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1. General Considerations

All experiments with metal complexes were performed using oven-dried glassware under an
inert atmosphere using either standard Schlenk line or Glove box techniques. All solvents used
for the synthesis were distilled, degassed by standard methods, and stored under inert
atmosphere over 4 A molecular sieves. All the 'H and *C{'H} NMR spectra were recorded
using Bruker 400 and 500 MHz FT-NMR spectrometers, referenced internally to the residual
solvent signals. ESI-MS spectra were measured with an Agilent 6545A Q-TOF Mass
spectrometer. Chemicals e.g. cobalt precursor, [Co(Cp*)Cl2]> and ligands L1-L3 were
synthesized according to the literature procedures.! All other chemicals were procured from

commercial sources and used as received.!

Optimization studies for the alkylation and cyclisation of 1,2-phenylene diamine?
Table S1: Screening of solvent

O Ca
" )
@[NHz . ©/\OH [Co(Cp*)Cly]; + ligand C[N . N
NH, KOBu, solvent, o N/\©
140 °C, 24h H < g
3a 4a

1a 2a
Entry | Complex Ligand Solvent Yield 3a/4a (%)
1 | [Co(Cp")CL], | L3/1L1 Xylene 38/35
2 |[Co(Cp*)CL], | L3/L1 ‘AmMOH 40/38
3 [Co(Cp*)CL], | L3/L1 1,4-dioxane 52/46
4 | [Co(Cp™)CL, | L3/L1 Toluene 80/78

*Reaction conditions: diamine 1a (0.5 mmol), benzyl alcohol 2a (1.25 mmol), KO'Bu (1 equiv.),
[Co(Cp*)Cl,]2 (1.5 mol %), ligand (3 mol %), solvent (1 mL) at 140 °C for 24 h. Yield: All are isolated
yields.

Table S2: Optimization data for the formation of 6a and 7a

NH2 H\/©
O: ©/\0H [Co(Cp*)Cly], + ligand N\)_@ N
+ - +
NH, KOtBou, solvent, N \H
140 °C, 24h H 2
1a 2a 6a 7a
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Entry Complex Ligand Solvent Yield 6a/7a (%)
1 | [Co(Cp™)CL], L3 Xylene - 139
2 | [Co(Cp*)CL], L3 tAMOH - 146
3 | [Co(Cp*)CL], L3 Toluene - /80
4 | [Co(Cp*)CL,], L1 Xylene 35/8
5 | [Co(Cp*)CLy, L1 ‘AmOH 41710
6 | [Co(Cp*)CLy], L1 Toluene 78 /12

*Reaction conditions: diamine 1a (0.5 mmol), benzyl alcohol 2a (0.75 mmol), KO'Bu (0.5 equiv.),
[Co(Cp*)Cl,]2 (1.5 mol %), ligand (3 mol %), solvent (1 mL) at 140 °C for 24 h. Yield: All are isolated
yields.

Table S3: Optimization data for the formation of 9a

H\/©
©/ Nz ©/\OH [Co(Cp*)Cly], + ligand ©/N
+
KOBu, solvent,

8a 2a 140 °C, 20h 9a
Entry Complex Ligand Yield 9a (%)
1 | [Co(Cp*)CL], L1 67
2 [Co(Cp*)CL,], L2 72
3 [Co(Cp*)CL, ], L3 86

*Reaction conditions: amine 1a (0.5 mmol), benzyl alcohol 2a (0.75 mmol), KO'Bu (0.25 equiv.),
[Co(Cp*)Cl,]2 (1.0 mol %), ligand (2 mol %), solvent (1 mL) at 140 °C for 20 h. Yield: All are isolated
yields.

General procedure A for the synthesis of N, N’-dialkylated diamines: An oven-dried
Schlenk tube (25 mL) was charged with [Co(Cp*)Cl2]> (0.0075 mmol), ligand L3 (0.015
mmol), and KO'Bu (0.5 mmol, 1 equiv.) followed by toluene (1 mL). Then, the tube was kept
in an oil bath at 140 °C and heated for 1 h. After cooling to room temperature, respective
diamine 1 (0.5 mmol) and alcohol 2 (1.25 mmol, 2.5 equiv.) were added and further heated at
140 °C for 24 h. After completion of the reaction, analytically pure products were obtained via

column chromatography using hexane/ethyl acetate as eluent.

General procedure B for the synthesis of 1,2-disubstituted benzimidazoles: An oven-dried
Schlenk tube (25 mL) was charged with [Co(Cp*)Cl2]. (0.0075 mmol), ligand L1 (0.015
mmol), and KO'Bu (0.5 mmol, 1 equiv.) followed by toluene (1 mL). Then, the tube was kept
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in an oil bath at 140 °C and heated for 1 h. After cooling to room temperature, respective
diamine 1 (0.5 mmol) and alcohol 2 (1.25 mmol, 2.5 equiv.) were added and further heated at
140 °C for 24 h. After completion of the reaction, analytically pure products were obtained via

column chromatography using hexane/ethyl acetate as eluent.

General procedure C for the synthesis of 2-substituted benzimidazoles: An oven-dried
Schlenk tube (25 mL) was charged with [Co(Cp*)Cl2]. (0.0075 mmol), ligand L1 (0.015
mmol), and KO'Bu (0.25 mmol, 0.5 equiv.) followed by toluene (1 mL). Then, the tube was
kept in an oil bath at 140 °C and heated for 1 h. After cooling to room temperature, respective
diamine 1 (0.5 mmol) and alcohol 2 (0.75 mmol, 1.5 equiv.) were added and further heated at
140 °C for 24 h. After completion of the reaction, analytically pure products were obtained via

column chromatography using hexane/ethyl acetate.

General procedure D for the cyclisation of o-nitro aniline: An oven-dried Schlenk tube (25
mL) was charged with [Co(Cp*)Cl2]2 (0.0125 mmol), ligand L1 (0.025 mmol), and KO'Bu (0.5
mmol, 1.0 equiv.) followed by toluene (1 mL). Then, the tube was kept in an oil bath at 140 °C
and heated for 1 h. After cooling to room temperature, respective o-nitro aniline 5 (0.5 mmol)
and alcohol 2 (1.5 mmol, 3 equiv.) were added and further heated at 140 °C for 24 h. After
completion of the reaction, analytically pure products were obtained via column

chromatography using hexane/ethyl acetate.

General procedure E for the synthesis of mono-N-alkylated diamines: An oven-dried
Schlenk tube (25 mL) was charged with [Co(Cp*)Cl2]2 (0.0075 mmol), ligand L3 (0.015
mmol), and KO'Bu (0.25 mmol, 0.5 equiv.) followed by toluene (1 mL). Then, the tube was
kept in an oil bath at 140 °C and heated for 1 h. After cooling to room temperature, respective
diamine 1 (0.5 mmol) and alcohol 2 (0.75 mmol, 1.5 equiv.) were added and further heated at
140 °C for 24 h. After completion of the reaction, analytically pure products were obtained via

column chromatography using hexane/ethyl acetate.

General procedure F for the synthesis of N-alkylated amines: An oven-dried Schlenk tube
(25 mL) was charged with [Co(Cp*)Cl2]2 (0.005 mmol), ligand L3 (0.01 mmol), and KO'Bu
(0.25 mmol, 0.5 equiv.) followed by toluene (1 mL). Then, the tube was kept in an oil bath at
140 °C and heated for 1 h. After cooling to room temperature, respective amine 8 (0.5 mmol)
and alcohol 2 (0.75 mmol, 1.5 equiv.) were added and further heated at 140 °C for 20 h. After
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completion of the reaction, analytically pure products were obtained via column

chromatography using hexane/ethyl acetate.

Large-scale Reaction: An oven-dried Schlenk tube (25 mL) was charged with [Co(Cp*)Cl.]2
(0.075 mmol), ligand L3/L.1 (0.15 mmol), and KO'Bu (5 mmol, 1 equiv.) followed by toluene
(10 mL). Then, the tube was kept in an oil bath at 140 °C and heated for 1 h. After cooling to
room temperature, respective diamine (5 mmol) and alcohol (12.5 mmol, 2.5 equiv.) were
added and further heated at 140 °C for 24 h. After completion of the reaction, analytically pure

products 3a/4a were obtained via column chromatography using hexane/ethyl acetate.

) -0
A

112 g, 78% 1.02 g, 72%

Irz

Analytical data of the isolated compounds

N! N?-dibenzylbenzene-1,2-diamine (3a):> Following the general procedure A, the titled

- N compound was isolated as greenish liquid (115 mg, 0.399 mmol,
\/@ 80% yield) using silica gel column chromatography (2-5% ethyl
©: acetate in hexane). '"H NMR (400 MHz, CDCls) 6 7.43-7.29 (m,
N/\© 10H), 6.84-6.73 (m, 4H), 4.34 (s, 4H), 3.68 (s, br, 2H) ppm.
L J  BC{'H} NMR (101 MHz, CDCls) 6 139.6, 137.3, 128.7, 127.9,
127.4, 119.6, 112.2, 48.9 ppm. HRMS (ESI) m/z: [M + H]" Caled

for C2oH20N2H 289.1705; Found 289.1700.

H
N

N!,N?-bis(4-methylbenzyl)benzene-1,2-diamine (3b):> Following the general procedure A, the

( V. titled compound was isolated as greenish liquid (123 mg, 0.389
H\/Q/ mmol, 78% yield) using silica gel column chromatography (2-5%

@[ ethyl acetate in hexane). 'H NMR (400 MHz, CDCl3) 6 7.30-7.28
H/\©\ (m, 4H), 7.18-7.15 (m, 4H), 6.83-6.72 (m, 4H), 4.28 (s, 4H), 3.59

L ) (s, br, 2H), 2.37 (s, 6H) ppm. BC{'H} NMR (101 MHz, CDCl5)
0137.3,137.0, 136.5, 129.4, 128.0, 127.9, 119.5, 112.0, 48.7, 21.2 ppm. HRMS (ESI) m/z: [M

+ H]" Calcd for C22H24N>H 317.2018; Found 317.2011.
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NI N?-bis(4-isopropylbenzyl)benzene-1,2-diamine (3¢):*> Following the general procedure A,

the titled compound was isolated as a white solid (155 mg, 0.414
mmol, 83% yield) using silica gel column chromatography (2-
5% ethyl acetate in hexane). 'H NMR (400 MHz, CDCls) § 7.32
(d, /J=7.9 Hz, 4H), 7.21 (d, J= 8.1 Hz, 4H), 6.82-6.73 (m, 4H),
4.27 (s, 4H), 3.59 (s, br, 2H), 2.94-2.87 (m, 2H), 1.25 (d, J=7.0
Hz, 12H) ppm. *C{'H} NMR (101 MHz, CDCl3) 6 148.1, 137.4,

136.9, 128.1, 126.8, 119.5, 111.9, 48.7, 34.0, 24.2 ppm. HRMS (ESI) m/z: [M + H]" Calcd for
C26H32N2H 373.2644; Found 373.2633.

N, N-bis(4-chlorobenzyl)benzene-1,2-diamine (3d):> Following the general procedure A, the

Ve

cl )

H
N
: N
H

L
Q,

titled compound was isolated as greenish liquid (139 mg, 0.389
mmol, 78% yield) using silica gel column chromatography (2-
5% ethyl acetate in hexane). 'H NMR (400 MHz, CDCls) § 7.32
(m, 8H), 6.82-6.66 (m, 4H), 4.30 (s, 4H), 3.64 (s, br, 2H) ppm.
BC{'H} NMR (101 MHz, CDCls) § 138.0, 137.0, 133.1, 129.2,
128.9,119.8, 112.4,48.2 ppm. HRMS (ESI) m/z: [M + H]" Caled

for C20H18CI2N2H 357.0925; Found 357.0921.

