.1 mg, 98% yield under

sunlight; 98% yield under 450 nm LED without column chromatography).

"H NMR (400 MHz, CDCl;3) 6 7.86 (d, J = 8.8 Hz, 1H), 7.58 (d, J = 8.5 Hz, 1H), 7.48 — 7.35 (m,

7H), 7.18 (t, J= 7.5 Hz, 1H), 6.99 (t, /= 8.2 Hz, 1H), 6.91 (t,J=9.2 Hz, 1H).

3C NMR (125 MHz, CDCls) & 164.80, 164.66, 162.26, 162.13, 161.27, 161.14, 158.75, 158.63,

148.96, 140.25, 132.84, 132.79, 132.75, 129.08, 128.62, 128.45, 127.05, 125.18, 122.85, 122.72,

120.06, 118.00, 114.46, 114.30, 112.18, 112.15, 111.97, 111.93, 105.22, 104.96, 104.71.

(13)Conversion of azobenzene 1m to 2H-indazole 2m

0

B,cat, (1.5 equiv)

THF
450 nm or Sunlight, under air

According to GP 4/5/6, the reaction is carried out with 1m (68.1 mg, 0.20 mmol), Bocat; (71 mg,
0.3 mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate =
15:1) give the desired product 2m (64.6 mg, 99% yield under 450 nm LED; 64.4 mg, 99% yield
under sunlight; 97% yield under 450 nm LED without column chromatography).

"H NMR (400 MHz, CDCl3) § 7.89 — 7.80 (m, 1H), 7.69 (t, J = 7.2 Hz, 1H), 7.52 — 7.39 (m, 6H),
7.23 (q,J=6.9 Hz, 1H), 6.99 (q, /= 6.6 Hz, 2H).

3C NMR (125 MHz, CDCls) & 152.74, 152.69, 152.64, 152.59, 150.24, 150.19, 150.14, 150.10,
148.95, 141.01, 139.54, 138.48, 131.92, 129.40, 128.99, 127.27, 125.97, 123.58, 121.74, 119.48,
118.17,113.97, 113.91, 113.81, 113.74.



(14)Conversion of azobenzene 1n to 2H-indazole 2n

L

B,cat, (1.5 equiv)

THF
450 nm, under air

According to GP 4, the reaction is carried out with In (62.9 mg, 0.20 mmol), Bocat, (71 mg, 0.3
mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 2n (59.3 mg, 99% yield under 450 nm LED).

"H NMR (400 MHz, CDCl3) 6 7.83 (d, J= 8.7 Hz, 1H), 7.76 (d, J = 8.5 Hz, 1H), 7.52 — 7.46 (m,
2H), 7.45 - 7.37 (m, 4H), 7.16 (s, 1H), 7.02 (d, J= 13.6 Hz, 3H), 2.31 (s, 6H).

13C NMR (125 MHz, CDCls) & 148.98, 140.39, 138.30, 135.77, 130.06, 129.75, 128.87, 128.14,
127.46, 126.93, 125.98, 122.26, 121.75, 120.75, 117.70, 21.31.

(15)Conversion of azobenzene 1o to 2H-indazole 20

N& /@
N
Bocat, (1.5 equiv)

O >

THF
450 nm, under air

According to GP 4, the reaction is carried out with 1o (58.5 mg, 0.20 mmol), Bxcat, (71 mg, 0.3
mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 20 (53.6 mg, 97% yield under 450 nm LED).

"H NMR (400 MHz, CDCl3) 6 7.89 (d, J = 8.6 Hz, 1H), 7.74 (d, J = 8.8 Hz, 1H), 7.60 — 7.47 (m,
5H), 7.35 -7.29 (m, 1H), 7.10 — 7.03 (m, 1H), 3.00 (tt, J=11.6, 4.2 Hz, 1H), 2.04 — 1.75 (m, 7H),
1.32 (m, 3H).

3C NMR (125 MHz, CDCls) & 148.88, 141.14, 140.23, 129.14, 128.98, 126.45, 126.32, 121.24,
120.55, 119.53, 117.84, 37.32, 32.60, 26.59, 25.88.

(16)Conversion of azobenzene 1p to 2H-indazole 2p

L

Bocat, (1.5 i
o ocat, (1.5 equiv)

Y

THF
450 nm, under air

According to GP 4, the reaction is carried out with 1p (66.9 mg, 0.20 mmol), Bocat; (71 mg, 0.3
mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 2p (40.8 mg, 99% yield under 450 nm LED).

'"H NMR (400 MHz, CDCl3) & 7.74 (d, J = 8.7 Hz, 1H), 7.66 (d, J = 8.5 Hz, 1H), 7.59 — 7.46 (m,
5H), 7.34 (dd, J = 8.3, 6.4 Hz, 1H), 7.13 — 7.06 (m, 1H), 4.94 (t, /= 7.0 Hz, 1H), 3.15 — 2.78 (m,
2H), 1.84 (ddt, J=37.0, 14.1, 6.8 Hz, 3H), 1.66 (s, 3H), 1.53 (s, 3H), 1.29 — 1.11 (m, 2H), 0.78 (d,
J=6.6 Hz, 3H).

13C NMR (125 MHz, CDCls) & 148.52, 140.22, 136.19, 131.55, 129.13, 128.91, 126.62, 126.46,
124.14, 121.57, 120.96, 120.43, 117.56, 36.87, 33.19, 32.56, 25.69, 25.33, 19.74, 17.65.
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(17)Conversion of azobenzene 1q to 2H-indazole 2q

. N
N Bocat, (1.5 e =N
N‘N/© 2cat ( quiv) CL(N@

> ~
o THF
450 nm, under air (CH3)1oCH3

(CH3)10CH3

According to GP 4, the reaction is carried out with 1q (72.9 mg, 0.20 mmol), Bocat, (71 mg, 0.3
mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 2q (48.8 mg, 70% yield under 450 nm LED).

"H NMR (400 MHz, CDCl3) 6 7.75 (d, J = 8.8 Hz, 1H), 7.69 (d, J = 8.5 Hz, 1H), 7.59 — 7.47 (m,
SH), 7.37 - 7.31 (m, 1H), 7.13 = 7.06 (m, 1H), 3.10 — 3.01 (m, 2H), 1.66 (p, J = 7.5 Hz, 2H), 1.27
(dd, J=23.8, 13.9 Hz, 16H), 0.91 (t, J= 6.9 Hz, 3H).

