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Synthesis and Fungicidal Activity of Novel Nicotinamide Compounds Containing Diphenyl Ether
LI Hua, WU Yuan, GAO Mengqi, ZHU Xiaolei", YANG Guangfu”

(Key Laboratory of Pesticide & Chemical Biology, Ministry of Education, Central China Normal University, Wuhan
430079, China)

Abstract: Succinate dehydrogenase(SDH) inhibitor is one of the fastest growing fungicides in recent years. In this
paper, a series of new nicotinamide compounds containing diphenyl ether and targeting SDH were designed and
synthesized. The results of the enzyme inhibition activity test showed that the ICs, values of some compounds reached the
level of micromolar against SDH from porcine heart, the ICy, values of compounds TM-12, TM-15, and TM-18 were
0.24, 0.23, 0.20 pmol/L respectively, which were nearly 10 times higher than boscalid (ICs, = 2.57 wmol/L). Further
fungicidal bioassay in greenhouse showed that the compounds TM -5, TM-13, TM-14, TM-15, TM-16, and TM-19
exhibited broad-spectrum and excellent fungicidal activity against cacumber powdery mildew, corn rust, and soybean rust at
concentration of 6.25 mg/L, which were better than boscalid. Among them, the ECy, value of compound TM-16 was 28.74
mg/L against cucumber powdery mildew, which was significantly higher than difenoconazole and worth further study.
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1.2 R4 Rk 6 A %,
12,1 PIEAAM-1H & R

7E100 mLIF JECHEH IS mmol 2- G i 22K
6 mmol FUAC Y A17.5 mmol i BE 21, T 1 A 20 mL
DMEF J5 T}l 42 100°C . TLC Wi I J5 Al 52 3 58 42 i 15
1BV, TIN50 mL 41 4. f5 30 mL 2 mol NaOH
BE2UK, T3 FH 50 mL YL A £ 5 7K PE 1 980 ok 25 77
Ja g AAM-1,

122 PEAAM-21 & R
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T™M-1 2-F T™M-12 2,4-(t-Bu),
TM-2 2-Cl T™M-13 2-C1-4-CF,
T™M-3 2-Br TM-14 2-Br-4-CF;
T™M-4 2-Me TM-15 2-1-4-CF,
T™M-5 2-CF, T™M-16 2,4-(CFy),
TM-6 3-OCF; T™M-17 2-Me-5-iPr
T™M-7 3-Cl TM-18 2-iPr-5-Me
TM-8 4-F TM-19 2,5-(CFy),
TM-9 4-C1 TM-20 3,5-Me,
TM-10 4-CF, T™M-21 3,5-(CFy),
T™M-11 2,3-F, T™M-22 3.4,5-F,

HAEYTM-1 B8R, R 85%, 45 1
112.6~113.3C,

'H NMR (400 MHz, DMSO-dy) 8: 10.49 (s, 1H) .8.82 (d,
J=4.5 Hz, 1H) .8.00 (dd,J=10.3.5.9 Hz,2H) .7.79 (dd, J=7.8.
4.7 Hz, 1) \7.47-7.32 (m, 11D \7.27-7.15 (m, 4H) .7.13-7.02
(m, 1H) .6.86 (dd,J=6.2.3.3 Hz, IH) , HRMS (MALDD Cal-
cd for CioH,FN,O,[M+H]*:377.090 77, found 377.090 19,

A YTM-20 F R R N T75%, 745 58
109.0~110.1C,

'H NMR (400 MHz, DMSO-dy §: 10.49 (s, 1H) .8.82 (d,
J=4.5 Hz, 1D .8.00 (dd,J=10.3.6.0 Hz,2H .7.79 (dd,J=7.8.
4.8 Hz, 1) ,7.46-7.33 (m, 1H) \7.27-7.14 (m,4H) .7.13-7.02
(m, 1H) .6.91-6.80 (m, 1H) . HRMS (MALDD Calcd for
CoH,,CIF;N,O, [M+Na]:415.043 16, found 415.045 00,

