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1 General experimental details

Chemicals were used as received without special purification unless stated
otherwise. Ni(cod),, NiBr,, Zn powder and ligands were obtained from Sigma-Aldrich.
All reactions were performed with dry solvents under N,. Thin-layer chromatography
(TLC) was visualized using UV light. Column chromatography was generally
performed on silica gel (300—400 mesh). 'H and 13C NMR were recorded in CDCl; or
DMSO-d¢ at ambient temperature on a 300 or 500 MHz NMR spectrometer. Chemical
shifts are reported in ¢ units, parts per million (ppm). The coupling constants J are given
in Hz. GC analyses are performed on an Agilent 7890A instrument (Column: Agilent
19091J-413: 30 m x 320 um x 0.25 pm, carrier gas: H,, FID detection. GC/MS data
was recorded on a 5975C Mass Selective Detector, coupled with a 7890A Gas
Chromatograph (Agilent Technologies). Liquid Chromatograph-Mass Spectrometer
(LCMS) was performed on a Shimadzu LCMS-2020 instrument with an ESI source.
1.1 Preparation of TAT derivatives

Using the reaction between phenol and TCT as example: the mixture of KOH (2.02
g, 36 mmol), phenol (1.69 g, 18 mmol) and TCT (0.92 g, 5 mmol) was grinded in a
mortar. The reaction immediately released the hydrogen chloride gas and heat. After 5
mins, the color of the mixture turned into white from light yellow. The crude mixture
was poured into water, stirred, filtrated, washed with water, and dried to provide the
desired pure product in 81% yield (1.45 g, m.p. 232~235 °C). The white powder product
could be further purified by recrystallization in DCM/ethanol if necessary.

The TAT derivatives can be also be prepared in acetone/water medium' using

NaOH as the base or in organic solvents using NaH as the base.?

Cl Ar\o
OH X
NTSN KOH PY
+ N™ N
Cl)l\N/)\CI solvent-free A )I\ /)\ A
grinding r\o N~ SO r

1.2 General procedure for synthesis of arylnitriles 3
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Phenol derivatives 1 (0.10 mmol = aryl 0.3 mmol), 2-morpholinoacetonitrile 2
(75.7 mg, 0.60 mmol), NiBr, (6.6 mg, 0.03 mmol, 10 mol%), dcype (25.4 mg, 0.06
mmol, 20 mol%), K5;PO,4 (127.4 mg, 0.6 mmol), Zn powder (11.8 mg, 0.18 mmol, 60
mol%) and dry dioxane (1.5 mL) were added to a 10-mL glass vessel containing a
magnetic stirring bar in a glovebox. The reaction was heated at 130 °C for 24 h. After
cooling the reaction mixture to room temperature, the mixture was passed through a
silica gel pad with EtOAc as the eluent. The filtrate was then concentrated, and purified

using column chromatography on silica gel using n-hexane/EtOAc as eluent.

1.3 One-pot synthesis of arylnitriles 3a and 3b

NaH (24 mg, 0.6 mmol, 60% dispersion in mineral oil) was added to a stirring
mixture of phenol 1a or 1b (0.3 mmol) in dry 1,4-dioxane (1.5 mL) at room temperature
and stirred for 1h. Then, TCT (0.1 mmol) was added and the mixture was stirred at 100
°C for 12 h. After that, the reaction mixture was cooled down to room temperature, and
2-morpholinoacetonitrile 2, NiBr,, dcype, K;PO4 and Zn powder were added in a
glovebox (see above reaction conditions). The reaction was then heated at 130 °C for
24 h. After cooling the reaction mixture to room temperature, the mixture was passed
through a silica gel pad with EtOAc as the eluent. The filtrate was then concentrated,
and purified using column chromatography on silica gel using n-hexane/EtOAc as

eluent.