3C NMR (125 MHz, CDCls) & 148.64, 140.16, 136.93, 129.14, 128.85, 126.63, 126.21, 121.09,
120.89, 120.24, 117.62, 31.90, 29.57, 29.55, 29.38, 29.37, 29.31, 29.28, 29.10, 25.29, 22.68, 14.10.

(18)Conversion of azobenzene 1r to 2H-indazole 2r

N‘\N/© Bocat, (1.5 equiv)

(0] THF
450 nm, under air

According to GP 4, the reaction is carried out with 1q (58.4 mg, 0.20 mmol), Bxcat, (71 mg, 0.3
mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 2q (53.5 mg, 97% yield under 450 nm LED).

"H NMR (600 MHz, CDCl3) & 7.85 (d, J = 8.5 Hz, 1H), 7.80 — 7.77 (m, 1H), 7.49 (d, J = 2.6 Hz,
2H), 7.47 — 7.44 (m, 3H), 7.41 — 7.36 (m, 2H), 7.21 — 7.17 (m, 1H), 7.05 (dd, J= 5.1, 3.6 Hz, 1H),
7.01 (dd, J=3.6, 1.2 Hz, 1H).

3C NMR (151 MHz, CDCls) & 148.87, 140.07, 130.42, 129.68, 129.12, 128.98, 128.17, 127.52,
127.41, 127.12, 126.54, 122.90, 121.82, 120.60, 117.86.

(19)Conversion of azobenzene 1s to 2H-indazole 2s

N‘\N/@ Bocat, (1.5 equiv)

(0] THF
450 nm, under air

According to GP 4, the reaction is carried out with 1q (58.1 mg, 0.20 mmol), Bocat; (71 mg, 0.3
mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 2q (47.7 mg, 87% yield under 450 nm LED).

'"H NMR (600 MHz, CDCls) & 8.06 (d, J = 8.5 Hz, 1H), 7.75 (d, J = 8.7 Hz, 1H), 7.57 — 7.48 (m,
5H), 7.39 — 7.32 (m, 1H), 7.18 (dd, J = 8.5, 6.6 Hz, 1H), 5.98 (d, J = 3.3 Hz, 1H), 5.89 (d, ] =3.4
Hz, 1H), 2.34 (s, 3H).

3C NMR (151 MHz, CDCls) & 153.01, 148.86, 143.27, 140.68, 129.23, 129.17, 127.55, 127.12,
126.40, 122.57, 121.57, 120.46, 117.56, 110.59, 107.57, 13.63.
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(20)Conversion of azobenzene 3a to 2H-indazole 4a

Bocat, (1.5 equiv)

L
>

THF
450 nm or Sunlight, under air

According to GP 4/5/6, the reaction is carried out with 3a (64.2 mg, 0.20 mmol), Bxcat, (71 mg, 0.3

mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 4a (60.5 mg, 99% yield under 450 nm LED; 60.4 mg, 99% yield under

sunlight; 99% yield under 450 nm LED without column chromatography).

"H NMR (400 MHz, CDCls) 8 7.82 — 7.66 (m, 2H), 7.51 — 7.28 (m, 11H).

3C NMR (125 MHz, CDCls) & 147.31, 139.96, 135.22, 129.58, 129.37, 129.07, 128.92, 128.63,

128.51, 128.40, 128.19, 125.91, 122.18, 119.39, 119.26.

(21)Conversion of azobenzene 3b to 2H-indazole 4b

|
N:N/©/
Bocat, (1.5 equiv)

(0] >
THF
450 nm or Sunlight, under air

According to GP 4/5, the reaction is carried out with 3b (82.4 mg, 0.20 mmol), Bacat, (71 mg, 0.3

mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 4b (79.0 mg, 99% yield under 450 nm LED; 79.2 mg, 99% yield under

sunlight).

"H NMR (400 MHz, CDCl;3) & 7.81 (dd, J= 8.7, 1.9 Hz, 1H), 7.76 — 7.68 (m, 3H), 7.48 — 7.36 (m,

6H), 7.19 (ddd, J=21.5, 10.6, 4.4 Hz, 3H).

3C NMR (125 MHz, CDCls) & 149.13, 139.91, 138.15, 135.46, 129.70, 129.63, 128.99, 128.61,

127.57, 127.35, 122.79, 121.96, 120.52, 117.73, 93.60.

(22)Conversion of azobenzene 3¢ to 2H-indazole 4c.

Bocat, (1.5 equiv)

THF
450 nm or Sunlight, under air

According to GP 4/5, the reaction is carried out with 3¢ (73.0 mg, 0.20 mmol), Bacat, (71 mg, 0.3

mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 4¢ (69.5 mg, 99% yield under 450 nm LED; 69.2 mg, 99% yield under

sunlight).

'"H NMR (400 MHz, CDCl3) & 7.86 — 7.77 (m, 2H), 7.76 — 7.69 (m, 1H), 7.56 — 7.50 (m, 1H), 7.50

—7.36 (m, 6H), 7.32 — 7.26 (m, 1H), 7.26 — 7.14 (m, 2H).

3C NMR (125 MHz, CDCls) & 149.17, 141.31, 135.65, 131.34, 130.08, 129.71, 129.51, 129.05,

128.98, 128.69, 127.42, 124.56, 122.87, 122.54, 121.88, 120.56, 117.78.
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(23) Conversion of azobenzene 3d to 2H-indazole 4d.

Bs,cat, (1.5 equiv)

THF
450 nm, under air

According to GP 4/6, the reaction is carried out with 3d (64.5 mg, 0.20 mmol), Bacat, (71 mg, 0.3

mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 4d (56.4 mg, 92% yield under 450 nm LED; 92% yield under 450 nm LED

without column chromatography).

"H NMR (400 MHz, CDCl3) & 7.78 (dd, J = 9.3, 4.5 Hz, 1H), 7.41 (t, J= 6.1 Hz, 5H), 7.34 — 7.26

(m, 3H), 7.19 (td, /=9.2, 2.2 Hz, 1H), 7.10 (t, J = 8.5 Hz, 2H).

