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Synthesis and Fungicidal Activities of Novel Tertiary Alcohol
Ergosterol Biosynthesis Inhibitors Based on
Phenazine-1-carboxylic Acid

Tang, Xianjun Lu, Xingliang Yang, Dan Zhang, Min

Xiong, Yongtong Wu, Qinglai™ Li, Junkai*
(School of Agriculture, Yangtze University, Jingzhou, Hubei 434025)

Abstract During our previous research using natural product phenazine-1-carboxylic acid as the lead compound to develop
new pesticides, the phenazine-1-methanol had been found to exhibit excellent fungicidal activity. According to the above fact,
a new class of phenazine-1-aryl(5-pyrimidine)methanol derivatives were designed and synthesized by using phenazine-1-
methanol as a secondary lead compound, and referring to ergosterol biosynthesis inhibitor fenarimol. The bio-assays showed
that compounds 6a~6p displayed moderate fungicidal activities against Thanatephorus cucumeris and Phytophthora capsici.
An interesting result is that the fungicidal activities of some of the target compounds against Phenazine-1-carboxylic-Acid
(PCA) specific spectrum Thanatephorus cucumeris are greatly reduced, while against fenarimol characteristic spectrum wheat
powdery mildew (Erysiphe graminis) retain moderate or strong control effects. The above bio-assays results indicated the
mode of action of compounds 6a~6p may be different from that of PCA, but similar to fenarimol. Therefore, further ergoste-
rol biosynthesis inhibition experiment proved that the target compounds had the same mode of action as commercially availa-
ble fungicide fenarimol.
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SCAE RN BRI U 4k S, Wy k- 1- R AR IR e
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Figure 1 Design strategy for target compounds
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| 6a: R'=R?=R%= R*= H; 6b: R'= R?= R*= H, R3= CHj; 6¢: R'= R?=R%= H, R®= C,Hs; 6d: R'= R2= R*= H, R®= (CH,),CH; 6e: R' = |
| RZ= R4=H, R®= (CH3),C; 6f: R'= R?= R*= H, R®= F; 6g: R'= R2=R*= H, R®= C|, 6h: R'= R?= R*= H, R®= Br; 6i: R'= R?= CH3, R%= |
| R*=H; 6j: R"=R3= CH;, R?= R*=H; 6k: R' = R*= CH;, R?=R3=H; 61: R'= R?= R*=H, R%= OPh; 6m:R'=R?=R*=H, R®= OCHj; !
' 6n: R'=R2=H, R®= OCHj3, R*=F; 60: R'= R?=H, R3= OCHj, R*=Cl; 6p:R' = R2= H, R®= OCH3, R*= Br

Reagents and conditions: (a) oxalyl chloride, CH,Cl,, DMF, reflux, 8 h; (b) substituted benzene, AICIl;, 0~60 °C,7 h; (c) n-butyllithium, THF,

below —80 °C, 1 h; (d) THF, below —80 C, 4 h
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Scheme 1 Synthetic route of target compounds 6a~6p
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Figure 2 X-ray single crystal structure of target compound 6f
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Ml 6g (ECso=14.48L, 17.52 mg/L)HIX} T WyWe-1-52 R
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Table 1 Inhibition activity of the intermediate compounds 3a~3p against four pathogenic fungi at a concentration of 50 mg/L

Compd. Thanatephorus cucumeris — Fusarium graminearum Alternaria alternata Colletotrichum gloeosporioides
3a 15.15+0.52 <10.00 21.20%0.01 20.28+0.00
3b 12.45+0.29 NA 22.03+0.36 10.61£0.24
3c <10.00 NA <10.00 13.29+0.02
3d 21.69+0.52 NA <<10.00 NA
3e 20.17£0.50 <10.00 11.24+0.02 10.96+0.75
3f <10.00 NA <10.00 <10.00
3g 11.92+0.20 <10.00 12.76 +0.43 <10.00
3h <10.00 NA <<10.00 NA
3i 4536+0.14 26.81+0.22 32.454+0.00 34.65+0.40
3j 10.65+0.51 NA <10.00 <10.00
3k 18.62+0.33 NA <10.00 NA
31 14.02+0.01 NA <10.00 NA
3m <<10.00 NA 12.85+0.12 14.79+0.52
3n 11.56£0.21 NA 13.82£0.38 16.94+0.20
3o 17.62£0.16 NA <<10.00 NA
3p <10.00 NA <10.00 <<10.00

PCA 80.5440.24 40.76 £0.62 81.1140.40 79.05+0.78

“Values are the mean &= SD of three replicates. PCA (phenazine-1-carboxylic acid) served as the positive control. NA: not active under this concentration.
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Table 2 Inhibition activity of the target compounds 6a~6p against six pathogenic fungi at a concentration of 50 mg/L

Compd. Tec. F.g Cg A.a. F.o. P.c.
6a 24.5510.20 14.38%0.16 19.1910.42 21.47£0.73 10.58£0.19 40.53£0.02
6b 68.811+0.24 53.041+0.40 4436%0.26 57.06x0.15 46.1010.31 69.391+0.17
6¢ 34.3710.12 NA <<10.00 36.14%+1.17 NA 48.0240.06
6d 13.944+0.43 NA <10.00 15.574+0.32 12.031+0.14 23.70%0.10
6e NA 10.61+0.33 24.641+0.44 15.234+0.23 11.0410.44 12.601+0.41
6f 76.45+0.13 20.931+0.48 60.03+0.25 23.494+0.42 31.63+0.51 59.92+0.17
6g 71.39+0.49 45.7940.29 49.71+0.29 30.34+1.02 50.91+0.38 68.78£0.51
6h 32.15+0.23 48.7410.14 3430+0.24 21.9240.10 44.554+0.39 79.95+0.01
6i 69.70+0.09 45.78+0.39 54.39+0.46 23.9340.01 22.48+0.18 50.12+0.73
6j 46.7310.00 17.1440.05 42.0240.27 18.194+0.34 14.4440.27 59.34+0.46
6k 17.18+0.62 52.75%0.10 32.9940.70 22.5010.64 <10.00 15.8540.68
61 28.4540.02 12.534+0.05 12.454+0.20 20.2540.05 15.661+0.57 10.6540.01
6m 16.354+0.50 14.544+0.27 25.8940.35 19.87+0.25 17.344+0.22 21.9940.00
6n 23.831+0.24 <<10.00 14.494+0.41 11.9440.04 11.634+0.10 11.6710.21
60 17.2740.00 21.69+0.18 49.7410.02 14.394+0.28 24.4140.34 39.79+0.24
6p NA 11.9240.00 11.9140.01 15.254+0.30 12.71£0.42 <<10.00
AC 98.811£0.26 74.6010.33 74.361+0.51 96.00+1.13 47.55%0.90 72.09+0.23
PCA 75.04+0.28 43.214+0.52 83.78+0.83 81.11+0.72 72.66+0.22 98.92+1.18

“Values are the mean == SD of three replicates. PCA (phenazine-1-carboxylic acid) and AC (fenarimol) served as the positive control. NA: not active under this con-
centration. T.c.: Thanatephorus cucumeris, F.g.: Fusarium graminearum, C.g.: Colletotrichum gloeosporioides, A.a.: Alternaria alternata, F.o.: Fusarium oxysporum,

Pc.: Phytophthora capsici.