2 Characterization data of compounds

-
Benzonitrile 3a.3 Colorless oil (25.0 mg, 81%). 'H NMR (300 MHz, CDCl5)

8 7.46-7.49 (m, 2H), 7.60-7.66 (m, 3H). 3C NMR (75 MHz, CDCl3) & 111.4, 117.9,
128.2, 131.1, 131.8. MS (ESI) m/z: 103 [M*].

o
4-Methylbenzonitrile 3b.* Yellow liquid (29.1 mg, 81%). "H NMR (300

MHz, CDCl3) & 2.43 (s, 3H), 7.28 (d, J = 8.0 Hz, 2H), 7.55 (d, J = 8.0 Hz, 2H). 13C
NMR (75 MHz, CDCls) & 20.8, 108.3, 118.1, 128.9, 131.0, 142.7. MS (ESI) m/z: 117
[M*].
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o
MeO

4-Methoxybenzonitrile 3¢.? Yellow solid (33.9 mg, 85%), m.p. 61-62 °C. 'TH NMR (300
MHz, CDCl;) 8 3.86 (s, 3H), 6.95 (d, J = 9.0 Hz, 2H), 7.58 (d, J = 9.0 Hz, 2H). 13C
NMR (75 MHz, CDCl;) 6 54.6, 103.0, 113.8, 118.2, 133.0, 161.9. MS (ESI) m/z: 133
[M*].

o
F

4-Fluorobenzonitrile 3d.> Yellow solid (27.2 mg, 75%), m.p. 29-31 °C. 'H NMR (300
MHz, CDCl3) § 7.08-7.12 (m, 2H), 7.59-7.62 (m, 2H). 'H NMR (75 MHz, CDCl;) &
109.4 (d, Jc.r=3.8Hz), 117.6 (d, Jc.r=22.7 Hz), 118.1, 135.5 (d, Jc.r = 9.3 Hz), 166.1
(d, Je.r = 253 Hz). MS (ESI) m/z: 121 [M*].

o
Cl

4-Chlorobenzonitrile 3e.* Yellow solid (28.7 mg, 70%), m.p. 91-93 °C. 'H NMR (300
MHz, CDCls) 6 7.47 (d, J= 8.5 Hz, 2H), 7.61 (d, J= 8.5 Hz, 2H). 13C NMR (75 MHz,
CDCl;) 6 109.8, 117.0, 128.7, 132.4, 138.6. MS (ESI) m/z: 137 [M"].

o
O,N

4-Nitrobenzonitrile 3f.3 Yellow solid (32.8 mg, 74%), m.p. 141-143 °C. '"H NMR (300
MHz, CDCl3) 6 7.78 (d, J= 8.5 Hz, 2H), 8.25 (d, /= 9.0 Hz, 2H). '*C NMR (75 MHz,
CDCl3) 6 115.8, 117.4, 123.3, 132.5, 149.1. MS (ESI) m/z: 148 [M™].

o
NC

Terephthalonitrile 3g.° Yellow solid (27.6 mg, 72%), m.p. 214-216 °C. '"H NMR (300
MHz, DMSO-dg) 6 8.08 (s, 4H). 3C NMR (75 MHz, DMSO-d¢) 6 115.7, 117.5, 133.2.
MS (ESI) m/z: 128 [M*].

YQCN
(@]

4-Acetylbenzonitrile 3h.” Yellow solid (33.9 mg, 78%), m.p. 55-57 °C. 'H NMR (300
MHz, CDCL3) & 2.64 (s, 3H), 7.77 (d, J = 8.7 Hz, 2H), 8.04 (d, J = 8.7 Hz, 2H). 13C
NMR (75 MHz, CDCl3) § 26.7, 116.3, 117.9, 128.6, 132.4, 139.8, 196.5. MS (ESI) m/z:
145 [M*].

CN
H\’(©/
(0]
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4-Formylbenzonitrile 3i.° Light yellow solid (27.5 mg, 70%), m.p. 98-100 °C. '"H NMR
(300 MHz, CDCl3) 6 7.85 (d, J = 8.2 Hz, 2H), 8.00 (d, J = 8.5 Hz, 2H), 10.10 (s, 1H).
3BC NMR (75 MHz, CDCl3) 6 117.5, 117.6, 129.8, 132.8, 138.7, 190.6. MS (ESI) m/z:
131 [M*].