3C NMR (125 MHz, CDCls) & 163.44, 160.97, 160.28, 157.88, 146.31, 136.16, 135.80, 135.72,

129.47, 129.35, 128.99, 128.63, 127.67, 127.58, 121.11, 120.99, 119.88, 119.79, 119.00, 118.71,

116.17, 115.94, 103.01, 102.76.

(24)Conversion of azobenzene 3e to 2H-indazole 4e.

Bocat, (1.5 equiv)

>

THF
450 nm, under air

According to GP 4, the reaction is carried out with 3e (71.0 mg, 0.20 mmol), Bacat; (71 mg, 0.3
mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 4e (61.7 mg, 91% yield under 450 nm LED).

"H NMR (400 MHz, CDCl3) 8 7.73 (d, J= 9.1 Hz, 1H), 7.69 — 7.65 (m, 1H), 7.48 — 7.28 (m, 10H).
13C NMR (125 MHz, CDCls) & 147.36, 138.41, 135.30, 134.42, 129.57, 129.28, 129.10, 129.05,
128.89, 128.73, 128.45, 126.99, 122.27, 119.31, 119.20.

(25)Conversion of azobenzene 3f to 2H-indazole 4f.

Bocat, (1.5 equiv)

>

THF
450 nm, under air

According to GP 4, the reaction is carried out with 3f (88.8 mg, 0.20 mmol), Bcat, (71 mg, 0.3
mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 4f (84.9 mg, 99% yield under 450 nm LED).

'"H NMR (400 MHz, CDCls) & 7.85 (s, 1H), 7.68 (d, J=9.1 Hz, 1H), 7.53 (d, J = 8.6 Hz, 2H), 7.43
(d,J=7.4 Hz, 4H), 7.32 (dd, J= 8.7, 4.4 Hz, 4H).

3C NMR (125 MHz, CDCls) & 147.44, 138.86, 135.13, 132.26, 130.99, 129.57, 129.13, 129.00,
128.94, 127.26, 123.08, 122.65, 122.46, 119.50, 116.24.
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(26) Conversion of azobenzene 3g to 2H-indazole 4g.

Bocat, (1.5 equiv) EtO.C
> 2

THF
450 nm, under air

According to GP 4/6, the reaction is carried out with 3g (86.1 mg, 0.20 mmol), Bacat; (71 mg, 0.3

mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 4g (82.3 mg, 99% yield under 450 nm LED; 99% yield under 450 nm LED

without column chromatography).

"H NMR (400 MHz, CDCl;) & 8.51 (s, 1H), 8.09 (d, J = 8.6 Hz, 2H), 8.05 — 7.98 (m, 1H), 7.80 (d,

J=9.1 Hz, 1H), 7.54 (d, J = 8.6 Hz, 2H), 7.49 — 7.43 (m, 3H), 7.38 (d, /= 3.4 Hz, 2H), 4.40 (qd, J
=7.0,2.8 Hz, 4H), 1.41 (td, J=7.0, 2.2 Hz, 6H).

3C NMR (125 MHz, CDCls) § 166.76, 165.59, 150.29, 143.19, 138.35, 130.46, 130.43, 129.76,

129.24, 129.20, 128.81, 127.29, 125.66, 125.29, 125.26, 121.55, 117.58, 61.37, 61.00, 14.41, 14.28.

(27) Conversion of azobenzene 3h to 2H-indazole 4h.

B,cat, (1.5 equiv)

o
y o

THF
450 nm or Sunlight, under air

According to GP 4/5, the reaction is carried out with 3h (70.9 mg, 0.20 mmol), Bacat, (71 mg, 0.3
mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 4h (67.3 mg, 99% yield under 450 nm LED; 67.3 mg, 99% yield under
sunlight).

"H NMR (400 MHz, CDCl3) 6 7.83 (d, J = 8.8 Hz, 1H), 7.72 (d, J = 8.5 Hz, 1H), 7.70 — 7.59 (m,
4H), 7.48 —7.37 (m, 6H), 7.18 (t, J= 7.5 Hz, 1H).

3C NMR (125 MHz, CDCls) & 149.39, 143.02, 135.74, 130.27, 129.94, 129.73, 129.54, 129.09,
128.79, 127.59, 126.20, 126.17, 126.08, 125.10, 123.02, 122.40, 122.15, 120.56, 117.83.

(28) Conversion of azobenzene 3i to 2H-indazole 4i.

B,cat, (1.5 equiv)

Y

THF
450 nm, under air

According to GP 4, the reaction is carried out with 3i (66.3 mg, 0.20 mmol), Bacat, (71 mg, 0.3
mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 4i (62.5 mg, 99% yield under 450 nm LED).

'"H NMR (400 MHz, CDCls) 4 8.26 (d, J=9.0 Hz, 2H), 7.80 (d, /= 8.8 Hz, 1H), 7.67 (t, /= 9.6 Hz,
3H), 7.51 - 7.33 (m, 6H), 7.17 (t, J="7.5 Hz, 1H).
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3C NMR (125 MHz, CDCls) & 149.61, 146.79, 145.03, 136.06, 129.72, 129.25, 129.10, 128.04,
126.21, 124.47, 123.38, 122.40, 120.56, 117.82.

(29)Conversion of azobenzene 3j to 2H-indazole 4j.

Bocat, (1.5 equiv)

L
Y

THF
450 nm or Sunlight, under air

According to GP 4/5/6, the reaction is carried out with 3j (62.9 mg, 0.20 mmol), Bocat, (71 mg, 0.3

mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 4j (59.3 mg, 99% yield under 450 nm LED; 59.2 mg, 99% yield under
sunlight; 99% yield under 450 nm LED without column chromatography).

"H NMR (400 MHz, CDCl3) & 7.60 (t, J= 8.1 Hz, 1H), 7.53 — 7.46 (m, 2H), 7.46 — 7.33 (m, 8H),

7.25-7.08 (m, 2H), 3.19 (q, J = 7.5 Hz, 2H), 1.50 (t, J= 7.5 Hz, 3H).

