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Fig.1 Method for synthesizing 1,2-disubstituted /monosubstituted benzimidazole compounds

1.3 YR

'H NMR (400 MHz, DMSO-d,) d: 7.76 — 7.69 (m,
3H), 7.53 (dd, J = 5.0, 1.6 Hz, 3H), 7.47 (dd, J = 6.2,
2.6 Hz, 1H), 7.31 — 7.20 (m, 5H), 7.00 (d, J = 7.0 Hz,
2H), 5.59 (s, 2H).

“C NMR (101 MHz, DMSO-d,) 6: 153.72, 143.14,
137.41, 136.36, 130.61, 130.31, 129.51, 129.26,
127.95, 126.56, 123.17, 122.69, 119.74, 111.59.

'"H NMR (400MHz, DMSO-d,) §: 7.79 (s, 1H), 7.73
(dd, J = 7.3, 2.3 Hz, 2H), 7.53 (dd, J = 7.2, 1.3 Hz,
3H), 7.28 (t, J = 6.7 Hz, 4H), 6.98 (d, J = 6.8 Hz, 2H),
5.60 (s, 2H).

“C NMR (101 MHz, DMSO-d,) J: 155.22, 143.98,
137.07, 13522, 130.61, 130.14, 129.54, 129.30,
128.04, 127.19, 126.55, 123.30, 119.18, 113.06, 48.09.

A

'H NMR (400MHz, DMSO-d) d: 7.75 (dq, J = 15.1,
5.1 Hz, 3H), 7.52 — 7.48 (m, 1H), 7.44 — 7.18 (m, 5H),
7.11 (t, J = 8.8 Hz, 2H), 7.03 (d, J = 5.5 Hz, 2H), 5.56
(s, 2H).

“C NMR (101 MHz, DMSO-d,) &: 164.63, 160.65,
143.06, 136.27, 133.52, 131.94, 128.77, 127.12,
122.78, 119.77, 116.48, 116.26, 116.20, 115.99,
111.55.

H,CO
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'H NMR (400 MHz, DMSO-d,) 6: 7.67 (d, J= 7.3 Hz,
1H), 7.52 (t, J=7.8 Hz, 1H), 7.39 (dd, J=23.2, 7.1 Hz,
2H), 7.19 (d, J = 4.4 Hz, 4H), 7.07 (t, J = 7.4 Hz, 1H),
6.92 (d,J = 8.2 Hz, 1H), 6.75 (t, J = 7.4 Hz, 1H), 6.58
(d, J = 74 Hz, 1H), 521 (s, 2H), 3.67 (t, J =
2.9 Hz, 6H).

“C NMR (101 MHz, DMSO-d,) 6: 157.53, 156.83,
152.32, 143.36, 135.68, 132.40, 132.03, 129.17,
127.93, 124.65, 122.66, 122.02, 120.98, 120.00,
119.54,111.96, 111.34, 111.16.

OCH,

N
CLr-Oom

'H NMR (400 MHz, DMSO-d,) d: 7.70 — 7.67 (m,
3H), 7.44 (dd, J = 6.2, 2.7 Hz, 1H), 7.21 (dd, J = 9.2,
3.1 Hz, 2H), 7.09 (d,J=8.8 Hz, 2H), 6.94 (d, J=8.7 Hz,
2H), 6.84 (d, J = 8.7 Hz, 2H), 5.49 (s, 2H), 3.82 (s,
3H), 3.68 (s, 3H).

“C NMR (101 MHz, DMSO-d,) &: 160.82, 158.97,
153.62, 143.15, 136.31, 130.98, 129.28, 127.87,
122.83, 122.50, 114.71, 111.47, 55.78, 55.48, 47.38.

A

'"H NMR (400 MHz, DMSO-d,) 6: 8.54 (d, J=2.1 Hz,
1H), 8.17 (dd, J= 8.9, 2.2 Hz, 1H), 7.93 (d, J= 8.9 Hz,
1H), 7.78 (d, J = 7.9 Hz, 2H), 7.56 (d, J = 7.3 Hz, 3H),
7.28 (dt, J = 12.5, 6.9 Hz, 3H), 7.01 (d, J = 7.0 Hz,
2H), 5.77 (s, 2H).

“C NMR (101 MHz, DMSO-d,) &: 158.79, 147.62,
143.39, 136.79, 135.90, 131.19, 129.66, 129.55,
129.42, 129.38, 126.59, 118.53, 108.64, 48.29.

‘\//Q/Br
O
N
'H NMR (400 MHz, DMSO-d,) J: 7.75 — 7.64 (m,

5H), 7.48 (d, J= 6.7 Hz, 3H), 7.26 (dd, J= 6.2, 2.5 Hz,
2H), 6.94 (d, J = 8.4 Hz, 2H), 5.57 (s, 2H).