WAEPITM=30 F R R, R 83%, 165 ki
126.5~127.6C,

'H NMR (400 MHz, DMSO-dy §: 10.46 (s, 1H) .8.82 (d,
J=4.4 Hz, 1 .7.99 (dd,J=8.4.5.2 Hz,2H .7.80 (dd, J=7.8.
4.8 Hz, 1H) .7.74 (dd,J=8.0.1.4 Hz, 11D .7.47-7.34 (m, 11D .
7.26-7.16 (m,2H) .7.16-7.10 (m, 1H) .7.01 (dd,J=8.2.1.1
Hz, 1H) .6.85-6.72 (m, IH) . HRMS (MALDD Calcd for
CH,,BrF;N,0, [M+H]":437.010 70, found 437.011 48,

WETM-40) FER AR, BRI 81%, B 53
87.2~88.1C,

'H NMR (400 MHz, DMSO-dy) 8: 10.39 (s, 1H) .8.82 (d,
J=4.5 Hz, 1H) .8.01-7.91 (m,2H) .7.79 (dd,J=7.8.4.7 Hz,
1W .7.32 (d,J=7.2 Hz, 10 .7.21 (t,J=7.1 Hz, 1H) .7.17-7.07
(m, 3H) .6.86 (d,J=7.9 Hz, 1H) .6.74-6.66 (m, 1H) .2.18 (s,
3H) . HRMS (MALDD Caled for CyHsFsN,O, [M+Na]™:
395.097 78, found 395.097 39,

WA TM-50 F AR, WK i 89%, 5 1 4
127.0~128.1C,
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'H NMR (400 MHz, DMSO-dy) §:10.43 (s, 11D .8.82 (d,
J=4.5Hz, 10 .7.97(d,J=7.7 Hz, 11D .7.92-7.85 (m, 1H) .7.82
(dd,J=7.8.4.7 Hz, 11D .7.77 (d,J=7.8 Hz, 1D .7.64 (t,J=7.4
Hz, 10 .7.32 (d,J=7.6 Hz, 1HD .7.28-7.24 (m,2H .6.99 (d,
J=8.3 Hz, 11 .6.94(dd,J=6.1.3.5 Hz, 1D ,HRMS (MALDD
Calcd for CyH,FN,O, [M+H]:427.087 57, found 427.088 01,

HEHTM-62 Ak R, W 95%, 145 kA
112.2~112.9°C.,

'H NMR (400 MHz, DMSO-dy §:10.43 (s, 11D .8.81 (d,
J=3.2 Hz, 1D .7.96 (d,J=7.5 Hz, 11D .7.84-7.70 (m, 21D .7.49
(t,J=8.3 Hz, 11D .7.36-7.25 (m, 21D .7.12 (dd,J=7.5.1.8 Hz,
2H) .6.98-6.87 (m,2H) ., HRMS (MALDD Calcd for
CyHFN,O; [M-+H]™:443.082 49, found 443.081 49,

EWTM-T 0 AR R, B T78%, s mih
87.5~88.2°C,

'H NMR (400 MHz, DMSO-dy §:10.41 (s, 11D .8.81 (d,
J=3.7Hz, 11D .7.95(dd,J=6.3.3.2 Hz, 1D .7.78 (dt, J=7.8.5.7
Hz,2H) .7.40 (t,J=8.2 Hz, IH) .7.32-7.23 (m,2H .7.19 (dd,
J=8.0.1.2 Hz, 1H) .7.12-7.06 (m, 1H) .6.99 (t,J=2.0 Hz, 11 .
6.92 (dd, J=8.3.2.1 Hz, 1D .HRMS (MALDD Calcd for
C,H,CIF;N,O, [M+H]%:393.061 22, found 393.061 47

A PITM-8 MR, W N T75%, 165 1A
122.8~123.9C.,

'H NMR (400 MHz, DMSO-dy §:10.42 (s, 1H) .8.81 (d,
J=4.5 Hz, 11D .8.02-7.94 (m, 1) .7.91(d,J=7.7 Hz, 11D .7.78
(dd, J=7.8.4.7 Hz, 11D .7.28-7.22 (m, 41D .7.08-6.98 (m,
2H) .6.97-6.89 (m, 1H) ., HRMS (MALDI) Calcd for
C,H,FN,0, [M+Na]™:399.072 71, found 399.072 03,

