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One-Pot Three-Component Synthesis of 3-(1H-Benzo[d]imidazol-
2-yl)chromen Derivatives
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Abstract Benzoimidazole and chromen derivatives exhibit a variety of important biological activities. Chromens incorporat-
ing benzoimidazole moiety have high Rho kinase inhibitory activity. However, the effective synthetic method for the prepara-
tion of these compounds is rare. The efficient synthesis of new substituted 3-(1H-benzo[d]imidazol-2-yl)-4H- chromens in
48%~89% yields via one-pot, three-component reaction of 2-(1H-benzo[d]imidazol-2-yl)acetonitrile with aromatic aldehydes
and 5,5-dimethylcyclohexane-1,3-dione was studied. This reaction was carried out in EtOH in the presence of pyridine under
reflux conditions. All reactions were completed within 1 to 3 h.
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Figure 1 Medicinal structures containing benzimidazole and
chromen
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Table 1 Optimization of reaction conditions

Br o
©:N\: CN . . Cat. (10 mol%)
N EtOH, reflux, 2 h
H o)
1 3
2
a Br

CHO

Entry Catalyst Yield”/%
1 CBr, 31
2 Et;N 79
3 Piperidine 29
4 Morpholine 65
5 Pyridine 85

“Reaction condition: 2-(1H-benzo[d]imidazol-2-yl)acetonitrile (1, 1.0 mmol),
4-bromobenzaldehyde (2a, 1.0 mmol), 5,5-dimethylcyclohexane-1,3-dione (3,
1.0 mmol), catalyst (0.1 mmol), solvent (2 mL). ®Isolated yield.

FESRAFRAL R AL b, 5% 7% R 38
VEH (R 2). BT LA W i SR AT, S RN [T
M, Hm R Bae. L3-S R P R (2e) W JEURLIN, 77

3300 http://sioc-journal.cn/

2 3-(1HKIH[d]RME)-4H-ZE IR A 4 B R
Table 2 Synthesis of 3-(1H-benzo[d]imidazol-2-yl)-4H-
chromen derivatives 4

o)
N CN Pyridine (10 mol%
@[ S>—"" 4 ArcHO + Pyridine (10 mol%)
N EtOH, reflux
H 0

2
1 3
o x40
N
| H
07 >NH,
4
Entry 4 Ar Time/h Yield’/%
1 4a  4-Bromophenyl 2 85
2 3b  4-Chlorophenyl 2 79
3 4c  4-Fluorophenyl 2 72
4 4d  4-Methoxyphenyl 3 56
5 4e  3-Nitrophenyl 1 89
6 4f 2-Cyanophenyl 2 48
7 4g  2,3-Dichlorophenyl 2 79
8 4h  2,4-Dichlorophenyl 2 75
9 4i  3,4-Dichlorophenyl 2 63
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“Reaction condition: 2-(1H-benzo[d]imidazol-2-yl)acetonitrile (1, 1.0 mmol),
aromatic aldehyde (2, 1.0 mmol), 5,5-dimethylcyclohexane-1,3-dione (3, 1.0
mmol), pyridine (0.1 mmol), solvent (2 mL), ®Tsolated yield.

ik 89%. MUSEEIN A K mI, R EN 63%~
85%. MMM LA i TR HIET, e B A) 7 EE 4E
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Scheme 1 Proposed reaction mechanism
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3.2 LWHE