CN

s

4-(Methylthio)benzonitrile 3j.8 Yellow solid (35.7 mg, 80%), m.p. 57-59 °C. '"H NMR
(300 MHz, CDCls) 6 2.50 (s, 3H), 7.25 (d, J = 8.6 Hz, 2H), 7.52 (d, J = 8.7 Hz, 2H).
3C NMR (75 MHz, CDCl;) 6 14.6, 107.6, 118.9, 125.4, 132.1, 146.1. MS (ESI) m/z:
149 [M].

Q

CN

&

3-Methylbenzonitrile 3k.? Yellow liquid (29.5 mg, 84%). '"H NMR (300 MHz, CDCl5)
0 2.39 (s, 3H), 7.43 — 7.32 (m, 2H), 7.49 — 7.43 (m, 2H). 13C NMR (75 MHz, CDCl;) &
21.1,112.2, 119.0, 128.9, 129.2, 132.4, 133.6, 139.1. MS (ESI) m/z: 117 [M*].

L

CN

2-Methoxybenzonitrile 31.° Yellow liquid (24.7 mg, 62%). '"H NMR (300 MHz, CDCl3)
6 3.87 (s, 3H), 6.90-6.95 (m, 2H), 7.46-7.50 (m, 2H). 3C NMR (75 MHz, CDCl;) &

55.0,100.8, 110.3, 115.5, 119.8, 132.8, 133.4, 160.3. MS (ESI) m/z: 133 [M"].
Cl

4

CN

2-Chlorobenzonitrile 3m.!? Yellow solid (26.7 mg, 65%), m.p. 43-45 °C. '"H NMR (300
MHz, CDCls) & 7.41 — 7.35 (m, 1H), 7.59 — 7.49 (m, 2H), 7.71 — 7.65 (m, 1H). 13C
NMR (75 MHz, CDCl3) 6 113.3,115.9, 127.1, 130.0, 133.8, 133.9, 136.8. (s. MS (ESI)
m/z: 137 [M*].

CN
@) ;
_0O

3.,4-Dimethoxybenzonitrile 3n.* Yellow solid (37.2 mg, 76%), m.p. 62-65 °C. 'H NMR
(300 MHz, CDCls) 6 3.91 (s, 3H), 3.94 (s, 3H), 6.91 (d, J = 8.5 Hz, 1H), 7.09 (d, J =
1.5 Hz, 1H), 7.29 — 7.31 (dd, J= 8.3, 1.8 Hz, 1H). *C NMR (75 MHz, CDCl;) 6 55.1,
102.9, 110.3, 113.0, 118.2, 125.5, 148.2, 151.9. MS (ESI) m/z: 163 [M*].

o CN
o
0

3,4,5-Trimethoxybenzonitrile 30.'! Yellow solid (41.7 mg, 72%), m.p. 89-90 °C. 'H
NMR (300 MHz, CDCl3) & 3.88 (s, 6H), 3.90 (s, 3H), 6.86 (s, 2H). 13C NMR (75 MHz,

/
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CDCl;) 6 55.4, 60.1, 105.7, 108.5, 118.0, 141.4, 152.6. MS (ESI) m/z: 193 [M*].

"o

Benzo[d][1,3]dioxole-5-carbonitrile 3p.!? Yellow solid (33.1 mg, 75%), m.p. 90-92 °C.
'H NMR (300 MHz, CDCls) 6 6.07 (s, 2H), 6.86 (d, J= 8.1 Hz, 1H), 7.02 (d, /= 1.5
Hz, 1H), 7.20 (dd, J = 8.1, 1.6 Hz, 1H). 3C NMR (75 MHz, CDCl;) 6 102.2, 104.8,
109.0, 111.3, 118.8, 128.1, 147.9, 151.4. MS (ESI) m/z: 147 [M*].

