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Design, Synthesis and Biological Activity of Pyrimidyl-Salicylate
Derivatives Containing Alkoxy Moiety

Qu, Renyu'™ Cai, Zhuomei ™ Yang, Jingfang” Liu, Yuchao® Chen, Qiong”

Niu, Congwei’  Xi, Zhen”  Yang, Guangfu™*
(“ Key Laboratory of Pesticide & Chemical Biology of Ministry of Education, International Joint Research Center for Intelli-
gent Biosensor Technology and Health, College of Chemistry, Central China Normal University, Wuhan 430079)
( State Key Laboratory of Elemento-organic Chemistry, Nankai University, Tianjin 300071)

Abstract In an attempt to search new antiresistance acetohydroxyacid synthase (AHAS, EC 2.2.1.6) inhibitors to combat
weed resistance associated with AHAS mutation (P197L), a series of pyrimidyl-salicylate derivatives containing alkoxy side
chain were designed via the strategy of “conformational flexibility analysis” and then synthesized. Nine compounds showed
excellent antiresistance property against P197L mutant. Their resistance factor (RF) values ranged from 0.31 to 1.00. Especial-
ly, 2-((4,6-dimethoxypyrimidin-2-yl)oxy)-6-(2-fluoroethoxy)benzoic acid (51) was further identified as the most promising
antiresistance AHAS inhibitor due to quite low RF value (RF=0.31) and sub-micromolar inhibition toward both wild-type
AtAHAS and P197L mutant. Furthermore, 2-((4,6-dimethoxypyrimidin-2-yl)oxy)-6-(2-methoxyethoxy)benzoic acid (5a),
2-((4,6-dimethoxypyrimidin-2-yl)oxy)-6-(3-methoxypropoxy)benzoic acid (5f), 2-((4,6-dimethoxypyrimidin-2-yl)oxy)-6-
(2-fluoroethoxy)benzoic acid (51), and 2-(2,2-difluoroethoxy)-6-((4,6-dimethoxypyrimidin-2-yl)oxy)benzoic acid (5m) also
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exhibited potent herbicidal activities against sensitive and resistant (P197L-AHAS) Descurainia sophia at 150 g of active in-
gredient (ai)/ha. Even at the dosage as low as 37.5 g ai/ha, compound 51 still maintained over 85% weed control toward the
above two weeds, which has the great potential to be developed as new lead to control herbicide-resistant weeds caused by

P197L mutation.

Keywords acetohydroxyacid synthase; P197L mutant; antiresistance; conformation flexibility; resistant weed
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Figure 1 Dlagram of molecular design of title compounds 5a~5p and the superposition map of the binding models of commercial PTB
inhibitor bispyribac with wild-type AtAHAS (PDB ID:5K20) and P197L mutant

Yellow stick structure represents the binding conformation of the molecule in wild-type AZAHAS, blue-green stick structure represents the binding confor-
mation of the molecule in P197L mutant, residue P197 showed as rose-bengal, residue L197 showed as blue
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1 WEY) Sa~5p MEFER AAHAS A1 P197L SRR 14 B 7K i v 14 250af B ot REpi P A5 3
Table 1 Inhibitory activities of compounds Sa~5p against wild-type AtAHAS and P197L mutant, and their corresponding resistance

factor

AtAHAS inhibition constant K/(umolsL™")

3
~

Compd.

