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Abstract: Verbenone was prepared by selective oxidation of a-pinene at first. Then,by oximation of the carbonyl group (Z) - and
(E) -verbenone oxime compounds were synthesized and separaed, followed by the nucleophilic substitution reaction to afford forty
novel (Z)- and (E)-verbenone oxime ether compounds 4a —4t, including twenty couples of Z/E isomers. The structures of the
target compounds were characterized by 'H NMR, “C NMR, FT-IR, UV-vis, and ESI-MS. The antifungal activities of the target
compounds were evaluated. The results showed that, at the mass concentration of 50 mg/L, all the target products exhibited certain
inhibition activities against the eight kinds of plant pathogens. Compound (E)-4r(R =2,6-Cl) had inhibition rates of 77. 8%
against Physalospora piricola. Compound(E)-4s(R =2,6-F) had inhibition rates of 72. 7% against Rhizoctonia solani. Compound
(E)-4n(R =p-CN) had inhibition rates of 70. 8% against Helmithosporium maydis. Certain difference were found in inhibition
activity of Z-E isomers against some plant pathogens. The CoMFA model (r* =0.992, ¢* =0.507) of (E)-verbenone oxime ether
compounds for inhibiting Rhizoctonia solani was established for the study of 3D-QSAR, and the results could provide a basis for the
design of potential lead compounds with higher activity.
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(2)- and (E)-verbenone oximes (E)

4a~4t
4a. R=H; 4b: R=0-CH,; 4c: R=m-CH,; 4d: R =p-CH,; 4e: R =0-OCH,; 4f: R =m-OCH,; 4g: R =0-Cl;

4h: R =m-Cl; 4i: R =p-Cl; 4j: R=0-NO,; 4k: R =m-NO, ; 41. R=p-NO,; 4m: R =m-F; 4n: R =p-CN;
40: R=p-SCH,; 4p: R =p-vinyl; 4q: R=2,6-CH,; 4r; R=2,6-Cl; 4s: R=2,6-F; 4t; R =3-Cl-4-F
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ZREOCHER Y PRV 50 mg/L T, SRR AL K B A5 7 W 00 IS PR TS AR XTI R R
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ZIESCHR 27 R SYBYL-X 2. 1. 1 BAEXF () -5 #0014 ~ ) EAT B, frdg bt
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(Z)-4f: () -H ¥ s T fi [a] - R 403 7 SE ik, TR B L IRAAR, 72 %8 76. 5% . UV-vis (CH,CL) A, :
257.31 nm; IR(KBr,em™") »: 3045 (=CH), 2954, 2929, 2870, 2836 (C—H), 1628, 1604, 1492,
1468, 1436 (C=N, Ar—C=C, C=C),1264, 1045(C—O0); '"H NMR(600 MHz, CDCl,) 8:7.24(dd,
J=12.7,4.9 Hz, 1H, H-16), 6.91(d, J=7.5 Hz, 1H, H-17), 6.89(s, 1H, H-13), 6.81(dd, J =
8.2, 2.5 Hz, 1H, H-15), 5.79(dd, J=2.9, 1.4 Hz, 1H, H3), 5.07(s, 2H, H-11), 3.79(s, 3H,
H-18), 3.61(td, J=5.9, 1.5 Hz, 1H, H-1), 2.58(dt, J=8.9, 5.5 Hz, 1H, H5), 2.25 ~2.19(m,
1H, H-7), 1.86(d, J=1.5 Hz, 3H, H-10), 1.61(d, J=8.9 Hz, 1H, H-7), 1.43(s, 3H, H-9), 0.88
(s, 3H, H-8); "C NMR(151 MHz, CDCl,) & :162.30(C-2), 159.61(C-4), 154.44(C-14), 140.05
(C-12), 129.28(C-16), 119.97(C-17), 115.70(C-13), 113.12(C-15), 113.09(C-3), 75.29(C-11) ,
55.19(C-18), 49.10(C-1), 47.36(C-6), 42.40(C-5), 36.35(C-7), 26.10(C-8), 23.14(C-10),
22.25(C9); ESI-MS m/z: 285.96[ M +H] * .

