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Synthesis and Antifungal Activity of Novel Benzimidazol-2-
ylcyanoketone Oxime Ethers Containing Morpholine Moiety

Qu, Zhigiang Li, Fubo Xing, Chengyuan Jiang, Lin*
(College of Chemistry and Material Science, Shandong Agricultural University, Taian 271018)

Abstract A series of benzimidazol-2-ylcyanoketone oxime ethers containing morpholine moiety (4a~4h) were synthesized
from 2-benzimidazolyl acetonitrile, sodium nitrite, chloroacetyl morpholine and haloalkane/benzyl chloride via sequential
reactions of oximation, substitution and etherification. The structures of the target compounds were elucidated by IR, NMR,
MS, and elemental analysis. All the target compounds were tested for in vitro antifungal activities against Botrytis cinerea and
Sclerotinia sclerotiorum by the mycelium growth rate test, and the results indicated that some compounds displayed higher
antifungal activity as compared to carbendazim, among which the compounds containing 4-fluorobenzyl or 4-chlorobenzyl

moiety (4e, 4f) have excellent activity.
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Scheme 1 Synthetic route of the target compounds
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1.2 SRR

Hirfb &% 'H NMR 1, WBkER ¥ NCH, i
P, 73 BIFE 6 3.30~3.57 F13.53~3.65 &b, H5ARHUL
(R BRERAH LU (6 =2.72), HAL AR ME B 2t a1 {4 7%
), 1X 5 TR AR O A T 35 e bk 5 4 Ak B A R T
FHIE. IRIR OCH, Jii - 8 —2H 2 HIg, 1F §3.59~3.74
b, 5 AT IR IR 5T 22 BN (0=3.52). Ji5 Bk
1) CH, ZHHAMERE) O JR-TW TR, fb2= B
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WSS RIS, A 2507 A% B K35 #2311, o 7E 5.60~5.74
Z 08, AN, AT 5 ke -2- 5 0 Pk 36 N K ER 2 T £
CH, Jii T 0 #£ 4.89~5.31 2 |A].

7E IR B, C=N a4 3N I 55U IETE 2225~
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(e 246 4R s TR i e 7
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HErfb &Y 4a, 4d~4h 4K EE A B0
HE 1, Horh de A4 FE LS R, ECso 730104 10.78.11.14
pg/mL, (AT 2470 22 3 R (ECso 18.71 pg/mL). BR
dc Hb, Foa 7 Bk A ARt i R AZ B LA A e A
P, ECso 7E 10.46~37.81 pg/mL, ¥IET £ H 2 (ECs
41.02 pg/mL), Hrh 4e A1 4f AL A A EIETE, ECso 20
54 10.82+ 10.46 pg/mL; 4a F1 4d B LR 98 IR B TS
P, ECso 709904 25.76 19.38 pg/mL.
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Table 1 Antifungal activity as inhibition rate for the target

HArb &Y 4a~4h BIZEIEE(ECso)

compounds 4a~4h

ECso/(pgemL ")

Compd. — — -
Botrytis cinerea Sclerotinia sclerotiorum
4a 28.24 (22.71~35.12) 25.76 (24.08~27.55)
4b 38.26 (34.55~42.36) 33.27 (30.36~36.45)
4c 32.88(26.94~40.11) 73.44 (61.86~87.18)
4d 25.34 (20.22~31.75) 19.38 (17.82~21.08)
4e 10.78 (8.71~13.34) 10.82 (8.50~13.77)
4f 11.14 (8.75~14.17) 10.46 (8.45~12.94)
4g 25.30(20.13~31.79) 37.81 (34.49~41.45)
4h 24.00 (22.76~25.31) 24.42 (20.93~28.47)

Carbendazim 18.71 (13.98~25.04)

FIRER AR TR, 2R EY 0 7 im0 e 2k O
HIRE . 450N 4-RURIERT, SREEME S T 451 R
AL S,

3 S
3.1 UES5HF

JERE T ACERA R AT X-5 A5 % BUE s & A
(R IE); 22 Nicolet 380 AY{H 37 AR 4T 41
BEA(KBr JEf7); 3£E Mercury Plus-400 A% AL R
(CDClL; N7, TMS NWHR); £ Agilent 1200 A5
X, 1% [E Elementar /A 7] Vario EL ITT % 6 & 40 H14%;
TIIL XSS GXZ FU B IR B F7 4.
32 K
3.2.1 ey sk

2-ZRH BRI 215 (1) AR R iR 1R B
JERHZ STHR[19] 77 I £, 2R I IRk U H i )5 (2) 2
2 CHR[20] 4 K.