£3 HIsbAY 6b. 6f T 6g XK AE LU FIFHUZE I ) ECs (mg/L)*
Table 3 ECsy (mg/L) of the target compounds 6b, 6f and 6g against Thanatephorus cucumeris and Phytophthora capsici

C Thanatephorus cucumeris Phytophthora capsici
OMP- " Regression Eq.” R°  ECs/(mgeL ') (95%CL)’ Regression Eq.” R°  ECsy/(mgeL )(95%CL)
6b y=—1.61+1.15x 0.9750 21.62 (10.95~40.09) y=—2.13+1.69x 09437 18.68 (11.64~27.07)
6f y=—1.70+1.24x 0.9891 22.04 (12.41~34.84) y=—4434+251x 09573 66.98 (47.61~100.52)
6g y=—1.86+1.62x 0.9620 14.48 (12.18~17.13) y=—223+186x 09812  17.52(11.80~26.15)
AC y=—0.90+1.08x 0.9942 6.85 (5.37~8.60) y=—112+1.07x  0.9749 10.39 (4.74~18.20)
PCA y=—0.914+1.14x 0.9903 6.30 (4.98~7.82) y=—1.17+138x 0.9785 7.11 (5.87~8.55)

“PCA and AC served as the positive control. ® Regression Eq. means the toxicity regression equation; © Correlation coefficient; ¢ CL means the confidence interval.

(A7 FEL3E I, AL A0 K ARG SR« B SR B3 B A
P2 A e 2 B2 N B, #l4n: 6b (CHs)>6¢ (CH,-
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ML REPE, e SR e BERFAEPE R B 1SN 22 Bk
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Table 4 Fungicidal activity of the target compounds 6a~6p against wheat powdery mildew under greenhouse conditions at 50 mg/L

Compd. Disease index/% Control efﬁciencyb/% Compd. Disease index/% Control efﬁciencyb/%
6a 23.42 63.44+345cd 6j 22.21 65.11%£3.06¢
6b 27.14 57.42%3.25 cde 6k 15.37 78.45+4.32b
6¢c 37.65 4727%3.11¢g 6l 27.01 57.9010.29 cde
6d 35.23 4350%3.04 ¢ 6m 49.59 22.04%3.06 hi
6e 45.28 29.17+4.10 h 6n 33.96 53.76 £5.00 ef
of 14.89 79.50+4.03 b 60 30.57 55.8414.69 de
6g 9.54 85.52%£5.20b 6p 4491 29.44+345h
6h 34.74 52.17%£5.92 ef AC 2.78 96.00+3.64 a
6i 14.63 79.481+1.32b PCA 55.92 20.12+6.351

“Values are the mean 2= SD of three replicates, PCA and AC served as the positive Control. ” Control efficiency values marked by the same letter within 18 treat-

ments were not significantly different according to the waller-duncan test at P=0.05.

B3 & eg. 6i Fl 6j 4 50 mg/L W E FHI/INE ANHRIEME
Figure 3 Fungicidal activity of compounds 6g, 6i and 6j against wheat powdery mildew under greenhouse conditions at 50 mg/L
CK: the negative control
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Figure 4 Inhibitory activities of compounds 6f, 6g, 6i and 6j on
ergosterol biosynthesis

PCA and AC were served as the positive control. For test compounds, the
statistical significance of differences in the mean values at P=0.5 was
analyzed by the Waller-Duncan test (SPSS v.21 for windows). Histograms
with letters a, b, ¢, d, e and f demonstrate significant difference between
all test compounds
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30 mL & kS, 1~2 ¥ N,N-—H 3L L (DMF), 2%
18NN 3.0 g BEMES, IR EIL = B 28 [ A 58 Ay Ok, 4k
SRR 2~3 h, 5 2R A B2, ImAb
B A PRI E LR, AT NP R

3.2.2  k-1-5 3K T ER(3a~3p) 89 & &

LIALEY 3a A [a) LR A wy -1 - H B S
FOAR IO 30 mL Jo/KRER, &2 84 g (224
mmoL) o/K =& bR, FE|KMN 7 h, #ZAiE(TLC)MR
EE. RPEEE, fEHHE TR R MBS 5% R
FIRERIK BB R, K 1 h, 2 HAEVLZ, KJZH &
FEZEEL 3 IR, G IR, F AR R BN K A R B,
FoksE R, HAENR, T, s ERR, H
TR ELS S, 93K EORE A, E 73%. mp.
115.4~117.7 “C; "H NMR (400 MHz, CDCl5) §: 8.40 (dd,
J=172, 2.8 Hz, 1H), 8.24 (d, J=8.2 Hz, 1H), 8.07~8.02
(m, 1H), 7.96~7.80 (m, 4H), 7.91 (d, J=2.4 Hz), 7.79~
7.74 (m, 1H), 7.59 (t, J=7.2 Hz, 1H), 7.43 (t, J=7.2 Hz,
2H); *C NMR (101 MHz, CDCl3) §: 196.7, 143.6, 143.4,
142.7, 141.7, 139.7, 137.9, 135.4, 133.4, 131.7, 131.5,
131.2, 130.7, 130.4, 130.3, 130.3, 130.2, 129.5, 128.4; HR-
ESI-MS calced for C;oH3N,O [M—i—H]+ 285.1022, found
285.1017.