P197L mutant Wild-type AtAHAS  Resistance factor (RF)*

5a 2 OMe 0.71£0.25 0.62+0.26 1.15

5b 2 di-OMe 2.1410.30 2.2610.23 0.95

5¢ 2 SMe 18.70+1.80 6.951+0.51 2.69

5d 2 SO,Me 29.10£5.50 424%0.26 6.86

Se 2 OCF; 16.10+9.90 22.10%£11.20 0.73

5f 3 OMe 1.2440.14 0.99+0.14 1.25

5g 1 OMe 0.54+0.09 1.461+0.07 0.37

5h 1 COOEt 4.4940.25 4.4910.24 1.00

5i 1 COMe 5.54+0.31 1.9940.18 2.78

5§ 2 Cl 0.9940.11 1.124+0.22 0.88

5k 2 Br 2.22+0.21 2.3240.21 0.96

51 2 F 0.11£0.01 0.3610.02 0.31

5m 2 di-F 1.454+0.12 1.394+0.26 1.04

5n 2 tri-F 1.611+0.15 1.21+0.26 1.33

50 1 —§—<O\ 1.1140.18 1.42£0.20 0.78

R O

5p 1 ;\Q 4.45+0.29 7.12+0.62 0.63
Chlorsulfuron® 103.00£14.00 0.05£0.01 2060
Bispyribac® 2.47%0.41 0.54+0.06 4.57

“RF, Resistance farctor=Kj p1o70/K;, wild-type; b positive control: commercial AHAS inhibitor.
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Figure 2

Binding mode of compound 51 with (A)wild-type AtAHAS, (B) P197L mutant and (C) the superposition of the binding

models of compound 51 with wild-type AtAHAS (ligand showed as orange and protein showed as blue) and P197L mutant (ligand showed

as cyan and protein showed as magenta)

&2 AW S MEE R AIAHAS 1 P197L RASA ) 45 15 i g LU & RERE 23 T (kJ/mol)
Table 2 Binding free energy and energy component analysis (kJ/mol) of compound 5l in wild-type AtAHAS and P197L mutant, respec-

tively
AHAS AEy. AAE, AEypw AEGas AEpgsor AH —TAS AG, AAG.,"
Wild-type ~ —302.09 0 —222.23 —524.28 334.53 —189.74 84.64 —105.11 0
P197L —330.22 —28.13 —214.90 —545.08 354.08 —191.00 80.87 —110.13 —5.02
“ Results were determined by the MM/PBSA calculation;  AA= Ap1g71—Avita.ype.
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1.3 L&Y 5a~5p HIREZFBEFMENE
PR FH I 2 2 R0 B B A kAT R
FE MR, JEBEAR R AR 5, AHAS RFEAE
(% IR A BUR Y, P197L-AHAS RASIEIRE M AHt
PEAEYIIY, JEIEPEXCEBEE NPT IR, 45 Rk 3 fr
AN, IR, 7E 150 g ai/ha MIFIER, XUk ot AU R
FERRE R T 100%804MHI/E FH, woskF P
GRS I 2R PR 2] 80%; Ui EFEKAE 37.5 g ai/ha,
HEXT U IR A R I 40% AR B TE 1, TT0  iUR ARY
FRUREHLERE T 90% LA L B4/ FH, b BH 005 ik fff S
Xf P197L-AHAS RAF R BRI — @ MPigitk, X5
3 FACE AR B P £ B 4 A — 5
F 3 BHIRMAY Sa~5Sp STHUBA YRR W DL R Ui R IR
T (R BR B

Table 3 Herbicidal activities of compounds Sa~5p against
sensitive and resistant Descurainia sophia

Sopdl Dosag?/1 Sensitive Des- Resistant Des-
(gaitha ') curainia sophia curainia sophia“

S5a 150 100 100
Sa 75 90 85
S5a 37.5 70 70
5b 150 70 30
Sc 150 50 50
5d 150 30 60
Se 150 50 60
5f 150 95 90
5f 75 70 70
5f 37.5 50 40
S5¢ 150 50 60
5h 150 30 0
5i 150 50 30
5j 150 80 50
5k 150 70 60
51 150 100 95
Sl 75 90 90
51 37.5 85 85
S5m 150 90 80
S5m 75 80 70
S5m 37.5 70 30
5n 150 50 60
So 150 0 0
S5p 150 50 30

Bispyribac’® 150 100 80

Bispyribac 75 95 50

Bispyribac 37.5 90 40

“ AHAS mutation site P197L; b Positive control: commercial AHAS inhibitor.

