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General considerations. The reagents used for experiments were commercially
available and used as received unless otherwise noted. DMSO and DMF were
distilled from CaH, under reduced pressure and stored under nitrogen. All reactions
were performed under dioxygen with the strict exclusion of moisture using Schlenk
techniques. Column chromatography was performed on silica gel 300-400 mesh. The
yields reported are the isolated yields and the average of two runs. 'H, 3C and '°F
NMR spectra of all compounds were recorded at 400 and 100 MHz with CDCl; as
solvent respectively, except for 'H and '*C NMR spectra of compounds 6p, 16p, 17p
and 18p with d¢-DMSO as solvent. All coupling constants (J values) were reported in
Hertz (Hz).

General procedure for Cu-catalyzed decarboxylative cyanation of aryl
carboxylic acids using malononitrileor AMBN as cyanide source

Procedure A: An oven-dried Schlenk tube equipped with a stir bar was charged
with aryl carboxylic acid (0.2 mmol), malononitrile (26.4 mg, 0.4 mmol, 2 equiv), Cul
(46 mg, 0.24 mmol, 1.2 equiv) and K5PO4 (42.4 mg, 0.2 mmol, 1.0 equiv). The tube
was fitted with a rubber septum, and then it was evacuated and refilled with dioxygen
three times. Under dioxygen, solvent (2 mL) was added via syringe. The rubber
septum was replaced with a Teflon screwcap under dioxygen flow. With stirring, the
reaction mixtures were heated at indicated temperature for 20 h, then cooled down to
room temperature. The reaction mixtures were diluted with EtOAc and filtered
through a short plug of silica gel that was then washed with EtOAc. The combined
organic phase was washed with brine, dried over MgSOy, filtered and concentrated in
vacuo. The resulting residue was purified by flash chromatography on silica gel to
provide corresponding product.

Procedure B: An oven-dried Schlenk tube equipped with a stir bar was charged with
aryl carboxylic acid (0.2 mmol), AMBN (154 mg, 0.8 mmol, 4 equiv), CuX (0.24
mmol, 1.2 equiv) and potassium salt (0.2 mmol, 1.0 equiv). The tube was fitted with a
rubber septum, and then it was evacuated and refilled with dioxygen three times.
Under dioxygen, solvent (2 mL) was added via syringe. The rubber septum was
replaced with a Teflon screwcap under dioxygen flow. With stirring, the reaction
mixtures were heated at 160 °C for 20 h, then cooled down to room temperature. The
reaction mixtures were diluted with EtOAc and filtered through a short plug of silica
gel that was then washed with EtOAc. The combined organic phase was washed with
brine, dried over MgSQ,, filtered and concentrated in vacuo. The resulting residue
was purified by flash chromatography on silica gel to provide corresponding product.

4,5-Dimethoxy-2-nitrobenzonitrile (1p)

Procedure A was followed using 4,5-dimethoxy-2-nitrobenzoic acid (45.4 mg, 0.2
mmol), malononitrile (26.4 mg, 0.4 mmol, 2 equiv), Cul (46 mg, 0.24 mmol, 1.2
equiv), K5;PO4 (42.4 mg, 0.2 mmol, 1.0 equiv) and DMF (2 mL). The reaction
mixtures were purified by flash column chromatography on silica gel (25% ether in
hexane) to afford 17.5 mg (42%) of the product as a yellow solid.
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Procedure B was followed using 4,5-dimethoxy-2-nitrobenzoic acid (45.4 mg, 0.2
mmol), AMBN (154 mg, 0.8 mmol, 4 equiv), CuBr (35 mg, 0.24 mmol, 1.2 equiv),
K,CO;3 (28 mg, 0.2 mmol, 1.0 equiv) and DMSO (2 mL). The reaction mixtures were
purified by flash column chromatography on silica gel (25% ether in hexane) to afford
7.9 mg (19%) of the product as a yellow solid.

Exhibited spectral data in accordance with previous report.> 'H NMR (400 MHz,
CDCl3): 0 7.78 (s, 1 H), 7.22 (s, 1 H), 4.02 (s, 3 H), 4.01 (s, 3 H). *C NMR (100 MHz,
CDCly): 0 153.44, 152.23, 142.78, 115.49, 115.44, 107.95, 100.80, 56.99, 56.84.

5-Methoxy-2-nitrobenzonitrile (2p).

Procedure A was followed using 5-methoxy-2-nitrobenzoic acid (39.4 mg, 0.2
mmol), malononitrile (26.4 mg, 0.4 mmol, 2 equiv), Cul (46 mg, 0.24 mmol, 1.2
equiv), K5POy, (42.4 mg, 0.2 mmol, 1.0 equiv). The reaction mixtures were purified by
flash column chromatography on silica gel (15% ether in hexane) to afford 18.9 mg
(53%) of the product as a yellow solid.

Procedure B was followed using 5-methoxy-2-nitrobenzoic acid (39.4 mg, 0.2
mmol), AMBN (154 mg, 0.8 mmol, 4 equiv), CuBr (35 mg, 0.24 mmol, 1.2 equiv),
K,CO; (28 mg, 0.2 mmol, 1.0 equiv). The reaction mixtures were purified by flash
column chromatography on silica gel (15% ether in hexane) to afford 17.1 mg (48%)
of the product as a yellow solid.

Exhibited spectral data in accordance with previous report.! 'H NMR (400 MHz,
CDCl3): 0 8.31 (d,J=9.3 Hz, 1 H), 7.32 (d, J=2.7 Hz, 1 H), 7.21 (dd, J=9.3,2.8
Hz, 1 H), 3.97 (s, 3 H). 3C NMR (100 MHz, CDCl;): ¢ 163.70, 141.43, 127.94,
120.62, 118.23, 115.10, 109.97, 56.68.

