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Abstract

Benzimidazoles are an important class of nitrogen-containing heterocyclic compounds with
broad applications in pharmaceuticals, materials, and other fields. Efficient and green synthesis of
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benzimidazoles has become a research hotspotin organic catalysis. This review systematically sum-
marizes seven major catalytic systems, including homogeneous catalysis, heterogeneous metal and
nanocatalysis, porous framework catalysis, metal-free catalysis, photocatalysis and electrochemi-
cal synthesis, as well as flow chemistry and continuous-flow catalysis. The reaction mechanisms,
process conditions, and substrate applicability of these catalytic strategies are comprehensively
discussed. Studies show that through active site design, support modification, and external field as-
sistance, these systems can achieve high-yield and highly selective synthesis of benzimidazoles un-
der mild conditions. Some systems generate only hydrogen and water as byproducts, meeting green
chemistry principles, while heterogeneous, photocatalytic, and electrocatalytic systems also offer
advantages such as facile catalyst recovery and excellent recyclability. In conclusion, diverse cata-
lytic strategies provide versatile routes for the efficient, green, and controllable preparation of ben-
zimidazoles. Future research may focus on mechanistic elucidation, development of low-cost cata-
lysts, and industrial-scale implementation to further advance the synthesis and application of ben-
zimidazole derivatives.

Keywords

Benzimidazole, Catalytic Synthesis, Heterogeneous Catalysis, Green Synthesis

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 518

IR IE(Benzimidazole) st — S FH AR 5 BRIBIAHE & 1M ol (1 22 3035 UM G, FLRITES LS F 28 5
MRS AR T LR A R E . EALRE ) SRR R, M AR T AR 4EE R SR
R R E R E LY T, BOVENULSE . 02 SPRRRASUSHIDQE R LB L. FEftm
MU DUME . PUR PURA LB 52 AV IE, FIFIRMESRAT AN O 2 N Tk,
PUREE PUR[LISL4M0R, FIRERZ . ekl Semdbel. SRRk & 2 AR SUSR L BN
A1, Homd st mk BV & 0% — B A LA R A s ) 3 A TR

FGEIRIF IR 5 R B AR e SRR . ESRF IR AE & IR BN T . (HEEE R AL A B 1
AWHRN, AEGITEERNFAEHRZ] . JR T2 PRSI Z2 5507 A H 28 2, B
JEmR TR SRR & ORI SO Z UM 2GS . IR, fE W R S A R AT
MBS, SRR R T2 N 28K R AT E IR, B4R T T OV S e, JF
AR TR A

HET, oL, SREREL. PORMEECSE R R CRR IR, REAE IR AN 2%
TS MRS, RS AR SR AV TR S R R R AR IR RIS AT
RANSEOLE R IR TP 8 6 ARG 1R A2 [2]-[4] SORMEROGERE, SefiEf 5 et H
— RO E B, FEEFARMN. JRTRHERS O IMNE ISR 5 IEZ RN R I IR 2L
FE G R EEDR T 1 [5] [6]

JEEATIE R IR & 7 T SIS B2 b e, (EELE TR e — L5 Bk, e 7 SR
YO AR SO S L S A R AR ST T o D ORI L el i, JT AR T I LR B A B AL
SRS 5 B =4 T A K 15 RRORIE FE AR Co A 5 o AR SR [ TS 4 SRARE A 7R £ 4 K 15 Rl F) B FH 2 e
RIHEAC S N RO BLA LA, 98 AS [ SRS R AL Rr

DOI: 10.12677/hjcet.2026.164027 284 TS HEA


https://doi.org/10.12677/hjcet.2026.164027
http://creativecommons.org/licenses/by/4.0/

=4
48

X3

2. KR

PIRE A AR AR R G P O 3y — . R 5 TR AR 4 A S B AR BT, 7E SR IR K ) 5 e i b
HA BB 2R RIEH E I 5 O AT IR PR Bk 5 TR s AL L, RS HE IR 2 <8820 BR A C-
HiEAL s R S A A i 07 F A -

fEstemik R, REEF heRS 50RA 58 e K8 . B Pd A5, #£ NN-—FH
3 F % (DMF) R 51N BATBORIAGK 7 IR PIBE A DA G Tu%%Amﬁ%ﬁ%chﬁéw 53
22 7 PA(O)/PA(I)TEIA I AL A4 hrIalAA, B )5 IEE N-N B2 S5 Eo A S HESE A C-N SR . IXiK
A2 (AR R AE T A K 5 e v B B R A OS8R SR OS2 BE 42 734 - Ma S5 [TTIRIT FUR X — L 72
T BOTEMW LB S R . R, 72 DL ST IR R A 3E) BE (1) — R R ([Cp*RhCLLL) A AL 7
ik R [8], Rh(I)EE B 5T C-H WA LT e, FFaE— b 28 i N 5530 S 7 B i 2 2 - K e
WAL WA L PR, HERE 2235 80P R, MARYIR K

R2
@) = [CP*RNCly] (2.5 mol%),
H i OTf B oaca st
N ! A u(OACc)2(2 equiv),
1@ « |l L, CsF(2equiv), CsCO3(20 mol%) N _
R — .
! NH 3 SiMe; 11l
= R R @[N/ \ 1/
R3

DMF, 110 'C, 48 h

(k) [CP*RCI]

Cu(OAc),
H
CU(O) CuCl, C/NYQ

Do Q @ A
o 9@ )

Figure 1. Reaction and mechanism for rhodium-catalyzed synthesis of benzimidazole derivatives from amidines [8]
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Figure 2. Reaction and mechanism for the synthesis of benzimidazole catalyzed by porous CeO: catalyst [16]
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Figure 3. Reaction and three possible mechanisms for the synthesis of benzimidazole catalyzed by PS/MOFs [29]
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Figure 4. Reaction and mechanism for the synthesis of benzimidazole derivatives from o-phenylenediamine and a-keto acids
under synergistic catalysis of L-lysine/L-tyrosine [30]
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Figure 5. Reaction and mechanism for the photocatalytic synthesis of benzimidazole derivatives over Pd/ZnO [37]
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