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Synthesis and Antifungal Activity of Novel 2-(1H-Benzimidazol-2-yl)-
5-substituted-1,3,4-oxadiazole Derivatives
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(¢ College of Chemistry and Material Science, Shandong Agricultural University, Taian 271018)

Abstract Sixteen novel 2-(1H-benzimidazol-2-yl)-5-substituted phenyl-1,3,4-oxadiazoles and 2-(1H-benzimida-
zol-2-yl)-5-substituted phenylamino-1,3,4-oxadiazoles were synthesized from benzimidazole-2-carboxylic acid, hydrazine
hydrate, substituted phenyl isothiocyanate and substituted benzoic acid by multi-step reactions. The target compounds were
evaluated for their antifungal activities against Botrytis cinerea and Sclerotinia sclerotiorum, and the results indicated that
three target compounds displayed excellent antifungal activities against Botrytis cinerea, with ECs, values of 2.55, 6.34 and
5.12 pg/mL, respectively, even higher than that of carbendazim.

Keywords benzimidazole, 1,3,4-oxadiazole, synthesis, antifungal activity
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Scheme 1

1 ZREHE
1.1 &itie

AW A 1 AR IR -2 FE R (1) 5 A AR
4R, 1 5EHIA IR M 1,2-a;1",2"-d] DU SR R -
6,13-"M(2), J&# 5 /KA WE— e [P Az B Ik me-2-
FREIIE(3). rhial 44 3 55 AR OR AR RRAE — AU B A2 AE T
IKIMETE Y, 2-(E IR -2 -5 )-5 - BUA R A - 1,3, 48— g
(4); B AR IR I S i SRR IR I A3 31 V- R -V -
RIEIRIE-2- KL R IEGR IR (5), 5 1E LRI FEAL A
2-(HRIFIR -2 ) -5-HUAR R FE- 1,3 ,4-HE M (6).

10 24K, Tk A HLA AR PR s
IR =2 s BT A, BRI Z B2 T
Ve AU AR SCHE S AR S 4 1, # 2-5%
TR e FE I IR 5 AR OR R . — USRS, O AR
A TS, S5 5 T Ida st R 8% Y. 18 min, £
gh A IAS B RANZ T, PRk B 88%~93%,
T IR R 7= A 70%~80%-  H. W I [A] 77
B5~6h [HE, HRRUNESER B LAY 6, RN
AL, PTREELERE AR R, R Ry, BRI

SN INE- e
1.2 HEFEM

HBRAG -S4 4 T 6 5% 2 li 2K 25993 Tl (Botrytis cinerea)
F/NZEWAZ IR B (Sclerotinia sclerotiorum) B B AR HITE
PR 1.l 1 &, HARLEY) 4e, 4h Rl of X K%
T AT AR e (KIS P, BCso 73514 2.55, 6.34 Al 5.12
pg/mL, FLHEE LG B2 70 22 3 R0 R (ECso=7.40pg/
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Table 1 Antifungal activities for the target compounds 4 and 6

ECsy/(ug*mL )

Compd. R o Sclerotinia
Botrytis cinerea X
sclerotiorum
4a H 12.36%£1.51 9.48+1.84
4b 4-F 11.91£1.27 7.14£1.48
4c 4-Cl 20.76+:1.42 12.21£1.81
4d 4-Br 13.79£1.61 6.44+1.33
4e 2,4-Cl, 2.55£0.93 227%1.17
4f 3,4-Cl, 10.88£1.87 4.631+1.38
4g 4-CH; 12.66£1.29 14.02£1.62
4h 4-OCH; 6.341+1.36 5.89+£1.75
6a H 44.621+1.62 13.48%£1.77
6b 4-F 37.194£1.43 6.49+1.54
6c 4-Cl 1537£1.17 14.94£1.63
6d 4-Br 1226£1.22 14.59+1.67
6e 2,4-Cl, 13.89+£1.49 15.33£1.51
of 3,4-Cl, 5.12+1.14 6.87£1.22
6g 4-CH; 37.68+1.54 19.07+1.47
6h 4-OCH; 22.95+1.88 7.76£1.51
Carbendazim 7.401+1.68 0.13£0.12