4-Methoxy-2-nitrobenzonitrile (3p)

Procedure A was followed using 4-methoxy-2-nitrobenzoic acid (39.4 mg, 0.2
mmol), malononitrile (26.4 mg, 0.4 mmol, 2 equiv), Cul (46 mg, 0.24 mmol, 1.2
equiv), K5;PO4 (42.4 mg, 0.2 mmol, 1.0 equiv) and DMF (2 mL). The reaction
mixtures were heated at 170 °C for 20 h and purified by flash column chromatography
on silica gel (20% ether in hexane) to afford 21.7 mg (61%) of the product as a yellow
solid.

Procedure B was followed using 4-methoxy-2-nitrobenzoic acid (39.4 mg, 0.2
mmol), AMBN (154 mg, 0.8 mmol, 4 equiv), CuBr (35 mg, 0.24 mmol, 1.2 equiv),
K,COs3 (28 mg, 0.2 mmol, 1.0 equiv) and DMSO (2 mL). The reaction mixtures were
heated at 160 °C for 20 h and purified by flash column chromatography on silica gel
(20% ether in hexane) to afford 16.0 mg (45%) of the product as a yellow solid.

Exhibited spectral data in accordance with previous report.! 'H NMR (400 MHz,
CDCl3): 6 7.81 - 7.78 (m, 2 H), 7.27 (dd, J = 8.8, 2.6 Hz, 1 H), 3.97 (s, 3 H). 13C
NMR (100 MHz, CDCl;): 6 163.21, 150.14, 136.66, 120.02, 115.34, 111.12, 99.39,
56.59.

4-Methyl-2-nitrobenzonitrile (4p).
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Procedure A was followed using 4-methyl-2-nitrobenzoic acid (36.2 mg, 0.2 mmol),
malononitrile (26.4 mg, 0.4 mmol, 2 equiv), Cul (46 mg, 0.24 mmol, 1.2 equiv),
K;3PO4 (42.4 mg, 0.2 mmol, 1.0 equiv). The reaction mixtures were heated at 170 °C
for 20 h and purified by flash column chromatography on silica gel (10% ether in
hexane) to afford 23.0 mg (71%) of the product as a yellow solid.

Procedure B was followed using 4-methyl-2-nitrobenzoic acid (36.2 mg, 0.2 mmol),
AMBN (154 mg, 0.8 mmol, 4 equiv), CuBr (35 mg, 0.24 mmol, 1.2 equiv), K,CO;
(28 mg, 0.2 mmol, 1.0 equiv). The reaction mixtures were purified by flash column
chromatography on silica gel (10% ether in hexane) to afford 13.0 mg (40%) of the
product as a yellow solid.

Exhibited spectral data in accordance with previous report.! 'H NMR (400 MHz,
CDCl3): 0 8.13 (s, 1 H), 7.79 (d, /=79 Hz, 1 H), 7.61 (d, J=7.8 Hz, 1 H), 2.56 (s, 3
H). 3C NMR (100 MHz, CDCls): ¢ 148.49, 145.65, 135.31, 134.91, 126.06, 115.21,
105.10, 21.80.

2-Methyl-6-nitrobenzonitrile (5p).

Procedure A was followed using 2-methyl-6-nitrobenzoic acid (36.2 mg, 0.2 mmol),
malononitrile (26.4 mg, 0.4 mmol, 2 equiv), Cul (46 mg, 0.24 mmol, 1.2 equiv),
K;3PO4 (42.4 mg, 0.2 mmol, 1.0 equiv). The reaction mixtures were heated at 170 °C
for 20 h and purified by flash column chromatography on silica gel (10% ether in
hexane) to afford 22.7 mg (70%) of the product as a white solid.

Procedure B was followed using 2-methyl-6-nitrobenzoic acid (36.2 mg, 0.2 mmol),
AMBN (154 mg, 0.8 mmol, 4 equiv), CuBr (35 mg, 0.24 mmol, 1.2 equiv), K,CO;
(28 mg, 0.2 mmol, 1.0 equiv). The reaction mixtures were purified by flash column
chromatography on silica gel (10% ether in hexane) to afford 17.2 mg (53%) of the
product as a white solid.

Exhibited spectral data in accordance with previous report.! 'H NMR (400 MHz,
CDCl3): 0 8.12 (dd, J = 6.8, 2.6 Hz, 1 H), 7.72 - 7.67 (m, 2 H), 2.70 (s, 3 H). 3C
NMR (100 MHz, CDCl;): 6 149.29, 145.79, 135.65, 132.77, 122.92, 113.81, 107.84,
21.09.

5-Amino-2-nitrobenzonitrile (6p).

Procedure A was followed using 5-amino-2-nitrobenzoic acid (36.4 mg, 0.2 mmol),
malononitrile (26.4 mg, 0.4 mmol, 2 equiv), Cul (46 mg, 0.24 mmol, 1.2 equiv),
K;5PO4 (42.4 mg, 0.2 mmol, 1.0 equiv). The reaction mixtures were purified by flash
column chromatography on silica gel (20% ether in hexane) to afford 7.2 mg (22%) of
the product as a yellow liquid.