[1-(4- N0 bk 2 ) Y5 35 I PP 6 S Sk e 2- 35 ) 5 2 P R
15 (3)IE 1k 2.29 g (14 mmol) 5 Z Bk S k% + 40 mL 75
e, FNN 2.24 g (12 mmol) 2-2F bk M L & Ik il
5 (2)#11.93 g (14 mmol) J&7K K,COs, HI#[EIJ 3 h, TLC
BREE R R NSV @ VO ED) =1 1]. AH=
AR, HUE, KUE TR B A R 2SR S 15
ANJKH, M ER AR, SRR, ARG REDE, 18
HOEE 2.4 g PPF 63%. mp. 225.8~227.1 C; 'H
NMR (CDCls, 400 MHz) 8: 3.48~3.53 (m, 4H, Morp-H),
3.54~3.66 (m, 4H, Morp-H), 5.29 [s, 2H, NCH,C(=0)],
7.28~7.74 (m, 4H, Ar-H), 13.22 (s, 1H, OH); IR (KBr) v:
2238, 1660, 1589, 1240, 1105, 1031 cm !, Anal. caled for
CisH;sNsO5: C 57.50, H 4.83, N 22.35; found C 57.16, H
5.08, N 22.04.

[1-(4- P R JES ) 3¢ 2 TV Y 5 24 Ik e - 2 ) 0 A
J5 Tk (4) A BRI X 0.63 g (2 mmol) [1-(4-NE M)

41.02 (32.85~51.21)
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FiHE T FF LR R R 2 - JE AR G (3),  0.56 g (4
mmol)JG7K K,COs Fl 0.34 g (2 mmol) KI, % 50 mL —.
FREM P GE: AR KD, B 10 mL HREH, =
R PES 2] 5T 30 min PRI 10 mL & 2.4 mmol At H
Bt BARKE B R B S NI VR, RS FE 10 h,
TLC W= Bt FE[ V(N ER) @ V(A B =11 1]. KM
SEHE, R A, AR, JEVRTE IR A KA b
AR ORI =Y, F CROTRES &, 15 HR
&%) 4a~4h.

O-F 5[ 1-(4- P I 355 ) Bl 255 37 R R 2 - ke -2 26 1 3
HE i 5 Tk (4a), A4, 722 59%. m.p. 2022~
202.9 ‘C; '"H NMR (CDCls, 400 MHz) &: 3.37 (s, 2H,
Morp-H), 3.64 (s, 2H, Morp-H), 3.69~3.71 (m, 4H,
Morp-H), 3.98 (s, 3H, OCHj3), 5.01 [s, 2H, NCH,C(=0)],
7.34~7.87 (m, 4H, Ar-H); *C NMR (CDCl;, 100 MHz) ¢:
165.1, 142.6, 141.5, 137.0, 128.0, 125.6, 123.6, 121.3,
110.0, 108.0, 66.7, 66.5, 45.5, 42.3; IR (KBr) v: 2238,
1667, 1590, 1238, 1114, 1028 cm '; ESI-MS m/z: 350.5
[M+Na]+. Anal. calcd for C;sH;NsO5: C 58.71, H 5.23,
N 21.39; found C 58.96, H 5.02, N 21.15.

