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Abstract In this paper, Iron(IIl)-catalyzed aerobic oxidation of imine derivatives and o-phenylenediamine under air condi-
tion is studied in detail. With Fe(NO3);*9H,0 as catalyst and air as green and economical oxidant, the reaction could take place
in acetonitrile at 80 “C and affords benzimidazoles as target compounds in good yields after 10 h, exhibiting good application
prospect as well. This process includes three steps: (1) the aerobic oxidative condensation of imine and o-phenylenediamine to
form Schiff base, (2) the formation of benzimidazoline via nucleophilic addition of Shift base and amine group on the
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o-phenylenediamine, and (3) the dehydration of benzimidazoline to form benzimidazole as target compounds.
Keywords benzimidazoles; synthesis; Fe(NO;);°9H,0; imine derivatives; o-phenylenediamine
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Bl CHEH AR RN, A AT LAS 2 5 1) H bR =Y (R
1, Entry 1). 240X 5 mol% Fe(NOs);*9H,0, Y n] LLik
F| 78%(F 1, Entry 2), Rtz 4b, KA T FeCls,
Fey(SO,); 1EAMEALT, UG T AHEIIIR (R 1, En-
tries 3, 4). {H2& 2R MM E&EE, i Cu(OAc),,
CuCl,, Cu(NOs),, Cul A CoCl, {E AL, ) H kR
WIRIBCE B 1, Entries 5~9). LA EAEALFIAHEL,
Fe(NO,);*9H,0 H A HIFffbig . ik, HRH TR
N FH B XTUSCR (P52 48R R A 1.5 equiv Y,
H AR =eR e, ml LALF] 86%(5% 1, Entries 2, 10~
13). Fk, B8 THEAFMHENRMEZE. 4
Fe(NO3)3*9H,0 & 5 mol%It, W 86%(F 1,
Entries 11, 14~15). %A 5200 H AR =i il & 2
K, B LB, DMSO. HZ. ZJEIUAEREAT T L,
RILCHEERF SR 1, Entries 11, 16~18).
SRJE XL T R ST ICR A REA . ] 7= 2R i 5 U (1)
PERTER, H2, MIRAELT] 80 CHF, EE M,
PR M BER(E 1, Entries 11, 19~21). )5, £ T
SAEEI R, AT RS ECE S AA B, R,
T Ny REE, AT LA RS B AR 1, En-
tries 11, 22~23).
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TERTF AL R BLAT G, AT 7R PN R Y)IE
FEL, 1R SCERDT 17 A AN [F) A [41 7R I e AAT 2R — i %
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Entries 1, 2, 8, 9). 4 J& 75 ¥ NZEIRRT, WA RERS
IR ICER (2, Entry 10). FEIR, H5 %2402 — i EHUC
FEIREm. MARTE g I m Sk S, ATE U
AALL, ORISR 2, Entry 1, 11). B, B85
DRI W S, HAR PR CRE 72%((R 2,
Entry 12); EHMERE FEE, Hr=MIEAN 78%(F 2,
Entry 13). X SJEVIEAT R E, AR YIS
TAEERIUSCR, oo UE R T I8 R AN AL 2K X A
A BRI DR P () A e
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Table 1 Optimization of reaction conditions in the iron-catalyzed coupling of imine derivatives and o-phenylenediamine

L,
NH,

. ©ANM SavE Yis ©::\>_©
H

Entry o-Phenylenediamine/equiv. Catalyst (mol%) Solvent t/°C Gas Yield”/%

1 1.0 — MeCN 80 Air Trace
2 1.0 Fe(NO3);*9H,0 (5) MeCN 80 Air 78
3 1.0 FeCl; (5) MeCN 80 Air 77
4 1.0 Fex(SO,); (5) MeCN 80 Air 73
5 1.0 Cu(OAc), (5) MeCN 80 Air 53
6 1.0 CuCl, (5) MeCN 80 Air 55
7 1.0 Cu(NO3), (5) MeCN 80 Air 58
8 1.0 Cul (5) MeCN 80 Air 65
9 1.0 CoCl; (5) MeCN 80 Air 42
10 12 Fe(NO3);*9H,0 (5) MeCN 80 Air 80
1 1.5 Fe(NO3);*9H,0 (5) MeCN 80 Air 86
12 0.8 Fe(NO3);*9H,0 (5) MeCN 80 Air 70
13 2.0 Fe(NO3);*9H,0 (5) MeCN 80 Air 43
14 1.5 Fe(NO3);*9H,0 (1) MeCN 80 Air 71
15 1.5 Fe(NO3);*9H,0 (10) MeCN 80 Air 85
16 1.5 Fe(NO3);*9H,0 (5) EtOH 80 Air 83
17 1.5 Fe(NO3);*9H,0 (5) DMSO 80 Air 58
18 1.5 Fe(NO;)3*9H,0 (5) Toluene 80 Air 77
19 1.5 Fe(NOs)3°9H,0 (5) MeCN 25 Air Trace
20 1.5 Fe(NO3);*9H,0 (5) MeCN 50 Air 49
21 1.5 Fe(NO3);*9H,0 (5) MeCN 100 Air 43
2 1.5 Fe(NO3);*9H,0 (5) MeCN 80 0, 86
23 1.5 Fe(NO3);*9H,0 (5) MeCN 80 N, 5