Exhibited spectral data in accordance with previous report.* 'H NMR (400 MHz,
de-DMSO0): 6 8.09 (d, /=9.3 Hz, 1 H), 7.15 (s, 2 H), 7.01 (d, J=2.5 Hz, 1 H), 6.83
(dd, J=9.3,2.6 Hz, 1 H). 3C NMR (100 MHz, d¢-DMSO): ¢ 155.22, 135.13, 128.99,
119.17, 116.79, 116.01, 109.66.

2-Nitrobenzonitrile (7p).
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Procedure A was followed using 2-nitrobenzoic acid (33.4 mg, 0.2 mmol),
malononitrile (26.4 mg, 0.4 mmol, 2 equiv), Cul (46 mg, 0.24 mmol, 1.2 equiv),
K;5PO4 (42.4 mg, 0.2 mmol, 1.0 equiv). The reaction mixtures were purified by flash
column chromatography on silica gel (10% ether in hexane) to afford 23.7 mg (80%)
of the product as a yellow solid.

Procedure B was followed using 2-nitrobenzoic acid (33.4 mg, 0.2 mmol), AMBN
(154 mg, 0.8 mmol, 4 equiv), CuBr (35 mg, 0.24 mmol, 1.2 equiv), K,CO; (28 mg,
0.2 mmol, 1.0 equiv). The reaction mixtures were purified by flash column
chromatography on silica gel (10% ether in hexane) to afford 15.4 mg (52%) of the
product as a yellow solid.

Exhibited spectral data in accordance with previous report.> 'TH NMR (400 MHz,
CDCl3): 6 8.34 (dd, J=6.3,3.3 Hz, 1 H), 7.94 (dd, /= 7.6, 3.8 Hz, 1 H), 7.87 (dt, J =
6.1,3.4,2.7 Hz, 2 H). >C NMR (100 MHz, CDCls): ¢ 148.48, 135.61, 134.44, 133.83,
125.57, 114.99, 107.93.

4-Chloro-2-nitrobenzonitrile (8p).

Procedure A was followed using 4-chloro-2-nitrobenzoic acid (40.3 mg, 0.2 mmol),
malononitrile (26.4 mg, 0.4 mmol, 2 equiv), Cul (46 mg, 0.24 mmol, 1.2 equiv),
K;5PO4 (42.4 mg, 0.2 mmol, 1.0 equiv). The reaction mixtures were purified by flash
column chromatography on silica gel (10% ether in hexane) to afford 15.7 mg (43%)
of the product as a yellow solid.

Procedure B was followed using 4-chloro-2-nitrobenzoic acid (40.3 mg, 0.2 mmol),
AMBN (154 mg, 0.8 mmol, 4 equiv), CuBr (35 mg, 0.24 mmol, 1.2 equiv), K,CO;
(28 mg, 0.2 mmol, 1.0 equiv). The reaction mixtures were purified by flash column
chromatography on silica gel (10% ether in hexane) to afford 7.7 mg (21%) of the
product as a yellow solid.

Exhibited spectral data in accordance with previous report.! 'H NMR (400 MHz,
CDCl3): 6 833 (d,J=2.0 Hz, 1 H), 7.87 (d, /= 8.2 Hz, 1 H), 7.81 (dd, J = 8.2, 2.0
Hz, 1 H). 3C NMR (100 MHz, CDCls): 6 149.11, 140.45, 136.18, 134.42, 126.04,
114.06, 106.39.

5-Chloro-2-nitrobenzonitrile (9p).

Procedure A was followed using 5-chloro-2-nitrobenzoic acid (40.3 mg, 0.2 mmol),
malononitrile (26.4 mg, 0.4 mmol, 2 equiv), Cul (46 mg, 0.24 mmol, 1.2 equiv),
K;5PO4 (42.4 mg, 0.2 mmol, 1.0 equiv). The reaction mixtures were purified by flash
column chromatography on silica gel (10% ether in hexane) to afford 15.4 mg (42%)
of the product as a yellow solid.

Exhibited spectral data in accordance with previous report.! 'H NMR (400 MHz,
CDCl;): 0 8.31 (d,J=8.9 Hz, 1 H), 7.89 (d, J=2.2 Hz, 1 H), 7.80 (dt, /= 8.9, 2.0 Hz,
1 H). ®*C NMR (100 MHz, CDCl3): 6 146.78, 141.35, 135.23, 133.87, 126.90, 113.79,
109.64.

4-Fluoro-2-nitrobenzonitrile (10p)
Procedure A was followed using 4-fluoro-2-nitrobenzoic acid (37.0 mg, 0.2 mmol),
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malononitrile (26.4 mg, 0.4 mmol, 2 equiv), Cul (46 mg, 0.24 mmol, 1.2 equiv),
K;5PO4 (42.4 mg, 0.2 mmol, 1.0 equiv) and DMSO (2 mL). The reaction mixtures
were purified by flash column chromatography on silica gel (10% ether in hexane) to
afford 9.3 mg (28%) of the product as a yellow solid.

Procedure B was followed using 4-fluoro-2-nitrobenzoic acid (37.0 mg, 0.2 mmol),
AMBN (154 mg, 0.8 mmol, 4 equiv), CuBr (35 mg, 0.24 mmol, 1.2 equiv), K,CO;
(28 mg, 0.2 mmol, 1.0 equiv) and DMSO (2 mL). The reaction mixtures were purified
by flash column chromatography on silica gel (10% ether in hexane) to afford 8.3 mg
(25%) of the product as a yellow solid.