“C NMR (101 MHz, DMSO-d,) &: 152.59, 143.06,
136.74, 136.33, 132.34, 132.19, 131.46, 128.79,
124.06, 123.50, 122.95, 121.08, 119.88, 111.60, 47.36.

Br

e
0,

'"H NMR (400 MHz, DMSO-d,) : 7.88 (s, 1H), 7.77 —
7.68 (m, 3H), 7.56 — 7.43 (m, 3H), 7.31 — 7.20 (m, 4H),
6.91 (d, J=7.7 Hz, 1H), 5.61 (s, 2H).

"C NMR (101 MHz, DMSO-d,) 6: 152.02, 142.96,
140.09, 136.38, 133.17, 132.65, 132.08, 131.51,
131.44, 130.95, 129.61, 12838, 125.53, 123.69,
123.05, 122.50, 122.43, 111.60, 47.32.

Cl

2
a2}

'H NMR (400 MHz, Chloroform-d) J: 7.91 (d, J = 8.0
Hz, 1H), 7.75 (s, 1H), 7.51 (t, J =7.5 Hz, 2H), 7.44 —
7.27 (m, 6H), 7.15 (s, 1H), 6.97 (d, J = 7.2 Hz, 1H),
5.44 (s, 2H).

“C NMR (101 MHz, Chloroform-d) J: 152.53,
143.06, 138.19, 135.94, 135.22, 135.00, 131.61,
130.54, 130.20, 130.10, 129.53, 128.32, 127.05,
126.21, 124.08, 123.68, 123.15, 120.32, 110.37, 47.91.

F

s
Q)

'H NMR (400 MHz, Chloroform-d) J: 7.91 (d, J =
7.9 Hz, 1H), 7.45 (d, J = 4.7 Hz, 3H), 7.42 — 7.26 (m,
4H), 7.25 —7.21 (m, 1H), 7.04 (t, J = 8.4 Hz, 1H), 6.91
(d,J=7.7Hz, 1H), 6.84 (d,J=9.3 Hz, 1H), 5.48 (s, 2H).
"C NMR (101 MHz, Chloroform-d) &: 163.97,
152.61, 143.05, 138.69, 135.96, 130.94, 130.52,
124.82, 123.61, 123.11, 121.52, 120.31, 117.24,
117.03, 116.55, 116.32, 115.16, 114.95, 112.99, 47.92.
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'H NMR (400 MHz, Chloroform-d) d: 7.99 (d, J =
1.7 Hz, 1H), 7.67 (dd, J = 7.8, 1.4 Hz, 2H), 7.53 —
7.44 (m, 3H), 7.38 — 7.30 (m, 4H), 7.11 — 7.03 (m,
3H), 5.44 (s, 2H).

"C NMR (101 MHz, Chloroform-d) J: 155.21,
135.00, 130.26, 129.26, 129.18, 128.89, 128.00,
126.06, 125.91, 122.83, 115.70, 111.81, 48.53.

A

'HNMR (400 MHz, Chloroform-d) 5: 7.76 (d,J=8.2 Hz,
1H), 7.68 (dd, J=17.5, 1.7 Hz, 2H), 7.44 (d, J= 7.0 Hz,
3H), 7.38 — 7.28 (m, 3H), 7.19 — 6.98 (m, 4H), 5.42 (d,
J=2.5Hz, 2H), 2.47 (d, J = 25.1 Hz, 3H).

“C NMR (101 MHz, Chloroform-d) &: 153.74,
141.32, 136.60, 136.40, 133.12, 130.23, 129.78,
129.25, 129.20, 129.09, 129.06, 128.74, 127.73,
125.98, 125.92, 124.33, 119.53, 110.33, 48.25, 21.90.

|OCS
'H NMR (400 MHz, Chloroform-d) &: 7.70 (dd, J =
7.9,1.5Hz,2H), 7.50 - 7.43 (m, 3H), 7.33 (d,/J=1.3 Hz,
4H), 7.17 — 7.06 (m, 4H), 5.45 (s, 2H).
“C NMR (101 MHz, Chloroform-d) &: 154.90,

136.95, 13594, 130.21, 129.54, 129.14, 128.76,
127.96, 125.96, 124.79, 123.50, 122.66, 109.29, 48.71.

=
O

'H NMR (400 MHz, Chloroform-d) &: 7.93 — 7.87 (m,
1H), 7.59 — 7.55 (m, 2H), 7.53 — 7.46 (m, 3H), 7.38 —

7.26 (m, 8H).
“C NMR (101 MHz, Chloroform-d) &: 152.42,
143.01, 13722, 137.00, 129.88, 129.46, 128.57,

128.32,127.43,123.01, 110.49, 1.06.