(E)-4f. (E) - T ¥ 50 i i (] - B 420 I8 JE ik, IR 35 (WA, 7R 75. 4% , UV-vis (CH,CL,) A,
267.62 nm; IR(KBr,em™") »: 3054 (=CH), 2998, 2955, 2932, 2869, 2838 (C—H), 1621, 1602,
1588, 1492, 1436(C=N, Ar—C=C, C=C),1266, 1041 (C—0) ; "H NMR(600 MHz, CDCl,) & :7.25
(dd, J=10.4, 5.3 Hz, 1H, H-16), 6.94(dd, J=13.0, 4.8 Hz, 2H, H-15, H-17), 6.82(dd, J =8.2,
2.3 Hz, 1H, H-13), 6.45(dd,J=3.1, 1.5 Hz, 1H, H-3), 5.07(s, 2H, H-11), 3.80(s, 3H, H-18),
2.69(td, J=6.0, 1.5 Hz, 1H, H-1), 2.64(dt, J=8.9, 5.5 Hz, 1H, H-5), 2.25 ~2.21(m, 1H,
H-7), 1.90(d, J=1.6 Hz, 3H, H-10), 1.71(d, J=8.9 Hz, 1H, H-7), 1.41(s, 3H, H9), 0.90(s,
3H, H-8); “C NMR (151 MHz, CDCL,) 8:159.94 (C-2), 159. 63 (C-4), 158.89 (C-14), 140. 07
(C-12), 129.30(C-16), 120.01(C-17), 113.17(C-13), 113.07(C-15), 110.30(C-3), 75.22(C-11)
55.20(C-18), 49.36(C-1), 48.32(C-6), 48.09(C-5), 37.60(C-7), 26.13(C-8), 23.56(C-10),
21.83(C9); ESI-MS m/z: 286.10[M+H] * .,

(Z)-4n (Z) - i w0 1 g 0 - 3 % L ik, TR B (WA, 7% 76. 8% , UV-vis (CH,CL,) A, :
235.53 nm; IR(KBr,em™") »: 3045 (=CH), 2977, 2955, 2931, 2870( C—H), 2229( C=N), 1634,
1610, 1506, 1442(C=N, Ar—C=C, C=C), 1242, 1017 (C—0); '"H NMR (600 MHz, CDCl,) &:
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7.65~7.59(m, 2H, H-14, H-16), 7.41(dd, J=8.0, 0.5 Hz, 2H, H-13 H-17), 5.75(dd, J=3.2,
1.6 Hz, 1H, H-3), 5.12(s, 2H, H-11), 3.60(td, J=5.9, 1.6 Hz, 1H, H-1), 2.61(dt, J=9.0, 5.5 Hz,
1H, H-5),2.29 ~2.19(m, 1H, H-7), 1.87(d, J=1.6 Hz, 3H, H-10), 1.66 ~1.60(m, 1H, H-7),
1.45(s, 3H, H9), 0.88(s, 3H, H-8); “C NMR(151 MHz, CDCl,) & :162.91(C-2), 155.13(C-4),
144.34(C-12) , 132.10(C-14,C-16) , 127.85(C-13,C-17), 118.94( C-18), 115.40( C-15), 111.13(C-3),
74.23(C-11), 49.08 (C-1), 47.60(C-6), 42.42(C-5), 36.42(C-7), 26.12(C-8),23.15(C-10),
22.26(C9); ESI-MS m/z; 281.08[M +H] *,