Exhibited spectral data in accordance with previous report.! 'H NMR (400 MHz,
CDCly): 6 8.06 (dd, J=17.9, 2.6 Hz, 1 H), 7.97 (dd, J = 8.6, 5.1 Hz, 1 H), 7.59 - 7.54
(m, 1 H). 3C NMR (100 MHz, CDCl3): ¢ 165.63, 163.02, 137.51 (d, J = 9.1 Hz),
121.99 (d, J=22.2 Hz), 114.04 (d, J = 27.3 Hz), 114.11, 104.27 (d, J = 4.0 Hz). '°F
NMR (377 MHz, CDCl3): 6 - 97.79 - - 97.84 (m, 1 F)

2-Nitro-4-(trifluoromethyl)benzonitrile (11p).

Procedure A was followed using 2-nitro-4-(trifluoromethyl)benzoic acid (47.0 mg,
0.2 mmol), malononitrile (26.4 mg, 0.4 mmol, 2 equiv), Cul (46 mg, 0.24 mmol, 1.2
equiv), K5POy, (42.4 mg, 0.2 mmol, 1.0 equiv). The reaction mixtures were purified by
flash column chromatography on silica gel (10% ether in hexane) to afford 16.8 mg
(39%) of the product as a yellow liquid.

Exhibited spectral data in accordance with previous report.! 'H NMR (400 MHz,
CDCl3): ¢ 8.60 (s, 1 H), 8.11 (d, /= 1.8 Hz, 2 H). 3C NMR (100 MHz, CDCly): ¢
136.47, 130.94 - 130.87 (m), 123.16 - 122.84 (m), 122.44, 113.68, 111.40. '°F NMR
(377 MHz, CDCl;): 6 - 63.50 (s, 3 F)

2,4,6-Trimethoxylbenzonitrile (12p)

Procedure A was followed using 2,4,6-trimethoxylbenzoic acid (42.4 mg, 0.2
mmol), malononitrile (26.4 mg, 0.4 mmol, 2 equiv), Cul (46 mg, 0.24 mmol, 1.2
equiv), K5;PO4 (42.4 mg, 0.2 mmol, 1.0 equiv) and DMF (2 mL). The reaction
mixtures were purified by flash column chromatography on silica gel (30% ether in
hexane) to afford 15.1 mg (39%) of the product as a yellow solid.

Procedure B was followed using 2,4,6-trimethoxylbenzoic acid (42.4 mg, 0.2
mmol), AMBN (154 mg, 0.8 mmol, 4 equiv), CuBr (35 mg, 0.24 mmol, 1.2 equiv),
K,CO;5 (28 mg, 0.2 mmol, 1.0 equiv) and DMSO (2 mL). In addition, Pd(OAc), (4.5
mg, 0.02 mmol, 10 mol%) was added as the catalyst. The reaction mixtures were
purified by flash column chromatography on silica gel (30% ether in hexane) to afford
19.4 mg (50%) of the product as a yellow solid.

Exhibited spectral data in accordance with previous report.! 'H NMR (400 MHz,
CDCl3): 6 6.06 (s, 2 H), 3.88 (s, 6 H), 3.85 (s, 3 H). 3C NMR (100 MHz, CDCl;): ¢
165.29, 163.77, 114.58, 90.32, 56.07, 55.66.

3-Methylbenzothiophene-2-nitrile (13p)
Procedure A was followed using 3-methylbenzothiophene-2-carboxylic acid (38.4
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mg, 0.2 mmol), malononitrile (26.4 mg, 0.4 mmol, 2 equiv), Cul (46 mg, 0.24 mmol,
1.2 equiv), K5POy4 (42.4 mg, 0.2 mmol, 1.0 equiv) and DMF (2 mL). The reaction
mixtures were heated at 170 °C for 20 h and purified by flash column chromatography
on silica gel (1% ether in hexane) to afford 11.4 mg (33%) of the product as a white
solid.

Procedure B was followed using 3-methylbenzothiophene-2-carboxylic acid (38.4
mg, 0.2 mmol), AMBN (153.6 mg, 0.8 mmol, 4 equiv), Cul (46 mg, 0.24 mmol, 1.2
equiv), K5;PO4 (42.4 mg, 0.2 mmol, 1.0 equiv) and DMF (2 mL). The reaction
mixtures were purified by flash column chromatography on silica gel (1% ether in
hexane) to afford 22.4 mg (65%) of the product as a white solid.

Exhibited spectral data in accordance with previous report.!*> 'TH NMR (400 MHz,
CDCl3): 0 7.84 - 7.78 (m, 2H), 7.53 - 7.48 (m, 2H), 2.63 (s, 3H). *C NMR (100 MHz,
CDCly): ¢ 145.18, 140.75, 137.52, 127.87, 125.31, 123.48, 122.63, 114.53, 105.57,
13.72.

3-Methylbenzofuran-2-nitrile (14p).

Procedure A was followed using 3-methylbenzofuran-2-carboxylic acid (35.2 mg,
0.2 mmol), malononitrile (26.4 mg, 0.4 mmol, 2 equiv), Cul (46 mg, 0.24 mmol, 1.2
equiv), K5POy, (42.4 mg, 0.2 mmol, 1.0 equiv). The reaction mixtures were purified by
flash column chromatography on silica gel (1% ether in hexane) to afford 15.1 mg
(48%) of the product as a yellow solid.

Procedure B was followed using 3-methylbenzofuran-2-carboxylic acid (35.2 mg,
0.2 mmol), AMBN (153.6 mg, 0.8 mmol, 4 equiv), Cul (46 mg, 0.24 mmol, 1.2
equiv), K5;PO4 (42.4 mg, 0.2 mmol, 1.0 equiv) and DMF (2 mL). The reaction
mixtures were purified by flash column chromatography on silica gel (1% ether in
hexane) to afford 14.8 mg (47%) of the product as a yellow solid.