3C NMR (125 MHz, CDCls) & 148.60, 140.40, 135.62, 133.95, 130.21, 129.72, 129.00, 128.69,

128.19, 128.17, 126.29, 123.86, 122.93, 121.74, 117.92, 24.32, 13.92.

(30) Conversion of azobenzene 3k to 2H-indazole 4k.

Bscat, (1.5 equiv)

THF
450 nm, under air

According to GP 4, the reaction is carried out with 3k (72.5 mg, 0.20 mmol), Bocat; (71 mg, 0.3

mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 4k (67.9 mg, 98% yield under 450 nm LED).

"H NMR (400 MHz, CDCl3) 6 7.91 (d, J = 8.2 Hz, 2H), 7.72 — 7.63 (m, 3H), 7.52 — 7.32 (m, 13H).

3C NMR (125 MHz, CDCls) & 148.41, 141.68, 140.14, 136.01, 135.89, 129.83, 129.74, 129.04,

128.87, 128.75, 128.45, 128.36, 127.83, 127.27, 126.98, 126.00, 122.20, 118.24, 118.10.

(31) Conversion of azobenzene 31 to 2H-indazole 41.

S
- "~
N Bocat, (1.5 equiv) S

Nas
©;¢O THF Ph
450 nm, under air

According to GP 4, the reaction is carried out with 31 (72.5 mg, 0.20 mmol), Bacat, (71 mg, 0.3
mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 41 (64.4 mg, 93% yield under 450 nm LED).

'"H NMR (400 MHz, CDCl3) & 7.84 (d, J = 8.8 Hz, 1H), 7.75 (d, J = 8.5 Hz, 1H), 7.66 — 7.60 (m,
4H), 7.53 (d, J= 8.5 Hz, 2H), 7.43 (tq, J= 14.8, 7.2 Hz, 9H), 7.21 — 7.14 (m, 1H).

3C NMR (125 MHz, CDCls) & 148.62, 141.05, 139.86, 139.29, 135.43, 129.93, 129.75, 128.88,
128.85, 128.41, 127.76, 127.58, 127.11, 127.06, 126.19, 123.17, 121.86, 120.52, 117.72.
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(32)Conversion of azobenzene 5a to 2H-indazole 6a.

According to GP 4, the reaction is carried out with 5a (67.8 mg, 0.20 mmol), Bocat, (71 mg, 0.3
mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 6a (62.6 mg, 97% yield under 450 nm LED).

"H NMR (400 MHz, CDCl3) 8 7.78 (d, J= 9.2 Hz, 1H), 7.59 (s, 1H), 7.47 — 7.29 (m, 8H), 7.22 (td,
J=17.6,0.9 Hz, 1H), 7.13 (t, /= 9.1 Hz, 1H).

3C NMR (125 MHz, CDCls) § 160.79, 158.30, 147.30, 140.14, 131.79, 131.77, 131.31, 131.23,
129.36, 129.07, 128.56, 128.40, 128.34, 125.05, 124.66, 124.62, 123.11, 119.52, 119.11, 117.61,
117.46, 116.60, 116.39.

(33) Conversion of azobenzene 5b to 2H-indazole 6b.

0
Bocat, (1.5 equiv)

THF
450 nm, under air

According to GP 4, the reaction is carried out with 5b (68.3 mg, 0.20 mmol), Bocat; (71 mg, 0.3

mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 6b (57.9 mg, 89% yield under 450 nm LED).

"H NMR (400 MHz, CDCl3) 6 7.84 (d, J = 8.6 Hz, 1H), 7.74 (d, J = 8.3 Hz, 1H), 7.64 (d, J = 8.0

Hz, 2H), 7.54 (d, J= 7.6 Hz, 1H), 7.45 (dd, J=19.9, 8.6 Hz, 4H), 7.22 (t, J= 7.5 Hz, 1H), 7.11 (t,

J=17.5Hz, 1H), 6.92 (d, /= 8.3 Hz, 1H), 3.45 (s, 3H).

13C NMR (125 MHz, CDCls) & 153.40, 148.85, 135.19, 134.96, 132.24, 131.16, 128.95, 128.78,

128.60, 127.14, 123.44, 121.19, 120.84, 119.70, 118.49, 118.10, 112.25, 111.50, 55.35.

(34) Conversion of azobenzene 5¢ to 2H-indazole 6¢.

e
S Bycat, (1.5 equiv)

THF
450 nm, under air

According to GP 4, the reaction is carried out with 5¢ (70.2 mg, 0.20 mmol), Bocat; (71 mg, 0.3
mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 6¢ (60.9 mg, 91% yield under 450 nm LED).

'"H NMR (400 MHz, CDCls3) & 7.82 (d, J = 8.8 Hz, 1H), 7.73 (d, J = 8.5 Hz, 1H), 7.52 (dd, J = 7.7,
1.4 Hz, 1H), 7.41 (dtd, J=19.1, 8.0, 1.2 Hz, 2H), 7.32 (q, J = 8.8 Hz, 4H), 7.21 — 7.14 (m, 1H),
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7.09 (td, J= 7.7, 1.0 Hz, 1H), 6.92 (d, J= 8.3 Hz, 1H), 3.49 (s, 3H).
13C NMR (125 MHz, CDCls) § 153.71, 148.87, 136.19, 134.09, 130.79, 129.88, 128.92, 128.85,
128.74, 126.82, 122.56, 120.96, 120.63, 120.14, 117.91, 112.19, 99.99, 55.42.

(35) Conversion of azobenzene 5d to 2H-indazole 6d.
OCF;
G L
THF

450 nm or Sunlight, under air

Bocat, (1.5 equiv)

According to GP 4/5, the reaction is carried out with 5d (96.5 mg, 0.20 mmol), Bacat, (71 mg, 0.3

mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 6d (92.6 mg, 99% yield under 450 nm LED; 91.4 mg, 98% yield under

sunlight).

"H NMR (400 MHz, CDCl3) 6 7.81 (d, J= 9.3 Hz, 1H), 7.55 — 7.47 (m, 3H), 7.27 (d, J = 7.3 Hz,

3H), 7.08 (s, 1H), 6.93 (s, 2H), 2.32 (s, 6H).