7t 25 mL [F KL I J5 (1.0 mmol). 2-F H
B IBEME(1.0 mmol). 5,5- I E-1,3-30 C (1.0
mmol). MERE(0.1 mmol)A K 2 mL Jo/K LEE, 72
PR, 2O (TLO)MRES M. B4R E, A E
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3-(LH-ZE I [d|k Me-4-55 -7 7- — WA 3E-7 8- R -4H-ZE I
MEmE-S-BH. BT BARP=PI S A A0 . IR
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2- 5 FE-3-(1H-ZK T [d] WK e )-4-(4- YR K 52)-7,7- — H
5 -7,8- A -AH- 7K W 0 -5- T (4a): BB E AR, mp.
227~228 °C; '"H NMR (DMSO-d, 400 MHz) §: 11.80 (s,
1H), 7.88 (s, 2H), 7.42~7.35 (m, 5H), 7.30 (d, J=6.8 Hz,
1H), 7.04~7.01 (m, 2H), 4.98 (s, 1H), 2.60 (d, J=17.6
Hz, 1H), 2.49~2.32 (m, 2H), 2.11 (d, J=16.0 Hz, 1H),
1.06 (s, 3H), 0.88 (s, 3H); °C NMR (DMSO-d;, 100 MHz)
5: 196.4, 163.4, 154.2, 153.3, 145.6, 143.4, 134.1, 131.3,
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130.3, 121.4, 121.1, 119.7, 117.0, 115.10, 110.7, 76.2,
50.5, 33.2, 32.3, 29.2, 26.8; IR (KBr) v: 3445, 3216, 1682,
1647, 1532, 1484, 1454, 1378, 1278, 1230 cm '; HRMS
(ESI) caled for C,4H,BrN;O, (M—H)" 463.0895, found
463.0908.

2- 5 I -3-(1 H-FK F [d] WK W )-4-(4- F K 58 )-7,7- — H
HE-7,8- & -4H-ZK ML I -5- i (4b): B L[ 4R mup.
227~228 °C; 'H NMR (DMSO-dg, 400 MHz) 6: 11.81 (s,
1H), 7.89 (s, 2H), 7.44~7.42 (m, 3H), 7.31 (d, J=6.8 Hz,
1H), 7.26 (d, J=7.2 Hz, 2H), 7.06~7.00 (m, 2H), 5.01 (s,
1H), 2.59 (d, J=17.6 Hz, 1H), 2.46 (d, J=17.6 Hz, 1H),
2.34 (d, J=16.0 Hz, 1H), 2.11 (d, J=16.0 Hz, 1H), 1.06
(s, 3H), 0.87 (s, 3H); °*C NMR (DMSO-d;, 100 MHz) o:
196.4, 163.4, 154.2, 1533, 1452, 143.4, 134.1, 131.2,
129.9, 128.4, 121.4, 121.1, 117.0, 115.2, 110.7, 76.3, 50.5,
33.2,32.3,29.2, 26.8; IR (KBr) v: 3446, 3215, 1683, 1647,
1529, 1479, 1454, 1378, 1278, 1253 cm '; HRMS (ESI)
caled for C,H,;CIN;0, (M—H)+ 418.1322, found
418.1348.

2- G FE-3-(1 H-Z5 FH[d] WK P )-4-(4- i 2K 52 )-7,7- — H
HE-7,8- & -AH- 2K I 0L R -5- T (de): BB [ 4K mup.
235~236 °C; 'H NMR (DMSO-dq, 400 MHz) 6: 11.81 (s,
1H), 7.86 (s, 2H), 7.45~7.40 (m, 3H), 7.31 (d, J=6.8 Hz,
1H), 7.04~7.00 (m, 4H), 5.01 (s, 1H), 2.60 (d, J=16.0
Hz, 1H), 2.47 (d, J=18.4 Hz, 1H), 2.34 (d, J=16.4 Hz,
1H), 2.12 (d, J=16.0 Hz, 1H), 1.06 (s, 3H), 0.88 (s, 3H);
C NMR (DMSO-d;, 100 MHz) 0: 196.4, 163.2, 162.3,
159.9, 154.2, 153.4, 143.4, 142.4, 142.4, 134.1, 129.8,
129.8, 121.4, 121.0, 116.9, 115.5, 115.2, 114.9, 110.7,
76.6, 50.6, 32.9, 32.4, 29.2, 26.8; IR (KBr) v: 3441, 3290,
1682, 1638, 1616, 1529, 1504, 1380, 1356, 1276, 1223
cm '; HRMS (ESI) caled for CpHyFN;O, (M—H)"
402.1618, found 402.1634.

