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Synthesis and antifungal activity of 2-heterocyclic-
benzimidazole derivatives

CHEN Lan, WEI Ning-ning, GAO Jie, ZHOU Wen-ming "
(College of Science ,Northwest A&F University , Yangling 712100 ,Shaanxi Province ,China)

Abstract: Thirteen 2-heterocyclic-benzimidazole derivatives were synthesized from methyl ketone,
diethyl oxalate or dimethyl oxalate ,hydroxylamine hydrochloride , hydrazine hydrate as starting materials
via several reactions including condensation ,cyclization and hydrolysis. The structures of all compounds
were confirmed by IR, ESI-MS and 'H NMR. Preliminary bioassay showed that all the compounds
exhibit some fungicidal activity against six fungi tested at the concentration of 100 mg/L ,among them,
the inhibition rate of 2a — 2d against Glomerella cingulata were above 80% , 4a showed 100%

inhibition rate against Alternaria solani,G. cingulata and Magnaport hegrisease.
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Scheme 1
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1.1 {UBE5RF

XT-4 RGO 000 A (R BT R TE) (b
HRTANIEA R/ T ) ; Nicolet Avatar 330 FT-IR %l
214015 (KBr & Fr %k, 38 [ Nicolet 24 Al ) ;
Bruker Avance DPX 500 #% #% 3% ¥ ( Fi -+ Bruker
BioSpin 2] ) [ DAY H 3 Ak kg (TMS) S N F5 , LR
1%, DMSO /%57 ] ; Finnigan Trace &Y i 1% 4% ( 35 [H
X B2 5] Ry wE TR R
(triabendazole) , 4l & 98. 5% , 1t 50 71 4% 57 AR B A%
AN FA . B A T B bt
1.2 EYHEK
1.2.1 wpkgkdEkla~1d ZSH K6 7]
AT IE 4, A= o e R, Horbla i
% 53.2% ,m. p. 238 ~ 240 C;1b I % 59. 4% ,
m.p.188 ~ 189 C;1c Y%K 60. 1% , m. p. 184 ~
186 C;1d Y% 52.7% ,m. p. 198 ~200 T,
1.2.2 Efrthédi2a~2d S5 3CHK[8 ] Jy ikl
o LL2a G ihpl. 7E25 mL Wiﬂ‘fkiﬂi'ﬁﬁ?‘{ﬁt
A 7.5 mL BfR. 2.5 mL £ BEz.0.216 g
(2 mmol) 48 — & F1 0. 28 g (2.4 mmol) 1 [a] {4