(E)-dn; (E) - ¥ 50 0 i o % - 3% % 5E ik, IR 3R, 72 % 75. 4% , UV-vis (CH,CL) A, :
267.33 nm; IR(KBr,em™") »: 3069 (=CH), 2953, 2931, 2868 (C—H), 2230( C=N), 1626, 1468,
1438( (=N, Ar—C=C, C=C), 1244, 1017(C—O0); "H NMR(600 MHz, CDCl,) §:7.64 ~7.60(m,
2H, H-14, H-16), 7.45(d, J=8.4 Hz, 2H, H-13,H-17), 6.43(dd, J=2.9, 1.4 Hz, 1H, H-3), 5.13
(s, 2H, H-11), 2.68 ~2.62(m, 2H, H-1, H5), 2.26(td, J=5.9, 1.3 Hz, 1H, H-7), 1.93(d,J =
1.6 Hz, 3H, H-10), 1.78 ~1.69(m, 1H, H-7), 1.41(s, 3H, H9), 0.89(s, 3H, H-8); “C NMR
(151 MHz, CDCl,) 8:160. 65 (C-2), 159.86 (C-4), 144.42(C-12), 132.12(C-14,C-16), 127. 83
(C-13,C-17), 118.98 (C-18), 111.08 (C-15), 109.97 (C-3), 74.11(C-11), 49.38(C-1), 48.33
(C-6), 48.24(C-5), 37.69(C-7), 26.08(C-8), 23.65(C-10), 21.77(C9); ESI-MS m/z: 281. 11
[M+H]",

(Z)-dr. (Z)-S¥E s Iam G 27,6 - G R EEEE IR & AR, 7% 76. 8% , UV-vis(CH,CL) A, :
256.16 nm; IR(KBr,em ') »: 3045(=CH) , 2980, 2955, 2927, 2868 ( C—H) , 1634, 1584, 1468, 1438
(C=N, Ar—C=C, C=C), 1244, 1034(C—0); "H NMR(600 MHz, CDCl,) 8:7.32 ~7.28(m, 2H,
H-14, H-16), 7.17(dd, J=8.4,7.7 Hz, 1H, H-15), 5.78(dd, J=3.1, 1.5 Hz, 1H, H-3), 5.32
(dd, J=29.0, 10.7 Hz, 2H, H-11), 3.53(td, J=5.9, 1.6 Hz, 1H, H-1), 2.53(dt, J=8.9, 5.5 Hz,
1H, H-5),2.24 ~2.13(m, 1H, H-7), 1.85(d, J=1.6 Hz, 3H, H-10),1.57(d, J=8.9 Hz, 1H,
H-7), 1.38(s, 3H, H-9), 0.80(s, 3H, H-8); “C NMR (151 MHz, CDCl,) 8:163.04(C-2), 154.73
(C-4), 137.13(C-12), 133.02(C-13,C-17), 129.78(C-15), 128.24(C-14,C-16), 115.64(C3),
69.83(C-11), 49.05(C-1), 47.43(C-6), 42.20(C-5), 36.25(C-7), 26.04(C-8), 23.12(C-10),
22.06(C9); ESI-MS m/z; 324.00[M +H] *,

(E)-dr. (E)-D¥iqUg i lG 27,6 - "G F Lk, IR B WA, 773 76.2% , UV-vis(CH,CL) A, :
266.48 nm; IR (KBr,em™') v . 3076 (=CH), 2955, 2929, 2870 ( C—H), 1625, 1594, 1471, 1437
(C=N, Ar—C=C, C=C), 1236, 1029(C—O0); '"H NMR (600 MHz, CDCl,) 6 7.31(d, J =8.0 Hz,
2H, H-14, H-16), 7.20 ~7.13(m, 1H, H-15), 6.35(dd, J=2.9, 1.4 Hz, 1H, H3), 5.37 ~5.30
(m, 2H, H-11), 2.70(td, J=6.1, 1.5 Hz, 1H, H-1), 2.63(dt, J=8.9, 5.5 Hz, 1H, H-5), 2.27 ~
2.18(m, 1H, H-7), 1.86(d, J=1.6 Hz, 3H, H-10), 1.69(t, J=10.8 Hz, 1H, H-7), 1.40(s, 3H,
H-9),0.87(s, 3H, H-8); *C NMR(151 MHz, CDCl,) §:160.55(C-2), 158.70(C-4), 137.20(C-12),
133.03(C-13,C-17), 129.80(C-15), 128.27(C-14,C-16), 110.26(C-3), 69.88(C-11), 49.32(C-1),
48.29(C-6), 48.15(C-5), 37.53(C-7), 26.13(C-8), 23.52(C-10), 21.71(C-9) ; ESI-MS m/z:324.02
[M+H] ",