N, N-bis(4-bromobenzyl)benzene-1,2-diamine (3e):> Following the general procedure A, the

N
J/

Ve
\_

titled compound was isolated as greenish liquid (169.5 mg, 0.379
mmol, 76% yield) using silica gel column chromatography (2-
5% ethyl acetate in hexane). 'TH NMR (400 MHz, CDCls) § 7.32
(m, 8H), 6.82-6.66 (m, 4H), 4.30 (s, 4H), 3.64 (s, br, 2H) ppm.
BC{'H} NMR (101 MHz, CDCl3) 6 138.0, 137.0, 133.1, 129.2,

128.9, 119.8, 112.4, 48.2 ppm. HRMS (ESI) m/z: [M + H]" Calcd for CaoH sBraN2H 446.9896;

Found 446.9898.

N N?-bis(4-methylthiobenzyl)benzene-1,2-diamine (3f): Following the general procedure A,

I the titled compound was isolated as orange liquid (148 mg, 0.389
mmol, 78% yield) using silica gel column chromatography (2-5% ethyl
acetate in hexane). 'H NMR (500 MHz, CDCl3) § 7.32-7.30 (m, 4H),
7.26-7.24 (m, 4H), 6.82-6.80 (m, 2H), 6.73-6.70 (m, 2H), 4.28 (s, 4H),
3.65 (s, br,2H), 2.49 (d, J=2.0 Hz, 6H) ppm.'3C{'H} NMR (126 MHz,

S6



CDChL) 0 137.4, 137.1, 136.4, 128.5, 127.1, 119.7, 112.4, 48.5, 16.1 ppm. HRMS (ESI) m/z:
[M + H]" Calcd for C22H24N2SoH 381.1459; Found 381.1458.

N, N?-bis(3-methoxybenzyl)benzene-1,2-diamine (3g):> Following the general procedure A,

s

Cx

H
N

/
\/io)
N’\Q
H
O\

~

v

the titled compound was isolated as a greenish liquid (132 mg, 0.379

mmol, 76% yield) using silica gel column chromatography (5-10%
ethyl acetate in hexane). 'TH NMR (400 MHz, CDCl3) 6 7.28-7.23 (m,
2H), 6.99-6.95 (m, 4H), 6.83-6.70 (m, 6H), 4.29 (s, 4H), 3.79 (s, 6H)
ppm. BC{'H} NMR (101 MHz, CDCl3) § 160.0, 141.2, 137.2, 129.7,
120.2, 119.6, 113.6, 112.7, 112.2, 55.3, 48.9 ppm. HRMS (ESI) m/z:
[M + H]" Calcd for C22H24N20>H 349.1916; Found 349.1904.

NLN?-dibenzylbenzene-1,3-diamine (3h):*> Following the general procedure A, the titled

s

|&)

e

compound was isolated as greenish liquid (116 mg, 0.402
mmol, 80% yield) wusing silica gel column
chromatography (2-5% ethyl acetate in hexane). 'H
NMR (400 MHz, CDCl3) ¢ 7.35-7.22 (m, 10H), 6.96 (t,
J=28.0 Hz, 1H), 6.06-6.03 (m, 2H), 5.91 (t, J = 2.3 Hz,

1H), 4.26 (s, 4H), 3.91 (s, br, 2H) ppm. C{'H} NMR (101 MHz, CDCls) J 149.5, 139.8,
130.2, 128.7, 127.6, 127.3, 103.2, 97.4, 48.5 ppm. HRMS (ESI) m/z: [M + H]" Calcd for
C20H20N2H 289.1705; Found 289.1703.

N! N*-dibenzylbenzene-1,4-diamine (3i):> Following the general procedure A, the titled

Ve

.

o

N
H

o

H
N

L

N

J

compound was isolated as a brownish solid (110 mg,
0.381 mmol, 76% yield) using silica gel column
chromatography (10-15% ethyl acetate in hexane). 'H
NMR (400 MHz, CDCl3) 0 7.37-7.24 (m, 10H), 6.56 (s,
4H), 4.25 (s, 4H), 2.97 (s, br, 2H) ppm. *C{'H} NMR

(101 MHz, CDCL3) 6 140.9, 140.1, 128.7, 127.7, 127.2, 114.8, 49.7 ppm. HRMS (ESI) m/z: [M
+ H]" Caled for C20HaoN2H 289.1705; Found 289.1695.
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1-benzyl-2-phenyl-1H-benzo[d]imidazole (4a):* Following the general procedure B, the titled

Ve

\

N

/

compound was isolated as a white solid (108 mg, 0.379 mmol, 76%

yield) using silica gel column chromatography (10-15% ethyl
acetate in hexane). 'H NMR (400 MHz, CDCl3) 6 7.88 (d, J = 8.4
Hz, 1H), 7.70 (d, J = 6.9 Hz, 2H), 7.47-7.45 (m, 3H), 7.35-7.30 (m,
4H), 7.24-7.20 (m, 2H), 7.11 (d, J = 6.6 Hz, 2H), 5.46 (s, 2H) ppm.
BC{'H} NMR (101 MHz, CDCls) 6 154.3, 143.3, 136.5, 136.2,
130.2, 130.1, 129.4, 129.2, 128.9, 127.9, 126.1, 123.2, 122.8, 120.1, 110.7, 48.5 ppm. HRMS
(ESI) m/z: [M + H]" Calcd for C20H16N2H 285.1392; Found 285.1395.

1-(4-methylbenzyl)-2-(p-tolyl)-1H-benzo[d]imidazole (4b):° Following the general procedure

r

N

B, the titled compound was isolated as white solid (125 mg,
0.399 mmol, 80% yield) using silica gel column
chromatography (10-15% ethyl acetate in hexane). '"H NMR
(400 MHz, CDCl3) 6 7.86 (d, J=8.0 Hz, 1H), 7.59 (d, /= 8.0
Hz, 2H), 7.31 (d, J=7.0 Hz, 1H), 7.28 (s, 1H), 7.25 (s, 1H),
7.22-7.19 (m, 2H), 7.13 (d, J= 7.7 Hz, 2H), 7.00 (d, J = 7.7
Hz, 2H), 5.41 (s, 2H), 2.40 (s, 3H), 2.34 (s, 3H) ppm. *C{'H}

NMR (101 MHz, CDCl3) 0 154.5, 143.3, 140.3, 137.7, 136.3, 133.6, 129.9, 129.7, 129.4, 127.3,
126.1,123.1,122.9, 120.0, 110.7, 48.5, 21.7, 21.3 ppm. HRMS (ESI) m/z: [M + H]" Calcd for
C22H20N2H 313.1705; Found 313.1709.

1-(4-isopropylbenzyl)-2-(4-isopropylphenyl)-1H-benzo[d]imidazole (4c):* Following the

general procedure B, the titled compound was

isolated as a white solid (129 mg, 0.349 mmol, 70%
: < > < yield) using silica gel column chromatography (10-

15% ethyl acetate in hexane). 'H NMR (400 MHz,
CDCls) 67.86 (d,.J=7.9 Hz, 1H), 7.64 (d, J=8.1 Hz,
2H), 7.31 (d,J=8.1 Hz, 3H), 7.21-7.18 (m, 4H), 7.04
(d, J= 8.1 Hz, 2H), 5.4 (s, 2H), 2.99-2.93 (m, 1H),

2.91-2.84 (m, 1H), 1.28 (s, 3H), 1.27 (s, 3H), 1.25 (s,

3H), 1.23 (s, 3H) ppm. *C{'H} NMR (101 MHz, CDCL3) 6 154.5, 151.1, 148.6, 136.2, 133.9,
129.4, 127.6, 127.2, 127.0, 126.1, 123.0, 122.7, 119.9, 110.8, 48.4, 34.2, 33.9, 24.1, 24.0 ppm.
HRMS (ESI) m/z: [M + H]* Caled for CasHasNoH 369.2331; Found 369.2338.
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1-(4-methoxybenzyl)-2-(4-methoxyphenyl)-1H-benzo[d[imidazole (4d):* Following the

general procedure B, the titled compound was isolated as

greenish liquid (127 mg, 0.369 mmol, 74% yield) using silica
gel column chromatography (10-15% ethyl acetate in
hexane). 'H NMR (500 MHz, CDCl3) § 8.14 (d, J = 8.7 Hz,
1H), 7.95 (d, J= 8.0 Hz, 1H), 7.71 (d, J = 8.7 Hz, 2H), 7.35
(s, 1H), 7.07 (d, J = 8.4 Hz, 2H), 7.02 (d, J = 8.7 Hz, 2H),
6.96 (s, 1H), 6.90 (d, J = 8.6 Hz, 2H), 5.41 (s, 2H), 3.88 (s,
3H), 3.82 (s, 3H) ppm. 3C{'H} NMR (126 MHz, CDCIl3) ¢
161.3,161.1,154.3,151.2,130.8, 128.4, 127.4, 122.8, 122.6, 122.3, 119.7, 114.6, 114.4, 110.7,
55.5, 55.4, 48.1 ppm. HRMS (ESI) m/z: [M + H]" Calcd for C22H20N20-H 345.1603; Found
345.1609.

1-(4-chlorobenzyl)-2-(4-chlorophenyl)-1H-benzold]imidazole (4e):> Following the general

procedure B, the titled compound was isolated as an off-

r

L

N

N
N

white solid (122 mg, 0.344 mmol, 69% yield) using silica
gel column chromatography (5-10% ethyl acetate in
hexane). '"H NMR (500 MHz, CDCl3) § 7.86 (d, J= 8.1 Hz,
1H), 7.59 (d, J=8.0 Hz, 2H), 7.51 (d, J = 8.5 Hz, 2H), 7.45
(d, J=8.4 Hz, 2H), 7.33 (t, /= 7.3 Hz, 1H), 7.26 (t, J = 8.4

Cl

\ J/

Hz, 1H), 7.18 (d, J= 7.9 Hz, 1H), 6.94 (d, J = 8.2 Hz, 2H),
5.36 (s, 2H) ppm. '3C{'H} NMR (126 MHz, CDCls) 6 153.0, 143.2, 136.1, 135.3, 132.5, 132.2,
130.8, 129.0, 127.7, 124.8, 123.6, 123.2, 122.1, 120.3, 110.4, 48.0 ppm. HRMS (ESI) m/z: [M
+H]" Caled for C2oH14CLNoH 353.0612; Found 353.0618.

1-(4-nitrobenzyl)-2-(4-nitrophenyl)-1H-benzo[d]imidazole (4f):° Following the general

procedure B, the titled compound was isolated as a

Ve

N

white solid (94 mg, 0.250 mmol, 62% yield) using
silica gel column chromatography (10-15% ethyl
acetate in hexane). '"H NMR (500 MHz, CDCl3) 6 7.86
(d, J=8.1 Hz, 1H), 7.59 (d, J = 8.0 Hz, 2H), 7.51 (d,
J=28.5Hz, 2H), 7.45 (d, J= 8.4 Hz, 2H), 7.33 (t, J =

7.3 Hz, 1H), 7.26 (t, J = 8.4 Hz, 1H), 7.18 (d, J = 7.9
S9



Hz, 1H), 6.94 (d, J = 8.2 Hz, 2H), 5.36 (s, 2H) ppm. '*C{'H} NMR (126 MHz, CDCl3) § 153.0,
143.2,136.1, 135.3, 132.5, 132.2, 130.8, 129.0, 127.7, 124.8, 123.6, 123.2, 122.1, 120.3, 110.4,
48.0 ppm. HRMS (ESI) m/z: [M + H]* Calcd for C2HasN2O,H 349.1916; Found 349.1919.

4-(1-(4-(diisopropyllamino)benzyl)-1H-benzo[d]imidazol-2-yl)-N, N dimethylaniline (4g):°

e N Following the general procedure B, the titled compound

@N»_@N/ was isolated as white solid (159 mg, 0.429 mmol, 86%

N \ yield) using silica gel column chromatography (5-10%

ethyl acetate in hexane). 'H NMR (500 MHz, CDCl3) &

7.72 (d, J= 8.0 Hz, 1H), 7.53 (d, /= 8.1 Hz, 2H), 7.16-

—N 7.12 (m, 1H), 7.09-7.03 (m, 2H), 6.89 (d, J = 8.6 Hz,

N </ 2H), 6.61 (d, J=9.0 Hz, 2H), 6.54 (d, J= 8.7 Hz, 2H),

5.23 (s, 2H), 2.86 (s, 6H), 2.79 (s, 6H) ppm. *C{'H} NMR (126 MHz, CDCl3) 6 155.0, 151.3,

150.0, 143.4, 136.4, 130.3, 127.0, 124.4, 122.1, 119.3, 117.5, 112.8, 111.9, 110.4, 48.0, 40.5,
40.2 ppm. HRMS (ESI) m/z: [M + H]" Caled for C24H26N4H 371.2236; Found 371.2241.