3C NMR (125 MHz, CDCls) & 148.79, 147.32, 144.66, 138.83, 138.47, 136.98, 130.75, 128.71,

127.26,127.21, 122.77, 121.98, 121.65, 121.43, 121.00, 119.64, 119.43, 119.09, 111.94, 21.24.

(36) Conversion of azobenzene Se to 2H-indazole 6e.

o~ ( j
N+ .
N B,cat, (1.5 equiv)

o >
THF
450 nm, under air

CN

According to GP 4, the reaction is carried out with Se (68.3 mg, 0.20 mmol), Bacat; (71 mg, 0.3
mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
give the desired product 6e (64.4 mg, 99% yield under 450 nm LED).

"H NMR (400 MHz, CDCI3) & 7.66 (d, J= 7.8 Hz, 2H), 7.43 (d, J = 24.0 Hz, 7TH), 7.26 (d, J = 7.9
Hz, 1H), 7.13 (t, /= 7.8 Hz, 1H), 6.66 (d, J= 7.1 Hz, 1H), 4.05 (s, 3H).

3C NMR (125 MHz, CDCls) & 150.57, 142.60, 139.59, 134.51, 133.24, 132.46, 129.98, 129.19,
128.86, 126.26, 124.52, 123.44, 118.39, 111.71, 111.39, 103.66, 55.58.

(37) Conversion of azobenzene 5f to 2H-indazole 6f.

o~ ( j
Ns .
N Bocat, (1.5 equiv)

o >
THF
450 nm, under air

Cl

According to GP 4, the reaction is carried out with 5f (70.2 mg, 0.20 mmol), Bocat, (71 mg, 0.3
mmol) in THF (1.5 mL). Purification by flash column chromatography (hexane: ethyl acetate = 15:1)
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give the desired product 6f (60.9 mg, 91% yield under 450 nm LED).

"H NMR (400 MHz, CDCl3) & 7.47 — 7.41 (m, 2H), 7.41 — 7.34 (m, 5H), 7.31 — 7.24 (m, 3H), 7.09
(dd, J=8.5,7.4 Hz, 1H), 6.65 (d, J= 7.3 Hz, 1H), 4.06 (s, 3H).

13C NMR (125 MHz, CDCls) § 150.44, 142.51, 139.91, 134.38, 134.25, 130.83, 129.06, 128.96,
128.46, 128.43, 126.24, 123.58, 123.25, 111.93, 103.40, 55.52.

3. Mechanistic Studies

Light/Dark Experiment
_ cocs Bycat =N,
o N—Ph
S
450 nm, 10 min dark, 10 min Cl
Ph
3a 4a

0.1 mmol azobenzene 3a ('H-NMR in Figure S3-a)) was added into a flame-dried 15mL tube
containing a small magnetic stirrer bar. 1.0 mL CDCIls were added in the air. The tube was tightly
sealed and stirred under 450 nm LED irradiation for 10 minutes. A small amount of 3aa was
isomerized to produce ('H-NMR in Figure S3-b)). Irradiation was stopped and the Bocat, (12 mg,
0.5 eq, 0.05 mmol) was added into tube under the air atmosphere. The reaction was stirred for 10
minutes under dark conditions. The reaction ended, and 3aa were completely generated into 4a ('H-
NMR in Figure S3-c)).

a)

T T T T T T T T T T T T T T T T T T T
81 8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3
fl1 (ppm)

b)

6.41
6.39

{100 &7

Ll
IS
=
)
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T T T T T
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T T T
7.6 7.5 7.4

T
7.3
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7.2 7.1 7.0
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T T T T
6.9 6.5 6.7 6.6

T T T
6.5 6.4 6.3

Figure S3: 'H-NMR of the reaction of light/dark experiment: a) 'H-NMR of trans-azobenzene
before reaction; b) "H-NMR of trans-azobenzene after 450 nm irradiation; ¢) 'H-NMR of the
system after addition of Bcat,.

4. Green Chemistry Metrics*s

Table S2. 14 green chemistry indicators are selected for comparison of the synthesis method in this
paper with similar methods in three literatures.

References Adv. Synth. | Org. Chem. | Chem. Eur.
Our work | Catal. 2018, | Front. 2017, 4, | J. 2019, 25,
Metrics 360, 4354-4361. | 22-25. 9866-9869.
Atom Economy 52% 57% 35% 26%

Safe Chemical

X

X

Synthesis \/ V
Safe Solvents and
Auxiliaries V V x x
Energy Usage r.t. Sunlight | Heating 110°C | Heating 130°C rt.
Renewable Feedstocks V V
Reaction Time 15h 19h

No Ecotoxicity

X

X

Harmless Derivatives

X | X |5

X

X

Price of Reaction

< EIKIKES

Components (100 $10-50 > $50 > $50
mmol)
No Chromatography
Required x x x
Carbon Efficiency 61% 73% 42% 42%
Reaction Mass
. 52% 61% 26% 17
Efficiency

Environmental Factor? 5-50 5-50 5-50 5-50

Eco-Scale® 9 21 23 21
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2 Rough calculation®; ® The penalty points to calculate the Eco-Scale. Data from® 7 Beilstein J. Org. Chem. 2006, 2,
3.

The compared reactions are below:

Our work

N\‘ /@
N
@EO\ /Oj© THF or MeOH
0 + B—B
O (o] Sunlight, r.t., 0.5 h

1.0eq 1.0 eq Yield: >99%

Adv. Synth. Catal. 2018, 360, 4354-4361.

EtOH

—_—

110°C, 1h

1.0 eq 1.1eq

Org. Chem. Front. 2017, 4, 22-25.

NO DMSO
Ph + + Cu(OAc)y — =
130°C, 15 h

1.0 eq 25eq 2.0eq

NH,

Chem. Eur. J. 2019, 25, 9866-9869.