CRBLGAR: MR, ARIKME, MARH, WIS mL), $RERE, SARE, 100" A EREE.

1.3 MR

PATHEN R BSFRE O] oy R =20 —30, WAL
RN AR G R BN R, 2R A, RIS AR
Ji b —E R R AR A N A R R DR ek 3 =00,
F DU R S A S R i /B SR L S E o e
b, L NSRS TR A R R G R T N-2K
LR, W3R 3. 3 N-EAEIE T R 9 i) &
ELN 11 1.5, Fe(NO;5);*9H,0 5 mol%, 80 ‘C. ZJEfEAN
W, E2SFE T RON 10 h, WCER AT BLUE F] 90%(F 3,
Entry 1). {H48/b Fe(NO;);*9H,0 HifE N, 727E K, 1Y
AT AR RIR E R H AR =R (R 3, Entries 2, 3). K,
R — L R H A END IR, &SR NEANA,
Fe(NO3);*9H,0 fE M. 7ELL Bas SRt b, &
FUR IR EIRR 1 G F. 2R IR IR plg 24 3 (1 41 28— e A
AHBAEZRFMET, TRA BT VHO) :
V(CoHsOH)=1 : 1]} 2 h #§il4F, (22K IFRKPERAE %
T AT T ASRERREAAAE. 55 TR TE 2R I WK Mk P 2R it
A, VPHERERINFEL 2 Fe(NO;);*9H,0 A= K17
FERIZEAE S, BARr= PRIl LUAF 88%(3K 4, Entry

Chin. J. Org. Chem. 2016, 36, 165~171

© 2016 Chinese Chemical Society & SIOC, CAS

1). HHD Fe(NO;);*9H,0 I, ZEFEBKMRISCR KilE T B,
1N 24%(3% 4, Entry 2). 75 N, 5 H R, AT LIS R &
[¥) B A5 7=#) (3% 4, Entry 3).

F & F| Fe(NOs);*9H,0 1N Lewis BRf#EAL T &I
IR A R R A, BAUG T —/5L88, W&k 3. K
DAL S5, Fe(NO3)3*9H,0 fA1E 6T, MR N
90%; EA %R, T Fe(NO3)3*9H,0 IR, Wi
NIREE; T2 Fe(NO;)3+9H0, Ny 5 H T, ALY 1
IR, BTCARON IS AR o R S A Fe(NO;);*9H,0 H
HFLFEAELE. B, ATV RBALEER 1 R 1
B RA% 3 (I FETE A AT BEN Fe(NOs)3*9H,0 HEALIE
AAALIERE. R 3 BT N B T, &K
A F BN B, AR B FE R PR bk B 44 4. 7E
Fe(Ill), O, FATEZMF R, i lalfAk 4 & R AR A A 1 H
Far=4) s.

2 i

AL JT AR LT M A A AT fi FAR R — i AR
FICAR KM ) A J 2% A, B2 T e N 40 2 — i R 0 i 1)
BN 11 1.5, Fe(NO3)*9H,0 5 mol%, 80 C. ZfiifF
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Table 2 Effect of imines on the reaction

NH,

AN 3 o, . N
Ril > . RZAN/R 5 mol% Fe(NO3); * 9H,0 @E\: R2

N

H

NH, ZJi§, 80°C, 10 h, Air

Entry o-Phenylenediamine Imine Product Yield”/%

86
1a
OO
N 88
- -0
S : ~
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2 (jA A@ 2a 89
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N 89
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Entry o-Phenylenediamine Imine

Product Yield/%

11
1a

cl NH,
12 X
NH

1a

NH, SN
. \

NH, N 1k

NH; A
14 CI ql¢kf\/

NH, 1

@N AN
@N /\/\

2N\©:H
/
N*< > 74
2k
O
Y,
K 76
21
H
CH<0
N \ 72
H
2m
CI—<
\
N N/ 78
H

¢ RS AT: ARZE (1.5 mmol), TEME(1.0 mmol), Fe(NO3);*9H,0 (5 mol%), Z.Jf§(5 mL), 80 ‘C. %54, 10 h; * A 5= %,