EYTM-90 R R, W A83%, K5 mi h
119.5~120.6°C,

'H NMR (400 MHz, DMSO-dy §:10.41 (s, 11D .8.81 (d,
J=4.3 Hz, 1D .8.05-7.90 (m, 11D .7.86 (d,J=7.5 Hz, 11D .7.77
(dd,J=7.7.4.7 Hz, 11D .7.43 (d,J=8.8 Hz,2H) .7.31-7.18 (m,
2H) .7.07-6.89 (m, 3H) , HRMS (MALDI) Calcd for
C,H,CIF;N,O, [M+H]%:393.061 22, found 393.060 87

APTM-1024 H ER K, R A82%, 14 5
113.5~114.5C.

"H NMR (400 MHz, DMSO-dy 6:10.40 (s, 1H) .8.82-8.78
(m, 11D .7.99-7.91 (m, 11D .7.78-7.69 (m, 41D .7.37-7.27 (m,
2H) .7.21-7.14 (m, 1H) .7.09 (d,J=8.6 Hz,2H) ., HRMS
(MALDD Caled for CyH,,FN,O, [M+H]*:427.087 57, found
427.087 30,

EPTM-118 R R, WU 84%, 4 ik
109.0~109.9°C .

'H NMR (400 MHz, DMSO-d 8:10.50 (s, 11D .8.82 (d,
J=4.5 Hz, 10 .8.00 (t,/=7.5 Hz,2H) .7.80 (dd, J=7.8.4.7 Hz,
11 .7.33-7.13 (m, 41 .7.03 (dd,J=7.6.1.7 Hz, 1D .6.83 (t,
J=1.6 Hz, 1H) , HRMS (MALDD Calcd for C,,H,,FsN,O, [M+
H]":395.081 35, found 395.080 77,

EPTM-1224 R AR, W3 80%, 44 ik
112.9~113.5C,

'H NMR (400 MHz, DMSO-dy §:10.41 (s, 1HD .8.82 (d,
J=4.2 Hz, 11D .8.00 (d,J=7.6 Hz, 11D .7.87 (dd,J=7.6.1.7 Hz,
1H .7.80 (dd,J=7.8.4.8 Hz,1H) .7.37 (d,J=2.3 Hz, 10 .
7.24-7.10 (m, 31D .6.74 (dd,J=7.8.1.3 Hz, 11D .6.68 (d,J=8.5
Hz, 11D .1.37 (s, 91D .1.27 (s, 91D ., HRMS (MALDD Calcd
for C,H,FsN,O, [M+H]":471.225 39, found 471.224 49,

HAWTM-134 A KK, R R85%, 14 5
111.0~112.3°C,

'H NMR (400 MHz, DMSO-dy §:10.45 (s, 11D .8.82 (d,
J=4.5 Hz, 11D .8.00(d,J=2.0 Hz, 1D .7.98-7.91 (m, 21 .7.80
(dd,J=7.8.4.8 Hz, 1D .7.69(dd,J=8.7.1.9 Hz, 1D .7.38-7.25
(m, 21D .7.10 (dd,J=7.7.1.7 Hz, 11D .7.03 (d,J=8.6 Hz, 11D .,
HRMS (MALDD Caled for C,H,CIFN,O, [M+H]":
461.048 60, found 461.048 77,

A PTM-1424 R AR, R 4 82%, J4 sk
119.5~120.7°C.,

'H NMR (400 MHz, DMSO-dy §:10.44 (s, 1H) .8.82 (d,
J=4.6 Hz, 1B .8.11(d,J=1.9 Hz, 1D .7.98-7.89 (m,2H) .7.80
(dd,J=7.8.4.8 Hz, 1H) .7.73 (dd,J=8.7.2.0 Hz, 10 .
7.34-7.31 (m,2H) .7.08 (dd,J=7.7.1.8 Hz, 11D .7.00 (d,J=8.6
Hz, 1) , HRMS (MALDD Calcd for CyH, BrFN,O, [M+H]":
504.998 09, found 504.997 21,