-

N

'H NMR (400 MHz, Chloroform-d) d: 7.76 — 7.70 (m,
1H), 7.29 (dt, J = 5.7, 3.3 Hz, 1H), 7.24 — 7.18 (m,
2H), 4.09 — 4.03 (m, 2H), 2.89 (q, J = 7.5 Hz, 2H),
1.84 (dt, J = 14.8, 7.4 Hz, 2H), 1.47 (d, J = 15.1 Hz,
3H), 0.97 (t, J = 7.4 Hz, 3H).

“C NMR (101 MHz, Chloroform-d) J: 156.02,
142.61, 135.16, 121.89, 121.64, 119.18, 109.25, 45.11,
23.15,20.81,11.91, 11.47.

cl N

Jovay

F N
'H NMR (400 MHz, Chloroform-d) d: 7.91 — 7.58 (m,
3H), 7.47 (d, J = 7.4 Hz, 3H), 7.40 — 7.28 (m, 3H),
7.22 - 6.93 (m, 3H), 5.41 (s, 2H).
“C NMR (101 MHz, Chloroform-d) &: 156.11,
135.57, 135.44, 130.37, 129.29, 129.17, 128.93,

128.14, 125.91, 125.85, 111.44, 106.92, 106.68, 98.47,
98.20, 48.72, 48.67.

"HNMR (400 MHz, Chloroform-d) J: 7.94 (d,J=8.4 Hz,
1H), 7.69 (d, J = 6.7 Hz, 2H), 7.59 — 7.44 (m, 5H),
7.36 (d, J= 7.3 Hz, 3H), 7.09 (d, J = 6.5 Hz, 2H), 5.51

(s, 2H).
“C NMR (101 MHz, Chloroform-d) &: 156.61,
145.32, 135.67, 135.56, 130.50, 129.30, 128.95,

128.14, 125.86, 120.41, 119.81, 108.17, 48.58.

'H NMR (400 MHz, Chloroform-d) J: 8.12 (s, 1H),
7.66 (d, J = 6.8 Hz, 2H), 7.51 — 7.44 (m, 4H), 7.36 (d,
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J=17.5Hz, 3H), 7.06 (d, J = 6.6 Hz, 2H), 5.41 (s, 2H).
“C NMR (101 MHz, Chloroform-d) &: 155.97,
143.55, 136.25, 135.45, 130.51, 129.32, 128.96,
128.18, 125.81, 124.45, 118.06, 114.99, 48.59.

al N
Jore )
cl N
'H NMR (400 MHz, Chloroform-d) &: 7.93 (s, 1H),

7.69 — 7.64 (m, 2H), 7.48 (tt, J = 8.7, 4.7 Hz, 3H),
7.39-7.28 (m, 4H), 7.07 (d,J=6.5 Hz, 2H), 5.42 (s, 2H).

A

'H NMR (400 MHz, Chloroform-d) &: 7.63 (dd, J =
7.4, 2.2 Hz, 2H), 7.55 (s, 1H), 7.46 — 7.38 (m, 3H),
7.38 — 7.29 (m, 3H), 7.20 — 7.15 (m, 1H), 7.13 (d, J =
6.7 Hz, 2H), 6.59 (s, 1H), 5.41 (s, 2H), 4.07 (s, 2H),
3.73 (s, 3H).

“C NMR (101 MHz, Chloroform-d) &: 156.82,
153.49, 130.22, 129.68, 129.14, 128.72, 127.78,
125.99, 120.49, 94.29, 55.88, 48.40.

L

/

()

'H NMR (400 MHz, Chloroform-d) &: 7.74 (dd, J =
5.5, 3.3 Hz, 1H), 7.31 — 7.26 (m, 1H), 7.21 (dd, J =
5.8, 3.3 Hz, 2H), 3.93 (d, J = 7.4 Hz, 2H), 2.80 (t, J =
11.3 Hz, 1H), 1.92 (s, 4H), 1.87 (s, 1H), 1.85 (d, J =
3.3 Hz, 1H), 1.79 (s, 1H), 1.73 (d, J = 4.6 Hz, 2H),
1.69 — 1.57 (m, 3H), 1.40 (d, J = 7.6 Hz, 3H), 1.22 (d,
J=29.5Hz, 4H), 1.12 — 1.00 (m, 2H).

“C NMR (101 MHz, Chloroform-d) &: 159.46,

142.69, 121.67, 121.55, 119.22, 109.72, 49.76, 38.68,
36.39, 32.16, 31.10, 26.47, 26.21, 25.78.