2- B I -3-(1 H-F5 FF [d] WK e )-4-(4- AR 3L 2R 0 )-7,7-
-7 8- A -AH- R IR AR -5 (4d): B AR, mop.
206~207 °C; 'H NMR (DMSO-dq, 400 MHz) 6: 11.76 (s,
1H), 7.80 (s, 2H), 7.41 (d, J=7.2 Hz, 1H), 7.33~7.31 (m,
3H), 7.05~7.00 (m, 2H), 6.75 (d, J=8.4 Hz, 2H), 4.93 (s,
1H), 3.63 (s, 3H), 2.58 (d, J=17.6 Hz, 1H), 2.46 (d, J=
17.6 Hz, 1H), 2.32 (d, J=16.0 Hz, 1H), 2.10 (d, J=16.0
Hz, 1H), 1.06 (s, 3H), 0.89 (s, 3H); °C NMR (DMSO-d,
100 MHz) J: 196.4, 162.9, 158.0, 154.1, 153.5, 143.4,
138.3, 134.1, 129.0, 121.4, 121.0, 116.9, 115.8, 113.8,
110.7, 77.1, 55.3, 50.6, 32.8, 32.3, 29.3, 26.8; IR (KBr) v:
3449, 3283, 1680, 1639, 1617, 1541, 1508, 1454, 1378,
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1257, 1225 cmfl; HRMS (ESI) caled for C,sH,4N30;
(M—H)" 414.1818, found 414.1817.

2-B -3 -(LH-ZR I [d] KW )-7,7- — H JE-4-(3- g B 2K
H)-7,8- & -4H-Z8 T ML 0 -5- T (de): 3 €0 [ K. mp.
245~246 °C; 'H NMR (DMSO-d,, 400 MHz) §: 11.29 (s,
1H), 8.36 (s, 1H), 8.00~7.95 (m, 3H), 7.83 (d, J=7.6 Hz,
1H), 7.53 (t, J=8.0 Hz, 1H), 7.42 (d, J=7.2 Hz, 1H), 7.30
(d, J=7.2 Hz, 1H), 7.05~7.00 (m, 2H), 5.19 (s, 1H), 2.62
(d, J=17.6 Hz, 1H), 2.51 (d, J=16.4 Hz, 1H), 2.35 (d, J=
16.0 Hz, 1H), 2.14 (d, J=16.0 Hz, 1H), 1.06 (s, 3H), 0.86
(s, 3H); °C NMR (DMSO-d,, 100 MHz) §: 196.5, 163.8,
154.4, 153.1, 148.5, 148.0, 143.4, 134.7, 134.1, 130.0,
122.9, 121.9, 121.5, 121.2, 117.0, 114.7, 110.7, 75.6, 50.4,
33.6,32.4,29.2, 26.7; IR (KBr) v: 3431, 3353, 1678, 1646,
1522, 1478, 1377, 1350, 1277, 1229 cm™'; HRMS(ESI)
caled for C,yH;N,O;, (M — H) " 429.1563, found
429.1590.

2-(2- R Hk-3-(1H-ZR I [d] WK )-7,7- — R Jk-5- 2 AR -
5,6,7,8-VU S -4 H- 2R Ik IR )-8 i (4f): 28 (A [E 4. m.p.
223~224 °C; '"H NMR (DMSO-dq, 400 MHz) d: 11.55 (s,
1H), 8.10 (d, J=8.0 Hz, 1H), 7.86 (s, 2H), 7.63 (d, J=7.6
Hz, 1H), 7.55 (t, J=7.6 Hz, 1H), 7.39 (d, J=7.2 Hz, 1H),
7.30~7.23 (m, 2H), 7.03~7.01 (m, 2H), 5.16 (s, 1H),
2.63 (d, J=17.2 Hz, 1H), 2.50~2.30 (m, 2H), 2.10 (d, J=
16.4 Hz, 1H), 1.08 (s, 3H), 0.98 (s, 3H); “C NMR
(DMSO-d,, 100 MHz) 0: 196.4, 163.7, 153.8, 153.3, 150.8,
135.1, 132.6, 132.2, 127.6, 118.0, 111.9, 110.7, 74.8, 50.5,
35.3,32.1,29.2, 27.3; IR (KBr) v: 3444, 3376, 2223, 1683,
1666, 1635, 1521, 1457, 1371, 1279, 1253 cm'; HRMS
(ESI) caled for CpsHyN4O, (M—H)" 409.1665, found
409.1698.