2-(furan-2-yl)-1-(furan-2-ylmethyl)-1H-benzo[d]imidazole (4h):* Following the general

( N\ procedure B, the titled compound was isolated as a white solid

O
,/@ (90 mg, 0.339 mmol, 68% yield) using silica gel column
N 0 chromatography (10-15% ethyl acetate in hexane). 'H NMR
©:N’>_@ (500 MHz, CDCl3) 6 7.78-7.77 (m, 1H), 7.60 (d, J = 3.2 Hz,
\ /' 1H), 7.45-7.44 (m, 1H), 7.28-7.25 (m, 3H), 7.20 (t, J = 3.3 Hz,
1H), 6.57 (s, 1H), 6.23 (d, J=2.8 Hz, 1H), 6.20 (t,J = 3.0 Hz, 1H), 5.56 (s, 2H) ppm. *C {'H}
NMR (126 MHz, CDCl3) 0 149.6, 145.4, 144.0, 143.0, 142.7, 135.5, 123.3, 122.9, 119.8, 113.0,

112.1, 110.5, 110.0, 108.4, 41.7 ppm. HRMS (ESI) m/z: HRMS (ESI) m/z: [M + H]* Calcd for
C16H12N20,H 265.0977; Found 265.0983.

2-(thiophen-2-yl)-1-(thiophen-2-ylmethyl)-1H-benzo[d]imidazole ~(4i):> Following the

e N general procedure B, the titled compound was isolated as a white

I/@ solid (107 mg, 0.359 mmol, 72% yield) using silica gel column
N chromatography (10-15% ethyl acetate in hexane). 'H NMR (500

N S
@ »_@ MHz, CDCls) 6 7.78-7.77 (m, 1H), 7.60 (d, J= 3.2 Hz, 1H), 7.45-
N

7.44 (m, 1H), 7.28-7.25 (m, 3H), 7.20 (t, J = 3.3 Hz, 1H), 6.57 (s,
1H), 6.23 (d, J=2.8 Hz, 1H), 6.20 (t, J = 3.0 Hz, 1H), 5.56 (s, 2H)
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ppm. BC{'H} NMR (126 MHz, CDCl3) 6 149.6, 145.4, 144.0, 143.0, 142.7, 135.5, 123.3,
122.9, 119.8, 113.0, 112.1, 110.5, 110.0, 108.4, 41.7 ppm. HRMS (ESI) m/z: [M + H]" Calcd
for C16H12N2S2H 297.0520; Found 297.0528.

2-(pyridin-2-yl)-1-(pyridin-2-ylmethyl)-1H-benzo[d]imidazole (4j):> Following the general

procedure B, the titled compound was isolated as brown solid

( )

(106 mg, 0.369 mmol, 74% yield) using silica gel column

N N=
©: \ \ / chromatography (10-15% ethyl acetate in hexane). 'H NMR
N (500 MHz, CDCl3) & 8.59-8.55 (m, 2H), 8.51 (d, J = 8.5 Hz,

N { 1H), 7.89 (d, J = 8.0 Hz, 1H), 7.82-7.79 (m, 1H), 7.47-7.43 (m,
— 1H), 7.39 (d, J= 8.0 Hz, 1H), 7.33-7.30 (m, 1H), 7.28-7.25 (m,
\ J

2H), 7.12-7.09 (m, 1H), 6.92 (d, J = 7.9 Hz, 1H), 6.31 (s, 2H)
ppm. PC{'H} NMR (126 MHz, CDCl3) § 157.2, 150.0, 149.6, 149.0, 148.6, 142.3, 136.9,
136.8, 136.7, 124.6, 123.9, 123.8, 123.0, 122.3, 120.9, 119.9, 110.8, 51.0 ppm. HRMS (ESI)
m/z: [M + H]" Caled for C1sH14N4H 287.1297; Found 287.1296.

1-benzyl-5-methyl-2-phenyl-1H-benzo[d]imidazole (4k):° Following the general procedure B,

- ~ the titled compound was
N N isolated as a yellow solid as a
\@ \>—© /@: \>_© mixture of isomers in 3:1 ratio

N N (113 mg, 0.379 mmol, 76%
yield) using silica gel column

chromatography (10-15%

\ J/

ethyl acetate in hexane). 'H
NMR (500 MHz, CDCl3) 6 7.75 (d, J = 8.2 Hz, 1H), 7.67-7.66 (m, 2H), 7.44-7.43 (m, 3H),
7.36-7.30 (m, 3H), 7.14 (d, /= 8.3 Hz, 1H), 7.10 (d,./ = 7.1 Hz, 2H), 7.01 (s, 1H), 5.42 (s, 2H),
2.50 (s, 1H), 2.44 (s, 3H) ppm. C{'H} NMR (126 MHz, CDClz) 6 154.2, 153.8, 143.7, 141 .4,
136.7,136.5,133.2,132.5,130.4,129.8,129.4,129.3,129.2,129.1, 128.8, 127.8, 126.1, 126.0,
124.6, 124.4, 119.9, 119.6, 110.4, 110.1, 48.5, 48.4, 21.9, 21.7 ppm. HRMS (ESI) m/z: [M +
H]" Calcd for C21HisN2H 299.1548; Found 299.1546.
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1-benzyl-5-chloro-2-phenyl-1H-benzold]imidazole (41):° Following the general procedure B,

~ the titled compound was

r

Cl N isolated as a yellow solid as a
\
>_© \©:N>_© mixture of isomers in 2:1 ratio

(111 mg, 0.350 mmol, 70%
yield) using silica gel column

chromatography (10-15% ethyl

acetate in hexane). 'H NMR

(500 MHz, CDCl3) 6 7.92 (d, J = 7.9 Hz, 2H), 7.72 (s, 1H), 7.66 (d, J = 8.6 Hz, 1H), 7.50 (s,
1H), 7.49 (s, 1H), 7.36 (t, J = 7.1 Hz, 1H), 7.30-7.28 (m, 2H), 7.24 (d, J = 7.7 Hz, 2H), 7.15 (s,
1H), 7.14-7.12 (m, 3H), 7.10-7.08 (m, 1H), 7.06 (s, 1H), 7.00 (d, J = 3.3 Hz, 1H), 6.99 (d, J =
3.3 Hz, 1H), 6.91 (s, 1H), 6.89-6.86 (m, 3H), 5.23 (s, 2H), 5.21 (s, 1H) ppm. *C{'H} (126
MHz, CDCI3) 6 155.4, 155.0, 143.5, 141.3, 136.6, 135.9, 135.8, 134.5, 133.1, 130.5, 130.1,
129.4,129.4,129.3,129.3,129.0, 128.7, 128.4, 128.2, 128.1, 126.0, 126.0, 123.8, 120.8, 119.7,
111.5, 110.7, 48.6 ppm. HRMS (ESI) m/z: [M + H]" Caled for C20HisCIN2H 319.1002; Found
319.1010.

2-cyclohexyl-1-(cyclohexylmethyl)-1H-benzo[d]imidazole (4m):’ Following the general

Vs

N

procedure B, the titled compound was isolated as a brown
liquid (71 mg, 0.239 mmol, 48% yield) using silica gel column
chromatography (10-15% ethyl acetate in hexane). 'H NMR
(500 MHz, CDCl3) 6 7.77-7.76 (m, 1H), 7.29-7.28 (m, 1H),
7.23-7.21 (m, 2H), 3.94 (d, J=7.5 Hz, 2H), 2.83-2.78 (m, 1H),
1.96-1.88 (m, 6H), 1.84-1.82 (m, 1H), 1.77-1.68 (m, 6H), 1.65-
1.63 (m, 2H), 1.41-1.40 (m, 2H), 1.08-1.04 (m, 2H), 0.89-0.83

(m, 2H) ppm. 3C{'H} NMR (126 MHz, CDCls) 6 159.4, 122.1, 119.2, 109.9, 50.0, 38.8, 36.6,
32.2, 31.2, 26.6, 26.3, 25.9, 25.9 ppm. HRMS (ESI) m/z: [M + H]" Caled for CaoHasNoH
297.2331; Found 297.2330.
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1-butyl-2-propyl-1H-benzo[d]imidazole (4n):® Following the general procedure B, the titled

e N\ compound was isolated as brownish liquid (69 mg, 0.319 mmol,

l/// 64% yield) using silica gel column chromatography (10-15% ethyl
acetate in hexane). 'H NMR (500 MHz, CDCls) 6 7.74-7.72 (m,

©:N/>—/_ 1H), 7.31-7.29 (m, 1H), 7.24-7.22 (m, 2H), 4.10 (t, J = 7.5 Hz,

L ) 2H), 2.85 (t, J = 7.6 Hz, 2H), 1.98-1.91 (m, 2H), 1.82-1.76 (m,

2H), 1.44-1.40 (m, 2H), 1.08 (t, J = 6.8 Hz, 3H), 0.97 (t, /= 7.4

Hz, 3H) ppm. BC{'H} NMR (126 MHz, CDCl;) ¢ 154.9, 142.5, 135.1, 122.1, 121.9, 119.2,

109.3, 43.6, 32.1, 29.5, 21.4, 20.4, 14.2, 13.9 ppm. HRMS (ESI) m/z: [M + H]" Calcd for
C14H20N2H 217.1705; Found 217.1712.

2-phenyl-1H-benzo[d]imidazole (6a):* Following the general procedure C/D, the titled

N compound was isolated as a yellow solid (76 mg, 0.390 mmol, 78%

@[ \>—© yield) using silica gel column chromatography (10-15% ethyl

H acetate in hexane).'H NMR (400 MHz, CDCl3) 6 8.06 (d, J = 9.4

Hz, 2H), 7.65 (s, br, 2H), 7.51-7.46 (m, 3H), 7.30-7.27 (m, 2H)

ppm. PC{'H} NMR (101 MHz, CDCl3) § 137.7, 133.3, 130.7, 130.3, 129.2, 129.0, 128.5,

128.3, 126.9, 123.6, 115.1, 97.4, 96.3 ppm. HRMS (ESI) m/z: [M + H]"Calcd for Ci3H10N2H
195.0922; Found 195.0930.

@[N\ 2-(p-tolyl)-1H-benzold]imidazole (6b):* Following the general
N C procedure C/D, the titled compound was isolated as greenish
" liquid (79 mg, 0.379 mmol, 76% yield) using silica gel column
chromatography (10-15% ethyl acetate in hexane). '"H NMR (400 MHz, DMSO-ds) 6 12.83 (s,
br, 1H), 8.06 (d, J = 7.9 Hz, 2H), 7.57 (s, 2H), 7.36 (d, J = 8.1 Hz, 2H), 7.18 (s, 2H), 2.38 (s,
3H) ppm. *C{'H} NMR (101 MHz, DMSO-ds) § 151.4, 139.6, 129.5, 127.5, 126.4, 122.1,

106.5, 103.5, 21.0 ppm. HRMS (ESI) m/z: [M + H]" Caled for C14Hi12N2H 209.1078; Found
209.1085.

2-(4-isopropylphenyl)-1H-benzo[d]imidazole (6¢):° Following the general procedure C/D, the

titled compound was isolated as a yellow solid (139 mg, 0.389
@E’B_@% mmol, 78% yield) using silica gel column chromatography (10-

N 15% ethyl acetate in hexane). '"H NMR (400 MHz, DMSO-dy)
512.85 (s, br, 1H), 8.10 (d, J = 7.9 Hz, 2H), 7.58 (dd, J = 52.0,
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7.8 Hz, 2H), 7.41 (d,J=8.2 Hz, 2H), 7.19 (d, J= 4.5 Hz, 2H), 2.99-2.92 (m, 1H), 1.25 (s, 3H),
1.23 (s, 3H) ppm. '*C{'H} NMR (101 MHz, DMSO-ds) 6 151.4, 150.4, 143.9, 135.0, 127.9,
127.0, 126.6, 122.4, 121.6, 118.8, 111.3, 33.4, 23.7 ppm. HRMS (ESI) m/z: [M + H]" Calcd for
C22H24N202H 349.1916; Found 349.1904.