HAWTM-154 A ER R, B R81%, 14 5
124.5~125.1°C,

'"H NMR (400 MHz, DMSO-d §:10.42 (s, 1H) .8.82 (d,
J=4.6 Hz, 11D .8.21(d,J=1.8 Hz, 11D .7.97 (d,J=7.8 Hz, 1B .
7.92 (dd,J=7.6.2.0 Hz, 11D .7.80 (dd,J=7.8.4.7 Hz, 11D .7.73
(dd,J=8.7.1.9 Hz, 11D .7.36-7.22 (m, 2ID .7.02 (dd, J=7.7 .
1.8 Hz, 11D .6.92(d, J=8.6 Hz, 1D ., HRMS (MALDD Calcd
for CyoH, F4IN,O, [M+H]*:552.984 22, found 552.984 07,

HEPTM-1624 K A, W N 85%, J4 ik
152.8~153.4°C,

'H NMR (400 MHz, DMSO-dy) §:10.47 (s, 1H) .8.85 (d,
J=4.4 Hz, 11D .8.09 (s, 1K) .8.02 (dd,J=16.3.8.3 Hz,2H .
7.89-7.83 (m, 21 .7.44-7.34 (m, 21D .7.21 (d,J=7.4 Hz, 1D .
7.15(d, J=8.8 Hz, 1H) . HRMS (MALDI) Calcd for
C,H FN,O, [M+H]™:495.074 96, found 495.074 18,
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HETM-172 E R A, W h89%, 44 ik
73.4~74.1°C.,

'H NMR (400 MHz, DMSO-dy §:10.37 (s, 1H) .8.81 (d,
J=4.5 Hz, 11D .8.01-7.94 (m, 11D .7.89(d,J=7.7 Hz, 11D .7.78
(dd,J=7.8.4.8 Hz, 11D .7.22 (d,J=7.8 Hz, 1D .7.18-7.09 (m,
21D .6.99 (d,J=7.7 Hz, 11D .6.74 (s, 11D .6.67 (dd,J=7.3.2.1
Hz, 10 .2.87-2.74 (m, 11 .2.12 (s,31 .1.12 (d,J=6.9 Hz,
6H) . HRMS (MALDD Caled for C;H,FN,O, [M+H]*:
415.162 79, found 415.163 37,

A TM-1824 H N K, R A T3%, 1 55
85.8~87.1°C.

"H NMR (400 MHz, DMSO-dy §:10.39 (s, 11D .8.82 (d,
J=4.5 Hz, 11D .8.04-7.89 (m,2H) .7.80 (dd,J=7.8.4.7 Hz,
10 .7.27 (d,J=7.9 Hz, 11D .7.13 (pd,J=7.4.1.7 Hz,2H) .6.98
(d,J=7.7Hz, 1H .6.73-6.63 (m,2H) .3.18 (dt,/J=13.8.6.9 Hz,
10 .2.56-2.47 (m, 1H) .1.14 (d,J=6.9 Hz,6H) ., HRMS
(MALDD Caled for C;3H, FN,O, [M+H]T:415.162 79, found
415.162 46,

HEYITM-194 AR A, WA T5%, B mA
99.1~100.3C.,

'"H NMR (400 MHz, DMSO-d §: 10.46 (s, 1H) .8.83 (d,
J=4.6 Hz, 1) .8.09-7.95 (m, 21 .7.89-7.79 (m,2H) .7.67 (d,
J=8.2 Hz, 11D .7.43-7.28 (m,2H) .7.18 (s, 11D .7.12 (dd, J=7.
6.1.9 Hz, 1D ., HRMS (MALDD Calcd for C,;H;;F,N,O, [M—+
H]":495.074 96, found 495.074 00,

EPTM-2024 R AR B H90%, 4 5k
162.3~163.2°C.,

'HNMR (400 MHz, DMSO-dy) 8:10.35 (s, 11D .8.80(d,
J=2.8 Hz, 1H) .8.02-7.88 (m, 1H) .7.86-7.72 (m, 2H) .
7.27-7.13 (m,2H) .7.03-6.90 (m, 11D .6.78 (s, 1H) .6.60 (s,
21 .2.23 (s, 6D ., HRMS (MALDD Calcd for C,H;F;N,0O,
[M+Na]™:409.113 43, found 409.113 81,