Xt T8 G L&Y 5a~5p, £ 150 g ai/ha 7
T, REB A A R B R R T I — s ) R A
i, (&%) 5a. 5d. 5e. 5f. 5g. 5k. 51. 5m LUK 5n
(12 M R 60%, HARANFMME. H—5
X EE I S AY, A 0o SO AR 48 AR 8 PRSP RS R, S

3958 http://sioc-journal.cn/

© 2020 Chinese Chemical Society & SIOC, CAS

) 5d. Se. Sg Al Sn X EUBAL L BL 1) BRELTE KT 50%,
BRI AN BTG AR R BU I e . S5 A 2, i
W) 5a. 5f. Sk 51 DL Sm SHRBUBR TR IRE A 70% LA
IR VE . SR A P R T R R AR ) R
%, M EER) 5a. 5F. 51 F1 Sm O GHEUR AR SRR
R I A R iV S T 80%, UiHAIX U4 AHAS
A FULE 5 AR K P A R S T 1 7] B 54 460 5
MIBREENE. [E18—RME, REWEY Se LA RIGFH
PR PO 1) 35 1 R0 S P S, L o R R N B P R
KRR I BIAVER. FRATHEDN = £ 1% P 5 K22 1
FEFH TR A So MIEE I 28 BUE A
EANFREEA R, B oW POERBE, T ToiE 44 FER
WAL Sk N TR S b

N T ARG KT 0 % % R A S LB o Sk
HW, X LR DU A B S AT T BRI B
. MUFEFRIKE 75 g aiha I, (LAY 5a £ 516 EUK
T RN UR 75 () B B4 ) 2R ATH AR R 85% LA |, T
SR S DX 36 P A 7% 4R 1A 4 1 R BRI 22 70%~80%.
TE B ARG T 37.5 g ai/ha T, 1b&4) 5a () RAARR =
TEHERSREIS 70%. BN IS, thED) SUIEIZIRE
T SK PR 0 K 2 R ) B R AR AR REE 85% i AT, AHEL T
ZRFNHAM AR ER R BREENE, JFH TS
R Pk T R0 R 7 G 7 P B RV M (A ) 2l 90%) A
%, [N, ZAAYANSEE T BEKCE RS S R BT
PEZ B P4, BT B & T s R s
MRtk Giams, WED SUEN—F s buE i
BAFEE KPR 71, "TUUH TPk P197L-AHAS R
AR [ 2% B

2 i

DMIEHTIE: AHAS i 70U EE R e S, R “M%
FHERE AT RPUPE S T UT SRS, R SR M TE K e 4
RGN TONEE, ot T — 2 e K IR R AT A
Y. SRAN T AT AtAHAS F1 P197L FEAZAAK 4018
TEME, SHE T AR SR g5 SHitE R Al e
Z, ML R, Kb & WXt 3 w3 A g I
T REGHEIER, A k& 5g F1 S1CAARER
M FRIE T RGMRIUERF<1), HHAED 51
X B AE Y AtAHAS FIP197L AR F 4 1)yt P 2k 21 3
TBE SR K, SEBL T AR TAR G 2 Wl P H bs. 53
— G, I AR T 07 18 43 21 (1) S p A 1 7 S
SSUEEAT T T AL 78, RIS T A R PR/ 40
HIFILE P19TL AR ke G T 5 L197 Z (B SR 2R,
[) i AT DA SRR R T BB A ELAE A8 AR AR R
SEG R T HAEB 4 ArAHAS 454 fg, B HEA &
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vk, R, K F R F =4 s fE 2 iz &9
TEAR A A W o S A T 41 o) 3 A e A 11 3 B R 2
—. TEJG B R BR B M IR R, (LAY Sa. 5f.