HAZEA G A T

Wy g - 1-(4- FH R R I ) FH A (3b): 38 38 A [l A, Wig e
82%. m.p. 154.5~155.9 “C; "H NMR (400 MHz, CDCl;)
J5: 8.41 (dd, J=8.4, 1.6 Hz, 1H), 8.26 (dd, /=8.8, 0.8 Hz,
1H), 8.10 (dd, J=8.8, 0.8 Hz, 1H), 7.96~7.76 (m, 4H),
7.79 (d, J=8.0 Hz, 2H), 7.25 (d, J=8.0 Hz, 2H), 2.44 (s,
3H); *C NMR (101 MHz, CDCl3) §: 196.3, 144.4, 143.6,
143.5, 142.8, 141.7, 140.0, 135.4, 131.5, 131.1, 130.6,
130.4, 130.3, 129.5, 129.4, 129.2, 129.1, 21.8; HR-ESI-MS
caled for C,0H;sN,O [M+H]" 299.1179, found 299.1174.

Wy R -1-(4- £ FEZRIE) R (e): vk 25 0 [l 4, W%
88%. m.p. 149.3~151.5 “C; "H NMR (400 MHz, CDCl;)
J5: 8.41 (dd, J=8.4, 1.6 Hz, 1H), 8.26 (dd, J=8.8, 0.8 Hz,
1H), 8.10 (dd, J=8.8, 0.8 Hz, 1H), 7.97~7.76 (m, 4H),
7.82 (d, J=8.4 Hz, 2H), 7.28 (d, J=8.0 Hz, 2H), 2.74 (q,
J=17.2 Hz, 2H), 1.28 (t, J=7.6 Hz, 3H); *C NMR (101
MHz, CDCl;) 6: 196.3, 150.5, 143.6, 143.5, 142.8, 141.7,
140.0, 135.6, 131.5, 131.1, 130.6, 130.5, 130.3, 129.5,
129.4, 129.1, 128.0, 29.0, 15.1; HR-ESI-MS calcd for
C,H;N,O [M+H]" 313.1335, found 313.1331.

Wy W& - 1-(4- 57 PO B DR 5K ) FR I (3d): 9% o B [ 4k, Ui
# 71%. mp. 126.4~129.0 ‘C; 'H NMR (400 MHz,
CDCly) d: 8.40 (dd, J=8.4, 1.6 Hz), 8.26 (dd, J=8.8, 0.8
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Hz, 1H), 8.11 (dd, J=8.8, 0.8 Hz, 1H), 7.97~7.76 (m,
4H), 7.84 (d, J=8.4 Hz, 2H), 7.31 (d, J=8.4 Hz, 2H), 2.99
(m, J=6.8 Hz, 1H), 1.29 (d, J=6.8 Hz, 6H); °C NMR
(101 MHz, CDCl3) 8: 196.3, 155.1, 143.6, 143.5, 142.8,
141.7, 140.0, 135.7, 131.4, 131.1, 130.6, 130.3, 129.5,
129.4, 129.1, 126.6, 34.3, 23.7; HR-ESI-MS calcd for
CoHoN,O [M+H]" 327.1492, found 327.1487.

Wy~ 1-(4-50 T HER L) P (3e): v B (il 4, e
88%. m.p. 167.9~169.0 ‘C; "H NMR (400 MHz, CDCl;)
5: 8.41 (dd, J=8.8, 1.6 Hz, 1H), 8.26 (dd, /=8.8, 0.8 Hz,
1H), 8.12 (dd, J=8.8, 0.8 Hz, 1H), 7.96~7.77 (m, 4H),
7.84 (d, J=8.4 Hz, 2H), 7.47 (d, J=8.4 Hz, 2H), 1.36 (s,
9H); *C NMR (101 MHz, CDCl;) 8: 196.3, 157.3, 143.6,
143.5, 142.8, 141.7, 140.0, 135.2, 131.4, 131.1, 130.6,
130.4, 130.3, 129.5, 129.4, 129.1, 125.4, 35.2, 31.1;
HR-ESI-MS caled for Cy3HyN,O [M+H]" 341.1648,
found 341.1644.

Wy 58 -1-(4- % 4% 58 ) B (3): 9 o (0 [ 4, i %
81%. m.p. 172.8~173.9 “C; "H NMR (400 MHz, CDCl;)
5: 8.41 (dd, J=7.2, 2.8 Hz, 1H), 8.25 (dd, /=8.8, 0.8 Hz,
1H), 8.04 (dd, J=8.8, 0.8 Hz, 1H), 7.96~7.76 (m, 4H),
7.92 (d, J=2.4 Hz, 2H), 7.10 (t, J=8.8 Hz, 2H); *C NMR
(101 MHz, CDCly) §: 195.2, 167.2, 164.7, 143.6, 143.4,
142.7, 141.5, 139.4, 132.9, 132.8 (d, Jor=10.1 Hz), 132.8,
131.9, 131.2, 130.8, 130.2, 129.5, 129.4, 115.7; HR-ESI-
MS caled for C;oH;,FN,O [M—i—H]+ 303.0928, found
303.0924.

Wy 0 -1-(4- SR 25 ) /I (3g): vk B8 (o [ Ak, e %
66%. m.p. 202.4~205.0 “C; 'H NMR (400 MHz, CDCl5)
5: 8.41 (dd, J=6.8, 3.6 Hz, 1H), 8.24 (dd, /=8.8, 0.8 Hz,
1H), 8.02 (dd, J=8.8, 0.8 Hz, 1H), 7.93 (dd, J=8.4, 5.2
Hz, 2H), 7.88~7.75 (m, 4H), 7.40 (dd, J=8.8, 4.8 Hz,
2H); *C NMR (101 MHz, CDCLy) d: 195.2, 167.2, 164.7,
143.6, 143.4, 142.7, 141.5, 139.4, 134.5, 132.8, 131.9,
131.2, 130.8, 130.2, 129.5, 129.4, 115.7, 115.5; HR-ESI-
MS caled for CoH;,CIN,O [M+H]" 319.0633, found
319.0630.

Wy 158 -1-(4- ¥R 2R 25 ) F B (3h): 9k o £ [ 4k, i %
77%. m.p. 210.2~213.5 “C; 'H NMR (400 MHz, CDCl,)
5: 8.44 (dd, J=6.4, 3.6 Hz, 1H), 8.27 (dd, /=8.8, 0.8 Hz,
1H), 8.05 (dd, J=8.8, 0.8 Hz, 1H), 7.96~7.93 (m, 2H),
7.91~7.84 (m, 1H), 7.81 (d, J/=8.4 Hz, 2H), & 7.80 (dd,
J=172, 1.2 Hz, 1H), 7.42 (d, J=8.8 Hz, 2H); C NMR
(101 MHz, CDCl3) 8: 195.6, 143.7, 143.4, 142.7, 141.5,
139.8, 139.2, 136.5, 132.1, 131.5, 131.2, 130.8, 130.2,
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129.7, 129.6, 1294, 128.7; HR-ESI-MS caled for
C1oH,BrN,O [M+H]" 363.0128, found 363.0125.