Thermo Finnigan 72\ &) ), X

la,jiiva A ZE 220 C, fRIRBEFE 1 h, FFAERZE
240 T hi 4 hy W ZEHRIGEEIZE 80 T, fHIA
50 mL Z&M/K A, B 43 50h 10% B S A ALl
W pH 2 8.0 Z47 , A i LT A UTTE A L. 40, 4l
U8, VR, TR LA EARm R 0.4 g, SAE)ET
(BRI Ve Viowew =17 1) 43 B 15 H A S IK
240 mg, m. p.319 ~320 C, k% 60.5% ,
1.2.3 FoEmEdEik3a~3c SHCH[9 -
10/ J7 36 628, 7= W0 34 IR v 0 i R, 3a iR
50. 1% ,m. p. 165 ~ 168 C (CHk{H' ' 170 ~ 171 C);
3b K 51.2% ,m. p. 95 ~96°C ;3¢ L% 62. 1% ,
m.p.110 ~112 C.,
1.2.4 4-44K_f S 3CHR[11 -12] 07k
BB AR LT A U3 64% ,m. p. 72 ~73 T (3
Bk 269 ~72 C) .
1.2.5 HEipfta4 4a~4f th 4% 4a 4b fl 4c
AT kS LRtk & Y 2a & 8k — 3.
4d ~ 4 E S % SCER[ 8, 13 ] itk AT, L 4d 1Y
GO, #E 25 mL P EREE RN 0. 142 g
(1 mmol) 4-5 4B — ¢ .0. 152 g(1.2 mmol)3a,
3.75 mL @SR A1 1. 25 mL £ Rk, ZEFEE
140 C  HiFE v 7.5 he ISR GEHIZE 80 T,
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fii A 50 mL ZE 08K, I 4040 10% i =48 4k
KIS pH & 8.0 £ 4y, A IR i 0 DT TE AR 1
R, g, K PE, TR A K 131 mg, m. p.
238 ~240 C, % 56.2% .
1.2.6 FHEm@EEXPREIEKS SH L[ 14]
()7 T A AR B A A4, %% 88. 6% ,m. p. 138 ~
140 C (ScmkfE 141 ~142 C) .,
1.2.7 4-WHLK g S CH[11,15] Ik
Tl AF IR LR W EE TT% ,m. p. 74 ~75 C (3
B 74 ~75 C)
1.2.8 HArfh A4 6a~6c ZHCHR[16 ]/ ik
il %5, UL 6a & A, K 0. 11 g(1 mmol) £B74E
THEF0.44 g(2.0 mmol) FrE{A 5 % 15 mL H
g, 85 Tl 6 h, #ZENT (TLC, Vym:
V,mem =10 1) Kl Sy s F2 90 I, 2648 2 A
(BEMEH V e’ Viemen =37 1) 2r BSAALAS 1R 58 €45
A& 180 mg, m. p.240 ~241 C,I#* 58.3% ,
1.3 HEEENK

DIWE TR R A BH PR X BR SR H 22 A Kl
MR T 13 A HARE A ¥ 7E 100 mg/L T X
6 i AL R R B4 B S M

2 HRKIWR

2.1 UEWHMER

FEA B RMA B 2 B2 b, B0 T 46 5 B i
JE X R R B AR (5, 25 R LW fE -5~ 0 T,
0~5 CHI5~10 C 3 MNRBEESRMT , BRGSO
43514 90.3% 80.3% 1 75.9% , B it 25 15 B Tt v

B R TR, 34 -5 ~0C X — IR EIR &

A B E AL G P, T R v] R S
T K 2R (o 7= U R T A . TR N e S = )
2a ~2d A AR, 2GR K 5] 190,210,220 C
A, SR LA TR B B KABL, SR L 190 ~220 TNy
FEARAE 56 MR =W Lt R v, e B s 2t =
Y5 R B 2R AT AR B =), 2t 22 IR
R, £ 140 ~ 170 CTX—RER R,
2.2 EMEHMTIE

H b &9 BEAL £ Hs \ESI-MS Al IR $ 4 L
% 1,'HNMR $i % 2, Hifk &9 4a BoHE
) AB R LA O R A R R AR i T (4
E,HA 12 MG .

7£ "H NMR . e 2R | i) 1 35 B0 A LG
200 (8) #E 6.5 F2 A7 ; MW 3 b (R F L &
H1 T 52 N (9 L BRRE I S 76 12. 6 72475 5'6 ME3A I
(A, S 1F 6.8 24, IR P H £F 3 400 ~3 200 cm ™'
ZIAHILT N —H BRFEm 4,1 630 ~1 590 cm ™' 22
[ A5RAY C =N Wi, 1 275 ~1 220 em ™' Z ]y 4%
HAER) C - N i 45 4% 3h i, 2 935 em ™' 72 4y
SMEBEER b YRR ARR b C - H W, FTA B
ol 5 B & W aS A & o
2.3 WEEN