51 il 5m 7E 150 g ai/ha FIMARIREE R X HIMEP197L-
AHAS AR UR B R I H A 5% I BR FE B 2L, B BT
P HRZG IR, OS2, fERAKTIE 375 ¢g
aiha T, 1AW S1 AT REURR B ANGTPE R AR 5 11 B v
RIS 85%, SEIL T VG AR/K-F I MG tE R R Btk 25
AT, ZRV ER AN S R R ILE 2 %)
P197L RAGK B AT P IEFIHT B AHAS #7765 3552
TR S A,

3 XIS
3.1 X5

Biichi M-545 (7% 554X (Flawil, Switzerland, AA%
7E); Varian VNMR 400 1 600 MHz #ZREILIRIEIEAX
(Varian, Palo Alto, CA), TMS A ¥x, DMSO-d, 1F % 7;
Agilent 6224 TOF =143 ##)5i 1% 73 H7{X (Santa Clara, CA);
WS70-1 BURLL AN 146, ZF-20D BUIREFT 5 0 73 A
Biichi R-200 7 i %% 7% /& X (Flawil, Switzerland); Hei-
dolph Hei-Tec H#AAME 7745+ #% (Darmstadt, German);
Sartorius Jj 432 —H T K.

TG 1 FH 1R 0 A 2l 8l Ak 24 4l 703 e B T [ 24 4
A PR A 7], an JCARIR 6 B 35 28 Fm v 25 1 5
ROER. BT A AR ST T AR A AR B R
R A RA R B g R R AR A TR A F.

3.2 ZLWHE
321 5-%K-22-=F K AH- K H[d][1,3] =& 3% -4-
BR( P AR 2) 89 A Ak 849 A A%,

1E 500 mL =% A, 4+ 50 mmol ) 2,6- —FZ2FEARKH
F2(1) 4.75 mL PIEAFN 0.5 mmol DMAP ¥ T 100 mL &
Kl HERAFI(DME)H, #:5 5SR F IR
T—10 °C, &M iR RN 5.25 mL SOCL, #130
mL DME BAHH, FERAZERIFRNY 2 d, #E6
B (TLC) M I S B 128 J R 2k, i s 9 ol = ¥ 7741,
KEBE AR, M NaHCO, V0N Hr H B A4 #E 4T vk
¥, B Ja FH IE Ot/ LR LR X R 47 B 45 15 3
S () A 2, RALHE 5 STk 12]—#.

3.2.2 2% A B AR ERAT A (P KR 4)89 6 A%
1E 100 mL M, ¥ 2 mmol H[H]4£ 2 1 4 mmol
K,CO; T 10 mL PUE MR A, iR HiEE 10 min 5
1] SN AR B TP R8N 2.1 mmol S ek R AL M ek
s, T 40 “CFMZ) 3 h, TLC S W B 3L,
F5 JFURHH 2% 5 B A & RN 4 mmol S EALAILLK 10
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mL 7K, V94 S NG 4ERFAE 40 °C, TLC S W e v
AR, Ak 3 EaRENE, BIERA I EER, B
FEWEBRIE A, FEFR AV SAE I 1 mol/L HCL, MELH|
REFE AT, (GREE S HE, IEUFR UK 2 R,
LEAMT T RI AT A3 BRI R () 4 4] et —b 4
afi i BT N — R

323  HiRE4 Sa~5p 896 &

7€ 100 mL HHEMLF, K5 2 mmol H11]4A 4 F1 8 mmol
oK BRI B A ARAE 30 mL 5728 A A, T3l T
FEZ) 1 h, AR NARZH A 2.1 mmol DMSP, 4R /5 T+
T ENAR, TLC W SRR, Frrfialfk 4 8584 544
A ZAEIZEZIE, A 40 mL 1 mol/L HCl &K
RN, LR TR0 mL X 3)ZEHUKAH, &IV, L
IKTREREA T A HLAH, WUEZETE, REVEHEN S
AL [VCA R @ (LR CBR)=20 © 10143 27 B br
.