2-(4-methoxyphenyl)-1H-benzo[d]imidazole (6d):> Following the general procedure C/D, the

titled compound was isolated as a yellow solid (87 mg, 0.389
@[N\: <:> O/ mmol, 78% yield) using silica gel column chromatography

H (10-15% ethyl acetate in hexane). 'H NMR (400 MHz,
DMSO-ds) 6 12.77 (s, br, 1H), 8.13 (d, J = 8.8 Hz, 2H), 7.57
(s, 2H), 7.17 (d, J = 6.0 Hz, 2H), 7.11 (d, J = 8.9 Hz, 2H), 3.83 (s, 3H) ppm. *C{'H} NMR

(101 MHz, DMSO-ds) 0 160.7, 151.4, 131.4, 130.6, 128.1, 122.7, 121.9, 114.4, 55.4 ppm.
HRMS (ESI) m/z: [M + H]" Calcd for C14H12N2OH 225.1028; Found 225.1035.

2-(4-bromophenyl)-1H-benzold]imidazole (6e):* Following the general procedure C/D, the

titled compound was isolated as a white solid (95 mg, 0.349 mmol,
@[N\)—Q—Br 70% yield) using silica gel column chromatography (10-15% ethyl

” acetate in hexane). '"H NMR (400 MHz, DMSO-d;) 6 13.02 (s, br,
1H), 8.12 (d, J = 8.4 Hz, 2H), 7.76 (d, J = 8.4 Hz, 2H), 7.61 (s,
2H), 7.22 (s, 2H) ppm. *C{'H} NMR (101 MHz, DMSO-ds) 6 151.3, 150.3, 132.1, 131.7,
131.3, 129.9, 129.4, 129.0, 128.4, 126.5, 123.3 ppm. HRMS (ESI) m/z: [M + H]" Calcd for
C13HoBrN>H 273.0027; Found 273.0026.

2-(3-bromophenyl)-1H-benzold]imidazole (6f):'° Following the general procedure C/D, the

titled compound was isolated as a yellow solid (94 mg, 0.344
N o mmol, 69% yield) using silica gel column chromatography (10-
@['\?_@ 15% ethyl acetate in hexane). '"H NMR (400 MHz, DMSO-d;) ¢
H 13.04 (s, br, 1H), 8.38 (s, 1H), 8.18 (s, 1H), 7.69 (s, 2H), 7.54 (d,
J=17.9 Hz, 2H), 7.23 (d, J= 6.0 Hz, 2H) ppm. '*C{'H} NMR (101 MHz, DMSO-ds) J 149.6,

143.7, 135.0, 132.5, 131.2, 128.9, 125.4, 123.0, 122.3, 122.0, 119.1, 111.6, 82.4 ppm. HRMS
(EST) m/z: [M + H]" Caled for C13H9BrN>H 273.0027; Found 273.0026.
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2-(4-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole (6g):* Following the general procedure

N C/D, the titled compound was isolated as yellow solid (88 mg,
@[ \>_©—CF3 0.334 mmol, 67% yield) using silica gel column
chromatography (10-15% ethyl acetate in hexane). 'H NMR
(400 MHz, DMSO-ds) 6 13.19 (s, br,1H), 8.39 (d, J = 8.3 Hz,
2H), 7.93 (d, J=8.3 Hz, 2H), 7.71 (d, J=7.7 Hz, 1H), 7.58 (d, J = 7.8 Hz, 1H), 7.29-7.21 (m,
2H) ppm. C{!H} NMR (101 MHz, DMSO-ds) J 149.7, 143.7, 135.1, 134.0, 129.8, 129.5,
127.1,126.0, 125.5, 123.3, 122.8, 122.1, 119.3, 111.7 ppm. HRMS (ESI) m/z: [M + H]" Calcd
for C14HoF3N2H 263.0796 Found 263.0804.

2-(naphthalen-1-yl)-1H-benzo[d]imidazole (6h):* Following the general procedure C/D, the

N titled compound was isolated as a yellow solid (85 mg, 0.349
@EN\)_' mmol, 70% yield) using silica gel column chromatography (5-

10% ethyl acetate in hexane). 'H NMR (500 MHz, CDCl; +
DMSO-ds) ¢ 8.38 (d, J = 7.7 Hz, 1H), 7.51 (d, J = 8.2 Hz, 1H),
7.47 (d, J = 6.7 Hz, 2H), 7.28 (s, 1H), 7.25-7.24 (m, 1H), 7.22-7.20 (m, 1H), 7.14-7.07 (m,
3H), 6.79-6.78 (m,2H) ppm. *C{'H} NMR (126 MHz, CDCl; + DMSO-ds) § 150.8, 132.9,
132.5,130.2, 129.3, 129.2, 127.5, 127.3, 127.2, 127.1, 126.2, 125.4, 125.4, 124.1, 121.4 ppm.
HRMS (ESI) m/z: [M + H]" Calcd for C17H12N2H 245.1079; Found 245.1069.

2-(pyridin-2-yl)-1H-benzo[d[imidazole (6i):> Following the general procedure C, the titled

compound was isolated as a brown solid (72 mg, 0.369 mmol, 74%
©:N\>_© yield) using silica gel column chromatography (10-15% ethyl

H N acetate in hexane). 'H NMR (400 MHz, DMSO-ds) ¢ 13.09 (s, br,
1H), 8.72 (t, J=4.2 Hz, 1H), 8.33 (d,J= 7.9 Hz, 1H), 7.99 (t, J =
6.0 Hz, 1H), 7.69 (s, 2H), 7.53-7.49 (m, 1H), 7.23 (d, /= 6.8 Hz, 2H) ppm. 3C{'H} NMR (101
MHz, DMSO-ds) 6 150.7, 149.4, 148.5, 137.6, 124.7, 122.6, 121.4, 119.3, 112.1 ppm. HRMS
(ESI) m/z: [M + H]" Calcd for C12HoN3H 196.0875; Found 196.0865.

2-phenylquinoxaline (6j):'> Following the general procedure D, the titled compound was

isolated as a dark brown liquid (75 mg, 0.364 mmol, 73% yield)

]/© using silica gel column chromatography (10-15% ethyl acetate in
@[ hexane). '"H NMR (400 MHz, CDCl3) 6 9.33 (s, 1H), 8.21-8.19 (m,
2H), 8.17-8.12 (m, 2H), 7.80-7.73 (m, 2H), 7.59-7.52 (m, 3H) ppm.
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BC{'H} NMR (101 MHz, CDCl;) 6 152.0, 143.5, 142.4, 141.7, 136.9, 130.4, 130.3, 129.7,
129.7, 129.3, 129.2, 127.7 ppm. HRMS (ESI) m/z: [M + H]" Calcd for C14HioN2H 207.0922;
Found 207.0927.

5-bromo-2-phenyl-1H-benzo[d]imidazole (6k):'' Following the general procedure D, the titled

compound was isolated as yellow solid (93 mg, 0.339 mmol,
Br N 68% yield) using silica gel column chromatography (10-15%

\CE,\?_@ ethyl acetate in hexane). "TH NMR (400 MHz, DMSO-ds) § 7.97-
: 7.94 (m, 2H), 7.70 (d, J = 2.0 Hz, 1H), 7.49-7.45 (m, 4H), 7.28-
7.25 (m, 1H) ppm. BC{'H} NMR (101 MHz, DMSO-dj) ¢

153.9, 147.8, 141.3, 138.6, 132.1, 130.5, 129.7, 127.7, 126.9, 118.8, 117.6, 116.2 ppm. HRMS
(ESI) m/z: [M + H]" Calcd for C13HoBrN2H 273.0027; Found 273.0015.

2-pentyl-1H-benzo[d]imidazole (61):* Following the general procedure C, the titled compound

was isolated as a brown liquid (66 mg, 0.349 mmol, 70% yield) using
©:N\>_\_> silica gel column chromatography (10-15% ethyl acetate in hexane).

H "HNMR (400 MHz, CDCl3) 6 7.56-7.54 (m, 2H), 7.22-7.21 (m, 2H),
5.66 (s, br, 1H), 2.93 (t, J = 7.6 Hz, 2H), 1.87-1.83 (m, 2H), 1.33-
1.25 (m, 4H), 0.85 (t,J = 6.5 Hz, 3H) ppm. *C{'H} NMR (101 MHz, CDCl3) 6 155.3, 138.2,

122.5,114.7,31.6,29.3, 28.1, 22.5, 14.0 ppm. HRMS (ESI) m/z: [M + H]" Calcd for C12H eNoH
189.1392; Found 189.1394.

2-cyclohexyl-1H-benzo[d]imidazole (6m):* Following the general procedure C, the titled

compound was isolated as orange liquid (62 mg, 0.309 mmol, 62%
@[N»_O yield) using silica gel column chromatography (10-15% ethyl

” acetate in hexane). 'H NMR (500 MHz, CDCl3) 6 7.56-7.54 (m,
2H), 7.22-7.20 (m, 2H), 4.82 (s, br, 1H), 2.97-2.91 (m, 1H), 2.15
(d, J = 14.2 Hz, 2H), 1.88-1.84 (m, 2H), 1.75 (d, J = 14.5 Hz, 1H), 1.71-1.63 (m, 3H), 1.45-
1.41 (m, 1H), 1.39-1.36 (m, 1H) ppm. *C{'H} NMR (126 MHz, CDCl3) 6 158.9, 127.7, 122.5,
114.8,109.9,91.5, 38.6, 32.0, 26.1, 25.9 ppm. HRMS (ESI) m/z: [M + H]" Calcd for C13H6N2H
201.1392; Found 201.1394.
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2-(2,6-dimethylhept-5-en-1-yl)-1H-benzo[d]imidazole (6n):* Following the general procedure

C, the titled compound was isolated as a brown liquid (85

N
@EN\ A mg, 0.349 mmol, 70% yield) using silica gel column
H chromatography (10-15% ethyl acetate in hexane). 'H NMR

(500 MHz, CDCl3) 6 7.54-7.52 (m, 2H), 7.20-7.18 (m, 2H),
5.00 (s, br, 1H), 2.92-2.88 (m, 1H), 2.71-2.67 (m, 1H), 2.09-1.98 (m, 3H), 1.91 (s, 1H), 1.67
(s, IH), 1.62 (s, 2H), 1.60 (s, 1H), 1.53-1.52 (m, 2H), 1.40 (d, J= 6.9 Hz, 1H), 1.03 (d, /= 6.3
Hz, 1H), 0.92-0.90 (m, 3H) ppm. *C{'H} NMR (126 MHz, CDCls) § 154.6, 137.9, 131.7,
131.5,124.6, 124.3, 122.5, 114.6, 37.1, 37.0, 36.6, 34.1, 33.0 25.7, 25.6, 19.9, 19.6, 17.7 ppm.
HRMS (ESI) m/z: [M + H]" Calcd for Ci16H22N2H 243.1861; Found 243.1864.

N!-benzylbenzene-1,2-diamine (7a):* Following the general procedure E, the titled compound

NH was isolated as brownish liquid (79 mg, 0.399 mmol, 80% yield)
2
@ using silica gel column chromatography (10-15% ethyl acetate in

H’\© hexane). 'H NMR (400 MHz, CDCls)  7.45-7.38 (m, 4H), 7.35-
7.31 (m, 1H), 6.85 (t, J = 7.5 Hz, 1H), 6.78-6.71 (m, 3H), 4.35
) Z (s, 2H), 3.38 (s, br, 3H) ppm. *C{'H} NMR (101 MHz, CDCl3)

0139.5,137.8,134.3, 128.7, 127.9, 127.4, 120.8, 118.9, 116.6, 112.1, 48.7 ppm. HRMS (ESI)
m/z: [M + H]" Calcd for C13H1sN2H 199.1235; Found 199.1238.