© 2012 Chinese Chemical Society & SIOC, CAS

mL). M3 1 80 LLE H, 4a, 4b, 4d~—4f, 4h, 6b F1 6f X}
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ER, MWk EFEMED 4 FEtEm T 6, Wil 1,3,4-K8
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P28 TC BT 1 s Ak A A (0 B s
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AL 25 RN T 2N RV 2- 2K F Ik
(1) 1,3,4-B8 MRT 44, BFG 8 B 2-(ARIFIKMe-2-38)-5-
AR IR FE-1,3,4-8 RN 8 Ff 2-CRIF K ME-2-3)-5-I A
IR HE-1,3,4-W8 e S0 R IR B0 B i e %
FBCR AR BT — RANL A 4, JF H NI R K
AR, HRTEPE SR W], — 28 H AR A YRR K R
I3 LA D0 S P ARG M /DN 22 SO 9 BTt oA e e R 4
HEH. Wk EF, tbEa 4 istEET 6, R T
1,3,4- W8 e 1 2 15 DR IR AH I I VG P 2 .

3 EESHS
3.1 U5k

bR T AL B BN T X-5 K555 A0 550 52 41X
(IR RELIE); 95 Nicolet 380 B A7 H- AR 4T A1l
WA (KBr JE7); 3E1E Mercury Plus-400 ZA% fif JLgRAX
(DMSO-ds M5, TMS A NFFR); 8 [E Elementar /A ]
Vario EL T TG TG TR GXZ B4
RE G B IR, ) AR SR M Tl vl B8 7 3 AT BR A F)
MG823LA6 RV I (2eke). TLC: 2 & Sl
T GF254 FER N 0.5% CMC i,
32 ZWAHE
3.2.1 tethege R

R IR -2 - B I 2 2% SOk g 7™ el 2R Ik -2
IR ST, KA Gk, BURORIE 0w IR T
S CHR[19]71 4

2-(R IF K M -2-H5)-5- AR R 0 -1,3,4- I8 — 4 (4a~
4h) & Bl 1.76 g (10 mmol)ZE FE Ik k-2 F I EAT 10
mmol PRI I, WSS, SREHIRE
YIPART 50 mL MHEJZHD, L rRdin 3 mL =505
. HHET B T O il b o, IRAE b e e nli
AR . A5 800 W TR S T 3 min/{ (A #5218 min,
TLC FREZERNR M SERL. K AARFEN 100 mL A 7/KH,
PodE, WE, ik, JEDHT 10% R EANE IR TR 2
PE, TR, RS NN- R B K E L R, 3 E
P EW 4, HJas RiokT 300 C.

2-(OR IFIK M -2-56)-5- K JE-1,3,4- 8 e (4a): VR
T E A, 77 90%. '"H NMR (DMSO-ds, 400 MHz) o:
13.84 (s, 1H, benzimidazol-NH), 7.32~8.21 (m, 9H,
ArH); C NMR (DMSO-d,, 100 MHz) o: 164.4, 157.6,
142.0, 136.8, 131.9, 129.0, 128.5, 126.6, 126.4, 122.8,
120.3, 119.4, 115.3; IR (KBr) vma: 3142, 1602, 1346,
1019, 741, 701 cm ™. Anal. caled for C,sH;(N4O: C 68.69,
H 3.84, N 21.36; found C 68.84, H 3.68, N 21.28.
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2-(R IF K -2 )-5-(4- F A TR )-1,3,4- W8 14 (4b):
O E AR, P7% 92%. 'TH NMR (DMSO-d,, 400 MHz) o:
13.81 (s, 1H, benzimidazol-NH), 7.33 ~8.25 (m, 8H,
ArH); C NMR (DMSO-ds, 100 MHz) 6: 163.7, 157.6,
1423, 136.7, 131.5, 129.3, 128.6, 126.8, 126.2, 123.6,
1202, 119.3, 116.5; IR (KBr) vma: 3180, 1606, 1315,
1060, 848 cm™'. Anal. caled for C;sHoFN,O: C 64.28, H
3.24, N 19.98; found C 64.60, H 3.54, N 20.16.

2-(RJF K IE-2-JE)-5-(4- AR S )-1,3,4- 8 — M (4e):
O E AR, P7% 93%. 'TH NMR (DMSO-d,, 400 MHz) o:
13.90 (s, 1H, benzimidazol-NH), 7.33~8.19 (m, 8H,
ArH); °C NMR (DMSO-ds, 100 MHz) &: 163.6, 157.7,
1422, 137.3, 136.6, 129.2, 129.1, 128.2, 127.9, 123.2,
121.5, 119.6, 115.4; IR (KBr) vma: 3149, 1602, 1314,
1097, 836 cm ™ '. Anal. caled for C;sHo,CIN,O: C 60.71, H
3.06, N 18.87; found C 60.98, H3.31, N 19.12.