EPTM 2128 FER R, R 82%, 14 1k
142.9~143.4°C.,

"H NMR (400 MHz, DMSO-dy §: 10.44 (s, 11D .8.81 (d,
J=4.0 Hz, 11D .7.99(dd,J=7.7.1.8 Hz, 1D .7.92-7.87 (m, 11D .
7.84 (s, 1H) .7.78 (dd,J=7.8.4.7 Hz, IH) .7.50 (s,2HD .
7.44-7.32 (m,2H) .7.27(dd,J=7.8.1.7 Hz, 1H) . HRMS
(MALDD Calcd for C,H,F,N,O, [M+H]":495.074 96, found
495.075 33,

e EITM =228 R R, R N T79%, 14 0k
103.9~104.7°C.,

"H NMR (400 MHz, DMSO-dy §:10.42 (s, 11D .8.83 (d,
J=4.4 Hz, 11D .8.06-7.90 (m,2H) .7.81 (dd,J=7.8.4.7 Hz,

11 .7.39-7.24 (m, 21 .7.14(dd, J=7.5.2.0 Hz, 11D .6.94 (dd,
J=9.1.6.0 Hz, 2H) . HRMS (MALDD Calcd for C,,H,(F¢N,O,
[M-+H]":413.071 92, found 413.410 12,
1.4 BB R Z N2

FZSCHRI9] T () 7 20 A i 224 H ARG & 4
AT B AR AT PTG PE IR . I H A [rI SDH K
SO GRLAR o BN JECH) A 35 FE R A 2,6- — S 13 g
Wiy 44 (2,6-dichlorophenolindophenol, DCIP) . H% ¥
T 52 28U B HIE H R IR S Bl I RIS 1R R 4k S0 vl 1
36 45 HL T2 ARDCIP, $5c ZDCIPHIA 5 3 77 A2 W
WeAEA L SN BARFR 4200 WL, Horb £ pH=7.41£1100
mmol/L i R 22 P9 .20 mmol/LI% 31/ .53 wmol/L
DCIP.0.3 mmol/L & - JfZ V4 £ % (EDTA) #120.6
nmol/LI, 7E30°CIH i & F F &V, Wi 7 min N ¥
K 24600 nm Ak JIEIDCIP I J5 =) 1) 6 R A2 Ak
FRYEDCIP 1) BE 7R 71 6 F %221 mmol/(L - em), 7] LAt
HAFFIDCIPIIL I 7 £, I origin AU G 15 31
JNATTERE o I NASTRIA 7 s N 3R AN ], 42 R A
AT, I H SigmaplotfXFFLA K HICsE
1.5 o F*4

NG = SR SYBYL-X 2,044 2, i
FH e Bk T B AN I AR FE VL 452 00054k 45 44, i
SHFRE40.001 keal/(mol - A). 2 /A% 1] 3% rSDH,
JL A kg 84 ] APDBJZE 1 3K B (PDB ID: 1ZOY) .
T KR M B . C D= 4%, HLEE B AR,
FIT LK 42 15 B A AN 9% o ot BRI AS 0 KN
50 % 44 x 44, % p R 4 0.375 Ao it fE v 4
45 v it Al R R G, RHER S AN E0h 256,
HRSHISR BN . W4 WG, ik A E
MG BEAT T AR E T S 4 G fe, PRk 45 & el
[RIAE G e L 5 A B,
1.6 EFa&HKKXE

ZHEUR B AL T Bt 224 H btk & P ik 47
T AR K 0 2% B P DK, B AR 7732 2 WL SR 11]
A 1 77 4 h SOP-SC-1101 3 JIN 4 M} 93 4k 4% ¥4 .
SOP-SC-1119 & K 45 i 7 4% 7% F1 SOP-SC-1120 K
GBI ARTE

2 ER5H9H

2.1 BARBEIpHE

H bR A6 B 40 %65 4 /0 SR 5 SDH [ 900 1) 3 12 38
SR W2, HR20 W, 10MEA Y HIIC HIL ] T
TBE SR 7K, ATk 24 7] g 158 s i, e AL & 4
TM-12.TM-15 . TM-18 [] IC5,1E 73 71l 49 0.24.0.23