L-O—O

'H NMR (400 MHz, Chloroform-d) d: 7.90 (d, J =

7.9 Hz, 1H), 7.81 (d,J=8.1 Hz, 2H), 7.70 (d,/=8.2 Hz,
2H), 7.63 (d, J = 7.6 Hz, 2H), 7.57 (d, J = 8.0 Hz, 4H),
7.44 (q, J = 8.0 Hz, 5H), 7.35 (dd, J = 12.7, 5.6 Hz,
3H), 7.28 (s, 1H), 7.21 (d, J = 8.0 Hz, 2H), 5.55 (s, 2H).
“C NMR (101 MHz, Chloroform-d) &: 153.95,
14331, 142.67, 140.79, 140.11, 135.42, 129.70,
128.86, 127.87, 127.81, 127.44, 127.14, 127.03,
126.43, 123.14, 122.79, 120.04, 48.27.

H
N
CL—-O

N
'H NMR (400 MHz, DMSO-d,) J: 12.92 (s, 1H), 8.20
(s, 2H), 7.57 (s, 3H), 7.49 (t, ] = 7.2 Hz, 2H), 7.21
(s, 2H).
“C NMR (101 MHz, DMSO-d,) J: 151.68, 144.27,
13547, 129.42, 126.90, 123.00, 122.13, 119.35,

111.79
Br
H
N
O
N

'"H NMR (400 MHz, DMSO-d,) 6: 12.73 (s, 1H), 7.83
(dd, J = 8.0, 1.0 Hz, 1H), 7.77 (dd, J = 7.6, 1.7 Hz,
1H), 7.58 — 7.54 (m, 2H), 7.47 (dd, ] = 7.7, 5.9 Hz,
1H), 7.28 — 7.21 (m, 3H).

“C NMR (101 MHz, DMSO-d,) &: 150.89, 133.87,
132.89, 131.84, 129.42, 12827, 126.90, 122.02,
111.95.

Br
H
N
V.
N

'H NMR (400 MHz, DMSO-d,) 6: 13.03 (s, 1H), 8.38
(s, 1H), 8.19 (d, J = 7.8 Hz, 1H), 7.70 (d, ] = 1.6 Hz,
2H), 7.52 (t, J = 7.9 Hz, 2H), 7.26 — 7.21 (m, 2H).

“C NMR (101 MHz, DMSO-d,) &: 150.08, 132.90,
131.65, 129.35, 125.84, 122.73.

H,CO

oo

'"H NMR (400 MHz, DMSO-d,) &: 12.11 (s, 1H), 8.33
(dd, J = 7.8, 1.7 Hz, 1H), 7.66 — 7.60 (m, 2H), 7.51 —
7.46 (m, 1H), 7.26 — 7.10 (m, SH), 4.03 (s, 3H).

“C NMR (101 MHz, DMSO-d,) J: 157.49, 156.79,
143.33, 13240, 129.17, 127.90, 124.61, 122.67,
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111.12, 55.74.

H F
N
o0

N
'H NMR (400 MHz, DMSO-d,) 6: 13.02 (s, 1H), 8.07 —
8.01 (m, 1H), 7.98 (ddd, J = 10.3, 2.5, 1.6 Hz, 1H),
7.69 (s, 1H), 7.64—7.55 (m, 2H), 7.34 (td, ] =8.8,2.9 Hz,
1H), 7.24 (s, 2H).
“C NMR (101 MHz, DMSO-d,) &: 164.14, 161.72,
150.41, 133.00, 131.66, 131.58, 122.97, 117.17,
116.96, 113.60, 113.55, 111.59.

H
N
(j:%<:>mq
N
'H NMR (400 MHz, DMSO-d,) &: 13.30 (s, 1H), 8.42
(s, 4H), 7.74 (d, J = 7.8 Hz, 1H), 7.60 (d, J = 7.7 Hz,
1H), 7.27 (dt, J = 15.0, 7.4 Hz, 2H).
“C NMR (101 MHz, DMSO-d,) &: 149.48, 148.32,
136.42, 127.88, 124.75, 124.13, 122.90, 119.91,
112.37.
a u
JORS
Cl N
'H NMR (400 MHz, DMSO-d,) 6: 13.25 (s, 1H), 8.19 —
8.16 (m, 2H), 7.85 (s, 1H), 7.60 — 7.53 (m, 4H).
“C NMR (101 MHz, DMSO-d,) §: 154.30, 129.76,
129.53, 127.21.

H
N :::
/
Br N

'H NMR (400 MHz, DMSO-d,) 6: 13.09 (s, 1H), 8.19 —
8.16 (m, 2H), 7.59 — 7.49 (m, 5H), 7.36 — 7.33 (m, 1H).
“C NMR (101 MHz, DMSO-d,) &: 130.69, 130.13,

129.48, 127.08.
H
N
ISV
Cl N

'"H NMR (400 MHz, DMSO-d,) 6: 13.10 (d, J=10.9 Hz,
1H), 8.20 — 8.16 (m, 2H), 7.74 — 7.66 (m, 1H), 7.55
(dt, J=12.8,7.0 Hz, 4H), 7.24 (q, J = 9.7, 8.4 Hz, 1H).
“C NMR (101 MHz, DMSO-d,) 6: 153.30, 145.22,
136.22, 130.68, 130.17, 129.47, 127.05, 126.56,
123.09, 118.73.