WIS MK 25 R (2 3) R, Hinfb &
e 100 mg/L T XF 6 Fi s i i ¥ B A — 1)
PEIEE . Hor, 570 MR IR G 2T ke S Ak A
Yy (4) B IR S PO T I A2 B A A B xS
SBR[ 300 ) 23 55 55 (FL v 2a F1 2 (i i %

x1 HirLAWRIELI ESI-MS #iE

Table 1 Physio-chemical and ESI-MS data of target compounds

aw R Rl ¥ & TR ESI-MS,m/z

Compd. m.p./T Yield/ % Formula (M+1)
2a — CH, 319 ~320 60.5 C, Hy N, 199.13
2b — C,H; 263 ~265 58.5 C,H,N, 213.17
2¢ — n-CyH, 236 ~238 55.2 C;H N, 227.20
2d — <] 300 ~302 51.2 C;H,N, 225.18
4a H CH; 258 ~259 57.1 C, HyN;0 200. 07
4b H C,H; 198 ~200 45.7 C,,H,;N;0 214.06
4c H n-CsH, 220 ~221 63.5 C,;H;;N;0 228.09
4d cl CH, 238 ~240 56.2 C,,H;CIN,0 234.08
4e cl C,H; 198 ~200 58.3 C,,H,,CIN,0 248.08
4f cl n-CsH, 158 ~ 160 49.4 C,;H,,CIN;0 262.12
6a H — 239 ~240 58.3 C,,H,;CIN, 309. 11
6b cl — 240 ~241 53.5 C,,H,,CL,N, 344.02
6c CH,4 — 223 ~225 45.6 CgH5CIN, 323.13
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Table 2 IR and 'H NMR data of target compounds

54 Compd.

IR,v/cm ™!