Wy lge-1-(2,3-— L 2R 05 ) FRRI (3i): v o € T 4k, Uit
£ 90%. m.p. 139.4~141.8 C; 'H NMR (400 MHz,
CDCl3) 0: 8.40 (dd, J=8.4, 1.2 Hz, 1H), 8.26 (dd, J=8.8,
0.8 Hz, 1H), 8.11 (dd, J=8.8, 0.8 Hz, 1H), 7.95~7.83 (m,
2H), 7.87 (dd, J=6.8, 1.6 Hz, 1H), 7.82~7.73 (m, 2H),
7.56 (dd, J=8.0, 1.6 Hz, 1H), 7.19 (d, J=8.0 Hz, 1H),
2.35 (s, 3H), 2.30 (s, 3H); °*C NMR (101 MHz, CDCl5) ¢:
196.5, 143.6, 143.5, 143.2, 142.8, 141.8, 140.1, 136.9,
135.8, 131.3, 131.1, 130.5, 130.4, 129.7, 129.5, 129.4,
129.0, 128.4, 20.1, 19.7; HR-ESI-MS calcd for C,H;;N,O
[M+H]" 313.1335, found 313.1331.

Wy GR-1-(2,4-— I BE R 5E) F B (3): R B (o [l 1, Uit
H 79%. mp. 153.2~155.0 C; 'H NMR (400 MHz,
CDCly) : 8.36 (dd, J=6.0, 4.0 Hz, 1H), 8.22 (dd, J=8.8,
0.8 Hz, 1H), 8.06 (dd, J=8.8, 0.8 Hz, 1H), 7.93~7.73 (m,
4H), 7.23 (d, J=8.0 Hz, 1H), 7.17 (s, 1H), 6.88 (d, J=8.0
Hz, 1H), 2.72 (s, 3H), 2.35 (s, 3H); °C NMR (101 MHz,
CDCly) d: 199.0, 143.5, 143.4, 142.8, 141.7, 140.8, 138.6,
136.1, 134.8, 132.4, 132.0, 131.8, 131.6, 131.1, 130.6,
130.4, 129.9, 129.5, 129.4, 29.7, 20.8; HR-ESI-MS calcd
for C,;HsN,O [M+H]" 313.1335, found 313.1329.

Wy G8-1-(2,5- — FF R ORIE) FR R (3K): R B (B4, Ui
K 69%. m.p. 111.4~113.0 'C; 'H NMR (400 MHz,
CDCly) d: 8.40 (dd, J=7.6, 2.4 Hz, 1H), 8.25 (dd, J=8.8,
0.8 Hz, 1H), 8.08 (dd, /=8.8, 0.8 Hz, 1H), 7.96~7.77 (m,
4H), 7.23 (q, J=7.8 Hz, 2H), 7.17 (s, 1H), 2.65 (s, 3H),
2.19 (s, 3H); *C NMR (101 MHz, CDCl3) 6: 199.0, 143.5,
143.4, 142.8, 141.7, 140.8, 138.6, 136.1, 134.8, 132.4,
132.0, 131.8, 131.6, 131.1, 130.6, 130.4, 129.9, 129.5,
129.4, 29.7, 20.9; HR-ESI-MS calcd for C,H;,N,O [M+
H]" 313.1335, found 313.1330.

Wy - 1 -(4- 2R S8 B 2R 05 ) R (31): vk i Ea il 4, ffesse
97%. m.p. 151.7~153.2 “C; 'H NMR (400 MHz, CDCl5)
J5: 8.41 (dd, J=8.0, 2,0 Hz, 1H), 8.26 (dd, J=8.8, 0.8 Hz,
1H), 8.13 (dd, J=8.8, 0.8 Hz, 1H), 7.98~7.79 (m, 4H),
7.87 (d, J=8.8 Hz, 2H), 7.43 (t, J=8.0 Hz, 2H), 7.21 (t,
J=17.2 Hz, 1H), 7.11 (d, J=7.2 Hz, 2H), 6.99 (d, J=8.8
Hz, 2H); “C NMR (101 MHz, CDCly) §: 195.2, 162.4,
155.3, 143.6, 143.5, 142.8, 141.66, 139.9, 132.6, 132.5,
131.5, 131.1, 130.7, 130.3, 130.1, 129.5, 129.4, 129.2,
124.7, 120.3, 118.9, 117.1, 100.0; HR-ESI-MS calcd for
C,sH7N,0, [M+H]" 377.1285, found 377.1278.

Wy g -1-(4- F AR R R ) FR A (3m): R B ([l 4, Uit
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# 93%. m.p. 167.8~169.0 ‘C; 'H NMR (400 MHz,
CDCly) d: 8.38 (dd, J=8.8, 1.6 Hz, 1H), 8.24 (dd, J=8.8,
0.8 Hz, 1H), 8.09 (dd, /=8.8, 0.8 Hz, 1H), 7.97~7.74 (m,
4H), 7.85 (d, J=8.8 Hz, 2H), 6.91 (d, J=8.8 Hz, 2H), 3.87
(s, 3H); *C NMR (101 MHz, CDCl;) d: 195.2, 163.9,
143.6, 143.5, 142.8, 141.7, 140.1, 132.7, 131.3, 131.1,
131.0, 130.6, 130.3, 129.5, 129.5, 129.1, 113.7, 55.5;
HR-ESI-MS caled for CyH;sN,O, [M+ H]" 315.1128,
found 315.1121.

W - 1-(3- R4~ P A DR L) PRI (3m): 9% 0 £ [ 44
W 72%. m.p. 185.6~187.0 C; 'H NMR (400 MHz,
CDCly) d: 8.42 (dd, J=8.4, 1.6 Hz, 1H), 8.26 (dd, J=8.8,
0.8 Hz, 1H), 8.09 (dd, /=8.8, 0.8 Hz, 1H), 7.99~7.77 (m,
4H), 7.70 (dd, J=11.6, 2.0 Hz, 1H), 7.60~7.58 (m, 1H),
6.95 (t, J=8.4 Hz, 1H), 3.96 (s, 3H); "C NMR (101 MHz,
CDCly) d: 194.5, 153.2, 152.3, 152.2, 150.7, 143.6, 143.5,
142.7, 141.6, 139.4, 137.4, 135.1, 131.7, 131.2, 130.8,
130.3, 129.5 (d, Jop=15.3 Hz), 129.3, 128.0, 128.0, 117.5,
117.3, 113.7, 112.2, 56.3; HR-ESI-MS calcd for CyoH,4F-
N,O, [M+H]" 333.1034, found 333.1026.