N!-benzylbenzene-1,3-diamine (7b):* Following the general procedure E, the titled compound

was isolated as brownish liquid (139 mg, 0.389 mmol, 78% yield) using
NR, silica gel column chromatography (5-10% ethyl acetate in hexane). 'H
\/@ NMR (400 MHz, CDCl3) ¢ 7.28-7.22 (m, 4H), 7.20-7.15 (m, 1H), 6.86

HN (t, J=7.9 Hz, 1H), 6.00-5.99 (m, 2H), 5.89 (s, 1H), 4.19 (s, 2H), 3.41 (s,

br, 3H) ppm. *C{'H} NMR (101 MHz, CDCl3) § 149.4, 147.5, 139.7,

130.2, 128.7, 127.6, 127.3, 105.3, 104.3, 99.7, 48.4 ppm. HRMS (ESI) m/z: [M + H]" Calcd for

Ci3H14N2H 199.1235; Found 199.1238.
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N?-benzylpyridine-2,6-diamine (7¢c):> Following the general procedure E, the titled compound

( . was isolated as a greenish solid (77.7 mg, 0.389 mmol, 78% yield) using
| \N Nz silica gel column chromatography (5-10% ethyl acetate in hexane). 'H
/\/© NMR (400 MHz, CDCls) 6 7.36-7.31 (m, 4H), 7.28 (s, 1H), 7.24-7.20 (m,

\ AN ) 1H), 5.85 (d, J = 7.8 Hz, 1H), 5.76 (d, J = 8.0 Hz, 1H), 4.83 (s, br, 1H,

NH), 4.42 (d, J = 5.8 Hz, 2H), 4.28 (s, br, 2H, NH,) ppm. 3C{'H} NMR
(101 MHz, CDCls) 6 158.1, 157.7, 139.7, 139.5, 128.7, 127.4, 127.2, 97.3, 95.7, 46.5 ppm.
HRMS (ESI) m/z: [M + H]" Calcd for C12H3N3H 200.1188; Found 200.1183.

4-((4-aminophenyl)sulfonyl)-N-benzylaniline (7d):* Following the general procedure E, the

titled compound was isolated as a yellow solid (100

( )

0420 mg, 0.295 mmol, 65% yield) using silica gel column

S
/O/ \©\ chromatography (5-10% ethyl acetate in hexane). 'H
H,N N

H/\© NMR (400 MHz, CDCl3) 6 7.67-7.64 (m, 4H), 7.36-
‘ 2733 (m, 2H), 7.31-7.28 (m, 2H), 6.63-6.57 (m, 4H),

4.34 (d, J= 5.2 Hz, 2H), 4.06 (s, 2H) ppm. 3C{'H} NMR (101 MHz, CDCl3) 6 151.4, 150.5,
138.1, 131.6, 130.2, 129.3, 129.0, 127.8, 127.5, 114.3, 112.2, 47.8 ppm. HRMS (ESI) m/z: [M
+ H]" Caled for C19H18N202SH 339.1167; Found 339.1160.

N-benzylaniline (9a):'* Following the general procedure F, the titled compound was isolated
as a yellow liquid (79 mg, 0.429 mmol, 86% yield) using silica
H \/@ gel column chromatography (5-10% ethyl acetate in hexane). 'H

N NMR (400 MHz, CDCI3) ¢ 7.40-7.34 (m, 4H), 7.31-7.28 (m,
©/ 1H), 7.21-7.17 (m, 2H), 6.74 (t, /= 7.3 Hz, 1H), 6.66 (d,J="7.5
Hz, 2H), 4.35 (s, 2H), 4.04 (s, 1H) ppm. *C{'H} NMR (101

MHz, CDCLs) 6 148.3, 139.6, 129.4, 128.8, 127.6, 127.4, 117.7, 113.0, 48.5 ppm. HRMS (ESI)
m/z: [M + H]" Caled for C13H3NH 184.1126; Found 184.1129.

N-benzyl-4-methoxyaniline (9b):'> Following the general procedure F, the titled compound
was isolated as a yellow liquid (85 mg, 0.400 mmol, 80%

7.28-7.22 (m, 4H), 7.19-7.12 (m, 1H), 6.68 (d, J = 8.9 Hz,
2H), 6.50 (d, J = 8.9 Hz, 2H), 4.17 (s, 2H), 3.63 (s, 3H)

H\/@ yield) using silica gel column chromatography (5-10%
N

/©/ ethyl acetate in hexane). 'H NMR (400 MHz, CDCls) ¢
o
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ppm. 3C{'H} NMR (101 MHz, CDCl:) 6 152.3, 142.6, 139.8, 128.7, 127.7, 127.2, 114.9,
114.0, 55.9, 49.3 ppm. HRMS (ESI) m/z: [M + H]" Caled for Ci4HisNOH 214.1232; Found
214.1238.

N-benzyl-4-chloroaniline (9¢):'> Following the general procedure F, the titled compound was

e N isolated as a yellow liquid (91 mg, 0.400 mmol, 84% yield)

J=2.7Hz, 4H), 7.23-7.19 (m, 1H), 7.04-7.02 (m, 2H), 6.44
\ J  (d,J=8.9Hz, 2H), 4.19 (s, 2H), 3.95 (s, 1H) ppm. *C{'H}
NMR (101 MHz, CDClI3) J 146.7, 139.0, 129.1, 128.8, 127.5, 127.4, 122.1, 114.0, 48.3 ppm.
HRMS (ESI) m/z: [M + H]" Calcd for C13H2CINH 218.0737; Found 218.0740.

H \/@ using silica gel column chromatography (5-10% ethyl
/©/ N acetate in hexane). 'H NMR (400 MHz, CDCls) 6 7.27 (d,
Cl

N-benzyl-4-bromoaniline (9d):'> Following the general procedure F, the titled compound was

e N isolated as a yellow liquid (105 mg, 0.400 mmol, 80% yield)

(m, 4H), 7.38-7.35 (m,1H), 7.18 (d, /= 8.9 Hz, 2H), 6.59 (d,
\. J J=8.9 Hz, 2H), 4.34 (s, 2H), 4.10 (s, 1H) ppm. PC{'H}
NMR (101 MHz, CDCls) ¢ 146.7, 139.0, 129.1, 128.8, 127.5, 127.4, 122.1, 114.0, 48.3 ppm.
HRMS (ESI) m/z: [M + H]" Calcd for Ci13H12BrNH 262.0231; Found 262.0237.

H \/@ using silica gel column chromatography (5-10% ethyl
N
/©/ acetate in hexane). 'H NMR (400 MHz, CDCls) 6 7.43-7.41
Br

N-benzyl-3-bromoaniline (9¢):'> Following the general procedure F, the titled compound was

1solated as a yellow liquid (102 mg, 0.389 mmol, 78% yield)
H\/@ using silica gel column chromatography (5-10% ethyl

Br\©/ N acetate in hexane). "H NMR (400 MHz, CDCls) § 7.39-7.36
(m, 4H), 7.33-7.29 (m, 1H), 7.02 (t, J = 8.1 Hz, 1H), 6.84

(d, J=17.9 Hz, 1H), 6.79 (s, 1H), 6.55 (d, J= 8.2Hz, 1H),

4.31 (s, 2H), 4.10 (s, br, 1H) ppm. C{'H} NMR (101 MHz, CDCls) 6 149.5, 138.8, 130.6,

128.9, 127.6, 127.6, 123.4, 120.4, 115.5, 111.6, 48.2 ppm. HRMS (ESI) m/z: [M + H]" Calcd
for C13H12BrNH 262.0231; Found 262.0237.
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N-benzyl-3,5-dimethylaniline (9f):'* Following the general procedure F, the titled compound

Ve

H
N

N

L

was isolated as an orange liquid (72 mg, 0.339 mmol, 68%
yield) using silica gel column chromatography (5-10% ethyl
acetate in hexane). 'H NMR (400 MHz, CDCls) 6 7.28 (s, 1H),
7.23(d,J=7.9 Hz, 2H), 7.18 (d, J= 6.5 Hz, 1H), 7.15 (s, 1H),
6.29 (s, 1H), 6.19 (s, 2H), 4.21 (s, 2H), 3.80 (s, br, 1H), 2.13 (s,
6H) ppm. 3C{'H} NMR (101 MHz, CDCl;) 6 148.5, 139.8,

139.1, 128.7, 127.7,127.3, 119.8, 110.9, 48.5, 21.6 ppm. HRMS (ESI) m/z: [M + H]" Calcd for
CisH17NH 212.1439; Found 212.1444.

N-benzylnaphthalen-2-amine (9g):"° Following the general procedure F, the titled compound

i

was isolated as a yellow liquid (82 mg, 0.349 mmol, 70%
yield) using silica gel column chromatography (5-10%
ethyl acetate in hexane). 'H NMR (400 MHz, CDCls) § 7.83
(t, J = 8.5 Hz, 2H), 7.48-7.44 (m, 4H), 7.41-7.37 (m, 3H),
7.34 (d, J= 7.0 Hz, 2H), 7.28 (s, 1H), 6.65 (d, J = 7.5 Hz,

1H), 4.52 (s, 2H) ppm. '*C{'H} NMR (101 MHz, CDCl3) 6 143.3, 139.2, 134.4, 128.9, 128.8,
127.9, 127.5, 126.7, 125.9, 124.9, 123.5, 120.0, 117.8, 104.9, 48.8 ppm. HRMS (ESI) m/z: [M
+ H]* Caled for C17H;sNH 234.1283; Found 234.1289.

N-benzylquinolin-8-amine (9h):"> Following the general procedure F, the titled compound

Vs

\

2N

Y

N

J

was isolated as a yellow liquid (82 mg, 0.349 mmol, 70%
yield) using silica gel column chromatography (5-10% ethyl
acetate in hexane). 'H NMR (400 MHz, CDCls) § 8.74 (d, J
=4.2 Hz, 1H), 8.08 (d, /= 8.3 Hz, 1H), 7.47 (d, J= 7.2 Hz,
2H), 7.40-7.33 (m, 4H), 7.31-7.28 (m, 1H), 7.08 (d, J = 8.2

Hz, 1H), 6.67 (d,J=7.7 Hz, 1H), 6.64 (s, br, 1H), 4.58 (d, J= 4.8 Hz, 2H) ppm. *C{'H} NMR
(101 MHz, CDCI3) o 147.0, 144.7, 139.4, 138.3, 136.1, 128.8, 128.7, 127.9, 127.5, 127.2,
121.5, 114.2, 105.2, 47.9 ppm. HRMS (ESI) m/z: [M + H]" Calcd for CisH14NH 235.1235;
Found 235.1241.
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N-(4-chlorobenzyl)aniline (9i):'* Following the general procedure F, the titled compound was

e N isolated as a yellow liquid (83 mg, 0.379 mmol, 76%
/@ yield) using silica gel column chromatography (5-10%

/©/\H ethyl acetate in hexane). '"H NMR (400 MHz, CDCls) 6

. Cl ) 7.40-7.33 (m, 4H), 7.20 (t, /= 7.2 Hz, 2H), 6.76 (t, J =

7.6 Hz, 1H), 6.64 (d, J = 8.7 Hz, 2H), 4.33 (s, 2H), 4.07
(s, br, 1H) ppm .*C{'H} NMR (101 MHz, CDCl3) § 147.9, 138.1, 133.0, 129.5, 128.9, 128.7,
118.0, 113.1, 47.7 ppm. HRMS (ESI) m/z: [M + H]" Caled for C13H12CINH 218.0737; Found
218.0742.