O-TH 2 1-(4- N0y bR I ) B I 37 FE 5 2 IR e -2 - R )3
B F IR 5 Tk (4b): B8 [, P72 45%. m.p. 160.2~
161.1 °C; 'H NMR (CDCls;, 400 MHz) 6: 0.95 (t, J=7.2
Hz, 3H, CH,), 1.74~1.86 (m, 2H, CH,CH3), 3.57 (d, J=
4.4 Hz, 2H, Morp-H), 3.65 (d, J=4.8 Hz, 2H, Morp-H),
3.69~3.74 (m, 4H, Morp-H), 4.38 (t, J=7.2 Hz, 2H,
OCH,), 5.09 [s, 2H, NCH,C(=0)], 7.32~7.91 (m, 4H,
Ar-H); IR (KBr) v: 2232, 1663, 1581, 1241, 1116, 1028
ecm”'; ESI-MS m/z: 378.5 [M+Na]". Anal. calcd for
CsHyN5O5: C 60.83, H 5.96, N 19.71; found C 60.49, H
6.25,N 19.82.

O-"T B[ 1-(4- N I8 ) B 255 37 FR R 2 - ke -2 36 1 3
HE FR 5 K (de): B[R, P22 46%. m.p. 162.0~
163.3 “C; '"H NMR (CDCls, 400 MHz) §: 0.96 (t, J=7.6
Hz, 3H, CH;), 1.38 (q, J=7.6 Hz, 2H, CH,CH3), 1.72~
1.79 (m, 2H, CH,C,Hs), 3.57 (d, J=4.8 Hz, 2H, Morp-H),
3.65 (d, J=4.8 Hz, 2H, Morp-H), 3.69~3.74 (m, 4H,
Morp-H), 4.42 (t, J=7.6 Hz, 2H, OCH,), 5.09 [s, 2H,
NCH,C(=0)], 7.32~7.92 (m, 4H, Ar-H); IR (KBr) v:
2228, 1666, 1587, 1241, 1117, 1029 cm™'; ESI-MS m/z:
392.4 [M+Na]". Anal. caled for C,sH,;NsO5: C 61.77, H
6.28, N 18.96; found C 61.90, H 6.52, N 19.15.

O-"FF-[1-(4- N0y bR I ) B J55 37 F 5 2 IR e -2 R )3
B TR 5 Tk (4d): B TR, P72 61%. mp. 135.7~
136.8 ‘C; '"H NMR (CDCl;, 400 MHz) 6: 3.30 (s, 2H,
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Morp-H), 3.53 (d, J=4.8 Hz, 2H, Morp-H), 3.59~3.62
(m, 4H, Morp-H), 5.07 [s, 2H, NCH,C(=0)], 5.74 (s, 2H,
OCH,), 7.12~7.80 (m, 9H, Ar-H); *C NMR (CDCls, 100
MHz) 6: 165.0, 142.2, 139.8, 136.5, 135.0, 128.4, 127.4,
126.6, 124.6, 123.1, 120.2, 112.5, 111.4, 109.4, 65.8, 65.6,
47.8, 44.0; IR (KBr) v: 2238, 1662, 1584, 1242, 1114,
1032 cm™'; ESI-MS m/z: 426.3 [M+Na]". Anal. calcd for
C»H,NsO3: C 65.50, H 5.25, N 17.36; found C 65.24, H
541,N 17.15.

O~(4-F N 3 )-[ 1-(4-NEh IR IR ) B e IV, P B O - DK -2
B FE 5 Tk (de): R B OO FEAR, FPE 55%. mop.
171.3~172.0 ‘C; '"H NMR (CDCls, 400 MHz) J: 3.46 (d,
J=4.4 Hz, 2H, Morp-H), 3.57 (d, J=4.4 Hz, 2H,
Morp-H), 3.62~3.67 (m, 4H, Morp-H), 5.07 [s, 2H,
NCH,C(=0)], 5.64 (s, 2H, OCH,), 6.95~7.97 (m, 8H,
Ar-H); IR (KBr) v: 2234, 1659, 1607, 1239, 1115, 1030
cm”'; ESI-MS m/z: 444.1 [M+Na]". Anal. calcd for
CpH,0FNsO;: C 62.70, H 4.78, N 16.62; found C 62.54, H
4.56, N 16.50.