==

Br.

SO

"H NMR (400 MHz, DMSO-d,) §: 13.30 (s, 1H), 8.16
(dd, J = 8.0, 1.6 Hz, 2H), 8.09 — 7.90 (m, 2H), 7.58 —
7.54 (m, 3H).

“C NMR (101 MHz, DMSO-d,) §: 154.11, 131.10,
129.67, 129.56, 127.24.

z

H
E N

Y,
Cl N

'H NMR (400 MHz, DMSO-d,) &: 13.21 (d, J =
15.8 Hz, 1H),8.16 (d,J=7.2Hz,2H),7.71 (d,]=9.9 Hz,
1H), 7.60 — 7.51 (m, 4H).

“C NMR (101 MHz, DMSO-d,) J: 153.86, 141.05,
132.29, 130.83, 129.94, 129.49, 120.04, 112.52,

106.36, 99.81.
N
(o
N

'"H NMR (400 MHz, DMSO-d,) 8: 12.16 (s, 1H), 7.46
(s, 2H), 7.10 (d, J = 2.8 Hz, 2H), 2.83 (q, J = 7.6 Hz,
3H), 1.32 (t, ] = 7.6 Hz, 6H).
“C NMR (101 MHz, DMSO-d,) &: 156.60, 135.41,
117.75, 115.02, 22.42, 12.67.

H
N
-0

N
'"H NMR (400 MHz, DMSO-d,) J: 12.10 (s, 1H), 7.46
(s, 2H), 7.10 (dd, J = 6.0, 3.2 Hz, 2H), 2.84 (it, J =
11.5, 3.6 Hz, 1H), 2.04 — 1.99 (m, 2H), 1.80 (dt, J =
12.5,3.3 Hz, 2H), 1.68 (ddd, J = 13.5, 9.4, 3.3 Hz, 1H),
1.59 (td, J = 12.4, 3.1 Hz, 2H), 1.38 (ddd, J = 15.6,
7.9, 3.1 Hz, 2H), 1.27 (ddd, J = 12.2, 8.9, 3.3 Hz, 1H).

“C NMR (101 MHz, DMSO-d,) &: 159.34, 38.17,
31.71, 26.05.

2 R 5118

2.1 1,2-“EVREFEFHBRERU SR E K

B, WATRERELLRB AR — R AR H EEVE )
K 38 A [F] A Brensted acid Bt i& 5 Cp,TiCl, B[]
PEAGI T R 52 (3R 1) . TE LRI FE 1) 1
BT BN BT AT 72 ) 77 23k 47% (Entry 1), THAUA
0.02 mmol Cp,TiCl, 1E J i AL 7 B Bir 15 7= ) 7= %6 R
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1 FEBLEXT Cp,TiCl, f’é'ﬂiAﬁY. 1,2-ERECEFF WKL B
Table 1 Effect of different ngands on the catalytic synthesis of
1,2-disubstituted benzimidazole by Cp,TiCl,"

NH, szTIC]2 0.02 mmol N
C[ ligand 0.02 mmol @B%_Q
NH,

Entry Ligand Yield'/%
1 None 47
2 Cp,TiCl, 68
3 salicylic acid 75
4 5-Sulfosalicylic acid 78
5 3,5 ,6-Trich19rosalicylic 7

acid
6 Benzoic acid 65
7 p-Toluic acid 67
8 p-Nitrobenzoic acid 57
9 Benzenesulfonic acid 48
10 p-aminoben;enesul fonic 38

acid
11 L-phenylalanine 94
12 L-Tryptophan 21
13 L-Arginine 17
14 L-Lysine 62
15 L-Proline 58
16 D-phenylalanine 37

&2 REBEFRIGE

Table 2 Screening of reaction solvents”

NH, Cp,TiCl, 0.02 mmol
" H ————— )
L-Phenylalanine 0.02 mmol
NH,

2h rt
Entry Solvent Yield"/%
1 EtOH 94
2 MeOH 90
3 Benzene 56
4 Toluene 49
5 n-Hexane 17
6 CHCl, 34
7 CH;CN 47
8 CH,Cl, 66

a. 1.0 mmol o-phenylenediamine and 2.2 mmol benzaldehyde
in 2 mL EtOH at room temperature;
b. Yields were obtained by in-situ 'H NMR.

