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“One-Pot” Synthesis of 1-Phenyl-1H-benzimidazole
Derivatives Facilitated by Fe

Yu, Zutao® Wang, Zeyu* Wu, Xiao” Hu, Gaoyun* Li, Qianbin™*
(“ Medicinal Chemistry of Pharmacy Department, Central South University, Changsha 410013)
(® Medicine Department, Hunan Normal University, Changsha 410013)

Abstract An easy and efficient “one-pot” synthetic method facilitated by Fe to synthesize substituted 1-phenyl-1H-benzimi-
dazole has been developed successfully. By using liquid organic acid as solvent, 2-nitro-N-phenylaniline is converted to sub-
stituted 1-phenyl-1H-benzimidazole directly after reduction and cyclization catalyzed by Fe, with the yield of 80%~92%.
Through the application of high performance liquid chromatography (HPLC) detection, the effects of the amount of solvent,
the type of liquid organic acid, temperature and reaction time on the “one-pot” reaction have been fully investigated, as well as
the reaction mechanism. The “one-pot” method proposed here has multiple advantages, such as mild condition, easy proce-

dure, cheap ingredients and high yield, which provide a newly convenient synthetic route.
Keywords one-pot synthesis; 1-phenyl-1H-benzimidazole; Fe catalysis; reaction mechanism

FIFBRIERAL SV A 2 DR T 197 & ML
B, %7 A ARG AT S LER N R AN 52 A ) 2 2
Mk ERE TR AR BUKM -n ST AR
AR RN SRR A Y B A T2 MR,
ER NI R SRR R AL ) NI i
SEAMAN TSR | 22 Ry 5 A (BT i |
PRSI TN R AR 5 RE 22 CR I RS AR, b2k
EPRATHUE BN ) B E AR R, KR e S AR
FHRMPAH R W5 QB RO

TERIERRIERAC G, N-1 SL2RIEERAL & Wi
RS2, HARERRZY, FEAFELL T =M.

* E-mail: gbli@csu.edu.cn

Mukhopadhyay Z5U'OMRIE T S A K EER, FEAIRER S
PAS R 1-RIEIRFERME, BN G i A2 77 22 3-4 20 OML.
Muangpaisal 25U RIE T LA 2 2 ORI IR AR
IRIFWRIEER . (B I N 7 S i 2 00 R O s B e
AT, T 418 2% g P ) % R 43 8 A e It R R 2 i,
JEHXI AT TE B G 2R &, A SEU R
BARI, A5 IR TR B AT R 2R A SRR A
RIFDKIERA G, B2 T iHEE 5 oy a sz P
TR Selvam Z5USIHRGE T M 2-HUARAR AN 3 — 2%
SRE— R EAE G A |- 2R ORI R, 7 EEAE S A
BYAE TiO, Bk B Pt fAGGRI, JRAERAMEEURBEE R

Received December 3, 2015; revised March 10, 2016; published online March 25, 2016.
Project supported by the the National Natural Science Foundation of China (No. 21102184) and the Specialized Research Fund for the Doctoral Program of

Higher Education of China (No. 20110162120033).

KRB 4 (No. 21102184) F i A5 54K 18 - 54 R} s 2 URHIF £ 4x(No. 20110162120033) Bt Bh I H .

1672 http://sioc-journal.cn/

A ©2016 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2016, 36, 1672~1676



Chinese Journal of Organic Chemistry

HEAT. R IR MRS, SERAETI 1 RS
RIA R Schiff B, RJEIREREY. X HOCHRRE =
Y, \‘% X
W=ForE, AT M, G SR TIRR ‘

A0 LAB R IR R, T BL A e T, X 2-FE-1- R RN AN ERIP], XN
E%%@E{Elﬁ{?ﬁﬁ? «#_/f%?zn QEET 1_%%%;_1;”* m&*«ltt&/ﬂfglﬁ’/ff?ﬁlﬁ, KI% 1 h}ﬂ HPLC H:ﬁl}l_\]“}i
MR A, TR, ek, Fopb s, R OB RESRILART AL
CE NN