2020 7F 2 H

e, S T TORTE G AL TR BT R A I e AT 2R A B S B R TR T 5 19

0.20 wmol/L, % W& Bt 1 JiZ (IC5=2.57 wmol/D) & 5
TIE10f% . BE MR RI: © X T RS
W, 25 A B E AL, X T2 5 AL B (AL & i bk
2-CF;>2-Br>2-C1>2-F, UiHH25 {7 (47 B ACK,
T TG PR A s @ XA IL &4, 2,3-
HUAR . 2,4- B N2, 5- B ME S w5 g, R
3,5- R SIS PEELZE, 7E10 pmol/LIFik
JE R HHIZ N TF50%, 3E— 20 UL T 25 A0 0% 1 11
REFR KT,
22 AVERARXAR

TR E ARG ) bR R A AR,
Y T o) P e PR AR R AL A ) TM- 18 T T 147
1% 53 99 5 4 O KV SDHIBEAT 1 43 X 42, 45 BRI
I Pk BT 12 1A I 4R T 5 B W 73R L RID. Y91 7%
ST AN B (BIS (A 5 IEBE3R 5 C R46KRIETE
Jfim-cationAH AR H s BER I v i) 2R 36 4 T~ C_I30.
C W35.C 43F1B_ WI1725% I JE B s /K 148,
RE S Y TM-181K 45 5 1520 (BI5 (B)) 55 I 8t 7
AL, HBLE R 5B WI1735%EF1D_Y915%
BEIE BN SV s EmE A5 C_R465R I JE filim—cation

A C 143 B C_143
C_R46 €. W35 C_R46
C_130
D_Y91 B_W172 D_Y91
B_W173

(A WEBET I L A8 DK IR SDHI 45 5

B WI73

(B) TM-185 4.0 K Y5 SDHI 45 45 B2

AHELAE T s 2K 1) 18] 2R3 35 23 [\ B Ak T SDHIH
Bk A48 BEAh, b A Y TM-18 2K ik 1) A ity 7%
WED YOURKETE im—nAl HAEH, 5 C_ 1435 LM
B WI173%%FE 2 it K A EAE R, BL A FAE 734K
I TM-18 55 SDHES & IN A7 B I u4E A g, 3k
37, HLAE, 1 —48.41 keal/mol, 44 %1 K T~ W ok
/1% 5 SDHIAE, 4, (-40.76 kcal/moD % {E .

®2 BRUEWNEOKIR SDH pl &liE 1%

1%/(10 pmol L™ 1%/(10 pwmol-L™")H
et IE:S(}/ (tmol -L 1)):Jz et I(Cso/ (t«mol -L 1))ji
T™-1 26.55% T™™-13 0.39+0.03
TM-2 27.91% T™M-14 0.41+0.04
T™-3 1.55+0.15 T™M-15 0.23+0.02
T™M-4 37.45% TM-16 0.38£0.03
T™-5 0.64 +0.07 T™-17 3.72+0.24
TM-6 1.98+0.12 TM-18 0.20£0.01
T™-7 49.61% T™-19 0.40+0.01
T™M-8 22.01% TM-20 49.49%
T™-9 40.67% T™M-21 49.57%
T™-10 33.16% T™-22 47.86%
T™M-11 3.86+0.35 MW P 1R fie 2.57+0.19
T™-12 0.24+0.02

C C 143
C W35 C R46 C_ W35
C 130 C 130
B W172 D Y91 B W172
B W173

(O TM- 18I Bk 14 e 11 2 75 1)

B5 WREEBEERMLEY TM-18 5% .0KIE SDH WE SRR TM-18 MEBEEME & E

x3 KRRUEYW TM-18 FREBEZS

¥ 3RIE SDH HitE &S EHEE kcal/mol
&Y AE,q, AE,, AGyy AG,, AGy
TM-18  -4841 -19.35 38.62 -4.12 -33.25
EME G —40.76 -16.25 32.97 -3.55 -27.58