Exhibited spectral data in accordance with previous report.®* 'H NMR (400 MHz,
CDCl): 6 7.61 (dd, J= 8.0, 1.3 Hz, 1 H), 7.51 - 7.50 (m, 2 H), 7.38 - 7.34 (m, 1 H),
2.46 (s, 3 H). *C NMR (100 MHz, CDCl3): 6 155.40, 129.79, 128.41, 126.92, 124.94,
123.97,120.91, 112.10, 111.91, 8.78.
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Diversification of 7p

CONH,

16p, 80%

NH, ©:N02\ ©:N02
: COzH

15p, 98% ST 17p, 95%

NG,

H

¢
i N

N-N
18p, 79%

@NHZ
CN

2-Aminobenzonitrile (15p)

2-Aminobenzonitrile (15p) was synthesized according to literature.” An oven-dried
flask equipped with a stir bar was charged with 2-nitrobenzonitrile 7p (29.6 mg, 0.2
mmol), B,Pin, (157.5 mg, 0.62 mmol, 3.1 equiv), KOrBu (26.9 mg, 0.24 mmol, 1.2
equiv) and iPrOH (2 mL). With stirring, the reaction mixtures were heated at 110 °C
for 2 h under air, followed by cooling down to room temperature. The reaction
mixtures were diluted with EtOAc. The combined organic phase was washed with
brine, dried over Na,SQ,, filtered and concentrated in vacuo. The resulting residue
was purified by flash chromatography on silica gel (15% EtOAc in petroleum ether)
to afford 2-aminobenzonitrile 15p in 98% yield (23.1 mg) as a red solid. '"H NMR
(400 MHz, CDCl3) ¢ 7.31 (dd, J = 12.7, 8.1 Hz, 2 H), 6.73 - 6.66 (m, 2 H), 4.48 (s, 2

H). *C NMR (100 MHz, CDCl;): 6 149.86, 134.05, 132.28, 117.84, 117.82, 115.26,
95.72.

CONH,
2-Nitrobenzamide (16p)
2-Nitrobenzamide (16p) was synthesized according to literature.® An oven-dried
flask equipped with a stir bar was charged with 2-nitrobenzonitrile 7p (29.6 mg, 0.2
mmol), Pd(OAc), (2.3 mg, 0.01 mmol, 5 mol%), 2,2'-bipyridyl (1.6 mg, 0.01 mmol, 5
mol%) and H,O (2 mL). With stirring, the reaction mixtures were heated at 70 °C for

24 h under air, followed by cooling down to room temperature. The reaction mixtures
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were diluted with EtOAc. The combined organic phase was washed with brine, dried
over MgSOQy,, filtered and concentrated in vacuo. The resulting residue was purified by
flash chromatography on silica gel (30% EtOAc in petroleum ether) to afford 2-
nitrobenzamide 16p in 80% yield (26.6 mg) as a white solid. '"H NMR (400 MHz, d¢-
DMSO): ¢ 8.14 (s, 1H), 7.99 (dd, J= 8.0, 1.2 Hz, 1 H), 7.76 (td, J= 7.5, 1.3 Hz, 1 H),
7.69 - 7.64 (m, 2 H), 7.63 (dd, /= 7.4, 1.5 Hz, 1 H). *C NMR (100 MHz, d¢-DMSO):
0167.63, 147.69, 133.78, 133.04, 131.07, 129.29, 124.39.

@NOZ
CO,H
2-Nitrobenzoic acid (17p)

2-Nitrobenzoic acid (17p) was synthesized according to literature.® An oven-dried
flask equipped with a stir bar was charged with 2-nitrobenzonitrile 7p (29.6 mg, 0.2
mmol), hydrobromic acid 33% in acetic acid (4 mL) and H,O (2 mL). With stirring,
the reaction mixtures were heated under reflux for 24 h, followed by cooling down to
room temperature. The reaction mixtures were diluted with EtOAc. The combined
organic phase was washed with brine, dried over MgSQ,, filtered and concentrated in
vacuo. The resulting residue was purified by flash chromatography on silica gel
(EtOAc) to afford 2-nitrobenzoic acid 17p in 95% yield (31.7 mg) as a white solid. 'H
NMR (400 MHz, d¢-DMSO): 6 13.85 (s, 1 H), 7.97 (dq, J = 8.4, 1.7 Hz, 1 H), 7.87 -

7.84 (m, 1 H), 7.79 - 7.75 (m, 2 H). 3C NMR (100 MHz, d¢-DMSO): J 166.37,
148.84, 133.55 (d, J=2 Hz), 132.84 (t, J = 2 Hz), 130.34, 127.73, 124.15.

NO,
©/\VH
N,

\ N
N\N/

5-(2-Nitrophenyl)-1-H-tetrazole (18p)

5-(2-Nitrophenyl)-1-H-tetrazole (18p) was synthesized according to literature.! An
oven-dried flask equipped with a stir bar was charged with 2-nitrobenzonitrile 7p (148
mg, 1.0mmol), Cu(NOs),-3H,0 (24.2 mg, 0.1 mmol, 10 mol%), NaN; (130 mg, 2.0
mmol, 2 equiv.) and DMF (1 mL). With stirring, the reaction mixtures were heated at
120 °C for 16 h under air, followed by cooling down to room temperature. After
acidified by HCI (3 M, pH 1.0), the reaction mixtures were diluted with EtOAc.
Stirring was continued until there are no solid was present. The combined organic
phase was washed with brine, dried over MgSQO,, filtered and concentrated in vacuo.
The resulting residue was purified by flash chromatography on silica gel (EtOAc) to
afford 2-nitrobenzamide 18p in 79% yield (150.9 mg) as a white solid. "H NMR (400
MHz, de-DMSO): 6 8.19 (dt, J = 8.1, 0.9 Hz, 1 H), 7.94 - 7.85 (m, 3 H). 3C NMR
(100 MHz, d¢-DMSO): 6 154.20, 148.65, 134.14, 132.87, 132.01, 125.32, 119.70.