2-(CR T K i -2- K5 )-5-(4- TR A I )-1,3,4- B8 — 14 (4d):
H K, 723 89%. 'H NMR (DMSO-d,, 400 MHz)
13.83 (s, 1H, benzimidazol-NH), 7.33~8.16 (m, 8H,
ArH); °C NMR (DMSO-ds, 100 MHz) 6: 163.7, 157.7,
1432, 136.6, 132.2, 132.0, 128.3, 128.1, 126.0, 123.5,
121.9, 119.5, 115.4; IR (KBr) vma: 3153, 1601, 1340,
1087, 832 cm ™ '. Anal. caled for C;sHoBrN,O: C 52.80, H
2.66, N 16.42; found C 53.12, H 2.56, N 16.47.

2-(A IR M -2-HE)-5-(2,4- AL )-1,3,4- 08 —
(4e): AEA, =% 93%. '"H NMR (DMSO-ds, 400
MHz) ¢: 13.93 (s, 1H, benzimidazol-NH), 7.34~8.18 (m,
7H, ArH); *C NMR (DMSO-ds, 100 MHz) J: 161.8,
157.9, 143.2, 137.4, 136.5, 133.1, 132.2, 132.1, 130.6,
127.8, 126.5, 124.7, 121.4, 120.9, 115.6; IR (KBI) Vi
3178, 1605, 1341, 1097, 739 cm '. Anal. caled for
C1sHsCLN,O: C 54.40, H 2.44, N 16.91; found C 54.59, H
2.57,N 16.68.

2-(ZR FF K M -2-FE)-5-(3,4- SR HE)-1,3,4- 1
4f): AR, 775 91%. '"H NMR (DMSO-ds, 400
MHz) ¢: 13.79 (s, 1H, benzimidazol-NH), 7.32~8.30 (m,
7H, ArH); C NMR (DMSO-d;, 100 MHz) &: 162.6,
157.9, 143.2, 136.5, 135.3, 132.6, 131.5, 128.2, 126.3,
123.6, 123.0, 121.4, 120.6, 119.7, 115.4; IR (KBr) Vi
3171, 1600, 1332, 1037, 743 cm ™' Anal. caled for
C,sHsCLN,O: C 54.40, H 2.44, N 16.91; found C 54.72, H
2.48, N 16.69.

2-( 2R I WK M -2- 3 )-5-(4- H L SR L )-1,3,4- I
(4g): HEFEA, 3% 88%. 'H NMR (DMSO-ds, 400
MHz) ¢: 13.83 (s, 1H, benzimidazol-NH), 7.34~8.13 (m,

http://sioc-journal.cn/ 2131



BHlLE

8H, ArH), 2.46 (s, 3H, CH;); °C NMR (DMSO-d,, 100
MHz) 6: 164.6, 157.4, 142.4, 136.9, 134.6, 129.7, 129.5,
126.6, 126.3, 123.4, 120.6, 120.1, 116.8, 21.1; IR (KBr)
Ve 3180, 1604, 1339, 1043, 823 cm ', Anal. caled for
CisH,N,O: C 69.56, H 4.37, N 20.27; found C 69.81, H
4.13,N 19.92.

2-(OR Ik -2 3 )-5-(4- HH AR BE DR 566 )- 1,3,4- T
(4h): FEFEK, P2F 90%. 'H NMR (DMSO-ds, 400
MHz) ¢: 13.84 (s, 1H, benzimidazol-NH), 7.12~8.13 (m,
8H, ArH), 3.91 (s, 3H, OCH;); *C NMR (DMSO-d;, 100
MHz) 6: 164.4, 161.9, 157.9, 144.0, 137.0, 129.3, 128.5,
128.0, 124.4, 122.5, 119.8, 114.5, 113.2, 55.1; IR (KBr)
Vinax: 3181, 1612, 1308, 1019, 838 cm . Anal. caled for
C1sH,N4O,: C 65.75, H 4.14, N 19.16; found C 65.42, H
3.97, N 19.30.