O~(4-50 N3 )-[ 1-(4-NEh IR IR ) B ke IV, P B O - K - 2-
BRI R i IR (4f): VR B AR, PR E 59%. mup.
177.6~178.3 ‘C; '"H NMR (CDCls, 400 MHz) 6: 3.43 (t,
J=4.4 Hz, 2H, Morp-H), 3.55 (d, J=4.0 Hz, 2H,
Morp-H), 3.62~3.68 (m, 4H, Morp-H), 4.92 [s, 2H,
NCH,C(=0)], 5.64 (s, 2H, OCH,), 6.95~7.96 (m, 8H,
Ar-H); IR (KBr) v: 2237, 1657, 1610, 1236, 1112, 1030
ecm”'; ESI-MS m/z: 460.5 [M+Na]". Anal. calcd for
Cp»H,oCINsOs: C 60.35, H 4.60, N 15.99; found C 60.58,
H4.47,N 16.26.

O~(4-TIR I )-[ 1-(4-MEh IR ) B e IV, P B O - K A2 - 2-
B YA R 5 15 (dg): R B B AR, A 42%. mup.
181.2~181.9 ‘C; '"H NMR (CDCl;, 400 MHz) ¢: 3.42 (s,
2H, Morp-H), 3.54 (s, 2H, Morp-H), 3.62~3.66 (m, 4H,
Morp-H), 4.91 [s, 2H, NCH,C(=0)], 5.60 (s, 2H, OCHy,),
6.75~7.95 (m, 8H, Ar-H); IR (KBr) v: 2235, 1666, 1581,
1242, 1114, 1032 cm '; ESI-MS m/z: 552.6 [M+Na]".
Anal. caled for C,H,0INsO5: C 49.92, H 3.81, N 13.23;
found C 50.26, H 3.96, N 13.42.

O-(4- FUHE "R FE)-[1-(4- b IR 3 ) i 7k 7. FHY 26 24 I K
W2 B HUEL HER 5 1k (4h), G BEE, 725 66%. mup.
195.6~196.4 °‘C; '"H NMR (CDCls, 400 MHz) 6: 3.44 (t,
J=4.4 Hz, 2H, Morp-H), 3.56 (t, J=4.4 Hz, 2H, Morp-H),
3.63~3.69 (m, 4H, Morp-H), 4.90 (s, 2H, NCH,C(=0)),
5.73 (s, 2H, OCH,), , 7.13~7.99 (m, 8H, Ar-H); IR (KBr)
v: 2225, 1657, 1607, 1227, 1093, 1030 cm™'; ESI-MS m/z:
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451.7 [M+Na]+. Anal. caled for Co3H,0NgOs: C 64.48, H
4.71, N 19.62; found C 64.20, H 4.93, N 19.86.
322 FHEEMRE

K 22 A K EENE B ARS8 S AR
WEIERY. DU SEIK 55 T (Botrytis - cinerea) A3 il 14 7
(Sclerotinia sclerotiorum) NN Fh, #5575 5 4]
PRFALE 9 o 1 I LlAg il Bl 25 24 15 7R B (S B i A -
JiG, PDA), it Ja il Bl 243 709 4004 200, 100 50
25 pg/mL [ PDA & 25 PR, 7ERE TR0 [ 4k J5 oK B 0t
REBIGZERF I, BETQ5E1) CHEFRETER
72 h. AR IANEE. FR LUICE KT AR, B
% 1 R (carbendazim) fEXTHRZ5 7). H 1758 Xk &
F® B, BPMEENE 2 K, DETFSENRREER
KA, 3% B A EAPHIZE, FIH DPS 730 84 3k H
255511 ECso {H.

I B 73 2(%)=

YRR &Y HE A — B R BER

X HE R B AR

X100%

4 BI#1 kL (Supporting Information) L&) 4a~4h [
'H NMR, "C NMR, IR @&, X 2Eh0k}ar L5 2 AT
I3t (http://sioc-journal.cn/) L. N %K.
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