S9



References

1 Z.Fu, Z. Li, Y. Song, R. Yang, Y. Liu and H. Cai, J. Org. Chem., 2016, 81, 2794-
2803.

2 Y.-L. Ban, J.-L. Dai, X.-L. Jin, Q.-B. Zhang and Q. Liu, Chem. Commun., 2019, 55,
9701-9704.

3 M. Makosza and M,Bialecki, J. Org. Chem., 1998, 63, 4878-4888.

4 K. Murugesan, T. Senthamarai, M. Sohail, M. Sharif, N. V. Kalevaru and R. V.
Jagadeesh, Green. Chem., 2018, 20, 266-273.

5 D. Hayrapetyan, R. K. Rit, M. Kratz, K. Tschulik and L. J. GooB3en, Chem. Eur. J.,
2018, 24, 11288-11291.

6 Z. Shu, W. Ji, X. Wang, Y. Zhou, Y. Zhang and J. Wang, Angew. Chem. Int. Ed.,
2014, 53, 2186-2189.

7 H. Lu, Z. Geng, J. Li, D. Zou, Y. Wuand Y. Wu, Org. Lett., 2016, 18, 2774-2776.

8 D. D. S. Sharley and J. M. J. Williams, Tetrahedron Lett., 2017, 58, 4090-4093.

9 N. K. Chaudhuri, S. V. Potdar and T. J. Ball, J. Labelled Compd. Rad., 1982, 19,

75-82.

10 C. Tao, B. Wang, L. Sun, J. Yi, D. Shi, J. Wang and W. Liu, J. Chem. Res., 2016,

41, 25-29.

S10



L0V
[N 4

NN.NN

9¢'/

8L°L~

CN

O,N
OMe

OMe
1p

ZlL'e
8'¢C

*66°0

160

8.0 7.0 6.0 5.0 3.0 2.0 1.0 0.0
1 (ppm)

9.0

10.0

-10

L O

-o

o

r N

o

r ™M

o

r<

o

r o
7505
66'9S L3

o
0L'9Ly [~
O .Jo.&‘
ve'LL

)

o
08°00} ~ LS~
G6'/0L\ - o5
VPSTTY -2
oV Sll .ﬂf

O

L ™M

(=]

L <
8L vl —

. o
€225\ | B
VvV eal o

©
o
N~
o
o]

i

CN
O,N
OMe

OMe
1p

230 R20 210 200 |1

S11



.6'¢

0c’L
XAV
[44pA
€c’.
9¢'.
[4 5
€€’L
(019°]
€€'8

CN

ha

OoN

OMe

2p

“oU

L ¥00°L
7860

660

9.0 8.0 7.0 6.0 5.0 4/0 3.0 2.0 1.0 0.0
1 (ppm)

10.0

1.0

3 .
3
- L O
4
£y =]
E 2
i o
g o
1 =
5 °
L 2
=
8995 =
E o
9797 . ~
80°// 3 o
622”7 h 3 ®
E 3 o
i = ro—~
3 Om.
F LS a
16601 ~ = 3 e
oL'SLL~ 2 -
mm.miw = 3 FN
z9'0zZL o
v6°22L 7 - L
s 3
SV LYl — - R
- o
2 ©
0L'€91L— - o
= LR
D Am_w Q
= = —
[e] uv o
IA 3 L O
=z o 3 ~
o’ Y N 3 o
— L O
)= <
= 2 o
o) 3 M~

S12



16'¢€

gc'.
9¢’L
YAV
8¢’/
8¢’/
6¢'.
8LL
6.2
612
1872
1872

T

OMe
3p

wee

He

ooz

9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
1 (ppm)

10.0

"

PR P
LiagaiAla

T

N)Z) 10 0 -10

Vﬁu

™
o
<
o
0
(=)
©
o
29/ ~
PAV A . B
acss! 1 ©
o
82
W O 0
6€66 SN
ox
critt =
yeGLL— — 9
zoozl —~ 3 M~
o
L ™M
99°9¢€L — M =
4 o
¥L'0GL— -3 P o
F o
Lz e9L — = -
3 L R
3 o
L 0O
N 3 o
[5] E L O)
z s -
o< o .W =}
— F &
=z
N -
: SN

S13



S
] o
Q
<
N
95°C— —— hor¢
o
©
.
<
£
o Q
&
=
<
©
N
[SrAVA ~
O@.N/ ]
9L — %o 0| 9
o/ T [eo]
682 foov
€lL'8
e
P4 0] )]
(s
Z, o
o 2
Q

-10

10 0

08'lec—

b0 [ 40 30 20

V.'9L
90°'LL

1€217

80 70 |60

0L'S0lL —

f1 (ppml)

10 100 PO

12°GLL—

90'9¢L —

L6 Vet
Le'sel v
S9SN\

612911 ~

NWV
C
=z
R
O

[}
=

o
<

e

210 200 190 180 10 160 150 140 130 120

S14



0L¢c—

9¢'L
192
69°L
0L,
| YAV
[FAVA
L'8
clL'8
€lL'8
€lL'8

CN

Me

O,N

5p

68'¢

otz
oot

-10

o
n

iy
()