2-(R IR Me-2- K8 ) -5 - HUAR R e -1, 3,418 —
(6a~6h) & HimL: 10 mmol B ZRIEL AR F RS T
50 mL Z &, I 1.76 g (10 mmol) 2K JfIK me-2- F
JWE, BRI N 2~6 h, TLC FRES 5N 22 50 A0 25
AL, HhUE, RO, T, NN-ZF SR
/K &5 dh, 13 N-IUARORBE -V - 2R ok -2 55 FY e 3
MRS, AR5 5% A 44K(5 mmol)¥F T 60 mL 2K, A
0.90 g (0.5 mmol) &Rk, HiFEMIL 3 h. RNV SEHE, 1F
BERE R R A LkdE, ARSI, Ik, FEA KR,
T, NN-H R -K L i, 3 HARME S 6,
Hops R38R T 300 C.

2-(R TR M -2- i )-5- K i ik -1,3,4- I8 W (6a): 1
AR, 723 79%. 'H NMR (DMSO-ds, 400 MHz) 6:
13.49 (s, 1H, benzimidazol-NH), 10.74 (s, 1H, Ar-NH-Ph),
7.01~7.74 (m, 9H, ArH); *C NMR (DMSO-d;, 100 MHz)
5: 160.3, 151.7, 143.0, 138.1, 137.4, 134.4, 128.6, 123.8,
122.1, 121.9, 119.5, 117.7, 111.8; IR (KBr) vpa: 3152,
1644, 1325, 1055, 740 cm™'. Anal. caled for C;sH;;NsO: C
64.97, H 4.00, N 25.26; found C 65.21, H 3.83, N, 25.12.

2-( R I B W -2 B )-5-(4- ol R ik )-1,3,4- I — 14
(6b): FOEK, P7F 79%. 'H NMR (DMSO-d,, 400
MHz) ¢: 13.55 (s, 1H, benzimidazol-NH), 10.85 (s, 1H,
Ar-NH-Ph), 7.09~7.73 (m, 8H, ArH); *C NMR (DMSO-
ds, 100 MHz) d: 160.3, 151.7, 143.0, 137.3, 134.4, 129.6,
123.8, 122.1, 119.5, 118.8, 115.3, 115.0, 111.8; IR (KBr)
Vinax: 3157, 1638, 1320, 1057, 825 cm . Anal. caled for
CysHoFNsO: C 61.01, H 3.41, N 23.72; found C 61.35, H
3.58, N 23.51.

2-(K I K M -2- S )-5-(4- G K i 3 )-1,3,4- g
(6c): Hfalf A, % 84%. 'H NMR (DMSO-ds, 400

2132 http://sioc-journal.cn/
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MHz) ¢: 13.50 (s, 1H, benzimidazol-NH), 10.90 (s, 1H,
Ar-NH-Ph), 7.24 ~ 7.74 (m, 8H, ArH); “C NMR
(DMSO-d,, 100 MHz) 6: 160.0, 151.8, 142.8, 137.3, 135.0,
128.6, 126.0, 123.6, 122.2, 118.6, 115.4, 115.0, 111.6; IR
(KBr) vimax: 3160, 1645, 1319, 1093, 819 cm . Anal. caled
for C;sHCIN;O: C 57.79, H 3.23, N 22.46; found C
58.02, H 3.39, N 22.15.

2-(OK I K W -2 5 )-5-(4- YRR % F)-1,3,4- T
(6d): Hfaf K, % 80%. 'H NMR (DMSO-ds, 400
MHz) ¢: 13.60 (s, 1H, benzimidazol-NH), 11.04 (s, 1H,
Ar-NH-Ph), 7.24 ~ 7.73 (m, 8H, PhH); "“C NMR
(DMSO-ds, 100 MHz) §: 160.0, 151.9, 142.8, 137.5, 131.6,
128.3, 124.0, 122.4, 119.1, 117.9, 115.7, 113.7, 111.4; IR
(KBF) Vimax: 3159, 1638, 1318, 1075, 818 cm ™ '. Anal. caled
for CysH;oBrNsO: C 50.58, H 2.83, N 19.66; found C
50.82, H2.57, N 19.43.