23 BEEZBRFAER

SR 7R A=K/ P VISP NS e S R PN
TR FPE AL R M A4, thRanT I, Hbstb s
Py TM-5.TM-13. TM-14, TM-15 TM-16 fI'TM-19
RIS AR RS 1, 7E6.25 mg/L R X 2 )
I T KR o RK A0 Bl I 5 5 A0 X 24 7

WE I W % o 1t — D ECoEH MR 45 R W EKS A &Y)
TM-16 X} 3% JIN [ 85 93 (1936 77 30 S ECo fH 4 28.74
mg/L, AT FF PR (108.15 mg/D) #2517 42345%

3 & it

A LAWE B B JHe b e A E W, Wk ST —
T KT 45 K4 FL G IR R 1) SDHL I BT 784 AR 1k i 2%
G B R 25 R s, 10L& P x)
WO R IHSDHIIC o fH I8 2 T 1B IR 7K, Herpfk
& TM-12 . TM-15. TM-18 1 ICs {8 23 %) 4 0.24
0.23.0.20 wmol/L, #WE Wt 1 et iy 1 3 1045 i ik
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19 % 51

I3 1R A A DR B i I 0 P S 23 A
BB 5 SDHZ [ OB 12 T (KD /) I, 4% 1 F) AR o

RN 5 G IR IR FE Y BT - AT B AT F AR K
FE AR IX AT GEB AL 5000 PRI (A

x4 BRUAYHNEZZRRBEEFURESER

B8R %
&Y CYINSPIETS TR KA
100 mg/L 25 mg/L 6.25 mg/L 100 mg/L 25 mg/L 6.25 mg/L 100 mg/L 25 mg/L 6.25 mg/L
T™M-1 65 30 20 98 65 20 60 35 20
TM-2 40 25 10 98 80 40 60 30 15
T™M-3 85 15 15 98 95 90 100 99 88
TM-4 15 15 10 98 95 70 100 40 30
TM-5 80 80 60 100 98 95 100 100 100
TM-6 40 30 15 98 98 80 90 85 80
T™M-7 35 10 10 100 90 88 90 80 35
TM-8 70 20 0 98 75 20 60 50 30
TM-9 85 35 15 98 92 85 50 40 15
TM-10 65 50 35 98 98 90 78 72 65
TM-11 20 10 10 100 98 80 70 50 40
TM-12 65 50 10 98 98 80 100 96 90
TM-13 65 50 45 100 100 98 95 95 92
TM-14 95 65 55 100 100 100 98 98 95
TM-15 95 65 50 100 100 100 99 99 98
TM-16 100 100 70 100 100 100 100 100 100
T™M-17 35 20 10 98 95 75 95 90 80
TM-18 15 15 10 98 98 90 98 80 50
TM-19 75 50 35 100 100 95 98 98 95
TM-20 40 15 10 100 98 90 40 30 30
TM-21 10 0 0 90 90 85 45 40 25
TM-22 20 15 10 98 98 75 30 0 0
W 1 1R fi 30 10 10 95 90 90 98 95 90
x5 HBirkEY TM-16 BIFRN B iE M IFiE
e 2N R IR B A 2 % - TEn— .
625mg/L  3.125mgL  1.5625mg/L  0.78125mg/L  0.390 625 mg/L
TM-16 55 50 40 25 0 2874  y=4.2392+14004x 09327
PN AN 45 38 35 30 25 108.15  y=451224+04374x  0.9947

RO BRI FU AR B, R Tl AR i R 2 5 37 (1)
AR O W PR IR PR RF 22 G 2, HL 25 b A BH A
KIPTHCAR AR T3 PR 0 48 ey o 2F— 20 == ke
i REW, LAY TM-5. TM-13 . TM-14 , TM-15,
TM-16 FITM-19 L I tH ) 1% (1) R BEE P, 766.25
mg/LFT R FE TR R0 TR B AR 4%
I3 FLA D0 S IR B 28 M 15 B 2 7w I e . L
A TM-16 0] 2 I 8 95 1R 76 97 2R ECo A
28.74 mg/L, W] &b i T 2R Ik FH A e, HLAT 3 2P HiE 9T
At o AHIEFE R B B LG 2R A S P v S R 2%
KAWL T B 2%
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