68% (Entry 2) , $tB Cp,TiCl, % S v A — & AL g
YE . 2 T R AE 0 196 AN [6] A9 Brensted acid Bt f& 5
Cp,TiCl, T3[R fA XTS5 18 A2 e, 2% B K A7 R R
FAH HE 28 F R 22 90 RN R B R 28 47 4R S 4, {H d
R R WAL 78% (Entry 4). TiAES | A LAV E LR
J& (Entry 11-16) £ 3R B L8 TN 2 R A fb 3 2R
U, 7R 53] 94% (Entry 11). [ T D-4E
PR TRNE N FLAR AL RCR, 7= AR 37%.

i (A 0 1 ¢ BH, TG4 AL 39 2 Jl ) Cp, TiCL,
PEAL TSP SR R ERAR, 1T LA LA &R 1R Sk fic A
Y5 Cp,TiCl, Bt {37 76 3 Jin o0 4 T K i 2 e vk 14 )
AFt 4R 8 T R L R

Eﬁ%iﬁﬂjﬁ%&@mz;: FATH B 2 L 5k
Xof A SR Z R R AT T B4R R T/%%UXTEL
R FRZI (3 2) . uiﬂtlﬂmka@? I, o,
K, AW EE, SEE . O ECREER K
B, 2SN E R R ) 5] i A 7= 7 A i,

a. 1.0 mmol o-phenylenediamine and 2.2 mmol benzaldehyde
in 2 mL solvent.

b. Yields were obtained by in-situ 'H NMR.

WA, JEK B, Hor Tk 2B S5 o 35 R e e
FEEIAF] 94%( Entry 1) .

FENE T B AR

R Eo ) e S 3R BE AT T 0 e (3R 3) . H

TRTIREKE LA G 10 2 B

1o, o 7E F e L AN AR () ety o KA A 5] o

(Entry 3-6) , B AL S AO3E I, 7= 7= R g A

%3 UK ARRE R ENGFL

Table 3 Screening of catalyst dosage and reaction temperature

e
@* OO

R ZJ5, BHEE ML

_ CpTiCl,

©:NH2

L-Phenylalanine

Cp,TiCl, Temperature

Entry /mmol  Phenylalanine/mmol /G vield e
002 0.02 1t 94
2 0.01 0.02 rt 95
3 0.02 0.04 rt 96
5 0.04 0.08 rt 96
6 0.05 0.10 rt 93
7 0.02 0.04 40 96
8 0.04 0.02 50 97
9 0.04 0.02 60 97

a. Yields were obtained by in-situ 'HNMR.

b. Selection of catalyst dosage and proportion: 1.0 mmol
o-phenylenediamine and 2.2 mmol benzaldehyde in 2 mL
EtOH.

c. Selection of reaction temperature: 1.0 mmol o-
phenylenediamine, 2.2 mmol benzaldehyde, 0.02 mmol

Cp,TiCl, and 0.04 mmol L-Phenylalanine in 2 mL EtOH.
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h 50 °C. 0k g E LSO 45444 0.02 mmol —
A REK, 0.04 mmol L-AR PN ZFRTE 2 mL JoK C B
SRR 50 °C SR 2 h BPATIAE] 97% E@Fﬁ%

B ok, BATOZ A R 0 IE 838 M gE 1 7
THE N 2 s, EAA R RBUR IR 55 R G

Fhias, e 2 AL de ] B — 5 %K 0.02
mmol L-ZE N &R 0.04 mmol. 55 78 e A7 7 Al i
A A A TR o P A PR 5 U X 7 ) 7 R
i), 288 Lo & BB I B2 T s, 70 R B W i,
T EE T E 60 C B BRNAR B i e A S i

R,
NH, Cp,TiCl, 0.02 mmol N/
R, \i\ . R,CHO L-Phenylalanine 0.04 mmol R, _: ; />iR2
Z > NH, C,H,0OH2mL N
) 5 rt 8h 3

o0 o
O O

@f
L0

GESWS

3a 97% 3b 44% 3¢ 76% 3d 50%
F
©E -0 Tl o0
3e 44% 3f 320 T 3h64%
H,CO
H,CO
3i 64% 3 86% 3k 37% 3153%

A

f%

-O—O S0
CL e
3m 41% 3n 46% 3045% 3p47%
a c
oo O o
H,C N F N
3q 66% 3rd7% 3s 54% 3t50%
/>—‘ /
@EN :: N>—©
3v41%

3u27%

B2 B 1,2- “HUCEI KA S Y R PG L
JA RN 1.0 mmol f 1 1 2.2 mmol Y 2; 435 7= 383 kL (ki Ak J5 3545
Fig.2 Substrate scope for the synthesis of 1,2-disubstituted benzimidazole.