NH, OH
2 NO AcOH
Ph * ©/ + SOBr, _—
rt, 19h
1.0 eq 20eq 3.0eq Yield: 60%

5. Computational Results

Computational Details

All the calculations were carried out via density functional theory (DFT) calculation using Gaussian
163 with the M06-2X° functional. Geometric structures of all species in this work were optimized
in gas phase. In addition, free energy corrections were considered at a concentration of 1 M and a
temperature of 298.15 K. Frequency calculation were performed to determine all the minima (no
imaginary frequency) and transition state structures (only one imaginary frequency). The 6-31G (d)
basis set was used for all atoms. In addition, the intrinsic reaction coordinate (IRC) calculations
were applied to confirm the connection of each transition state to its corresponding appropriate
intermediates, reactants, or products. The solvent effect of Tetrahydrofuran was evaluated through
the SMD'? method, in which a better basis system was used. We employed 6-311++G (d,p) basis
sets for all atoms. The molecular orbital of Z-1a, 1aa and Bscat; are drawn by GaussView.
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Cartesian coordinates of the optimized structures

1a

E = -916.774973203 a.u. 3.87912000  1.66298900
01 5.06334200  1.38502200
C 3.40057300  0.32689300  -1.81814800 6.09432700  2.32736300

4.37947700 0.61620100  -0.87335400 5.89013400 3.61004700

5.06463300 1.83182600  -0.91802200 4.68304600 3.87443800
4.73992800 2.79719700  -1.89004300 3.69263600 2.90721800
3.76144900 2.48635100  -2.83566800 3.09864000 0.90939900
3.09418500 1.26299300  -2.80516100 5.21367400 0.42812000
2.88099500  -0.62565800  -1.78617300 4.53204200 4.85544300
4.64825300  -0.09601200  -0.09915900 2.77424700 3.12764500
3.52460000 3.22540200  -3.59565000 6.93284200 4.68140600
2.33194200 1.04554800  -3.54689900 8.11966000 4.41767700
5.35444000 4.17109100  -1.98369200 6.48895200 6.10309300
5.78338300 4.56192100  -3.05198100 5.30904100 6.44025700
6.07492100 2.00789500 0.06508500 7.33649000 7.11596500
6.96586200 2.80368000  -0.28043100 4.97946100 7.77909500
5.31303200 5.08240700  -0.79271900 4.66019700 5.65873300
6.13555900 6.21261400  -0.80294800 6.99533000 8.45157500
4.47773400 4.84213600 0.30123300 8.25948900 6.83582200
6.13706100 7.08520600 0.28022600 5.81607500 8.78423100
6.77029000 6.38531400  -1.66704400 4.07067200 8.03667300
4.47288400 5.72191300 1.38151100 7.64927300 9.23441600
3.83062300 3.96886600 0.31207100 5.55289700 9.82716200
5.30615700 6.83989000 1.37483900 7.24901900 1.99833600
6.78613200 7.95578900 0.27453100 8.31680700 1.62655100
3.82031800 5.53354800 2.22864700 8.48761700 1.47130900
5.30764000 7.52040700 2.22127600 7.70169100 0.61262600
7.95333500 3.08644600 0.70227600 9.59218300 2.11459500
8.98468000 3.92617900 0.27973800 8.00427500 0.43115800
7.91826100 2.60139000 2.01513300 6.87694000 0.07259200
9.99807700 4.27819600 1.16802400 9.86797600 1.95039300
8.96990300 4.28884500  -0.74414400 10.19988700 2.75607000
8.93258900 2.95734300 2.89474800 9.07596600 1.10737300
7.10048000 1.95908600 2.32326400 7.39806700  -0.24334800

9.97230200 3.79343700 2.47440900 10.71178200 2.47073300

T T T O @D 0 & o o0 o0 a6 Z z @D @D T o@D o@D o060 o000 o@D - @D @m0 o oaooaa0

10.80338300 4.92930600 0.84261000 9.30321900 0.96837600

8.91597500 2.58659200 3.91525600

o T T O T O & oo o o @Dn @m & 0O 0 oo oo ZzZ Z o o0 - K & oo o a0

10.75988800 4.06714400 3.17021700 B;cat,
=-812.584128579 a.u.

Cis-1a 01
E =-916.750369357 a.u. C -4.94592700  -1.14192700
01 C -3.54705700  -1.15947000
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-0.60836900
-1.27888600
-1.31383500
-0.77965600
-0.11593400
-0.00349000
-0.56133200
-1.77141500
0.32547200
0.53067800
-0.89734300
-0.84954600
-1.08066100
-1.75241000
-0.61872200
-1.95416100
-2.13741900
-0.80220600
-0.12015400
-1.47132900
-2.48942900
-0.43025500
-1.62130500
-2.10889400
-1.61036500
-0.19089000
0.57912500
0.37114100
1.92840400
0.12839300
1.72348000
-0.25822700
2.50603100
2.52559800
2.16639900
3.55859400

1.30600800
1.32412400



-2.91821900 0.07152200
-3.63151700 1.26718500
-5.01343700 1.29874300
-5.66261600 0.05953600
-5.48595400  -2.08310500
-2.97881700  -2.08299800
-5.55614500 2.23748800
-6.74738200 0.03148400
-1.57536100 0.35517500
-2.74409400 2.31415200
-1.48345900 1.73813700
2.11448700 3.07641500
3.49642400 3.04549500
4.14504500 4.28499100
3.42780300 5.48612300
2.02893100 5.50302900
1.40063400 4.27175200
4.03952800 2.10698200
5.22979700 4.31358500
3.96741200 6.42754100
1.46031100 6.42632200
1.22762000 2.02901200
0.05792900 3.98745000

w O O T T Z =D OO0 o 0o 00w o o0 D D =D @m0 o0 o0

-0.03327800 2.60440700

TS
E =-1729.33158136 a.u.