Wy - 1-(3- -4~ H AU R ) H B (30): ¥R B £ [T 44K,
E 90%. m.p. 187.2~189.9 C; 'H NMR (400 MHz,
CDCL) 0: 8.40 (dd, J=8.4, 1.6 Hz, 1H), 8.24 (dd, J=8.8,
0.8 Hz, 1H), 8.07 (dd, J/=8.8, 0.8 Hz, 1H), 7.96~7.76 (m,
4H), 7.94 (s, 1H), 7.72 (d, J=2.0 Hz, 1H), 6.92 (d, J=8.8
Hz, 1H) 3.96 (s, 1H); *C NMR (101 MHz, CDCLy) §:
194.4, 159.1, 143.7, 143.5, 142.7, 141.6, 139.4, 132.2,
131.8, 131.60, 131.2, 131.0, 130.8, 130.3, 129.5, 129.4,
129.3, 127.8, 122.9, 112.1, 111.1, 56.4; HR-ESI-MS calcd
for CooH4CIN,0, [M+H]" 349.0738, found 349.0733.

WyiR-1-(3-1R-4 WA LR L) R (3p): ¥ 2 (A 4,
& 42%. m.p. 185.9~187.6 ‘C; '"H NMR (400 MHz,
CDCLy) 6: 8.42 (dd, J=8.4, 1.2 Hz, 1H), 8.27 (d, J=8.8
Hz, 1H), 8.15 (d, J=2.0 Hz, 1H), 8.10 (d, J=8.8 Hz, 1H),
8.00~7.73 (m, 4H), 7.83~7.72 (m, 1H), 6.91 (d, J=8.8
Hz, 1H), 3.98 (s, 3H); °C NMR (101 MHz, CDCl;) §:
194.2, 159.9, 143.6, 143.5, 142.7, 141.6, 139.3, 135.3,
132.0, 131.8, 131.2, 130.8, 130.3, 129.5, 129.4, 129.3,
111.9, 111.0, 56.5; HR-ESI-MS calcd for CyH 4BrN,O,
[M+H]" 393.0233, found 393.0230.

323  5-"EUEAE(5)89 AR

FREX 0.59 g (3.75 mmol) 5-¥MENET 50 mL [ JEEkE
L, I 30 mL Je/K PSRRI, U E B IRy S
AR, PR E—T78 CLUF. & 1.8 mL fIE T 40
(2.5 mol/L HIIE CUeid ), &M iE NFEIi A N 40 min
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HARFFRE —78 CULUT, SRR AR MNE. HEH
TR RO
3.2.4  wpi-1-35 K (5-"E ) P BF(6a~6p) 49 Ak

DAy W - 1 - 2R J (5- 1 g 2k ) HF R (6) 1) 75 R 91,
HY 0.7 g (2.5 mmoL)Wy B&-1-CR3E) H il (3a), FTC/KIUAE
BRI 20 mL AR, BN LIRS B, Hhnse
eEEE EAR Tt RS, N 4 h, TLC M. M5
B, A OB N 10% S0 B KR, 4K 10 min J5
I 15 mL ZEUFREREEL, T4, 28 LIERHE, A
EMTAitb A EY R 2B, VL V=4 DS E G,
W% 31%. m.p. 175.2~177.9 C; '"H NMR (400 MHz,
CDCly) d: 9.12 (s, 1H), 8.68 (s, 2H), 8.33 (s, 1H), 8.25 (td,
J=8.8, 0.8 Hz, 2H), 8.02 (d, J=0.8 Hz, 1H), 7.91~7.79
(m, 2H), 7.72 (dd, J=8.8, 7.2 Hz, 1H), 7.20 (q, J=8.4 Hz,
4H), 7.14 (dd, J=7.2, 1.2 Hz, 1H); °C NMR (101 MHz,
CDCly) 6: 157.6, 156.4, 144.4, 144.4, 143.3, 141.6, 141.6,
141.4, 140.5, 140.2, 131.5, 131.2, 130.6, 129.6, 129.4,
129.0, 128.4, 128.0, 127.7, 81.0; HR-ESI-MS calcd for
Ca3H 7N40 [M+H]" 365.1397, found 365.1389.

HoAh H s &6 BT 55 2 .

Wy R - 1-(4- FF 25 O 05 ) (5- i g 56 ) P2 (6b): 24 4[]
, W 52%. mp. 155.7~158.9 ‘C; 'H NMR (400
MHz, CDCl3) &: 9.14 (s, 1H), 8.71 (s, 2H), 8.35 (s, 1H),
8.27 (td, J=8.8, 0.8 Hz, 2H), 8.03 (dd, /=84, 1.2 Hz,
1H), 7.93~7.81 (m, 2H), 7.74 (dd, J=8.8, 7.2 Hz, 1H),
7.22 (q, J=8.4 Hz, 4H), 7.16 (dd, J=7.2, 1.2 Hz, 1H),
2.39 (s, 3H); *C NMR (101 MHz, CDCl;) 6: 157.5, 156.3,
144.4, 143.2, 141.6, 141.5, 141.4, 140.4, 140.4, 137.8,
131.4, 1312, 1312, 130.5, 129.5, 129.4, 129.1, 129.0,
127.7, 80.9, 21.1; HR-ESI-MS calcd for C4H;oN,O [M+
H]" 379.1553, found 379.1547.

W3 IR~ 1 -(4- £, FE IR TR ) (S5-I ) FR R (6¢): 3% 0 [ £,
W% 49%. m.p. 159.7~163.1 ‘C; '"H NMR (400 MHz,
CDCly) 6: 9.14 (s, 1H), 8.71 (s, 2H), 8.37 (s, 1H), 8.30~
8.23 (m, 2H), 8.02 (dd, J=8.4, 1.2 Hz, 1H), 7.90~7.80
(m, 2H), 7.74 (dd, J=8.8, 7.2 Hz, 1H), 7.24 (q, J=8.4 Hz,
4H), 7.17 (dd, J=7.2, 1.2 Hz, 1H), 2.68 (q, J=7.6 Hz,
2H), 1.26 (t, J=17.6 Hz, 3H); >C NMR (101 MHz, CDCl5)
5: 157.5, 156.3, 144.4, 144.0, 143.2, 141.6, 141.6, 141.5,
140.4, 131.4, 131.3, 131.2, 130.5, 129.5, 129.4, 129.0,
127.9, 127.7, 80.9, 28.4, 15.4; HR-ESI-MS calcd for
CasHy N,O [M+H]" 393.1710, found 393.1703.