2-((4,6- — F AR e s g -2- 8 ) AL KR )-6-(2- (R AL 3 ) &
AR EH R (5a): 77FK 84%, HMGEMA, mp. 121~
122 “C; "H NMR (600 MHz, DMSO-d;) : 12.96 (s, 1H),
7.40 (dd, J=8.4, 8.4 Hz, 1H), 6.99 (d, J=8.4 Hz, 1H),
6.89 (d, J=8.4 Hz, 1H), 6.00 (s, 1H), 4.17 (t, J=6.0 Hz,
2H), 3.77 (s, 6H), 3.65 (t, J=6.0 Hz, 2H), 3.31 (s, 3H); "°C
NMR (100 MHz, DMSO-d;) d: 172.3, 165.3, 163.1, 155.5,
149.1, 130.0, 118.5, 114.9, 109.2, 83.9, 70.2, 68.3, 58.4,
54.3; HRMS-ESI caled for C;¢H;sN,NaO; [M + Na]*
373.1006, found 373.1017.

2-((4,6- — F AR B M g -2- 58 ) S 0 )-6-(2,2-( - 4L 2
LI KHFER(Sb): FEF 59%, AME A, mp. 110~
111 C; 'H NMR (600 MHz, DMSO-d) J: 12.95 (s, 1H),
7.40 (dd, J=8.4, 8.4 Hz, 1H), 7.01 (d, J=8.4 Hz, 1H),
6.90 (d, J=8.4 Hz, 1H), 5.99 (s, 1H), 4.64 (t, J=5.4 Hz,
1H), 4.04 (d, J=5.4 Hz, 2H), 3.77 (s, 6H), 3.35 (s, 6H);
BC NMR (150 MHz, DMSO-d) 6: 172.7, 165.5, 163.4,
155.5, 149.4, 130.2, 118.8, 115.2, 109.6, 101.9, 84.0, 68.7,
54.3, 54.1; HRMS-ESI calcd for C7H,oN,NaOg [M—i—NaL]+
403.1117, found 403.1134.

2-((4,6- — WV AR Fk s g -2- 3 ) A 3 )-6-Q2-(FH B 36
AF)EHIRGBe): 7=F 81%, HEFE A, mp. 109~
110 °C; '"H NMR (600 MHz, DMSO-dg) : 12.96 (s, 1H),
7.39 (dd, J=8.4, 8.4 Hz, 1H), 6.99 (d, J=8.4 Hz, 1H),
6.88 (d, J=8.4 Hz, 1H), 5.98 (s, 1H), 4.21 (t, J=6.0 Hz,
2H), 3.76 (s, 6H), 2.81 (t, J=6.0 Hz, 2H), 2.15 (s, 3H); "°C
NMR (150 MHz, DMSO-d;) d: 172.7, 165.7, 163.4, 155.6,
149.4, 130.2, 118.7, 115.3, 109.4, 84.0, 68.7, 54.3, 32.2,
15.5. HRMS-ESI caled for Ci6H;sN,NaOgS [M+Na]"®
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389.0778, found 389.0793.

2-((4,6- — FV4R JEms g -2- 3 ) 4 3 )-6-(2-( R RE ) 2
AR K HER(5A): 72K 79%, HAEREA, mp. 139~
140 “C; "H NMR (400 MHz, DMSO-d;) 6: 13.09 (s, 1H),
7.44 (dd, J=8.4, 8.4 Hz, 1H), 7.05 (d, J=8.4 Hz, 1H),
6.95 (d, J=8.4 Hz, 1H), 5.99 (s, 1H), 4.42 (t, J=4.4 Hz,
2H), 3.77 (s, 6H), 3.62 (t, J=4.4 Hz, 2H), 3.06 (s, 3H); °C
NMR (150 MHz, DMSO-d;) d: 172.7, 165.6, 163.4, 155.0,
149.5, 130.6, 118.4, 115.7, 109.0, 84.0, 63.2, 54.3, 53.5,
42.4; HRMS-ESI calcd for C;¢H;gN,NaOgS [M—}—Na]+
421.0676, found 421.0687.