All reactions were carried out with 1.0 mmol 1 and 2.2 mmol 2. Isolated yields were obtained after purification by column

chromatography
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D DA K 7 B A I SO S5 S #F T AL A8 L T
FEEAGE] L2- Uk R AL G ). B e TRAT
ZELT 5 LA AR IE A, SEIR AT
KRI, EEAA A TSR (3i. 3)) BTSRRI SN TS
B 1,2- U I PR AL 5, HOR 453 3
64%. 86%, % J&23 [ 5 BELAY 5 1, -OMe TE&B A i
235 (A7 BEART TR R, 7= %A Bir MRk 354
W HLF3E (3b, 3c. 3g. 3h, 3k) M5 A IE[RIRE AT LIAS
B A DL L, 6T g PR R B BE D B (Bu.
3v) WA —E IR, BHE, AT %A AR %
A1) 05 B e AT T % 5%, RIS 41514 (3p.
3q) BIF5EMLFE TN 47% F1 66%; 1M 25 W B 7~ H& A
(3d—1. 3r-t) S REIIA Th RN, 456 LRIEY
35 P A2, U A AN [R5 A 2800 S 25 ) 34
L XTSI [P ReA — 2 B SR, {H 25 53 91K, TERH
TR R BA R ARSI 15 1.

e, AT LR AR Cp,TiClL b &
B 1,2- BRI TR (i AL R AT T W25 AT
K PR S R 1 R B S SR A B A 3 7
TR IR N R R AR (K] 3) .

L-Phenylalanine

Cp,TiCl,

6.72 6.70 6.68 6.66 6.64 6.62 6.60 6.58 6.56
Chemical shift (d)

Kl 3 2 umol Cp,TiCl, 1 4 umol L-# N2 H NMR &
SEIy (Wi LE Y Cp H U4 @, Cp,TiCl, Cp H 5 )
Fig.3 '"H NMR titration experiment of 2 umol Cp,TiCl, and 4
umol L-Phenylalanine(newly generated Cp H Peak ¢, Cp,TiCl,
Cp H Peak o)

54 94 2 umol Cp,TiCl, #1 4 pmol L4174
RAMRVRET 0.5 mL A H B I 743 i S i A% g At
PR AL S KM Cp,TiClL, 1F 6=6.61 b4 — S FERAE

I, TTE 6.67~6.60 Z A5 L-A4% N & R 1Y i 11
Sy A AU A Ak AR R IR R SE 58 % 4, B 2 pumol
Cp,TiCl, F1 4 pmol LN Z FRIE & 7F 0.5 mL 5t/
H s, ff 2 f IS, A4 Cp,TiCl, 5 LR
WA RS ISR (1), AT LU AR 26 1 — 0 Ak
(Cp) A MYk 50 B A H B 1Y) e K 28 5 W I R k.
R 1 h AT — R R, B 7 IR RE R
TS T TR R R LR TN &R ) R L
(11 3). FTLOER BIFE AR MA L-R N2 fRA} Cp,TiCl,
HRFIE S RIEAE 9=6.61 AL (o) , A L-E N ARG
6.61 Ab A IRIEZ TR SS, TTE 6=6.67 Ab (&) 774
TR BRI B A S [ ) HE RS 12 T R, 150 B
Cp, TiCl, 7E 7 A% B 55 LR TN S R e A 2 il 1T
BRI S ).

BT IR SR TR AT SRR P [k
AR 1,2- U AR I DR e A BRI BE A i AL PR L
B (1K 4), B IFIEE Cp,TiCL, 5 T B A il &
Py 0 (%) [R) s R O 4311 HCL, &5 2K — e ) 5 — 4
TP EEGEA AN T, s I rh i B AU
T T Ti—O B RUh A IV IRk
H—aF LARNER, i —a T ARSIV FE
IR A BV, EEE TR VI RN A R Rk
% HCL BT 1A B K A5 Hr [ 44 VI VI A I B AU
FHEBRk VI VII £ 55555 Birfe 5991 51k
FH L-ANAREHSEGBAAY A1, A
TR
2.2 BEVRFEHKMELEWHIE K

FE R 2 (1S 78 R SR R e AR F R
B 1,2- AR TE DR i i v e B, RO R AN
LR S RAEALIT, 782 MT N WA — 171
SRR EHAZ AT 1,2- U IF bR s p= 4 45
ZREEHT o BT AE ) 5 A NMR 8 E 7=9) h
BB IR I R, (B 7 SR AR 40%. 2 T kXt
PRI ORI ) A AT T AR (R 4) .