N-(4-bromobenzyl)aniline (9j):"> Following the general procedure F, the titled compound was

~  isolated as a yellow liquid (92 mg, 0.349 mmol, 70% yield)

O using silica gel column chromatography (5-10% ethyl
JoR
Br

r

N acetate in hexane). 'H NMR (400 MHz, CDCl3) 6 7.43-7.41
(m, 4H), 7.38-7.36 (m, 1H), 7.18 (d, /= 9.0 Hz, 2H), 6.59 (d,
\. /. J=8.9 Hz, 2H), 4.34 (s, 2H), 4.10 (s, br, 1H) ppm. *C {'H}
NMR (101 MHz, CDCls) 6 146.7, 139.0, 129.1, 128.8, 127.5, 127.4, 122.1, 114.0, 48.3 ppm.
HRMS (ESI) m/z: [M + H]" Calcd for Ci13H12BrNH 262.0231; Found 262.0237.

N-(4-methylbenzyl)aniline (9k):'> Following the general procedure F, the titled compound was
isolated as a yellow liquid (77 mg, 0.389 mmol, 78% yield)

using silica gel column chromatography (5-10% ethyl acetate
/©/\m in hexane). '"H NMR (400 MHz, CDCls) 6 7.24 (s, 2H), 7.18-
7.13 (m, 4H), 6.70 (t, J = 7.4 Hz, 1H), 6.62 (d, J = 7.9 Hz,
2H), 4.27 (s, 2H), 3.97 (s, br, 1H), 2.33 (s, 3H) ppm. *C{'H}

NMR (101 MHz, CDCl3) & 148.4, 137.0, 136.5, 129.4, 129.4,127.7, 117.6, 112.9, 48.2, 21.2
ppm. HRMS (ESI) m/z: [M + H]" Caled for C14H;sNH 198.1283; Found 198.1289.
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N-(4-isopropylbenzyl)aniline (91):'* Following the general procedure F, the titled compound
was isolated as a yellow liquid (84 mg, 0.374 mmol, 75%

( )

/@ yield) using silica gel column chromatography (5-10%
ethyl acetate in hexane). "H NMR (400 MHz, CDCl3) 6 7.27

(d,J=8.0 Hz, 2H), 7.21 (s, 1H), 7.19-7.13 (m, 4H), 6.68 (t,
J=17.4Hz, 1H), 6.61 (d,J=7.7 Hz, 2H), 4.25 (s, 2H), 2.91-
2.84 (m, 1H), 1.23 (s, 3H), 1.21 (s, 3H) ppm. *C {'H} NMR
(101 MHz, CDCl) ¢ 148.4, 148.1, 136.9, 129.4, 127.8, 126.8, 117.6, 113.0, 48.2, 33.9, 24.2
ppm. HRMS (ESI) m/z: [M + H]" Calcd for Ci16Hi19NH 226.1596; Found 226.1599.

N
H

N-(3-methylbenzyl)aniline (9m):'* Following the general procedure F, the titled compound

was isolated as a yellow liquid (67 mg, 0.339 mmol, 68% yield)

H\/@\ using silica gel column chromatography (5-10% ethyl acetate in
©/ hexane). 'TH NMR (400 MHz, CDCl3) 6 7.57-7.54 (m, 1H), 7.44-
7.41 (m, 5H), 7.00-6.94 (m, 1H), 6.85-6.82 (m, 2H), 4.46 (s, 2H),
3.98 (s, br, 1H), 2.61 (s, 3H) ppm. *C{'H} NMR (101 MHz, CDCls) § 148.3, 137.0, 136.3,
130.4, 129.3, 128.2, 127.4, 126.2, 117.4, 112.7, 46.3, 18.9 ppm. HRMS (ESI) m/z: [M + H]"
Calcd for C14HisNH 198.1283; Found 198.1289.

N-benzylpyridin-2-amine (9n):'* Following the general procedure F, the titled compound was

isolated as a yellow liquid (59 mg, 0.319 mmol, 64% yield) using
H\/@ silica gel column chromatography (5-10% ethyl acetate in hexane). 'H
NMR (400 MHz, CDCl3) 6 7.99 (d, J = 5.1 Hz, 1H), 7.31-7.22 (m,
5H), 7.19-7.16 (m, 1H), 6.48 (t, J= 6.5 Hz, 1H), 6.27 (d, /= 8.3 Hz,
1H), 5.05 (s, br, 1H), 4.40 (d, J= 5.7 Hz, 2H) ppm. *C {'H} NMR (101 MHz, CDCl3) § 158.8,
148.3, 139.3, 137.6, 128.7, 127.5, 127.2, 113.1, 106.9, 46.4 ppm. HRMS (ESI) m/z: [M + H]"
Calcd for C12H12N2H 185.1079; Found 185.1072.

A\

N-(benzo[d][1,3]dioxol-5-ylmethyl)aniline (90):'> Following the general procedure F, the
titled compound was isolated as a yellow liquid (84 mg, 0.369
’ \/©[0> mmol, 74% yield) using silica gel column chromatography (5-

N o] 10% ethyl acetate in hexane). 'H NMR (400 MHz, CDCls) §
O/ 7.21 (t,J=17.6 Hz, 2H), 6.90 (s, 1H), 6.87-6.80 (m, 2H), 6.75 (t,
J="71.3 Hz, 1H), 6.66 (d, J = 8.1 Hz, 2H), 5.96 (s, 2H), 4.25 (s,

S22



2H), 3.99 (s, br, 1H) ppm. *C{'H} NMR (101 MHz, CDCls) & 148.1, 148.0, 146.8, 133.4,
129.3, 120.7, 117.7, 112.9, 108.5, 108.1, 101.1, 48.3 ppm. HRMS (ESI) m/z: [M + H]" Calcd
for C14H13NO,H 228.1025; Found 228.1029.

N-(pyridin-2-ylmethyl)aniline (9p):'> Following the general procedure F, the titled compound
was isolated as a yellow liquid (73 mg, 0.394 mmol, 79% yield)

=z
H | using silica gel column chromatography (5-10% ethyl acetate in

N X
©/ N hexane). 'H NMR (500 MHz, CDCl5) ¢ 8.60 (d, J = 4.7 Hz, 1H),
7.66-7.62 (m, 1H), 7.34 (d, J=7.8 Hz, 1H), 7.19 (t, J=7.9 Hz, 3H),
6.73 (t,J = 7.2 Hz, 1H), 6.68 (d, J = 8.5 Hz, 2H), 4.47 (s, 2H), 4.14 (s, br, 1H) ppm. 1*C {'H}
NMR (126 MHz, CDCl3) 6 158.7, 149.3, 148.1, 136.8, 129.4, 122.2, 121.8, 117.8, 113.2, 49.4
ppm. HRMS (ESI) m/z: [M + H]" Caled for C12Hi2N>H 185.1079; Found 185.1072.
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'H and *C{'H} NMR spectra of the isolated compounds from catalytic reactions
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Figure S1. "H NMR spectrum of 3a in CDCls.
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Figure S2. 3C{'H} NMR spectrum of 3a in CDCl;.
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Figure S31. '"H NMR spectrum of 4g in CDCls.
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Figure S32. *C{'H} NMR spectrum of 4g in CDCl3
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Figure S34. >C{'H} NMR spectrum of 4h in CDCl;.
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Figure S35. "H NMR spectrum of 4i in CDCls.
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Figure S36. 3C{'H} NMR spectrum of 4i in CDCls.
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Figure S37. '"H NMR spectrum of 4j in CDCl;.
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Figure S38. *C{'H} NMR spectrum of 4j in CDCl;.
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Figure S42. C{'H} NMR spectrum of 41 in CDCl;.
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Figure S48. 3C{'H} NMR spectrum of 6a in CDCI;,
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Figure S50. 3C{'H} NMR spectrum of 6b in DMSO-d.
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Figure S52. *C{'H} NMR spectrum of 6¢ in DMSO-ds.
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Figure S54. *C{'H} NMR spectrum of 6d in DMSO-ds.
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Figure S58. 3C{'H} NMR spectrum of 6f in DMSO-ds.
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Figure S64. 3C{'H} NMR spectrum of 6i in DMSO-d.
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Figure S66. *C{'H} NMR spectrum of 6j in CDCl;.
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Figure S68. 3C{'H} NMR spectrum of 6k in DMSO-d.
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Figure S70. 3C{'H} NMR spectrum of 61 in CDCls.
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Figure S72. 3C{'H} NMR spectrum of 6m in CDCl;.
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Figure S88. *C{'H} NMR spectrum of 9¢ in CDCls.

S67



otT'v —
veEY —

8579~
099~

1L
)
€10ad 9z°£ ¢

SE€EL¢

Br

L

180
=00°C

=T6'T

»/S6'T
/160
o0t

f1 (ppm)

Figure S89. '"H NMR spectrum of 9d in CDCl;.

€8y —

€1DadcLL—

O'vIT —

T'eeT —
VLT
S°LTT
8'8ZT 7
T°6CT \

0°6ET —

L9YT —

Br

ZT

T T T T T T
150 140 130 120 110 100

T
160

f1 (ppm)

Figure S90. *C{'H} NMR spectrum of 9d in CDCl;.

S68



oty —
€Y —

vs'9
95'9
649
€89
S8'9

00°Z
oL
0oL

€10ad 9L
6T L\
T€L
(44

L0

*00°C

=z

Br-

f1 (ppm)

Figure S91. '"H NMR spectrum of 9e in CDCls.

sy —

€1Dad TLL —

9'TTT —
S'STT —
YOTT
YETT
9'TT

9'TT

6'82T —
9'0eT

8'8ET —

S'6VT —

Iz

Br.

T T T T T
140 130 120 110 100

T
150

T
160

f1 (ppm)

Figure S92. *C{'H} NMR spectrum of 9¢ in CDCl;.

S69



-©
91z —
e
N
[ —_— o
£T'T —==009
s'8p —
Lm
08 — -{Foz o
L <
Ty — -——————=00C
= €DAd T'LL—
£
Lo &,
‘g
Q
Lo m
619~ ——Jp0T —
679 “T™¢6'0 =)
ks
M”M £ 6'0TT —
. T LN
6T°L .
L - —'256'0
(444 ——==1g61 =
v M/o ’ 15} 8'6TT —
€10ad 92°£ 8°0 m
8T°L wn €/L2T \
| o e
DMA sz’
an T'6ET
Z e 8'6ET
UH o o
X
S'8PT —
7 8
)
5
LS o0
- p—
£

S70

f1 (ppm)

140 130 120 110 100

HN

150

160

Figure S94. 3C{'"H} NMR spectrum of 9f in CDCl;.



[4-1 2

Iz

=00°C

*10°T

6°0
MMO.N
H/ 6'C
16°€
F€0°C

f1 (ppm)

Figure S95. '"H NMR spectrum of 9g in CDCls.

8'8t —

€10adTLL—

6'v0T —

8'LTT
o'oct /
S'ECT /

6'vCT
6°'SCT
£°9TT

S LTI
6°LTT [
8'82T \
6'8CT

vver/
T'6ET ~
€EVT \

I=z

T T T T T
150 140 130 120 110

T
160

f1 (ppm)

Figure S96. °C{'H} NMR spectrum of 9g in CDCl;.

S71



8Sv
65t

v9°9
999 4
89°9 1
£0°L
60°L
€10dD 9T°L 1
8T°L
0€°L
TE€ L ﬁ
€E°L |
SELA
LEL)
8¢€°L ;W
6€°L
o'z
ww.h\
Ly'L
£0°8
60’87

VL8~
szg’

NH

00T

L0

*€6°0

*16'0

f1 (ppm)

Figure S97. '"H NMR spectrum of 9h in CDCI;.

6Ly —

€10ad T'LL—

T'SO0T —

TYIT —

NH

T T T T T
150 140 130 120 110

T
160

f1 (ppm)

Figure S98. *C{'H} NMR spectrum of 9h in CDCl;.

S72



L0V —
EEVY —

79’9
mo.w/
VL9 /

9.9
849 /
6T°L\
oT'Lf
L \
€10ad 9T°L
€€°L
SEL
8€'L
ov'L

Cl

Iz

Fes'o
=00'C

#90°C
501

=TT
E81'v

<

f1 (ppm)

Figure S99. '"H NMR spectrum of 9i in CDCls.