Ph\[roﬁ -

)

4-Cyanobenzyl benzoate 3q.!3 Yellow liquid (51.9 mg, 73%). '"H NMR (300 MHz,
CDCls) 6 5.34 (s, 2H), 5.37 - 5.41 (t,J=7.5 Hz, 2H), 7.47 — 7.53 (m, 3H), 7.60 (d, J =
8.5 Hz, 2H), 8.09 (d, J= 8.0 Hz, 2H). 3C NMR (75 MHz, CDCl3) 8 64.5, 111.1, 117.6,
127.3,127.6, 128.6, 128.7, 131.5, 132.4, 140.4, 165.1. MS (ESI) m/z: 237 [M*].

CN

1-Naphthonitrile 3r.> White solid (32.1 mg, 70%), m.p. 34-35 °C. 'H NMR (300 MHz,
CDCls) 8 7.53 — 7.56 (t, J= 7.8 Hz, 1H), 7.62 — 7.65 (t, J= 7.5 Hz, 1H), 7.70 — 7.73 (t,
J=17.5Hz, 1H), 7.92 — 7.95 (t, J = 6.3 Hz, 2H), 8.09 (d, J = 8.5 Hz, 1H), 8.25 (d, J =
8.0 Hz, 1H). 3C NMR (75 MHz, CDCls) 6 109.3, 116.8, 123.9, 124.2, 126.6, 127.6,
131.4, 131.6, 132.0, 132.3. MS (ESI) m/z: 153 [M*].

8

2-Naphthonitrile 3s.3 White solid (31.2 mg, 68%), m.p. 62-63 °C. '"H NMR (300 MHz,
CDCls) & 7.62 — 7.69 (m, 3H), 7.91 — 7.95 (m, 3H), 8.26 (s, 1H). '*C NMR (75 MHz,
CDCl) 6 108.4, 118.2, 125.4, 126.7, 127.1, 127.4, 128.0, 128.2, 131.3, 133.2, 133.7.
MS (ESI) m/z: 153 [M*].

J G

4'-Methylbiphenyl-2-carbonitrile 3t.'4 White solid (26.6 mg, 46%), m.p. 50-52 °C. 'H
NMR (300 MHz, CDCl5) 6 2.35 (s, 3H), 7.23 (d, 2H, J=8.0 Hz), 7.33 - 7.36 (t, 1H, J
—7.5 Hz), 7.39 (d, J = 8.0 Hz, 2H), 7.43 (d, J = 8.0 Hz, 1H), 7.54 — 7.57 (t, J = 8.0 Hz,
1H), 7.67 (d, J= 7.5 Hz, 2H). 3C NMR (75 MHz, CDCls) 6 20.3, 110.2, 117.9, 126.3,
127.6, 128.5, 129.0, 131.8, 132.7, 134.3, 137.7, 144.6. MS (ESI) m/z: 193 [M*].

X

7

N CN
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2-Cyanopyridine 3u.'> Light yellow solid (13.1 mg, 42%), m.p. 26-28 °C. 'H NMR
(500 MHz, CDCl3) § 8.67 (d, J = 4.6 Hz, 1H), 7.83 (td, J = 7.8, 1.3 Hz, 1H), 7.67 (d,J
— 7.8 Hz, 1H), 7.51 (dd, J = 7.7, 4.9 Hz, 1H). 13C NMR (125 MHz, CDCl3) & 117.0,
126.9, 128.4, 133.6, 137.0, 150.9. MS (ESI) m/z: 104 [M*].

xCN

7

N

3-Cyanopyridine 3v.!* White solid (22.8 mg, 73%), m.p. 50-52 °C. "H NMR (300 MHz,
CDCls) & 7.43 — 7.45 (m, 1H), 7.95 — 7.98 (m, 1H), 8.81-8.88 (m, 2H). 13C NMR (75
MHz, CDCI3) 6 109.2, 115.5, 122.7, 138.3, 151.5, 152.0. MS (ESI) m/z: 104 [M].