(Z)-4s.(Z)-SHEEIGEE G 27,6 - 5 T Ll , IR @K, 772K 75.8% , UV-vis(CH,CL,) A, :
259.60 nm; IR(KBr,em ™) »: 3069 (=CH), 2952, 2929, 2871 (C—H), 1628, 1595, 1471 (C=N,
Ar—C=C, C=C), 1237, 1026(C—O0) ; 'H NMR(600 MHz, CDCl,) §:7.25(ddd, J=8.4,7.2, 4.2 Hz,
1H, H-15), 7.01 ~6.73(m, 2H, H-14, H-16), 5.77(dd, J=3.1, 1.6 Hz, 1H, H-3), 5.14(s, 2H,
H-11), 3.50(td, J=5.9, 1.6 Hz, 1H, H-1), 2.53(dt, J=9.0, 5.5 Hz, 1H, H-5), 2.20 ~2.15(m,
1H, H-7), 1.84(d, J=1.6 Hz, 3H, H-10), 1.56(d, J=9.0 Hz, 1H, H-7), 1.39(s, 3H, H9), 0.80
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(s, 3H, H-8); “C NMR(151 MHz, CDCl,) 8:162.99(C-13,C-17), 162.63(C-2), 154.56(C-4), 129.98
(C-15), 115.67(C-3), 113.75(C-12), 111. 18 (C-14,C-17), 62.87(C-11), 49. 03 (C-1), 47. 36
(C-6),42.19(C-5), 36.27(C-7), 26.02(C-8), 23.09(C-10), 22.04(C9); ESI-MS m/z: 292.09
[M+H]",

(E)-4s: (E) -SRI NG 27,67 - 50K Bk, IR 8 R AR, 7 2% 76. 9% . UV-vis(CH,CL,) A, :
257.31 nm; IR(KBr,em™") »: 3076 (=CH), 2953, 2901, 2873 (C—H), 1626, 1595, 1471 (C=N,
Ar—C=C, C=C), 1237, 1026 (C—O0); '"H NMR (600 MHz, CDCl,) 6:7.26(ddd, J=8.4, 5.5,
2.0 Hz, 1H, H-15), 6.91 ~6.86(m, 2H, H-14, H-16), 6.33(dd, J=3.1, 1.5 Hz, 1H, H-3), 5. 14
(d, J=0.9 Hz, 2H, H-11), 2.68(td, J=6.0, 1.5 Hz, 1H, H-1), 2.64 ~2.61(m, 1H, H5), 2.21 ~
2.19(m, 1H, H-7), 1.86(d, J=1.6 Hz, 3H, H-10), 1.68(d, J=8.9 Hz, 1H, H-7), 1.40(s, 3H,
H9), 0.85(s, 3H, H-8); “C NMR(151 MHz, CDCl,) 8:161.35(C-13,C-17), 160.21(C-2), 158.74
(C-4),129.99(C-15), 113.69(C-12), 111.25(C-14,C-17), 110.17(C-3), 62.81(C-11), 49.30
(C-1), 48.29(C-6), 48.06(C-5), 37.54(C-7), 26.10(C-8) , 23.48(C-10), 21.70(C-9) ; ESI-MS m/z:
292.08[ M+H] ",