01

C 3.58873900 0.62251500
C 4.80573300 0.64846500
C 5.45085200 1.87102400
C 4.81095300 3.08322100
C 3.57872700 3.03154100
C 2.97651700 1.81298000
H 3.10391900  -0.32969400
H 5.29414300  -0.26352000
H 3.08041800 3.96053600
H 2.01767000 1.78465500
C 5.36179300 4.35799300
(6] 5.93286800 4.35135400
N 6.68144300 1.85941200
N 7.63881900 2.58043700
C 5.22249300 5.60307200
C 5.19382400 5.58080200

1.34340100
1.34480300
1.32703600
1.30742400
1.29038800
1.32325500
1.32834700
1.29299400
1.36347100
1.36576700
1.37706100
1.43628700
1.45414200
1.47399700
1.47555200
1.45729700
1.43778100
1.45271600
1.48851300
1.49135500
1.45825900
1.41508700
1.41751600
1.40376500

-1.25313600
-1.91768800
-2.13874200
-1.78561200
-1.11522100
-0.83886300
-1.06097000
-2.24691600
-0.85308900
-0.33209400
-2.27245300
-3.38764300
-2.80196900
-2.39876000
-1.50043100
-0.09829500
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- O o0 & oo o o@D @D &n oo - o000 o0 o0 o0 0w w Tn o O o@D 0000 @mn D T - @D a0

5.18465700
5.13212100
5.27151800
5.10632700
5.21526900
5.08156000
5.13325400
5.07409400
5.02827300
7.75657500
8.35280500
7.39899200
8.53147400
8.65966300
7.59097200
6.99312400
8.14789700
8.97755800
7.31888500
8.29556000
7.51679900
8.50871100
7.85352200
7.38018700
8.57195200
9.86331300
7.76695400
7.91898200
7.47353200
7.77114300
8.14799000
7.33154500
7.48367200
7.88721700
7.11222100
7.37755900
9.89067100
10.47210100
10.66772200
11.87268100
9.85968700
12.04751700
12.64463900
12.36191200

6.82370200
6.77598500
4.63289100
8.01493900
6.82784000
7.99051000
6.76308300
8.95945600
8.92238600
3.05822100
4.28889500
2.19377200
4.67428400
4.95431900
2.58793400
1.21169500
3.83775100
5.64141900
1.91109600
4.14401900
4.78690500
3.27549900
6.00813400
5.07361100
2.40980600
3.57854100
6.99277400
8.35611300
6.42399400
9.15591900
8.77813000
7.20458300
8.59061600
10.23197900
6.75356100
9.23425300
2.16680200
1.37977800
2.85875300
1.29397100
0.85527400
2.78558500
1.98153900
0.68154900

-2.18602800
0.60869300
0.43013700

-1.47487900

-3.27191800

-0.07934800
1.69421100

-2.00899500
0.47609300

-1.03795900

-0.76063200
0.00766500
0.56810500

-1.55657400
1.32403900

-0.20918700
1.61056800
0.77726000
2.12787600
2.64175100

-3.89015600

-3.56682400

-3.21296500

-5.27865600

-4.71488300

-3.15308600

-4.15299200

-3.98842100

-5.39707900

-5.13239500

-3.01486800

-6.52983200

-6.37515700

-5.04704100

-7.49166900

-7.24293200

-4.92199900

-5.89894300

-3.98292200

-5.90627500

-6.62469800

-3.98707000

-4.97046700

-6.65757900



H 12.63543500 3.33241900
H 13.72663500 1.89793600

Intl
E =-1729.43520423 a.u.
01

a

3.46799300 0.36389800
4.56298300 0.37884700
5.42356700 1.56059900
4.80395000 2.82918100
3.71201100 2.71802000
3.07722600 1.53856300
2.87294500  -0.54041600
4.91145900  -0.50018300
3.36472100 3.61267800
2.23224800 1.47214800
5.10444100 4.01877700
5.84554800 3.98393300
6.64931500 1.31884300
7.63387700 2.28521800
4.63405800 5.34379700
4.89028700 5.75226900
3.98166700 6.20974300
4.48844400 7.01542900
5.42885000 5.08382400
3.57458800 7.46826400
3.79038400 5.89065000
3.82834400 7.87265800
4.69905100 7.33337800
3.06114900 8.13496900
3.51524700 8.85756000
7.74309100 3.01067400
8.31765200 4.28509500
7.29726200 2.45062600
8.44533800 4.98654800
8.69561800 4.72511300
7.41826500 3.16135000
6.85107900 1.46087900
7.99297000 4.43508200
8.89401900 5.97546500
7.06711300 2.71137700
8.08795800 4.98458600
6.78865800 4.86020600

T W T T T O T O =Z 0000 @D & T o@D o@D o000z zZ2 o o@D mTT I 00000

8.65147600 2.28577800

-3.25726700
-5.00213800

-1.01115900
-1.80040000
-1.84419300
-1.38895300
-0.42701300
-0.25013200
-0.92313400
-2.33345900
0.07886800
0.42798200
-1.97939800
-3.11871100
-2.19638800
-2.01510000
-1.52308400
-0.21020700
-2.40678100
0.21609400
0.45869100
-1.97541300
-3.42827400
-0.66418200
1.23283000
-2.66149000
-0.33056100
-0.79367700
-0.78002600
0.41122600
0.41875400
-1.69708500
1.59899400
0.41230200
1.61324800
0.40558400
2.52309500
2.54473000
-3.54979700
-3.01078700
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T T =T 0 O T 0 o o0 o - @m &K oo @m oo oo o o O 0

TS,

E =-1729.40856823 a.u.

01

@}

o 0 zZ2 Z O 0o @&nm @m - T 0O O o o0

7.01063600
7.68274900
8.56518600
9.84235500
8.09952600
8.74844600
8.50143100
9.83673300
8.42535900
9.56751800
10.23554800
10.37990700
9.87092000
11.08414100
9.69649400
10.08267400
10.48020800
11.30675400
9.46301000
11.69201200
12.09637100
11.64867600
12.28531900
13.04146400

2.74440200
3.98912200
5.10287200
4.89011800
3.59326300
2.51874800
1.90440500
4.14787900
3.45781300
1.52383400
6.06954500
6.82577100
6.25034600
7.17322100
6.21265200
5.50118700

6.16072400
4.47374600
1.60426300
3.00635800
6.58425200
7.80178100
5.56348800
7.95838200
8.58831400
5.70450700
6.93527800
8.89795700
4.89548500
7.09383900
1.95917400
1.60275800
2.79594400
2.11558600
0.95789400
3.29824800
2.93963200
1.85961400
3.94944800
3.31268300