2-FF-3-(1 H-2K FF [k Me)-4-(2,3- A HL)-7,7-—
HHE-7,8- & -4H- 2R FF L I -5- 1 (4g): 3% LA 4K, m.p.
241~242 °C; "H NMR (DMSO-dq, 400 MHz) d: 11.48 (s,
1H), 7.84 (d, J=8.4 Hz, 1H), 7.80 (s, 2H), 7.40~7.24 (m,
4H), 7.06~7.00 (m, 2H), 5.32 (s, 1H), 2.62 (d, J=17.6
Hz, 1H), 2.47 (d, J=18.0 Hz, 1H), 2.32 (d, J=16.0 Hz,
1H), 2.10 (d, J=16.4 Hz, 1H), 1.07 (s, 3H), 0.95 (s, 3H);
C NMR (DMSO-d, 100 MHz) 0: 196.3, 164.2, 154.3,
153.3, 143.9, 143.2, 134.0, 133.0, 132.2, 130.6, 129.2,
127.7, 121.5, 121.2, 117.0, 112.1, 110.8, 74.0, 50.5, 35.6,
32.2, 29.2, 27.0; IR (KBr) v: 3450, 3328, 1686, 1636,
1525, 1454, 1426, 1379, 1277, 1253 cm”'; HRMS (ESI)
caled for C,4;H,,ClLN;0, (M—H)+ 452.0933, found
452.0950.
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2-F FE-3-(1 H-ZR I [k )-4-(2,4- —FRHE)-7,7-—
FH2E-7,8- & -4H-2K T LI -5- 1 (4h): 25 €0 [E K. m.p.
219~220 ‘C; '"H NMR (DMSO-dg, 400 MHz) 6: 11.49 (s,
1H), 7.92 (d, J=6.8 Hz, 1H), 7.80 (s, 2H), 7.39 (d, J=6.4
Hz, 1H), 7.34~7.30 (m, 3H), 7.04~7.02 (m, 2H), 5.23 (s,
1H), 2.62 (d, J=17.6 Hz, 1H), 2.50~2.30 (m, 2H), 2.08
(d, J=16.4 Hz, 1H), 1.06 (s, 3H), 0.95 (s, 3H); *C NMR
(DMSO-d, 100 MHz) 0: 196.3, 164.0, 154.2, 153.3, 143.3,
140.1, 135.0, 134.0, 133.5, 132.2, 130.1, 126.9, 121.5,
1212, 117.0, 111.8, 110.7, 73.9, 50.5, 34.5, 32.2, 29.3,
26.9; IR (KBr) v: 3433, 3315, 1681, 1640, 1560, 1546,
1528, 1467, 1454, 1407, 1274 cm'; HRMS (ESI) calcd
for C4Ha0CLN;0, (M—H) " 452.0933, found 452.0933.

2-FF-3-(1 H-2R FF [k ME)-4-(3,4- - ERHL)-7,7-—
FH 5k -7,8- & -4 H- 2 I Lt g -5- T (40): 3 (A A 4. mup.
220~221 °C; 'H NMR (DMSO-dg, 400 MHz) 6: 11.84 (s,
1H), 7.98 (s, 2H), 7.70 (s, 1H), 7.48 (d, J=8.4 Hz, 1H),
7.43 (d, J=6.4 Hz, 1H), 7.32 (d, J=8.0 Hz, 2H), 7.04~
7.02 (m, 2H), 5.03 (s, 1H), 2.59 (d, J=17.6 Hz, 1H),
2.50~2.32 (m, 2H), 2.14 (d, J=16.0 Hz, 1H), 1.06 (s,
3H), 0.88 (s, 3H); °C NMR (DMSO-ds, 100 MHz) o:
196.5, 163.7, 154.3, 153.1, 147.2, 143.4, 134.1, 130.8,
130.8, 130.3, 129.2, 128.2, 121.5, 121.2, 117.0, 114.6,
110.7, 75.6, 56.5, 50.5, 33.1, 32.4, 29.1, 26.8; IR (KBr) v:
3446, 3220, 1677, 1644, 1577, 1457, 1379, 1268, 1222,
1168 cm'; HRMS (ESI) caled for CoyHaCLN3O, (M—
H)" 452.0933, found 452.0932.

B4 B (Supporting Information) HFrib 541 'H
NMR 1 PC NMR. 3% 2544 kL AT LL G 2 A A ] 9 356
(http://sioc-journal.cn/)_E T %K.
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