3 L O
.0
E .0
60°LZ— N
o
&
o
r <
o
L)
o
r ©
o
VAT WIN I~
DD.\\P o
] F o
Ooc 2L
o
ro
8.
o£
L~ Q
wwso& i
I8ELL Rhe
z6'ze) — °
yyA OUr/ .Qk
G9'GEL N o
6L°G¥L rY
. \Y
GATIRN —t 3
o
©
o
N~
o
o]
o
o
o
(@]
N
o
o
N
Ql
o
[se]
N

S15



0S'¢c—

vv'e—

28’9
€8'9
G8'9
G8'9

N4

|20 VA _
[0 A A
SLL
80'8
oL's

NH,
6p

CN

O,N

—]

]

¥90°L
(454

=00°}

o
o
o
o
N
zz'6¢8
£t'6e L&
v9'6E -
mw.mm —— | - 4
50°01 -
9z07 | ©
/¥'0F o
j =1
~
o
r oo
o
RSP
—E
o
99°601 ~ g
LO'9LL~ — or
6L°9LL7 FN
1'6LL o
66'82L 7 ] r e
eL'sel~ — 2
o
L O
zz'SgL — S
I~
o
0
o
[e))

bp

CN
ozN\[‘i[
Z T NH,

230 220 210

S16



AR
v8°L
g8/
98/ ]
1811
88°/ 1
68°L Y
€6°L
v6°L ]
v6'L ]
662

ce'g
£e'8
veg ]
se'g’

e

o
L O
-o
2 o
roN
- o
o
r<
=
r o
o
r ©
2.9/
729/ o
vo.tw 5
6027 — o
mms% °
WLl ro
RPN
TE
. o
€6°L01L — -ﬂw
bob vil =
o
1621 S
(A RAAB (@)
ilmf/f L @
L9'sEL = 2
o
8v'8yL — - g
o
ro
F o
L N~
: 4 r®
Q
o
~ = L

zZ
=)
Z
N
O

T

230 220 210 200

S17



Gc'L—
AN

.G

310 \

4.

5.0

1] (ppm)

6.0

9¢'L—

612
ow.n#
182

28]

clL’L
0L
*66°0

7.0

ow.hg
88/

mm.w.‘
€€'8

7\

CN
Cl
8p

DLN

10.0

-10

60 50 |40 30 20 10 O

CZN\[
|

8p

o
G9'9/ ~
1692 g
621/
o
A2
o
O~
m =
6€°901 El:
— —] T N
90 7LL mﬂ
IRa
YU 9ct =
2 Peh =
8L 9¢L ] |5
e 3
OV lu.lx
o
©
L N~
o
L 0O
o
(o))
2
w
Z — I N
== =1 =
N
o
N
N
o
™
N

S18



10°0-

6971

9¢'L
8L,
[SYAVA
6.1
082
1872
1872

68 L
68°L
0g’'8
ce'8

\

CN
Cl

9%

1.0 0.0

2.0

4.0

5.0
1 (ppm)

6.0

7.0

10.0

-10

L O
-0
o
roN
=)
r ™
o
r <
o
ary
=2
LR
619/
\:\\.1/\. ()
. Ji - [2e)
Oc 221
o
O —~
3
[o3eY
L O Qo
oxr
$9°601 ~ L=
6L€LL— o
NN
06921 ~ = 'S
Lo el A
ezgeL” | 2
e
8°9¥L — - 2
0
o
L ©
m IS
L=
— o
L 0O
u o
— &
< o
\=) (=2} w
=/ 2
o—
o o

S19



¢0°0-—

29’ —

9z’
YA
vGL
¥SL 1
GG/ 1
G621
9G°/
16727
16721
8G°/
wm.L
652

662
9672
16721
86° 1
508
508 ]
No.wg
108

e ———

E

OoN

F
10p

9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
1 (ppm)

10.0

-10

o
o
o
N
o
™
o
<
o
0
o
©
o
1292 ~
€021 o
ce ) )7
S
T =
62701 N
0811 S a
? 1@
L) P
LLPLL Qv
88’1zl S
oL'zzl &
o /C
o5 g7 3
Te)
3
zZ0€9lL ~ -
€959T =
=)
o]
o
(o))
5]
Z «
O o
N
=)
N
N
o
™
N

F
10p

S20



-180 -20!

-160

-1ko

-120

-60

40

-20

¢0'0-—

(4N

9¢'L—

_.F.wWJ

rAN:
0987

11p

F90¢
€60

10

1

12

13

14

S21



10 0 -10

80 20

50 40

8991

70 60

00-LL
L'l

Ov'Liky
89°€LL
vy'0zL

v8eer
88221l

1 (ppm)

c6'cel N

cazzl

wr.mN;
18°0€L

139} CW_\._
r6°0€L

. Mlah

Lv'9El

CN
OZN\H N
=
CF3
iMp

230 220 21|0, 200 190 18Q 170 160 150 140 130 120 1{10 100 9P|| 8

06°€9-—

CN

CF3
11p

-40 -60 -80 -100 -120 -140 -160 -180 -20!