F3 5T Fe(NOs);29H,O A4 2 I Fl F % (14 42 S8 A

EE AN\ AR Nl
Table 3 Fe(NO;);°9H,0 catalyzed aerobic oxidation of aniline

and imine to N-benzylidene-aniline under air
NH, N
oo™ s

U Ee(NO)s* 9H,0

— >
CH3CN, 80 °C
10 h, Air

Entry Catalyst (mol%) Gas  Yield/%
1 Fe(NO3);*9H,0 (5) Air 90
2 — Air Trace
3 Fe(NO;)3;°9H,0 (5) N, Trace

¢ RS KR mmol), N-TEHE3ET %2 mmol), Fe(NO3);*9H,0 (5
mol%), ZJ(5 mL), 80 C. %S4, 10 h; " 3B

R4 IR A R TR K

Table 4 The cyclo-dehydrogenation of benzimidazoline to ben-
zimidazole

-0 —— O

Entry Catalyst (mol%) Gas Yield’/%
1 Fe(NOs);°9H,0 (5) Air 88
2 — Air 24
3 Fe(NO;);*9H,0 (5) N, Trace

¢ NS AR (1.0 mmol), 2K FHEE(1.0 mmol), 7J((25mL), Q2.5

mL), r.t., 2 h; Fe(NO3);*9H,0 (5 mol%), ZJE(5 mL), 80 C, %5 H, 10
”’\%#K

RG], FEAS5E TN 10 h, 77 LS 25 m 7= K 1)
HAsm=4). HRMOGEFERH S SAE AN, X 2-HL

AR KM AL A P 1 1) 25 F A 1 — 2% 7 il S 28 A X 3R

SR EA ISR, A VPP RS TR S 6 K
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ol 532 By FH 25 S AR5 T 6, R — D Ak 3.
3.2 ZLWAHE

TEREA PEFERE T LA BEE Y 10 mL B R R,
IINABA —J(0.1628 g, 1.5 mmol), N-F-%3E T % (1a)
(0.1613 g, 1.0 mmol), Fe(NO;);*9H,0 (0.0212 g, 5 mol%),
ZME(S mL), 7E 80 C. ZFAMEIT, KRF10 h. RFT
FEA I TLC X REHEATR. [ B SE U, RS &
Yk 4, R s R E AT B Al [ (LR LBR) -
V(R =1 : 81152 H Ax=4) 2a.

2-FRFERIEKIE (22): A ELEE, mp. 293~295 C
1it.!" ' m.p. 295~297 °C); "H NMR (500 MHz, DMSO-d;)
9:12.93 (s, 1H), 8.19 (d, J=7.5 Hz, 2H), 7.66 (s, 1H), 7.55
(t, J=7.0, 8.0 Hz, 3H), 7.55 (t, J=7.0, 7.5 Hz, 1H), 7.21
(d, J=4.0 Hz, 2H).

2-(2- 2 Fk R HL ) 2K I ke (2b): B A [ 4K, mup.
241~242 C (1it."™ m.p. 240~242 “C); '"H NMR (500
MHz, DMSO-dq) d: 13.19 (s, 1H), 13.15 (s, 1H), 8.05 (dd,
J=1.5, 1.5 Hz, 1H), 7.72 (d, J=7.5 Hz, 1H), 7.61 (d, J=
7.5 Hz, 1H), 7.40~7.37 (m, 1H), 7.31~7.27 (m, 2H),
7.05~7.01 (m, 2H).

2-Q2-FAFL) KK (2e): AHEIEAK, mp. 234~
235 C (1it" m.p. 233~235 “C); '"H NMR (500 MHz,
DMSO-dg) d: 12.72 (s, 1H), 7.92~7.90 (m, 1H), 7.70~
7.66 (m, 2H), 7.56~7.52 (m, 3H), 7.26~7.22 (m, 2H).

2-(3-fiFf 2 2R 3 ) 2K I oK M (2d): B B [E 4R, mup.
202~204 C (1it.?" m.p. 203~204 C); '"H NMR (500
MHz, DMSO-d) d: 13.29 (s, 1H), 9.02 (s, 1H), 8.62 (d,
J=8.0 Hz, 1H), 8.34 (dd, J=1.5, 1.5 Hz, 1H), 7.86 (t, J=
8.0, 8.0 Hz, 1H), 7.73 (d, J=8.0 Hz, 1H), 7.59 (d, J=7.5
Hz, 1H), 7.30~7.23 (m, 2H).

2-(4-IRFFE) K IR (2e): A EE AR, mp. 297~
299 C (1it?" m.p. 298~299 “C); '"H NMR (500 MHz,
DMSO-dg) d: 12.99 (s, 1H), 8.12 (d, J=9.0 Hz, 2H), 7.76
(d, J=8.5 Hz, 2H), 7.64~7.58 (m, 2H), 7.22 (d, J=3.5
Hz, 2H).