LLy—

€10ad TLL—

TEIT —

0'8TT —

£'8TT~\
6°'8CT 1
m.muﬂw
0'EET

T'8ET —

6°LVT —

Cl

Iz

T T T T T T
140 130 120 110 100 20

T
150

T
160

f1 (ppm)

Figure S100. 3C{'H} NMR spectrum of 9i in CDCl;.

S73



oT'v —
vevy —

85'9
099"

LT'L
mﬂ.h/
M_UDUwN.h/

5

ZT

=180
=00°C

90°C

+00'C
/T6°0
“00°p

T
10

f1 (ppm)

€8y —
€1DAd T'LL—
<2
Q
A
@)
g
.-
o p—
(=)
G
o
m 0'vIT —
Q
Q
m.. T —
v'LzT
e §LTT
M 8'8TT N
N T°6CT
s
— 0'6ET —
—
—]
- L9YT —
wn
<5
St
=
=1l
°
£

ZT

T
100

T
110

T
120

T T
140 130

T
150

T
160

T
10

T
20

T
30

T
40

T
50

T
60

T
70

T
90

f1 (ppm)

Figure S102. 3C{'H} NMR spectrum of 9j in CDCl;.

S74



€T —

L6°E —

Ly —

€10ad 9T°L

=v0°€

Foso

*20°C

<

f1 (ppm)

Figure S103. '"H NMR spectrum of 9k in CDCl;.

[48 T2

sy —

€10ad TLL—

6'CIT —

9LTIT —

LT
v6zT

v6zT 7
S9ET .
ozeT

V'8vT —

T
80

90

T T T T
140 130 120 110

T
150

T
160

f1 (ppm)

Figure S104. 3C{'H} NMR spectrum of 9k in CDCl;.

S75



1T~
A o

v8'C
98T /
88'C f
68°C H\
16°C

STV —

€10ad 9T°L
8T'L

ZT

==oT'T

\LWMO.N

e’ 00°T
“=™"86'0

_ v
-= “m.c

- g0z

f1 (ppm)

Figure S105. "H NMR spectrum of 91 in CDCl;.

v —

6'€EE —

sy —

€10ad T'LL—

O'ETT —
9 LTIT —
8°9TT ~\_
8°LTT —

veer”

6°9€ET —

T'8PT
vevT

T T T T
140 130 120 110

T
150

T
160

f1 (ppm)

Figure S106. 3C{'H} NMR spectrum of 91 in CDCl;.

S76



19°C—

86°€ —

o'y —

NH

JTE.m

Feoz

- FL6'T
= k66’0

CHy

Fr6'v
- o0t

f1 (ppm)

Figure S107. '"H NMR spectrum of 9m in CDCls.

6°8T —

€9% —

LTTIT —
VLT —

9zt
vLzT %
T8TT —
€621 \
Y'OET

€9ET
0LET

€'8vT —

NH

CHy

T
100

110

T
120

T
130

T
140

T
150

T
160

f1 (ppm)

Figure S108. *C{'H} NMR spectrum of 9m in CDCl;.

S77



ov'v~
Wy’

S0'S —

9z'9
8T'9
Lo~
8v'9
0s'9 N

9T°L
hﬂ.h/
6T'L ¢
L
ve'L

8T'L

6T°L
1€L
86°L
66°L

00°'C

Feo

660

¥86'0

¥96'0

f1 (ppm)

Figure S109. '"H NMR spectrum of 9n in CDCl;.

v'ovr —

€'8YT —

8'8ST —

f1 (ppm)

Figure S110. 1*C{'H} NMR spectrum of 9n in CDCl;.

S78



66'€ —
ST'v—

96°'S —

S9'9
£9'9
VL9
mh.w/

LL9 %
08’9
189
S8'9
£8'9
06’9
6T°L
1L
€TL

*00'C

¥96'T

f1 (ppm)

Figure S111. "H NMR spectrum of 90 in CDCls.

€'8Y —

T°T0T —

ﬁ.woﬁ\
S"80T

ezrt’
ror
L£°0TT

€6CT —
V'EET —

8'9PT
0'8YT ~
1 %:141 /

NH

T
100

110

T
120

T
130

T
140

T
150

T
160

f1 (ppm)

Figure S112. *C{'H} NMR spectrum of 90 in CDCl;.

S79



vy —

vy —

£9°9
69°9
L9

€49
VL9 /
LT°L \

6T°L
ON.NN
€10ad 9T°L
€€°L
SEL
9L
€9°L
v9°L
14° 4

S9°L
99°L
6S°8
09°8

NH

W.nw.o

00'C

8T
6°0

et

»68°0

*#80

f1 (ppm)

Figure S113. 'H NMR spectrum of 9p in CDCls.

v'ev —

€1DaAd T'LL—

TEIT
8 LIT
8'1eT

[k 44 B\

V'6CT —

8'9€ET —

T'8hT ~
€6VT

L°8ST —

NH

T T T T T
150 140 130 120 110

T
160

f1 (ppm)

Figure S114. *C{!H} NMR spectrum of 9p in CDCl;.

S80



General procedure for the post modification of isolated compounds

i) Synthesis of benzimidazolium salt 10a-b: Following the previous report,? an oven-dried
Schlenk tube (25 mL) was charged with 3a/3d (1.8 mmol), followed by the addition of triethyl
orthoformate (220 pL, 3.3 equiv.) and con. HCI (220 pL, 18 equiv.). After that, the reaction
mixture was stirred at 120 °C for 6 h and following that the reaction mixture was allowed to
cool to room temperature and ether was added to the precipitate white colour products 10a-b
in 86-90% vyield.

i) Synthesis of Complex 11a-b: Following the previous report,® an oven-dried Schlenk tube
(25 mL) was charged with 6k (0.256 mmol, 1 equiv.) followed by the addition of dry methanol
(3mL). Tothis, an appropriate metal salt {[Ru(p-cym)Cl2]2, 0.5 equiv./ [Mn(CO)sBr], 1 equiv.}
dissolved in DCM was added and the reaction mixture was stirred at room temperature for 12
h. Following that NH4PFe (1 equiv.) was added for complex 11a and the reaction was then
stirred for two hours. The resulting precipitates generated for both cases were filtered and

washed with diethyl ether giving the corresponding products 11a-b in 78-90% yield.

iii) Unsymmetrical N-alkylation of 7c-d: An oven-dried Schlenk tube (25 mL) was charged
with [Co(Cp*)Cl2]2 (1.5 mol%), ligand L3 (3 mol%), and KO'Bu (0.5 mmol, 1 equiv.) followed
by the addition of toluene (1 mL). Then, the tube was kept in an oil bath at 140 °C and heated
for 1 h. After cooling to room temperature, respective alkylated diamines 7c-d (0.5 mmol) and
substituted benzyl alcohols (0.75 mmol, 1.5 equiv.) were added and further heated at 140 °C
for 24-36 h. After completion of the reaction, analytically pure unsymmetrically dialkylated

diamines were obtained via column chromatography using hexane/ethyl acetate.
Analytical data of compounds obtained via post-synthetic modifications

1,3-bis(4-c-1H-benzo[d]imidazol-3-ium chloride (10a):'* Following the general procedure (i),

% \ the titled compound was isolated as a white solid (566 mg, 1.69
//@ mmol, 90% yield). 'H NMR (400 MHz, DMSO-ds) § 10.46 (s, 1H),
NG o | 800-7.98 (m, 2H), 7.63-7.61 (m, 2H), 7.56 (d, J = 7.9 Hz, 4H),
\
@[ > Sl 742 (4 =82 Hz, 3H), 7.40-735 (m, 3H), 5.84 (s, 4H) ppm.

N
BC{'H} NMR (101 MHz, DMSO-ds) 6 142.9, 134.1, 131.1, 129.0,
128.8, 128.4, 126.8, 114.1, 50.0 ppm. HRMS (ESI) m/z: [M - CI]*

N Z Caled for C21H19N2299.1548; Found 299.1552.
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1,3-bis(4-chlorobenzyl)-1H-benzo[d]imidazol-3-ium chloride (10b):'"> Following the general

4 N\ procedure (i), the titled compound was isolated as a yellow solid (653

“ mg, 1.62 mmol, 86% yield). 'H NMR (400 MHz, DMSO-ds) 6 10.36

@EN\)@ o (s, 1H), 7.98-7.97 (m, 2H), 7.61 (d, J= 7.6 Hz, 6H), 7.49 (d, J= 7.7

\ Hz, 4H), 5.83 (s, 4H) ppm. 3C{'H} NMR (101 MHz, DMSO-ds) 6

143.1, 133.5, 132.9, 131.0, 130.5, 129.0, 126.8, 114.0, 49.3 ppm.

\ /. HRMS (ESI) m/z: [M - ClI]" Calcd for C21H17C1:N2 367.0769; Found
367.0775.

N?-benzyl-N°-(4-methoxybenzyl)pyridine-2,6-diamine  (12a):> Following the general

1 ) procedure (iii), the titled compound was isolated as
X

w

NH "N~ NH

silica gel column chromatography (10-15% ethyl acetate in
©) ‘\©\ hexane). 'H NMR (400 MHz, CDCl3) § 7.27-7.21 (m, 4H),
O| 7.18-7.16 (m, 3H), 7.11 (t,J=7.8 Hz, 1H), 6.76 (d, /= 8.6
) " Hz, 2H), 5.64 (d, J= 7.8 Hz, 2H), 4.59 (t, J = 6.4 Hz, 1H),
4.52 (t,J=5.7Hz, 1H), 4.35 (d, J= 5.8 Hz, 2H), 4.26 (d, J = 5.6 Hz, 2H), 3.70 (s, 3H) ppm.
BC{'H} NMR (101 MHz, CDCls) 6 158.8, 158.1, 139.9, 139.2, 131.8, 128.9, 128.6, 127.6,
127.1, 114.0, 95.2, 55.4, 46.4, 45.9 ppm. HRMS (ESI) m/z: [M + H]" Calcd for C20H2/N3OH
320.1763; Found 320.1755.

greenish liquid (136 mg, 0.42 mmol, 85% yield) using

N?-benzyl-N°-(4-methylbenzyl)pyridine-2,6-diamine (12b): Following the general procedure

( N\ (iii), the titled compound was isolated as greenish liquid
X
(124 mg, 0.41 mmol, 82% yield) using silica gel column

B!
NH N R chromatography (10-15% ethyl acetate in hexane). 'H
©/' ‘\©\ NMR (400 MHz, CDCl3) 6 7.36-7.29 (m, 4H), 7.27-7.25
\ / (m, 1H), 7.24-7.11 (m, 5H), 5.73 (d, J = 7.9 Hz, 2H),
4.64-4.59 (m,2H,), 4.43 (d,J=5.8 Hz, 2H), 4.38 (d,J=5.7 Hz, 2H), 2.33 (s, 3H) ppm. '*C {!H}
NMR (101 MHz, CDCI3) 6 158.2, 158.2, 139.9, 139.3, 136.8, 129.3, 128.7, 127.6, 127.2, 95.3,

95.2,46.5,46.3,21.2 ppm. HRMS (ESI) m/z: [M + H]* Calcd for C20Ha1N3H 304.1814; Found
304.1806.
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N-benzyl-4-({4-[(4-methylbenzyl)amino[phenyl}sulfonyl)-aniline (12c):> Following the

general procedure (iii), the titled compound

05,0 , .
/©/S\©\ was isolated as greenish liquid (159 mg,
NH NH 0.34 mmol, 72% yield) using silica gel

/©/\ /\© column chromatography (30-40% ethyl
acetate in hexane). 'H NMR (500 MHz,

CDCl3) 0 7.67-7.65 (m, 4H), 7.36-7.29 (m, 5H), 7.20-7.14 (m, 4H), 6.58-6.56 (m, 4H), 4.34 (s,
2H), 4.29 (s, 2H), 2.34 (s, 3H) ppm. *C{'H} NMR (126 MHz, CDCls) ¢ 151.4, 151.3, 138.2,
137.5, 135.1, 130.5, 130.3, 129.6, 129.3, 129.0, 127.8, 127.5, 112.2, 112.1, 47.8, 47.6, 21.2
ppm. HRMS (ESI) m/z: [M + H]" Calcd for C27H26N202SH 443.1793; Found 443.1783.