W3 1R - 1 -(4-S7 R S SR 3 ) (S-mas g 5 ) FR B (o)) 5 £ ]
&, W 22%. mp. 154.1~1583 C; 'H NMR (400
MHz, CDCl3) &: 9.13 (s, 1H), 8.71 (s, 2H), 8.38 (s, 1H),
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8.27 (dd, J=8.8, 1.2 Hz, 1H), 8.24 (dd, /=8.8, 0.8 Hz,
1H), 8.02 (dd, J=8.4, 1.2 Hz, 1H), 7.89~7.79 (m, 2H),
7.74 (dd, J=8.8, 7.2 Hz, 1H), 7.30~7.22 (m, 4H), 7.17
(dd, J=7.2, 1.2 Hz, 1H), 2.94 (dt, J=13.4, 6.8 Hz, 1H),
1.28 (d, J=0.8 Hz, 6H); *C NMR (101 MHz, CDCl;) ¢:
157.4, 156.3, 148.7, 144.4, 1432, 141.6, 141.6, 141.5,
140.5, 140.4, 131.4, 131.3, 131.2, 130.5, 129.5, 129.4,
129.0, 127.7, 126.4, 81.0, 33.7, 23.9, 23.9; HR-ESI-MS
caled for CogHo3N4O [M+H]™ 407.1866, found 407.1861.

Wy B2 - 1-(4-F T JE 2R 58 ) (5-M e 3k ) FF 2 (Ge): o £ [t
A, % 34%. mp. 1623~164.7 ‘C; 'H NMR (400
MHz, CDCLy) 6: 9.13 (s, 1H), 8.71 (s, 2H), 8.38 (s, 1H),
8.28 (td, J/=8.8, 0.8 Hz, 2H), 8.04 (dd, J/=8.4, 1.2 Hz,
1H), 7.92~7.81 (m, 2H), 7.76 (dd, J=8.8, 7.2 Hz, 1H),
7.41 (d, J=8.4 Hz, 2H), 7.27 (d, J=8.4 Hz, 2H), 7.18 (dd,
J=6.8, 1.2 Hz, 1H), 1.35 (s, 9H); *C NMR (101 MHz,
CDCLy) d: 157.5, 156.3, 150.9, 150.9, 144.4, 143.3, 141.7,
141.5, 141.2, 140.5, 140.5, 131.4, 131.3, 131.2, 130.5,
129.6, 129.4, 129.0, 127.5, 125.3, 80.9, 34.6, 31.3; HR-
ESI-MS calcd for Cy7H,5sN,O [M—}—H]+ 421.2023, found
421.2018.

W W& - 1 -(4- 9 2R 55 )(5- 1o 1 2% ) FF B2 (6): % 0 [l £k
W& 23%. m.p. 182.4~184.8 ‘C; 'H NMR (400 MHz,
CDCl) 6: 9.16 (s, 1H), 8.70 (s, 2H), 8.39 (s, 1H), 8.30 (dd,
J=8.8, 1.2 Hz, 2H), 8.27 (dd, J=8.8, 0.8 Hz, 1H), 8.02
(dd, J=8.4, 1.2 Hz, 1H), 7.93~7.82 (m, 2H), 7.75 (dd,
J=8.8, 7.2 Hz, 1H), 7.34 (dd, J=8.8, 5.2 Hz, 2H), 7.13
(dd, J=7.2, 1.2 Hz, 1H), 7.08 (t, J=8.8 Hz, 2H); "*C
NMR (101 MHz, CDCly) 0: 163.6, 161.1, 157.7, 156.3,
144.4, 143.3, 141.5, 141.2, 140.5 (d, J=15.1 Hz), 140.0,
131.6 , 131.3, 131.1, 130.8, 129.6, 129.5, 129.3, 128.9,
1154, 115.2, 80.7; HR-ESI-MS calcd for Cy3H;cFN,O
[M+H]" 383.1303, found 383.1299.

W W& - 1 -(4- S 2R 8 ) (5- e g 5 ) PR B2 (6g): 0 8 [ A
& 57%. m.p. 172.3~174.9 ‘C; '"H NMR (400 MHz,
CDCly) 6: 9.17 (s, 1H), 8.70 (s, 2H), 8.38 (s, 1H), 8.31 (dd,
J=8.8, 1.2 Hz, 1H), 8.27 (dd, J=8.8, 1.2 Hz, 1H), 8.02
(dd, J=8.4, 1.2 Hz, 1H), 7.95~7.81 (m, 2H), 7.76 (dd,
J=8.8, 7.2 Hz, 1H), 7.37 (d, J=8.8 Hz, 2H), 7.31 (d, J=
8.8 Hz, 2H), 7.13 (dd, J=7.2, 1.2 Hz, 1H); *C NMR (101
MHz, CDCl3) 0: 157.7, 156.3, 144.4, 143.4, 143.1, 141.44,
140.9, 140.4, 139.7, 134.0, 131.6, 131.3, 131.1, 130.8,
129.6, 129.3, 129.1, 128.9, 128.6, 80.7; HR-ESI-MS calcd
for Co3H,sCIN,O [M+H]" 399.1007, found 399.1004.

W V& - 1-(4- 58 2 358 ) (5- M g 425 ) I (6h): o (0 [ 44
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W& 42%. m.p. 176.9~180.5 ‘C; 'H NMR (400 MHz,
CDCls) 0: 9.17 (s, 1H), 8.70 (s, 2H), 8.38 (s, 1H), 8.31 (dd,
J=8.8, 1.2 Hz, 1H), 8.27 (dd, J=8.8, 1.2 Hz, 1H), 8.02
(dd, J=8.4, 0.8 Hz, 1H), 7.95~7.82 (m, 2H), 7.76 (dd,
J=8.8, 7.2 Hz, 1H), 7.52 (d, J=8.4 Hz, 2H), 7.25 (d, J=
8.4 Hz, 2H), 7.14 (dd, J=7.2, 1.2 Hz, 1H); *C NMR (101
MHz, CDCly) 6: 157.7, 156.3, 144.4, 143.4, 143.1, 141.4,
140.9, 140.4, 139.7, 134.0, 131.6, 131.3, 131.1, 130.8,
129.6, 129.3, 129.1, 128.9, 128.6, 80.7; HR-ESI-MS calcd
for Co3H,(BrN,O [M+H]" 443.0502, found 443.0499.