2-(AT TR -2-56)-5-(2,4- SR NEHE)-1,3,4-8 — W
(6e): FfE{A, =% 83%. 'H NMR (DMSO-ds, 400
MHz) ¢: 13.58 (s, 1H, benzimidazol-NH), 10.31 (s, 1H,
Ar-NH-Ph), 7.26 ~ 8.18 (m, 7H, ArH); “C NMR
(DMSO-d, 100 MHz) 6: 160.2, 152.1, 142.5, 137.2, 134.4,
131.8, 129.0, 128.1, 127.7, 123.3, 122.1, 119.6, 117.9,
113.0, 109.7; IR (KBr) vinax: 3164, 1617, 1325, 1065, 742
cm” L. Anal. caled for C;sHyCLNsO: C 52.04, H 2.62, N
20.22; found C 51.86, H 2.83, N 20.45.

2-CRIFKME-2-3)-5-(3 ,4- G IR HE)-1,3,4- 18
(6f): H A, 7% 85%. 'H NMR (DMSO-ds, 400
MHz) ¢: 13.60 (s, 1H, benzimidazol-NH), 11.22 (s, 1H,
Ar-NH-Ph), 729 ~ 796 (m, 7H, ArH); “C NMR
(DMSO-ds, 100 MHz) §: 159.7, 152.1, 142.8, 138.2, 137.2,
131.4, 130.6, 128.0, 127.3, 123.8, 122.4, 118.4, 117.3,
113.1, 109.2; IR (KBr) vimax: 3159, 1650, 1334, 1057, 741
cm ', Anal. caled for C;sHyCLNsO: C 52.04, H 2.62, N
20.22; found C 51.91, H 2.46, N 20.38.

2-(CR I K M -2- 358 )-5-(4- 1 I 2R i 3 )-1,3,4- 18—
(6g): HEFEA, 3% 76%. 'H NMR (DMSO-ds, 400
MHz) ¢: 13.58 (s, 1H, benzimidazol-NH), 10.75 (s, 1H,
Ar-NH-Ph), 7.15~7.71 (m, 8H, ArH), 2.30 (s, 3H, CH,);
C NMR (DMSO-ds, 100 MHz) J: 160.4, 151.6, 143.1,
141.7, 137.5, 135.7, 131.0, 129.2, 123.9, 122.2, 119.6,
117.3, 111.9, 20.2; IR (KBr) vy 3118, 1646, 1322, 1061,
808 cm '. Anal. caled for CigH13N5O: C 65.97, H 4.50, N
24.03; found C 65.81, H 4.57, N 23.78.

2-(AR IR 23 )-5-(4- F AR I 2R i 3 )-1,3,4-FE
Me(6h): K, F5F 79%. "H NMR (DMSO-d,, 400

Chin. J. Org. Chem. 2012, 32, 2129~2133
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MHz) ¢: 13.53 (s, 1H, benzimidazol-NH), 10.60 (s, 1H,
Ar-NH-Ph), 6.91~7.73 (m, 8H, ArH), 3.77 (s, 3H, OCHy);
C NMR (DMSO-d;, 100 MHz) 0: 160.6, 154.7, 151.5,
143.1, 137.5, 134.4, 131.4, 123.9, 122.2, 119.5, 118.9,
114.0, 111.8, 55.0; IR (KBr) vy 3172, 1639, 1320, 1060,
827 cm !. Anal. caled for CsH3NsO;: C 62.54, H 4.26, N
22.78; found C 62.37, H 4.54, N 22.60.
3.2.2 W EMESHT

SR FH 1 22 A K R PO s A A 0 1) 8 A
BEVETE. LR K 8295 B (Botrytis cinerea pers) /N4
Fi95 B (Rhizoctonia cerealis) IR FI. #3524
WARRIEL 9 ¢ 1 AL e 5 24 15 TR B (L B - A Bl -
UK, PDA), Ty o i I il Bl 223530k 25, 50, 100,
200 mg/L ff] PDA 2574k, DLIIASFAARTC /K ) 35
FrRHA A AN, JF LU 2 TR R AR 2. R iR S
FIEYPRP, BFQ511) CIORIRM b B = (T i
IKBIRBERTTR 72 h, NEZLSRERRERTE 48 h), BEAGEE L
IANELE. A ORI S EAR, RT3
R, AHAFBIEARR W% R, 4 ST A ] 2,
R4 Finney HLFAH VLK H A0S Py w22 4= K
50% ML (ECso), SEHRETRMIE 1.

i =[(Dy—D1)/Do] X 100%

U Dy A AL RVE AR, Dy oA AR PR RS HAR.
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