£ IR & &, C=N  Ar—C=C Hl C=C 4z 3h i I s BLAE 1650 ~ 1400 em ™' Z[iH] ; C—O fif
EPR S IG H BLAE 1250 F11070 em ™' Ze 47, 7E'H NMR %K d, Hirtb &8 (Z)-4a ~ (Z)-4t F
(E)-d4a ~ (E)-4t (1) 5S4 —C—H ) 8 475 5.7 F1 6. 4 BT, = ¥ S0 435 13- 28 b A i A
AAfF83.6~0.5F183.0~0.5;74"C NMR i, Bbrr=#1(Z)-da ~ (Z)-4t FI(E)-da~ (Z)-4t 1)
C=NXURAL AN RS 20 HITE 6163 F1 5159 A4y, C=C XU/ HI7E 5162 ~ 113 F1 8159 ~ 110, FRiEEE 5
HArb & AR o+ B AR 5 .

2.2 MEFEENKER

TEFRWIE 50 mg/L F, H¥pib&EW(Z) -/ (E)-4a ~ (Z)-/(E)-4t XFFill 8 i im e s 24 —
SE RIS PE | 45 5 2% 1 (SO ANFN Y 4f 4n dr Fl 4s FOHIE TG PE, A WAL RL) . Hih, (E) -4r
(R =2,6-Cl) X SEREFE SO R A%k 77. 8% , 5 FHM X BUE BAEAH 5 (E) -4s(R =2,6-F) Xf /K F5
SO I N 72. 7% 5 (E)-4n (R = p-CN) XF E K /NG0B A H R N 70. 8% . Meoh, (E)-.
(Z) - SRR — LA W S B ORI VE R — 25 5%, BN, (E) -4£( R = m-OCH, ) X 3SR 58 8005 1
AN (Z) -4f(R =m-OCH, ) 1Y 5.5 £5 13705000 61. 1% M 11.1% , S L rh (a4 S iR i
Pl i 28 3o Bk AR A P 400 B T A T v

x1 BESYUNAEEMAIIEE (50 mg/L)

Table 1 Antibacterial rate of target products against different strains(50 mg/L) %0
B A4 SR i INE TR IKFEEL EKN [LP)S 3
otz B3 B B SUR I SER B B B I B BEI 1A JEL B
compounds  Fusarium Cercospora Physalos-pora  Alternaria Gibberella Rhizoctonia  Helmithos-  Colletot-richum
oxysporum arachidicola piricola solani zeae solani porium maydis  lagenarium
(Z)-4f 22.7 35.7 11.1 36.4 37.5 59.1 30.4 34.6
(E)-4f 18.2 14.3 61.1 36.4 25.0 57.6 26.1 19.2
(Z)-4n 23.8 35.7 66.7 63.2 45.0 57.5 29.2 29.4
(E)-4n 28.6 50.0 33.3 63.2 40.0 61.3 70.8 41.2
(Z)-4r 9.5 42.9 44.4 36.8 25.0 45.0 29.2 11.8
(E)-4r 18.2 28.6 77.8 9.1 41.7 68.2 39.1 42.3
(Z)-4s 19.0 50.0 50.0 52.6 45.0 55.0 41.7 35.3
(E)-4s 31.3 42.9 40.0 40.0 46.2 72.7 44.4 11.1
LG 100.0 73.3 75.0 73.9 73.1 96. 1 90.4 91.3
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Fig.1 Asterisk skeleton of the target compounds
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Fig.2 Superposition models of the target compounds

B —¥2: ( Leave-one-out ) 38 XY UE AR A2 SIS IE X A AU JE 47T 501E
FEIIES BN T . 38 XHAEAH & B8 (¢2) 0. 507, A58 LB EAH 5 B4k (12)0. 992, i i1 Fr v i 22
(S)0.033, Fisher JaUE{E ( F) 170 , & B 12 A5 A ELAG AT 54 1 3500 /g
FIF L7 B DTIR 53900 55. 4% F1 44. 6% , XTGP 19 5T ik 2R K, AL B CoMFA A7