CN
N

7

N
4-Cyanopyridine 3w.'® Light yellow solid (20.3 mg, 65%), m.p. 86-88 °C. 'H NMR
(500 MHz, CDCl3) 8 8.77 (d, J = 5.8 Hz, 2H), 7.50 (d, J = 5.9 Hz, 2H). '3C NMR (125
MHz, CDCl3) 6 116.2, 120.3, 125.1, 150.6. MS (ESI) m/z: 104 [M].

WCN

o)
Furan-2-carbonitrile 3x.!7 Light yellow liquid (11.4 mg, 41%). '"H NMR (500 MHz,

CDCl3) § 7.58 (d, J = 1.4 Hz, 1H), 7.10 (d, J = 3.5 Hz, 1H), 6.53 (dd, J = 3.6, 1.8 Hz,
1H). 3C NMR (125 MHz, CDCl3) 8 113.3, 113.4, 121.9, 126.2, 147.3. MS (ESI) m/z:
93 [M*].

WCN

S
Thiophene-2-carbonitrile 3y.!” Light yellow liquid (16.4 mg, 50%). '"H NMR (500
MHz, CDCls) § 7.60 (t, J = 4.5 Hz, 2H), 7.14 — 7.09 (m, 1H). *C NMR (125 MHz,
CDCl;) 8 109.6, 114.1, 127.5, 132.5, 137.3. MS (ESI) m/z: 109 [M"].

NC\©/CN
Isophthalonitrile 3z.'8 White solid (18.4 mg, 48%), m.p. 163-165 °C. '"H NMR (500

MHz, CDCl3) § 7.95 (s, 1H), 7.90 (d, J = 8.4 Hz, 2H), 7.66 (t, J = 7.9 Hz, 1H). 3C
NMR (125 MHz, CDCls) § 114.0, 116.5, 130.2, 135.3, 135.9. MS (ESI) m/z: 128 [M"].

o8
[1,1'-Biphenyl]-4-carbonitrile 4. Yellow solid (34.4 mg, 64%), m.p. 85-87 °C. 'H
NMR (300 MHz, CDCl3) § 7.41 — 7.55 (m, 3H), 7.57 — 7.64 (m, 2H), 7.66 — 7.78 (m,

4H). BC NMR (75 MHz, CDCl3) 6 110.8, 118.9, 127.1, 127.6, 128.6, 129.0, 132.5,
139.1, 145.6. MS (ESI) m/z: 179 [M*].
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oh

(E)-4-styrylbenzonitrile 5.2° Yellow solid (40.6 mg, 66%), m.p. 113-115 °C. 'H NMR
(300 MHz, CDCl3) & 6.95 (d, J = 16.3 Hz, 1H), 7.09 (d, J = 16.3 Hz, 1H), 7.30 — 7.16
(m, 3H), 7.54 — 7.37 (m, 6H). 3C NMR (75 MHz, CDCl3) 5 110.5, 119.0, 126.7, 126.8,
126.9, 128.6, 128.8, 132.3, 132.4, 136.2, 141.8. MS (ESI) m/z: 205 [M"].

e

0]

4-Morpholinobenzonitrile 6.2! White solid (34.4 mg, 61%), m.p. 74-76 °C. 'H NMR
(300 MHz, CDCl3) ¢ 3.22 — 3.33 (m, 4H), 3.79 — 3.90 (m, 4H), 6.81- 6.92 (m, 2H),
7.46 — 7.57 (m, 2H). 3C NMR (75 MHz, CDCl;) & 47.2, 66.4, 100.8, 114.0, 119.8,
133.4, 153.4. MS (ESI) m/z: 188 [M*].

CN
/OYQ

o)

Methyl 4-cyanobenzoate 7.2! White solid (25.1 mg, 52%), m.p. 63-65 °C. '"H NMR (300
MHz, CDCls) 8 3.96 (s, 3H), 7.74 (d, J = 8.5 Hz, 2H), 8.14 (d, J = 8.5 Hz, 2H). 13C
NMR (75 MHz, CDCl;) 6 52.7,116.3, 117.9, 130.0, 132.2, 133.8, 165.4. MS (ESI) m/z:
161 [M].
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3 Selected Copies of 'TH NMR and *C NMR spectra
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