R CERET BRGRH

Table 1 Reaction condition optimization of “one-pot”’synthesis

NOQ H N=%/

N Cat. Fe N
+ CHsCOOH ———=

1a
Entry Starting compd. Fe CH;COOH/mL Temp./'C Time/h Yield/%
1 0.50 g (2.34 mmol)  0.13 g (2.34 mmol) 30 120 8 235
2 0.50 g (2.34mmol)  0.39 g (7.02 mmol) 30 120 6 90.1
3 0.50 g (2.34 mmol)  0.65 g (11.70 mmol) 30 120 6 92.9
4 0.50 g (2.34 mmol)  0.39 g (7.02 mmol) 30 80 8 41.9
5 0.50 g (2.34mmol)  0.39 g (7.02 mmol) 30 100 20 64.5
6 0.50 g (2.34 mmol)  0.39 g (7.02 mmol) 30 140° 6 93.1
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100.0 1000 %
900 |\ Entyil “‘ Eaey2
\ 80.0 -
800 | \
£ 700 | Ym=msmeeeol_ P LT S il \
'§ 600 | ===-Jik s g 600 - \ —-—=e R
5 500 - —o— rufilfk1 < wo |\ = i {1
400 —m— k2 ' —— k2
200 | T gt 200 - B
100 - J/‘f ’|‘
0.0 I3 =N 0.0
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
t/h 1000 s
\ 1 -« B K
100.0 A , 5 i B
20.0 Entry 3 ./L/ — 80.0 - “ —— ] k1
80.0 A g IR k2
. 70.0 / - EE P 60.0 \\
£ 600 ) < \ —t )
3 500 —o— i) {1 200 -
< 400 w2
30.0 ) 200 -
5.6 e R
10.0 \‘ . . ¥ 0.0 Ef
0.0 m——= 0 1 2 3 4 5 6 7 8
3 ?/h 5 6 7 8 t/h
100.0 100.0
00 _\“ e R Entry 5 90.0 7\‘ Entry 6 o« A
80.0 -\ —— sl k1 80.0 -\ g
700 | \\‘ X 700 o\ & e i
gooo | N TTIORZ e g0 | J/ i
g 500 N\ ——pH §s00 4 : Ia]72
< 400 - / < 400 \, B chE 4k 2
30.0 ey

B “—4ik” G HPLC il
Figure 1 HPLC analysis of “one-pot” synthesis
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Scheme 1 Reaction mechanism of “one-pot” synthesis
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AHRAK Fe-05 BRI R, WK 2 PR, SLWERE
B, % “ ik WTRUEH T O =M ORI IRSE
WMAKERRIR, BIEFSE, F=23m. R® A RIS,
i Br, N3 MR 1. — ZFEN, JRBEAFIIRIEH], Xt
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2R B AUE TR
Table 2 Applicability study of “one-pot” synthesis

N
T e RQE/\E N
_ Fe (3 equiv.) Z N

NH + R'COOH

120 °C
1~7
Compd. R! R’ Solent Time/h Yield/%
1a Me H LR 6 90
2a Me Br YN 6 80
3a Me N; YN 6 93
4a Me (C,HsCOO),CH 2 6 48°
5a CF; H WA 86°
6a CF; Br =@ 8 84%
7a Et H IR 6 85

© 2016 Chinese Chemical Society & SIOC, CAS
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B AF)ME; HPLC H B 20AT B & 808 A i il
S, TN FEE: Kk G K, BN 25 C, HT1
#4454 Promosil C18 (5 pm, 100 A, 4.6 mm X250 mm,
Agela A7), Jii# A 1 mL/min, Kl 1=254 nm; 'H
NMR #1 *C NMR AVANCE I1II 400M A1 500M #% i 3t4%
WA (g AT B 5 A FDWE, WA DMSO-ds B
CD;CIL.

HUARARAE J — R Ay 556 % 4 U R e A4, 2o
LR =W WIR. KR, RO NERSEY
RSB 4l B Ak 2 A .