"H NMR (500 MHz,DMSO-d,/TMS) ,§

2a 3129,3 048,2 808,1 575,1 443,  2.33(s,3H,CH;),6.63(s,1H, pyrazole - H) ,7.17 ~7.27(m,2H,Ar - H) ,
1391,1 273,741 7.47 ~7.61(m,2H, Ar - H) ,12.69(s,1H ,NH) ,13.01(s,1H ,NH)
2b 3161,3122,2872,1564,1397, 1.26(t,J =7.00 Hz,3H,CH,),2.71(q,J=7.0 Hz,2H,CH, ) ,6.65(s,1H,
1337,1 275,745 pyrazole —-H) ,7.17 ~7.28 (m,2H,Ar - H) ,7.48 ~7.60(m,2H, Ar - H),
12.85(s,1H,NH)
2¢c 3131,3062,2869,1418,1272,  0.96(t,/=6.5 Hz,3H,CH;),1.67 ~1.69(m,2H,CH, ) ,2.65(t,J=7.0 Hz,
1161,741 2H,CH,),6.65(s,1H, pyrazole - H) ,7.17 ~7.27 (m,2H, Ar - H) ,7.48 ~
7.60(m,2H,Ar - H),12.87(s,1H ,NH)
2d 3055,1561,1445,1403,1 302, 1.86 ~1.92(m,4H,2CH, ) ,3.39 ~3.36(m,1H,CH) ,6. 89 (s, 1H, pyrazole —
1 274,735 H),7.19 ~7.29(m,2H,Ar -H) ,7.49 ~7.62(m,2H, Ar - H) ,12. 74(s,1H ,
NH),13.27(s,1H ,NH)
4a 3184,3138,1605,1472,1408, 2.54(s,3H,CH;), 6.86(s,1H,Isoxazole - H),7.25 ~7.31(m,2H,Ar-H),
1342,1 272,734 7.57 ~7.64(m,2H,Ar - H)
4b 3134,3 050,2 937,1 600,1 402, 1.31(t,J=7.0 Hz,3H,CH; ),2.88(t,J =7.0 Hz,2H,CH, ) ,6. 89 (s, 1H,
1348,1 275,744 Isoxazole -H) ,7.26 ~7.31(m,2H,Ar-H) ,7.56 ~7.64(m,2H,Ar - H)
4c 3152,3050,2958,2871,1601, 0.99(t,J=6.5 Hz,3H,CH;),1.74 ~1.77(m,2H,CH, ) ,2.85(t,/=7.0 Hz,
1405,1 276,746 2H,CH, ) ,6.89 (s, 1H,Isoxazole - H),7.26 ~7.32(m,2H,Ar - H) ,7.57 ~
7.64(m,2H,Ar - H)
4d 3219,1604,1473,1385,1241, 2.39(s,3H,CH;) ,6.89(s,1H,Isoxazole -H) ,7.27 ~7.37(m,l1H,Ar-H) ,
934,805 7.57 ~7.63(m,2H,Ar - H)
4e 3410,3 223,2978,1 607,1 421, 1.30(t,J =6.0 Hz,3H,CH,),2.89(q,J =6.0 Hz,2H,CH, ),6.89(s,1H,
1 330,923,815 Isoxazole -H) ,7.31 ~7.36(m,1H,Ar-H) ,7.58 ~7.69(m,2H,Ar-H)
4f 3213,3186,2871,1 600,1 469, 0.99(t,J=6.5 Hz,3H,CH;),1.72 ~1.77(m,2H,CH, ) ,2.86(t,/=7.0 Hz,
1 332,926,802 2H,CH, ) ,6.90(s,1H, Isoxazole - H),7.32 ~7.36(m,1H,Ar - H),7.59 ~
7.80(m,2H,Ar - H)
6a 3052,2959,1592,1412,1274, 2.55(s,3H,CH,),7.22(d,J=8.0 Hz,2H,Ar-H) ,7.22 ~7.26(m,2H, Ar -
1 229,762,738 H),7.46 ~7.52(m,1H,Ar - H) ,7.59 ~7.63(m,4H,Ar - H)
6b 3100,3 044,2 930,1 593,1 406,  2.56(s,3H,CH;),7.26(d,/=8.5 Hz,1H,Ar-H) ,7.26(d,J=8.5 Hz,1H,
1 385,764,692 Ar-H),7.54 ~7.66(m,5H,Ar-H),7.70(s,1H,Ar - H)
6¢c 3058,2964,2 864,1 586,1 418, 2.44(s,3H,CH;),2.54(s,3H,CH; ) ,7.05(d,J/=8.0 Hz,1H,Ar-H) ,7.43
1 092,763,692 ~7.56(m,3H,Ar-H),7.60 ~7.66(m,4H,Ar - H)
W EWTE 100 mg/L T3t 6 MEMHRRERE 2 ERKNOMSER(MH=2/% ,72 h)
Table 3 Inhibition of compounds to mycelium growth of six tested fungi at the concentration
of 100 mg/L ( Inhibition rate/% ,72 h)
. L CERPIERE O MAEMZERE KRERERIE DERERE
aEY Al K2 il P T ) )
Glomerella Fusarium Magnaport Fusarium
Compd. Botrytis cinerea  Alternaria solani
cingulata oxysporum hegrisease graminearum
2a 6.8 56.7 100 49.2 46.2 48.9
2b 81.0 64.5 100 72.9 78.9 57.2
2¢ 61.2 69.5 83.0 55.9 75.3 37.8
2d 69.4 60.6 88.5 57.6 67.0 25.0
4a 100 65.5 74.8 100 67.7 100
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Compd. Botrytis cinerea  Alternaria solani Glomerella Fusarium Magnaport Fusarium
cingulata oxysporum hegrisease graminearum
4b 81.0 69.5 80.3 100 76.2 48.9
4c 19.7 45.8 80.7 62.0 49.3 22.2
4d 75.0 53.4 64.3 18.2 41.4 21.0
4e 50.7 38.9 41.2 6.9 36.0 21.0
4f 0 60.6 67.0 79.7 27.4 0
6a 0 27.6 54.1 18.6 47.1 1.1
6b 4.76 57.1 77.1 39.0 61.9 26.1
6¢ 51.4 69.3 70.9 27.1 52.7 52.3
BERH ¢ triabendazole 100 70.4 76.9 100 65.3 100
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