3.00907500
2.42560200
3.11193900
4.45447100
4.99122900
4.28755800
2.46408600
1.43175500
5.99265000
4.71886800
5.20046900
5.83099900
2.48567400
3.40733900
5.82458200
5.29333200

-3.12784600
-4.53835400
-4.21639400
-2.90745300
-3.85869000
-3.81336100
-4.71861800
-4.68242000
-3.14027600
-5.58349400
-5.54649300
-4.68315200
-6.24130900
-6.20436200
-4.89941100
-6.17679800
-4.10333700
-6.63062100
-6.79010700
-4.53173400
-5.82523800
-7.62850400
-3.89893600
-6.20721900

-3.12175200
-3.13372500
-2.56305900
-2.11870300
-2.04815800
-2.55667100
-3.54544300
-3.53960600
-1.64386000
-2.55002200
-1.73940400
-2.68963800
-2.28825300
-1.71552100
-0.42158800

0.66614500



o O o T oo o o@D @D @m 060 - o o000 o0 o0 o0 0w w D K T 0O F o@D o000 @D D &K 0 - a0

7.12386400
5.69954500
4.81340200
7.31436700
7.67738800
6.60838400
5.15585900
8.01779100
6.76832800
7.51707600
8.50307700
6.76476100
8.73539000
9.07134700
7.01577200
5.99768700
7.99539200
9.49494400
6.43214900
8.18033100
6.63025700
8.25582900
5.59095600
7.55543300
8.02967500
9.58863900
5.91932500
5.24518400
7.10650600
5.81793400
4.32539600
7.67940200
7.00597600
5.32575900
8.60722700
7.41887700
9.26533800
9.59727600
10.21321200
10.94906100
8.84578200
11.54938800
11.90189300
11.26191500

6.87095400
5.80092900
4.46982700
7.37690000
7.27651300
6.83927500
5.37614500
8.18825800
7.22905800
3.10233600
3.84854800
2.16239600
3.64327300
4.59850900
1.95902200
1.60679300
2.69735700
4.23389900
1.22093600
2.54134900
5.83869600
3.63465300
5.30554800
6.50001100
3.68357000
3.83323700
5.57388900
5.21072200
6.30436300
5.61586300
4.63835900
6.71323600
6.35042300
5.35157100
7.27491600
6.64680900
3.90905700
4.03033900
4.00407100
4.26391300
3.95170200
4.22903100
4.36192400
436777500

-0.20739500
1.94466200
0.50116100
1.07323400

-1.04740700
2.15088400
2.78260300
1.23359300
3.15198700

-0.34832100
0.30685300
0.35688100
1.66239500

-0.23144600
1.71300500

-0.16920600
2.37271400
2.16598500
2.25537100
3.43123900

-4.04682900

-2.68227900

-4.77743300

-4.83887200

-4.05018500

-2.37984900

-6.08531100

-7.23360900

-6.12254600

-8.44667300

-7.18627900

-7.30995000

-8.48425900

-9.37709100

-7.32210900

-9.44321700

-4.61071000

-5.94479500

-3.59693300

-6.22633400

-6.72383100

-3.85936900

-5.20865300

-7.26040600
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H 12.27942800
H 12.94051200

Bcat-O-Bcat
E =-887.896476821 a.u
01

a

-4.96545700
-3.68210100
-2.62340300
-2.81420000
-4.07212900
-5.15604400
-5.82931500
-3.51959900
-4.20471100
-6.16521600
-1.27535800
-1.58779300
-0.66517000
3.23101300
4.51303100
4.62802400
3.50116300
2.20494600
2.10636000
5.37902700
5.61624000
3.62965800
1.32112700
2.82800400
0.97456200
1.44549400

O W O O & =z =T =T OO OO0 00w o o D T - =Z 0000

0.68226100

2a

=-841.609611505 a.u.
01

C 3.18468500
3.98523300
4.74842000
4.68619100
3.82980400
3.10031500

T O O O O 0O

2.58802100

4.29697000
4.54116600

-0.33410300
-0.89596300
-0.01261600
1.36605500
1.93283900
1.04703600
-0.98928000
-1.96615200
3.00709300
1.44566700
-0.28220100
1.98864300
0.95704500
3.47174000
3.98073900
5.37475400
6.19937100
5.66938200
4.29527400
3.32866800
5.82143400
7.27505700
6.29712400
2.15995900
3.51451400
2.21368600
1.09679800

3.48311400
2.56521700
3.00824500
4.36721900
5.29153300
4.84189500
3.17980600

-3.06049700
-5.46713700

1.29862100
1.27411400
1.33569600
1.41789000
1.44284600
1.38105700
1.25261700
1.21042400
1.50709800
1.39771300
1.32991800
1.46518000
1.41021100
1.60137600
1.64823700
1.72932900
1.76066900
1.71254000
1.63276800
1.62313100
1.76837000
1.82375700
1.73598400
1.52073300
1.57242100
1.50471200
1.43050400

-4.02905400
-3.40337700
-2.28813900
-1.85770900
-2.51351500
-3.58305000
-4.88434800



H 4.04596700 1.53224300  -3.73046900 H 5.91087200 6.36771400 3.45910800
H 3.75258200 6.31963600  -2.17099000 H 6.53937700 8.87588800 0.02565900
H 2.43728500 5.52312600  -4.10758800 H 6.42724700 8.59745700 2.49212500
C 5.54283900 4.42599600  -0.75188100 C 7.00779600 2.70464900 0.32867500
N 5.57659200 2.28731900  -1.52060600 C 8.14040600 3.46968200 0.60130200
N 6.03972500 3.16396200  -0.61451300 C 6.80597000 1.47195500 0.94569300
C 5.80895100 5.55151400 0.15625000 C 9.06879800 3.00093900 1.52708100
C 5.74038800 5.40389900 1.54844300 H 8.29176000 4.41649300 0.09287700
C 6.09509000 6.81229200  -0.38202500 C 7.74609900 1.00961400 1.86275100
C 5.96603100 6.49452500 2.38209300 H 5.92459500 0.89278700 0.69214800
H 5.50719700 4.43155700 1.97392700 C 8.87402500 1.77407600 2.16065300
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C 6.25350200 7.74766000 1.83894900 H 9.60302700 1.41147400 2.8787250
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