N-benzyl-4-({4-[(4-chlorolbenzyl)amino]phenyl}sulfonyl)-aniline (12d):*> Following the

P N general procedure (iii), the titled

S compound was isolated as greenish liquid
NHO/ \©\NHr\© (190 mg, 0,41 mmol, 82% yield) using
silica gel column chromatography (30-
. J  40% ethyl acetate in hexane). 'H NMR
(500 MHz, CDCl3) ¢ 7.64 (d, J = 8.4 Hz, 4H), 7.36-7.28 (m, 8H), 7.22 (d, J = 8.4 Hz, 1H),
6.57-6.52 (m, 4H), 4.60 (s, 2H), 4.32 (d, J = 9.5 Hz, 4H) ppm. *C{'H} NMR (126 MHz,
CDCl) 0 151.3, 151.1, 138.2, 136.8, 133.4, 129.3, 129.2, 129.0, 128.9, 128.7, 127.7, 127.4,
112.2, 112.1, 47.7, 47.0 ppm. HRMS (ESI) m/z: [M + H]" Calcd for CasH23CIN2O>SH
463.1247; Found 463.1230.

S83



'H and BC{'H} NMR spectra compounds obtained via post-synthetic modifications
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Figure S115. '"H NMR spectrum of 10a in DMSO-ds. * indicates the solvent impurity of H>O.
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Figure S116. 1°C {'H} NMR spectrum of 10a in DMSO-ds.
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General procedure for control experiments:

i) Effect of catalyst loading (Scheme 1a-b): Different sets of reactions were carried out by
charging oven-dried Schlenk tubes (25 mL) with different loadings of [Co(Cp*)Cl2]2 (0.5t0 2.5
mol%), ligand L3/L1 (1 to 5 mol%), and KO'Bu (0.5 mmol, 1 equiv.) followed by toluene (1
mL). Then, the tube was kept in an oil bath at 140 °C and heated for 1 h. After cooling to room
temperature, o-phenylene diamine (0.5 mmol) and alcohol (1.25 mmol) were added and further
heated at 140 °C for 24 h. After completion of the reaction, analytically pure products were
obtained via column chromatography and the yield of the isolated product was noted for each

case.

ii) Metal hydride trapping experiment (Scheme 2f): An oven-dried Schlenk tube (25 mL)
was charged with [Co(Cp*)Cl;]2 (0.0075 mmol), ligand L3 (0.015 mmol), and KO'Bu (0.5
mmol). Then, the tube was kept in an oil bath at 140 °C for 1 h. After cooling to room
temperature, diamine (0.5 mmol), benzyl alcohol (1.25 mmol), and trityl PFs (3-5 mol%) were
added and further heated at 140 °C for 24 h (standard conditions for our catalytic reactions).
After completion of the reaction, product 3a was obtained after column chromatography using
hexane/ethyl acetate as eluent in maximum 22% yield.

iii) Radical scavenger experiment (Scheme 2f): An oven-dried Schlenk tube (25 mL) was
charged with [Co(Cp*)Cl2]2 (0.0075 mmol), ligand L3/L1 (0.015 mmol), and KO'Bu (0.5
mmol). Then, the tube was kept in an oil bath at 140 °C for 1 h. After cooling to room
temperature, diamine (0.5 mmol), benzyl alcohol (1.25 mmol), and TEMPO/BHT (0.5 mmol)
were added and further heated at 140 °C for 24 h (standard conditions for our catalytic
reactions). After completion of the reaction, analytically pure 3a/4a was obtained in ~74-79%

yield after column chromatography.

iv) Mercury dropping experiment (Scheme 2e): An oven-dried Schlenk tube (25 mL) was
charged with [Co(Cp*)Cl2]2 (0.0075 mmol), ligand L3 (0.015 mmol), and KO'Bu (0.5 mmol).
Then, the tube was kept in an oil bath at 140 °C for 1 h. After cooling to room temperature,
diamine (0.5 mmol), benzyl alcohol (1.25 mmol), and elemental mercury (1.0 mmol) were
added and further heated at 140 °C for 24 h (standard conditions for our catalytic reactions).
After completion of the reaction, the reaction mixture was decanted, and product 3a obtained

in 73% vyield after purification via column chromatography.
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Figure S131. "H NMR spectrum of a reaction mixture (~ 4 h) of diamine dialkylation catalysed
by CoL3 in CDCl;. * peaks are for I1, $ peaks for 3a.
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Figure S132. *C{'H} NMR spectrum of a reaction mixture (~ 4 h) of diamine dialkylation
catalysed by CoL.3 in CDClIs. * peaks are for I1, $ peaks for 3a.
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Figure S133. ESI-MS of a reaction mixture of diamine dialkylation catalysed by CoL3.
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General procedure for deuterium labelling experiment

The metal precursor [(Cp*)CoClz]2 (1 mol%), ligand (L3) (2 mol%) and KO'Bu (0.25 mmol)
were taken in a pre-dried Schlenk tube under inert atmosphere followed by the addition of
toluene. The closed Schlenk tube was stirred at 140 °C for 1 h. After that, it was charged with
aniline (0.25 mmol) and benzyl alcohol-d> (0.375 mmol) in an inert atmosphere at room
temperature and again stirred at 140 °C for 20 h. The resultant solution was concentrated and
purified by silica gel column chromatography and the percentage of deuterium incorporation

was analysed from 'H-NMR.

D_D

NH, fon  (IPBOE)  sasos
©/ 2 ©)<OH Standard Condition . NK© 3a-d1 = 38%

24 h H 3a-d2 =53.5%
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Product distribution by 'H NMR integration

S97



9a 9a-d1 9a-dz
Signal 4.33 [benzyl-H(2H)] | 4.32 [benzyl-H(1H)] -

Integral VValue 0.17 0.38 -
Calculated ratio 8.5% 38% 53.5%
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Figure S139. HRMS of deuterated product 9a-d/d>.
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Figure S140. '"H NMR spectrum of a reaction mixture for 4a-di/d» in CDCl;,
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Figure S141. "H NMR spectrum of 4a in CDCls.
Product distribution by '"H NMR integration
4a 4a-d; 4a-dz
Signal 5.48 [benzyl-H(2H)] | 5.43 [benzyl-H(1H)] -
Integral VValue 0.36 0.15 -
Calculated ratio 18% 15% 67%
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Compound Spectra (overiaid)
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Figure S142. HRMS of deuterated product 4a-dz.
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In situ NMR monitoring experiment for dehydrogenation of alcohol:

An oven-dried Schlenk tube (25 mL) was charged with [Co(Cp*)Cl2]2 (0.0075 mmol), ligand
L3 (0.015 mmol), and KO'Bu (0.5 mmol) followed by toluene (1 mL). Then, the tube was kept
in an oil bath at 140 °C and heated for 1 h. After cooling to room temperature, alcohol 2 (1.25
mmol) were added and further heated at 140 °C and progress of the reaction was monitored

over the interval of 6 h, 12 h, and 24 h using 'H NMR analysis.
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Figure S144. '"H NMR spectra of reaction mixture for alcohol dehydrogenation under
optimized conditions of table 2 catalyzed by CoL3 catalyst in CDClIs.

Computational data

All the calculations were performed using the Gaussian 16, Revision B.01 program.'® All
structures cationic complexes [CoL1]** and [CoL3]** were optimized with B3LYP!’
functional. Metal (Co) was treated with LANL2DZ'® basis set with an effective core potential,

while the other atoms were treated using using 6-31G**!°, a double-{ Pople type basis set.
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Cartesian Coordinates of all the optimized geometries:

Cationic complex of [CoL1]**

-2.271034529

-0.904766263

0.205527796

1.795392301

2.684965937

1.797464183

3.428938417

1.160417247

0.966224125

2.155428763

3.016196684

2.410996969

0.169437751

-0.202719867

2.439783444

4.438576942

1.648781754

1.495176024

2.307792641

3.792175232

3.575196495

1.559011718

1.601057475

-1.973728182

-2.438180799

-2.165636730

-1.405897149

-1.340598042

-2.174021030

-3.255053218

-2.587127663

-1.013419454

0.865684946

0.845874841

1.441693588

0.138823280

-0.862054700

-0.313072985

-2.214763561

1.306489547

-0.063700221

-0.797009587

0.057138691

1.385128895

2.414970979

-0.535213447

-2.211617878

-0.223374712
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27

3.075347222

1.192168427

-2.7152267250

-1.754742227

-0.640095478

1.261123821

2.667144655

-0.283217880

-0.097264868

-1.148106759

-0.857312277

0.219999904

0.357510759

2.356956435

3.820711221

3.599258115

4.683630459

5.123003599

4.664068015

1.536364593

3.172802865

2.849180618

-0.172803554

-0.759534773

-0.303020304

0.583987772

-0.193988897

0.359070778

2.551666612

2.212308126

-3.250968636

-4.300468914

-2.881587856

-2.011569504

-3.201774927

-1.505915226

-0.553887974

-1.453116836

0.173830392

-0.029679522

-1.734192020

-1.004081370

-2.586804055

-1.936316684

-3.604580374

3.271242464

2.600063189

-0.155068557

0.164375180

-0.277552782

0.136416583

0.455756074

-1.128287325

-1.625225032

-0.218536116

-0.134622956

2.073337576

2.794982697

3.259427487

3.398207062

3.009658545

2.371767091

0.188163486

0.241295118

-1.291821584

-2.827956319

-2.696551045

-2.237998432

1.787862045
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0.634706295

3.313849028

1.505710535

-2.911392119

3.210697147

4.500706516

3.127907991

-5.104465789

-4.842964163

-6.431581654

-7.206180781

-6.758694688

-7.792542723

-5.756418796

-6.009284187

-4.426594237

-3.639939077

-4.117213256

1.785879212

4.261834038

4.700830218

2.410055483

2.118536176

1.657803782

0.559244095

0.531934569

0.949350509

0.228640027

0.434665750

-0.351837326

-0.590287357

-0.629200729

-1.079208627

-0.320148309

-0.517028166

0.259356360

Cationic complex of [CoL3]**

2.304181938

-1.406600786

0.642817857

1.280855947

-3.152028144

-2.010698987

-2.300933334

0.816744554

1.783834048

0.514921276

1.246287612

-0.712125117

-0.939932562

-1.644870637

-2.599355637

-1.364669267

-2.083584135

-0.1325510916
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-6.287962896

-5.478785476

-4.131860713

-3.611272746
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3.191235706

2.311499496
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-0.716960908
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1.403456420

1.244863596
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3.638203164

3.656755367
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2.044971278

-2.239021226

-2.389529745
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-3.087073282
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1.065669045

0.081939828

0.918342977
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2.134557869

-0.878825470

-1.960484394

1.315392795

1.229601918

1.955980170

0.963033334

-0.098414708

0.015128069

-1.897127193

0.832544797

-0.593208273

-1.313943267

-0.363236043

0.978400531

1.924020732

-1.166905908
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2.816441951
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-1.755400905

-1.358423954
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2.916741154

2.566290054

1.886105934

1.204229827

-2.242319069

-2.224350951

-1.088577890

-0.647073622

S106



-0.228565462 -2.458583106  1.686191807
0.879811084 -3.773101224  2.062964093
1.055054274 -2.221371794  2.883387323
3.062551568 -1.305707338  3.114863740
4495612545 -2.091500558  2.457728918
4.251233331 -0.365394852  2.204670246
5.214225850 -0.082611093 -0.024413161
5.638935044 -1.755276257 -0.375023568
5.103056950 -0.704687261 -1.680041979
1.878874806 -1.922985974 -3.348846641
3.521969868 -1.301467236 -3.170156772
3.220620660 -3.033194958 -3.075517914
0.441774113  2.752149101  2.530093865
1.251934008 1.185728097 2.656152210
3.802379680  4.450379092 -0.498616542
2.086089149  4.407406391  1.672995164

-2.333521022  2.043204186  1.917049113
3.609459282  2.766356981 -2.678829614
4939376654  2.049252830 -1.732462023
3.541194422  1.052552228 -2.209042171
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