Wy 8- 1-(2,3- - H DR 5 ) (5- M g k) RV B2 (6i): 3 £
A, R 40%. m.p. 187.0~188.9 ‘C; 'H NMR (400
MHz, CDCL3) &: 9.14 (s, 1H), 8.71 (s, 2H), 8.37 (s, 1H),
8.29~8.23 (m, 2H), 8.03 (dd, J=8.4, 1.2 Hz, 1H), 7.91~
7.79 (m, 2H), 7.74 (dd, J=8.8, 7.2 Hz, 1H), 7.18 (dd, J=
7.2, 1.2 Hz, 2H), 7.13 (d, J=7.2 Hz, 1H), 6.98 (dd, J=7.2,
1.2 Hz, 1H), 2.29 (s, 3H, CHj), 2.26 (s, 3H); °C NMR
(101 MHz, CDCl3) 0: 157.4, 156.3, 144.4, 1432, 141.7,
141.7, 141.5, 140.6, 140.4, 136.7, 136.5, 131.4, 131.3,
1312, 130.5, 129.5, 129.5, 129.4, 129.0, 128.9, 1252,
80.9, 20.1, 19.4; HR-ESI-MS calcd for CosH, N,O [M+
H]" 393.1710, found 393.1703.

Wy - 1-(2,4- — FH L DR 5 ) (5- M g % ) HH 12 (6j): 3 B
B4R, W% 39%. mp. 151.0~153.1 ‘C; '"H NMR (400
MHz, CDCl3) &: 9.14 (s, 1H), 8.74 (s, 1H), 8.57 (s, 2H),
8.31 (dd, J=8.8, 1.2 Hz, 1H), 8.27 (dd, J=8.4, 0.8 Hz,
1H), 8.06 (dd, J=8.4, 1.2 Hz, 1H), 7.94~7.81 (m, 2H),
7.76 (dd, J=8.8, 7.2 Hz, 1H), 7.23 (dd, J=7.2, 1.2 Hz,
1H), 7.15 (s, 1H), 6.84 (d, J=7.2 Hz, 1H), 6.41 (d, J=8.0
Hz, 1H), 2.35 (s, 3H), 2.30 (s, 3H); *C NMR (101 MHz,
CDClLy) 8: 157.5, 156.4, 144.5, 143.3, 141.7, 140.8, 140.5,
140.4, 139.3, 138.4, 138.1, 134.0, 131.5, 131.2, 130.6,
130.5, 129.6, 129.5, 129.0, 129.0, 125.7, 82.5, 22.4, 20.8;
HR-ESI-MS caled for C,sHyN,O [M+H]" 393.1710,
found 393.1703.

Wy e-1-(2,5- B R O ) (5- s g 8 ) FR I (6K ): i £
1K, R 46%. m.p. 154.0~157.5 ‘C; 'H NMR (400
MHz, CDCL3) &: 9.14 (s, 1H), 8.74 (s, 1H), 8.61 (s, 2H),
8.31 (dd, J=8.8, 1.2 Hz, 1H), 8.28 (dd, J=8.4, 1.2 Hz,
1H), 8.06 (dd, J=8.4, 1.2 Hz, 1H), 7.93~7.83 (m, 2H),
7.77 (dd, J=8.8, 7.2 Hz, 1H), 7.24 (dd, J=7.2, 1.2 Hz,
1H), 7.21 (d, J=7.8 Hz, 1H), 7.11 (dd, J=7.6, 0.8 Hz,
1H), 6.37 (d, J=0.8 Hz, 1H), 2.27 (s, 3H), 2.17 (s, 3H);
BC NMR (101 MHz, CDCLy) d: 157.5, 156.5, 144.5, 1433,
141.9, 141.7, 140.6, 140.5, 140.4, 135.4, 134.6, 133.1,
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131.5, 131.2, 130.7, 130.5, 129.7, 129.6, 129.5, 129.0,
82.6, 22.1, 21.1; HR-ESI-MS calcd for C,sH, N,O [M—+
H]" 393.1710, found 393.1703.

W 18- 1 -(4- 2R S IR L ) (5- Mg 8 ) FR I (61): 3 ]
&, W 57%. m.p. 193.4~195.1 ‘C; 'H NMR (400
MHz, CDCl3) 6: 9.15 (s, 1H), 8.73 (s, 2H), 8.38 (s, 1H),
8.30 (dd, J=8.8, 1.2 Hz, 1H), 8.27 (dd, /=8.8, 1.2 Hz,
1H), 8.04 (dd, J=8.4, 1.2 Hz, 1H), 7.93~7.83 (m, 2H),
7.76 (dd, J=8.8, 7.2 Hz, 1H), 7.44~7.24 (m, 4H), 7.25~
7.09 (m, 1H), 7.10~6.93 (m, 5H); *C NMR (101 MHz,
CDCLy) d: 157.6, 157.2, 156.6, 156.3, 144.4, 143.3, 141.6,
141.4, 140.5, 140.2, 139.0, 131.5, 131.2, 131.2, 130.7,
129.8, 129.6, 129.3, 129.2, 129.0, 123.7, 119.3, 118.2,
80.8; HR-ESI-MS caled for C,H,N,0, [M + H] "
457.1659, found 457.1650.

Wy -1 -(4- FF 40 25 2 358 ) (5- 1 gt 225 ) FFY I (6m): 3% 70
A, WK 46%. mp. 169.1~172.0 ‘C; 'H NMR (400
MHz, CDCl3) 6: 9.14 (s, 1H), 8.71 (s, 2H), 8.33 (s, 1H),
8.28 (td, J=8.8, 1.2 Hz, 2H), 8.03 (dd, J=8.4, 1.2 Hz,
1H), 7.92~7.81 (m, 2H), 7.75 (dd, J=8.8, 7.2 Hz, 1H),
7.27 (d, J=8.8 Hz, 2H), 7.17 (dd, J=7.2, 1.2 Hz, 1H),
6.92 (d, J=8.8 Hz, 2H), 3.84 (s, 3H); >*C NMR (101 MHz,
CDCly) 6: 159.2, 157.5, 156.3, 144.4, 143.3, 141.7, 141.6,
140.5, 136.6, 131.4, 1312, 130.6, 129.6, 129.4, 129.0,
113.7, 80.8, 55.3; HR-ESI-MS calcd for C,4H;oN,0, [M+
H]" 395.1503, found 395.1494.