3.2 1-FERHKMEUEMHERK

PAF=4) 2-F - 1R IR TR KM (1a) 1) & B FR
HUARAN L 2K % 0.50 g (2.33 mmol). ¥ 0.39 g (7.02
mmol)fZT 50 mL {5 DRI, i\ 20 mL FIVKES R,
3 WERR A EA SR, BB A E,
N 120 Cyg H FIR B, TLC Y s N 3EFE [ V(IE
okt) - MGRAEE)=3 1], 6 h J7, FiL RN IHAHE
IR, N 20 mL K28R O fg, R uE)s, Ik
I 40 mL /K, F LR ZBEAREEL, MR £k KKk,
ToKBRBREN T4, 8, JEWRT, R HEENT &
[VCAEE) @ (LB CHE)=3 : 1], &J515510.43 g [[#H
& 1a, %4 90.1%.

2-FAE-1-ZRFE IR IR (1a): 44, m.p. 69.5~
71.0 ‘C; '"H NMR (400 MHz, CDCly) 6: 7.78 (d, J=7.9
Hz, 1H), 7.64~7.57 (m, 2H), 7.57~7.51 (m, 1H), 7.39
(dt, J=8.7, 2.6 Hz, 2H), 7.33~7.26 (m, 1H), 7.25~7.18
(m, 1H), 7.15 (d, J=7.9 Hz, 1H), 2.54 (s, 3H); °C NMR
(100 MHz, CDCly) §: 152.1, 142.5, 136.4, 135.8, 130.4,
1289, 1272, 122.7, 122.5, 119.0, 109.8, 14.8. HRMS
caled for Ci,H 3N, [M-+H]" 209.1079, found 209.1066.

N- 348 2 — e (1b): 40 ([ AK, mp. 772~
78.6 ‘C; '"H NMR (500 MHz, DMSO-d;) o: 7.11 (dd, J=
9.4, 6.3 Hz, 3H), 7.01~6.97 (m, 1H), 6.87~6.81 (m, 1H),
6.77~6.69 (m, 3H), 6.66 (t, J=7.3 Hz, 1H), 6.54 (td, J=
7.6, 1.4 Hz, 1H), 4.74 (s, 2H); “C NMR (125 MHz,
DMSO-dg) 0: 146.50, 142.93, 129.33, 127.97, 124.68,
123.81, 118.04, 116.92, 115.67, 114.90. HRMS calcd for
C,H 3N, [M+H]" 185.2500, found 185.0210.

N-ZRFE-N- 2 B FE A 2K — % (1e): A EE K, mop.
112.3~114.5 “C; "H NMR (600 MHz, CDCl5) §: 7.87 (dd,
J=6.3, 1.9 Hz, 1H), 7.61 (s, 1H), 7.23~7.27 (m, 1H),
721 (t, J=17.5 Hz, 2H), 7.09~7.13 (m, 2H), 6.87 (t, J=
7.5 Hz, 2H), 6.78 (d, J=8.2 Hz,2H), 5.64 (s, 1H), 2.11 (s,
3H); *C NMR (150 MHz, CDCl;) d: 169.00, 144.87,
133.99, 132.08, 129.49, 125.66, 124.84, 123.86, 122.79,
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120.46, 116.39, 24.49. HRMS calcd for Cy4H;sN,O [M+
H]" 227.2870, found 227.0497.

2- ISR -1- DR FE DR FE R (2a): 1 LA 442, mup.
122.3~123.8 C; '"H NMR (400 MHz, DMSO-d;) J: 7.83
(d, J=1.6 Hz, 1H), 7.65 (t, J=7.4 Hz, 2H), 7.61~7.53
(m, 3H), 7.32 (dd, J=8.5, 1.8 Hz, 1H), 7.07 (d, J=8.5 Hz,
1H), 2.44 (s, 3H); "C NMR (100 MHz, DMSO-d;) J:
153.47, 144.23, 135.56, 130.54, 129.48, 127.35, 125.48,
121.36, 114.57, 112.11, 14.62. HRMS calcd for C,4H;,Br-
N, [M-+H]" 287.0184, found 287.0184.