-20

20

1 (ppm)

S22



10°0-—

191 —

G8'EN

88°¢

909 — D

9¢'L—

CN
OMe
12p

MeO

MeO

/8¢

Yoz'g

€8l

-10

INA

12

9.0
MeO
A

I\ieO

10.0

- Ll o
L o
0. 3 L o
o N
3 L Q
2 | B
3 o
99'55 I
o 20795 3 o
N -
. L o
69'92 8 ~
o VO T.I]l
p ze Ll @
a o
Z€06— o
—
o
< o&
rTe
= 85 vLL — - or
-5 E
vl o
ha W B
o
L <
O. -~
© = o
3 re
o
) 3 F©
o 1-£0t
~ 626917 |2
o
[o'e]
o e &
[¢0] = s = L O
O © -
= o
o
Ql
o
N
o
N
o
™
N

S23



S24

o
e
| ©
L~ clL el —
o
F N
o
- Ll o F®
o
r <
L T o
o
= o
L o [ ©
_ i z19L R
€9°¢ - me_.m.3 Y02/
YZ7714 O
0z'2 iowaya =)
. -4 L < = o
8v'L E o
8L o=
6tV L 0 2556+ =W
052 - ESPLLY —a
0521 € €9'¢ccl ox
LG/ 7 | © W gt'ecl -
4 W ~ Le'set o
- L ®
€5/ Y - 18°/¢lL \n
€671 N zglEL~ 2
€91 * -— G QL ~ -~
82711 _— ———=160C 8L ShT 3
mﬁfﬁ T 7667k 2 S
611 3
082 = S
1872 Lo P
_‘w.mg %
Fw.f ° X
1872 F S
282 3 5 S
L) e 0 1§
€8] S g, S o a
8L ﬁ u M m S
L N (=]
& L N
/|\ N
o
| ® &
L 3




00°0-—

LGV —

VT

oN.E
e LT
WA
SE L1
GE LN
9¢° /L
9€" L
VANV
1€°17

rfco'e

oL
288°|

6.0 5.0 4.0 3.0 2.0 1.0 0.0
1 (ppm)

7.0

8c L
052
052
16721
09°Z1
092
Noi
9L

Me

N—cN

(e}
14p

Y60

9.0 8.0

10.0

8.8~

-10

10 0

60 (50 40 BO |2p

faWAYaW]

CZIZTY

G0 ZL
9€' L.

0 10090 80| |7

1 (ppm)

0v'SS1L —

Me

>CN

O

14p

210 200 (190 180 170{160 150 140({180 120 11|f

S25



veL—

8v'v— /f

99'9
89'9
019
129
€L°9 —_

9¢’L

8¢’ L
0geL
1€2
€€l

NH,
CN
15p

VAN

66'1
9L

10

11

12

13

14

10 0

-10

4030 20

70 |60 50

ag |90 (80

f1

Yo OVl

NH,
ON
15p

230 220 210 2Q0 190 180 170{160 150 140 13( 120

S26



¢0'0-—

6v'C
052
052
1Sz
sz
SLL
92
9L,
9L/
R
R
81/ 1
6111
6L

20" )

G827
68/
98/
1821
G672
562
962
962
16
161
86/

86°.

G8'cl —

NO,
O,H
1%2

F

-10

L O
L o
LE'6E =
61°6¢€ ] o
¥S°6€ 1 N
07 6E) 3
GL6€N
16°6E X Q
€6 6¢E
ZL 0¥ 3
Ql Nt
OO d o
oo UV F ©
7c0%
JC 07" }
o
r oo
o
o)y —~
o8
L O Q
i
STVt R
€Ll2) -
veogl RS
zg'zel -
rezely L3
9g'zel S
vm.mmr\ g
9g'eel S
vyl — L ©
O
g
1€°991 — o
o
[o0]
S
S

p
4

21(

S27



€L~
6v'2
052
052
052
162
zee
Ge'e
9g'e
2927
z9°L 1
9L
¥9° 21
¥9'L Y
GO~
99°/2 7
1292
89/
6921
YL
ﬁi
92,
922
8/ .
8./
86/
86/
00’8
00’8
vL'8

05099
O-+~+«0O

NO,
CONH,

17p

-10

S28

NO,
ONH,

N
L

17p

L O
L o
o
9€'6€ o
95°6€ S
11°6€
_86°'6¢ o
mr.ol. =
C.v.Cﬁh a
SV UV

-4 =]
o
o
r oo
o

ro—~

of

L O Q

ox
o
sEPE =
62°621 =
20°LELN — @
rogeL T —— -
YR L=
oY LVl L w
o
€9°/01L— 2
o
0
o
(o))
N
o
N




10°0-—

86°L
?.m/
0s'C
052
152
152
682
982,
182
18711
887/
88/ 1
68/ 1
0621
1621
A
z6°L
z6'L]
621
€6'L1
£6°L 1
v6'L
v6'L
8L'8
8L'8 -
8L'8 ~TZ “Z
ozel 9 \=2
0cz'8 o
oz's e

F i
™
o
| o
h
-
o
i Ll o
L v
4
— L oy
L o
L <
L ©
L ©
L~
Wl'€l o
001
L o
o
[~
-
F e
[
[~
2]
[«
<
B [~
i
i 1o}
i o~
©
[~

-10

L O
L o
o
r N
1€°6€1

8G°6€ F o
6.°6€ °
66°6€ <
0z'0v °
1707 o
Zo0P )
r ©
NS
(=)
F o0
o

LS

c

oa

L Om.\

ox
0L6L1 ] 19
zeSTL -
L0'ZEL\ B
18°2€L > 3 =
PLver’ |5
o
GSOo'Qfz|l — F— [Te)
0Z'¥SL — - 3
s
o
[ 0O
\N/ b
oIz "Z 2
= =z z

o

® &
o
N

S29