2-(2,4- AR L) IR R M (26): B [ A, mp.
217~219 C (lit” mp. 218~220 ‘C); '"H NMR (500
MHz, DMSO-dg) d: 12.76 (s, 1H), 7.94 (d, J=8.5 Hz, 1H),
7.85 (s, 1H), 7.70 (d, J=7.5 Hz, 1H), 7.62 (d, J=8.5 Hz,
1H), 7.58 (d, J=7.5 Hz, 1H), 7.27~7.23 (m, 2H).

2-(4-Ti 2R 56 ) K R BRIk (2g): ¥R 3K B [ A&, mup.
321~323 C (lit®!' mp. 321~322 C); '"H NMR (500
MHz, DMSO-dg) d: 1329 (s, 1H), 8.42~8.41 (m, 4H),
7.73 (d, J=17.5 Hz, 1H), 7.59 (d, J=8.0 Hz, 1H), 7.31~
7.24 (m, 2H).

170 http://sioc-journal.cn/
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2-(4-57 A LR IE) R IR KM (2h): 3% 5 (AL FE 44, mup.
251~253 C (1it?" m.p. 250~251 C); '"H NMR (500
MHz, DMSO-dg) d: 12.82 (s, 1H), 8.10 (d, J=5.0 Hz, 2H),
7.65 (d, J=7.5 Hz, 1H), 7.51 (d, J=7.5 Hz, 1H), 7.42 (d,
J=8.0 Hz, 2H), 7.20~7.17 (m, 2H), 3.00~2.93 (m, 1H),
1.25 (d, J=7.0 Hz, 6H).

2-(4- AR 2R 0 ) R R DR e (2i): 7 B A [ 44, mup.
227~229 C (1it.®' m.p. 228~230 C); '"H NMR (500
MHz, DMSO-dq) d: 12.73 (s, 1H), 8.11 (d, J=9.0 Hz, 2H),
7.62 (d, J=17.5 Hz, 1H), 7.49 (d, J=7.5 Hz, 1H), 7.18~
7.15 (m, 2H), 7.11 (d, J=9.0 Hz, 2H), 3.84 (s, 3H).

2-(1-Z83E) Z ke (2j): ¥R 3 B [EAA, mup. 269~
272 C (1it.* mp. 270~272 “C); 'H NMR (500 MHz,
DMSO-dg) d: 12.92 (s, 1H), 9.10 (d, J=8.5 Hz, 1H), 8.10
(d, J=8.5 Hz, 1H), 8.05~8.01 (m, 2H), 7.78 (d, J=7.5
Hz, 1H), 7.70~7.58 (m, 4H), 7.30~7.23 (m, 2H).

S-Ti R -2- R FE R IE BRI (2K): ZLEEE A, m.p. 207~
209 C (1it?"" m.p. 208~210 °C); 'H NMR (300 MHz,
DMSO-dq) 6: 13.59 (s, 1H), 8.47 (s, 1H), 8.24~8.11 (m,
3H), 7.59~7.47 (m, 4H).

S-G-2- I IR IR ME2l): A AR, mp. 212~
214 C (1it?"" m.p.212~214 “C); '"H NMR (300 MHz,
DMSO-dg) §: 13.09 (s, 1H), 8.15 (d, J=7.5 Hz, 2H),
7.70~7.50 (m, 5H), 7.23 (s, 1H).

2-(3-M5| Wk ) 2K I WK M (2m): 74 6 4K, mp.
195~197 C (1it?"" m.p. 196~198 ‘C); '"H NMR (300
MHz, DMSO-dg) 6: 11.22 (s, 1H), 10.64 (s, 1H), 8.32 (s,
1H), 7.80~7.73 (m, 1H), 7.54~7.30 (m, 3H), 7.23~6.86
(m, 4H).

2-(2- M mE JE ) % 5 K e (2m): oK (1 [E AR, mup.
217~219 C (1it”™ mp. 219~220 ‘C); 'H NMR (300
MHz, DMSO-d;) d: 13.08 (s, 1H), 8.72 (d, J=4.2 Hz, 1H),
8.31 (d, J=7.8 Hz, 1H), 7.98 (t, J=7.8, 7.8 Hz, 1H), 7.68
(d, J=7.8Hz, 1H), 7.51 (t,J=6.9, 6.9 Hz, 2H), 7.21 (m,
2H).

1L (Supporting Information) W& & /& Wk 'H
NMR % 5] | e [ S FOF KIERTAE Y 'H NMR #5181
Lefp okl ] BL Ao 2 AR T X 32k (http://sioc-journal.cn/) b T
.
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