1o ERIF(PLS) 7347 R |, SR Y

PR o3 F UEA T O, LR EERGREE (B S B, HZ22) 51 F%R 2,
*2 AYI(E)-da~ (E)-4t WEWFHEMEEF (E,) FHNEEREF(E,)
Table 2 The experimental factor(E, ) and predicted factor (E,’)of compounds(E)-4a - (E)-4t
&Y compounds CoMFA {fi CoMFA value Ey Ey' T 22 residue
(E)-4a(R =H) 120 -2.77 -2.72 -0.05
(E)-4b(R = 0-CH,) 130 -2.38 -2.39 0.01
(E)-4c(R= m-CHy) 128 -2.96 -2.96 0.00
(E)-4d(R =p-CH;) 132 -2.19 -2.20 0.01
(E)-4e(R =0-0CHy) 132 -2.53 -2.52 -0.01
(E)-4f(R =m-OCH, ) 132 -2.32 -2.32 0.00
(E)-4g(R =0-Cl) 128 -2.54 -2.50 -0.04
(E)-4h(R =m-Cl) 122 -2.44 -2.46 0.02
(E)-4i(R =p-Cl) 126 -2.49 -2.51 0.02
(E)-4j(R =0-NO,) 132 -3.25 -3.27 0.02
(E)-4k(R =m-NO,) 126 -2.43 -2.43 0.00
(E)-41(R =p-NO,) 132 -2.41 -2.42 0.01
(E)-4m(R =m-F) 120 -2.25 -2.31 0.06
(E)-4n(R =p-CN) 126 -2.25 -2.25 0.00
(E)-40(R =p-SCH;) 140 -2.35 -2.35 0.00
(E)-4p(R = p-vinyl) 132 -2.32 -2.32 0.00
(E)-4q(R=2,6-CH;) 138 -2.53 -2.55 0.02
(E)-4r(R =2,6-Cl) 132 -2.18 -2.17 -0.01
(E)-4s(R =2,6-F) 122 -2.04 -2.04 0.00
(E)-4t(R =3-Cl-4-F) 124 -2.40 -2.36 -0.04
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(E)-4s B4 F I CoMFA =4E 43 & Hir
() FI(b) 43575 37 1Ak = 2 6 4 P R g e 22
BEMEAE, A AT RERFIA E
RARFR I A 2 35 36 | 2500 X 38 e AH I, B
FEFE () Fi1, 2065 D B3 B A B S 2 "
B 1P T e DX el A
TEST ARG E v A R IR AR AN AT KA 34
FRHLACHEAT FITE LRI, (00 40 () -de S S e

(R=0-OCH,) lL.(E)-4g(R = o-Cl) IG1Eif; 1k B3 HAW(E)-4a~ (E)-4t TMESHAER LR VTE
EW(E)-41(R = p-NO,) FL(E)-4i(R =p-Cl) Fig.3 Linear regression of the experimental and predicted
TEME L R ,EX%QB{ﬁLﬁHK%¥ E,, values of Compounds(E)-4a— (E)-4t

HUARHAT I T4 1 s, il 0 A & ) (E)-4s (R =2,6-F) > (E)-4r(R =2,6-Cl) > (E)-4q(R =
2,6-CH, ) FEAIRAL A7 W Bt A A T3 PR3, Bl ik &9 (E) -4k (R = m-NO,) > (E)-
4h(R =m-Cl) > (E)-4c(R =m-CH,) , FEAIRXIL_E A 72 A a3 s S 1, il n (e &9 (E) -4d
(R =p-CH,) FL(E)-4i(R =p-Cl) i TELF . HFIAL, HESL ) CoMFA BEAYR] T i BAT e i P Y
TR,

B4 EY(E)-4s B CoMFA REHIRIF (a) FIEREBEIA (D) SR E
Fig.4 3D contour plot of the CoMFA steric field(a) and electrostatic field(b) for compound (E) -4s
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