2-FHEE-5- B R 1- R AR IR BRI (3a): o (IR Y.
'"H NMR (500 MHz, CDCly) 6: 7.68~7.52 (m, 3H),
7.47~7.34 (m, 3H), 7.10 (d, J=8.5 Hz, 1H), 6.90 (d, J=
8.3 Hz, 1H), 2.55 (d, J=20.2 Hz, 3H); *C NMR (125
MHz, CDCl3) 0: 152.97, 143.53, 135.76, 134.88, 134.21,
130.03, 129.03, 126.96, 114.39, 110.82, 108.92, 14.49.
HRMS caled for C4HpNs [M+H]™ 250.1093, found
250.1080.

2- 12K B SR IR K e (4a): [ ELE A, mup.
103.2~105.9 C; '"H NMR (300 MHz, DMSO-d;) J: 7.63
(dd, J=14.4, 8.0 Hz, 4H), 7.57~7.51 (m, 2H), 7.24 (dd,
J=8.3, 1.5 Hz, 1H), 7.19 (s, 1H), 5.03 (s, 1H), 4.11 (dd,
J=17.0, 5.8 Hz, 4H), 1.14 (t, J=7.1 Hz, 6H); °*C NMR (75
MHz, DMSO-ds) o: 168.18, 152.11, 142.04, 135.95,
135.40, 130.01, 128.83, 127.17, 126.97, 123.28, 118.16,
110.63, 61.16, 56.60, 14.08, 13.81. HRMS calcd for
C1Hx3N,0, [M+H]" 367.1358, found 367.1653.

2- = R -1-OR B DR IR K e (Sa): I EE R, mup.
61.4~62.8 “C;'HNMR (400 MHz, CDCl;) 6: 8.00~7.93
(m, 1H), 7.65~7.57 (m, 3H), 7.48~7.42 (m, 3H), 7.42~
7.36 (m, 2H), 7.22~7.15 (m, 1H). HRMS caled for
CsHoBrFsN, [M+H]" 263.0796, found 263.0797.

2- =9 -5 YR - 1- R B DR IR K I (6a): 1 AL A,
m.p. 70.8~71.9 C; 'H NMR (500 MHz, DMSO-d;) §:
8.21 (d, J=1.7 Hz, 1H), 7.66 (ddd, J=9.9, 6.9, 3.5 Hz,
5H), 7.60 (dd, J=8.8, 1.8 Hz, 1H), 7.17 (d, J=8.8 Hz,
1H); “C NMR (125 MHz, DMSO-d;) J: 141.81, 136.57,
133.98, 130.81, 130.41, 129.43, 127.94, 123.82, 116.67,
113.78. HRMS caled for C;;HoBrFsN, [M + H] *
340.9901, found 340.9901.

2-ZHE-1- R FE IR (Ta): L OMRY). 'TH NMR
(400 MHz, CDCl;) d: 7.84 (d, J=8.0 Hz, 1H), 7.66~7.51
(m, 3H), 7.43~7.36 (m, 2H), 7.33~7.29 (m, 1H), 7.26~
7.19 (m, 1H), 7.13 (t, J=6.5 Hz, 1H), 2.86 (qd, J=7.5, 1.6
Hz, 2H), 1.36 (td, J=7.5, 0.7 Hz, 3H); °C NMR (400

http://sioc-journal.cn/ 1675
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MHz, CDCLy) 6: 156.2, 143.0, 137.2, 136.5, 131.3, 129.2,
127.7, 122.9, 122.7, 119.5, 110.3, 21.9, 12.3. HRMS calcd
for C1,HoBrF;N, [M+H]" 223.1235, found 223.1223.

45 Bh#1 B} (Supporting Information) & itk &4 45
FJAI'H NMR. “C NMR. HRMSAHIHPLC R4 K. iX
LA L AT LA A 2 AT 199 328 (http://sioc-journal.cn/) F R

.
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