T 3 5 e B2 IR (Entry 1-7) , 3ol 1R BliZ
N AE 2 B AT AR AT LA B AR X g A i R
(Entry 4) . B 5 XF 5N 40 He A5 S AR AR 750 e A 7 2%
%< (Entry 8-15) , KB Y Y P e X HEE Ry
1: 1.2, AL -2 TN %05 F = 8 0.02 mmol B 5%
Rt 55 X B I BE E AT % %% (Entry 16-18)
SEBG B,y AR RE L T R, FHELE 70 °C B
PRS2 f A RN A5 50 °C T LA
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Fig.4 Possible Catalytic cycle

x4 REFHHMRL

Table 4 Optimization of reaction conditions

Entry Solvent ratio (2 mL) L-Phenylalanine/mmol Temperature/°C Yield"/%
1° CH,Cl, 0.02 rt 13
2 CHCl,4 0.02 t 17
3 CH;CN 0.02 rt 10
4 EtOH 0.02 rt 40
5 MeOH 0.02 rt 37
6 Toluene 0.02 rt 25
7 Benzene 0.02 rt 10
8 1:1.0 0.02 rt 35
9 1:12 0.02 rt 48.5
10 1:15 0.02 rt 40
11 1:2.0 0.02 rt 36
12¢ 1:1.2 0.01 t 40
13 1:12 0.02 rt 48.5
15 1:1.2 0.04 rt 48.5
16° 1:12 0.02 40 66
17 1:1.2 0.02 50 70
18 1:1.2 0.02 70 70

a. Yields were obtained by in-situ 'H NMR;

b. Selection of solvents: 1.0 mmol o-phenylenediamine, 1.2 mmol benzaldehyde and 0.02 mmol L-Phenylalanine in 2 mL solvent
at room temperature;

c. Selection of reaction substrate proportions: 0.02 mmol L-Phenylalanine in 2 mL EtOH at room temperature;

d. Selection of catalyst dosage: 1.0 mmol o-phenylenediamine and 1.2 mmol benzaldehyde in 2 mL EtOH at room temperature;

e. Selection of reaction temperature: 1.0 mmol o-phenylenediamine, 1.2 mmol benzaldehyde and 0.02 mmol L-Phenylalanine in
2 mL EtOH.



H1l

EREE: BRI Cp,TiCL LA MR . SURAEIF IR AT AW BT 61

2 mL JG/K Z B 5] 0.02 mmol L-4E N & W Ak

T 1 mmol 48 % %5 1.2 mmol % H 2 )i 8 h Al

15 BB IR TR, ;7= AT TR E] 70%.
E}%aﬁtﬂmﬁc&ﬁ LG, [FEREFRATR Y
EPESEAT T %58 (K S) , 43 s T A [ 3 A H

N NH, 0.02 mmol L- Pheny]alanme
R + RCHO — — — "7
! 2 mL EtOH 50 °C

RIS Al (3b-31) WA a5 L DL b= 58, Hifh 4
PLRAR I 57 B IS (3b) BRI AR 5 & S (3¢) 1
PR T R, 5 RN B 32 A5 [ B 52 s B
IR (31, 3m) AR B ISR, A A R U
5 A R4 A LA ISR,

Qﬂﬂ

Z>NH,
1 2
H,CO
H u B - Br 1}\11
N N N
O O L /
3a 70% 3b 68% 3¢74% 3d 78%
F H
e { e O O
NO, @ Y
/ / 2
@[ @E Ct B
3¢ 66% 3f 73% 3g 45% 3h 57%
H H
N Br u K N N
L0 -0 O O
CI B Cl
3i58% 3j 52% 3Kk 65% 31 60%
H i;\
N
GO O
//
3m 59% 3n 78%

Kl 5 BRI BRI S PR IR (R

A B SOV A 1.0 mmol f4 1 A1 1.2 mmol A9 2; BifEF=4)

Fig.5 Range of substrates for the synthesis of monosubstituted benzimidazoles (Reaction conditions: all reactions were carried out

with 1.0 mmol of 1 and 1.2 mmol of 2; Yields were obtained by in-situ 'H NMR
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The Study on Ligand-regulated Cp,TiCl, Catalytic Synthesis of Single,
Double-substituted Benzimidazole Derivatives

WANG Yun-yun', LU Xu, LI Xiao-yue, WANG Tao
(Ningxia Key Laboratory of Green Catalytic Materials and Technology, School of Chemistry and Chemical
Engineering, Ningxia Normal University, Guyuan 756000, China)

Abstract: In this paper, using o-phenylenediamine and aromatic aldehydes as the starting material, under the
condition of 50 °C, ethanol as solvent and 0.02 mmol L-phenylalanine as catalyst, the catalytic synthesis products
were monosubstituted benzimidazoles, and the yield could reach 70%. However, under the conditions of 50 C,
ethanol as solvent, 0.04 mmol L-phenylalanine as Brensted acid ligand, 0.02 mmol Cp,TiCl, as Lewis acid, the
catalytic synthesis products were 1,2-disubstituted benimidazoles, and the yield reached 97%. The catalytic
system presents the advantages of good universality and simple post-processing. At the same time, NMR analysis
was used to investigate the mechanism.

Key words: titanocene dichloride; ligand regulation; benzimidazoles
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