Wy 158 - 1-(3- 9. -4- HH 4 25 O 35K )(5- % g ik ) Y I (6m):
WAAOFEK, K 34%. mp. 199.2~202.0 ‘C; '"H NMR
(400 MHz, CDCl5) 0: 9.17 (s, 1H), 8.71 (s, 2H), 8.37 (s,
1H), 8.31 (dd, J=8.8, 1.2 Hz, 1H), 8.28 (dd, /=84, 0.8
Hz, 1H), 8.04 (dd, J=8.4, 1.2 Hz, 1H), 7.93~7.83 (m,
2H), 7.76 (dd, J=8.8, 7.2 Hz, 1H), 7.26~7.20 (m, 1H),
7.16 (dd, J=7.2, 1.2 Hz, 1H), 6.93 (dd, J=3.6, 1.2 Hz,
2H), 3.92 (s, 3H); °C NMR (101 MHz, CDCl3) d: 157.7,
156.3, 153.5, 151.0, 147.3 (d, J=15.1 Hz), 144.4, 143.3,
141.5, 141.0, 140.4, 139.8, 137.7, 131.6, 131.3, 131.1,
130.8, 129.6, 129.3, 129.0, 123.6, 115.9, 115.7, 112.7,
80.5, 56.3; HR-ESI-MS calcd for CyH;sFN4O, [M+H]"
413.1408, found 413.1400.

Wy IR 1-(3- 5 -4- F AL R 2R 0 ) (5-M g 2% ) FPY I (60): 3%
O E A, R 55%. m.p. 212.0~215.6 “C; "H NMR (400
MHz, CDCl3) 6: 9.17 (s, 1H), 8.70 (s, 2H), 8.39 (s, 1H),
8.31 (dd, J=8.8, 1.2 Hz, 1H), 8.30~8.25 (m, 1H), 8.04
(dd, J=8.4, 1.2 Hz, 1H), 7.93~7.83 (m, 2H), 7.77 (dd,
J=8.8,7.2 Hz, 1H), 7.47 (d, J=2.4 Hz, 1H), 7.16 (dd, J=
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72, 1.2 Hz, 1H), 7.12 (dd, J=8.8, 2.4 Hz, 1H), 6.91 (d,
J=8.8 Hz, 1H), 3.93 (s, 3H); '°C NMR (101 MHz, CDCl;)
0: 157.7, 156.3, 154.6, 144.4, 143.3, 141.5, 141.0, 140.4,
1399, 137.8, 131.6, 131.3, 131.2, 130.8, 129.7, 129.6,
129.3, 128.9, 127.1, 122.8, 111.5, 80.4, 56.2; HR-ESI-MS
caled for CpH;sCIN,O, [M + H] " 429.1113, found
429.1104.

Wy R - 1-(3- Y -4~ P S0 22k 8 0 )(5- W E 4% ) Y I (6pp):
O E A, % 39%. mp. 207.6~210.0 C; 'H NMR
(400 MHz, CDCl;) : 9.17 (s, 1H), 8.71 (s, 2H), 8.37 (s,
1H), 8.31 (dd, J=8.8, 1.2 Hz, 1H), 8.29~8.25 (m, 1H),
8.06~8.00 (m, 1H), 7.94~7.82 (m, 2H), 7.76 (dd, J=8.8,
7.2 Hz, 1H), 7.26~7.20 (m, 1H), 7.16 (dd, J=7.2, 1.2 Hz,
1H), 6.93 (d, J=4.4 Hz, 2H), 3.92 (s, 3H): °C NMR (101
MHz, CDCl,) ¢0: 157.7, 156.3, 153.5, 151.0, 144.4, 143.3,
141.5, 141.0, 1404, 139.8, 137.7, 131.6, 131.3, 131.1,
130.8, 129.6, 129.3, 128.9, 123.6, 115.7, 112.8, 80.5, 56.3;
HR-ESI-MS calcd for C,4H3BrN,O, [M—i—H]+ 473.0608,
found 473.0598.

3.3 HPEIEMENK
3.3.1  BARSHE EHNEK

SR FH B8 AT L2400 52 4k & 3a~3p K 6a~6p 1
50 mg/L Xt /K FE LG (Thanatephorus cucumeris)~ /N
# J% % W (Fusarium graminearum) « 7 F& % JH i
(Colletotrichum gloeosporioides)« %L 2 B % (Alternaria
alternate) V8K 229 (Fusarium oxysporum)~ BRI
(Phytophthora capsici) 7% B PE. LARS di A6 3% 181 771 H
W 57 2 AN UK IE BE iR 245 7E 0T IR Z577). BN b si 5
3 RS
3.32  HARMLA AU E by R E T & A X

DU P 59 8] 28 22 WA 0 B2 0 50 mg/L 1 H ARk &
PSP BRI SR 24 h, FLHIE A BB NE BRI
TR, W RN R AT R, B BRI
BRFRARAR s R, HIRIRE N 20 C. MERAL TR L,
R (AR AR 70%, JHAG SRS, S ES
=R, FIBIR(%) = [(F ARG # A
I EE0/ 2 H 4 TR 21 X 100%.

3.4 EAEMEEMERINHISE

2 A B I AR R ) S 56 SR B SR A R 10 T vk
I T 8o BSOS K R SR 9 A A 24 1
BB N 5 mm) N 150 mL )44 5 4 BB g s 97
F(PDA)RAREFREE S, BRIRKTFE 3 d (150 r/min, 25 C).
I 20 mg/L AHMMAAL G4, k859 48 h. ¥59E5¢
B, USRI, BT, A AREL 0.2 ¢ T B £ 10
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mL [ HBEAGE TR SRR/ AT, Vi v=3 " )it
ITREEL 12 h, KIMAZEVE/K . &7 0.5 mol/L IR
MRS 2.0 mol/L FALHNS 10 mL, FEYZ,
FWAN EIFRAZET. M 10 mL [ LA R &
WV V=41, & 1.4 mol/L EAILEN), 60 C T2l
60 min. 1FECREAEL(10 mL), HAEMZEEF, HEEC
FE AR TS U0UE, THAE 10 mL B E S, MILuEmR
(0.45 pm)idJEJE, R, 752 I A% 21 (A
RETHEFEF: HIARIREE 70 °C, 1 min; PA 15 C/min JHE
%205 'C; LL20 °C/min FHd % 270 ‘CIFLREE 23 min),
3 I AN R it R P 22 A S IR B, DA BRIk
W TR 22 R 22 S B AR R AR E R K
SEEG.

HBhA &L (Supporting Information) H[A] {4 3a~3p K&
HArME &Y 6a~6p [MIA%MEILAR B uk Al = 2 HE 1, 22
A S BEAY) G A S2 58 SO (vl B, X Rk AT L
G % MASTI] 9 3 (http://sioc-journal.cn/)_F R %K.
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