2-((4,6- — F AR ik s i -2- 36 ) A 3 )-6-(2-( = 4 4R
) 2 I KR (Se): FEH39%, FE K, mp. 105~
106 “C; "H NMR (600 MHz, DMSO-d;) 6: 12.93 (s, 1H),
7.42 (dd, J=8.4, 8.4 Hz, 1H), 7.01 (d, J=8.4 Hz, 1H),
6.92 (d, J=17.8 Hz, 1H), 5.99 (s, 1H), 4.38 (t, J=4.8 Hz,
2H), 4.33 (t, J=4.8 Hz, 2H), 3.77 (s, 6H); *C NMR (100
MHz, DMSO-dy) d: 172.6, 165.4, 163.4, 155.3, 149.5,
130.2, 121.3 (q, J=253.4 Hz), 118.9, 115.6, 109.6, 84.0,
66.7, 66.5, 54.2; HRMS-ESI calcd for C¢H;¢F;N,O, [M+
H]" 405.0904, found 405.0892.

2-((4,6- — AR L ms g -2-FE ) AH 3 )-6-(3-(FF A ) I
AR KHER(SD: 775 78%, HAE K, mp. 84~85 C;
'H NMR (600 MHz, DMSO-dq) d: 12.93 (s, 1H), 7.40 (dd,
J=8.4, 8.4 Hz, 1H), 6.98 (d, J=8.4 Hz, 1H), 6.88 (d, J=
8.4 Hz, 1H), 6.00 (s, 1H), 4.09 (t, J=6.0 Hz, 2H), 3.78 (s,
6H), 3.46 (t, J=6.0 Hz, 2H), 3.24 (s, 3H), 1.98~1.85 (m,
2H); *C NMR (100 MHz, DMSO-ds) d: 172.3, 165.4,
163.1, 155.6, 149.0, 130.0, 118.4, 114.7, 109.1, 83.9, 68.2,
65.4,57.9, 54.3, 28.9; HRMS-ESI calcd for C;7H,,N,NaO,
[M+Na]" 387.1163, found 387.1178.

2-((FPVAEC L ) AR 3R )-6-((4,6- — PPV AR JE s g -2- 31 ) 4
EYEHRR(5g): 7F 72%, AMEE, mp. 78~79 C;
'H NMR (600 MHz, DMSO-dq) d: 13.06 (s, 1H), 7.40 (dd,
J=8.4, 8.4 Hz, 1H), 7.07 (d, J=8.4 Hz, 1H), 6.95 (d, J=
8.4 Hz, 1H), 6.01 (s, 1H), 5.26 (s, 2H), 3.78 (s, 6H), 3.39
(s, 3H); °C NMR (150 MHz, DMSO-dq) J: 172.7, 165.7,
163.5, 153.9, 149.4, 130.2, 119.7, 116.0, 111.7, 94.3, 84.0,
55.9, 54.4; HRMS-ESI calcd for CsH;4N,NaO, [M—l—Na]+
359.0850, found 359.0866.

2-((4,6- — W A F g -2- 58 ) 5 0 )-6-(2- LA 2 -2- A
R ZEIE) KT (Sh): 775 88%, [HE K, mp. 123~
124 “C; "H NMR (600 MHz, DMSO-d;) 6: 12.99 (s, 1H),
7.38 (dd, J=8.4, 8.4 Hz, 1H), 6.92 (d, J=8.4 Hz, 1H),
6.86 (d, J=8.4 Hz, 1H), 6.00 (s, 1H), 4.86 (s, 2H), 4.18 (q,
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J=17.2 Hz, 2H), 3.77 (s, 6H), 1.22 (t, J=7.2 Hz, 3H); *C
NMR (150 MHz, DMSO-dy) J: 172.6, 168.3, 165.4, 163.4,
155.0, 149.5, 130.1, 118.7, 115.6, 109.3, 84.0, 65.5, 60.7,
54.3, 14.0; HRMS-ESI calcd for C7H;5sN,NaOg [M—i—Na]+
401.0961, found 401.0964.

2-((4,6-— F A Sk mg g -2- 38 S 3 )-6-(2- SR T AL )
FHFR(51): 725 82%, HEA, mp. 128~129 C; 'H
NMR (600 MHz, DMSO-dq) 6: 13.01 (s, 1H), 7.37 (dd,
J=172,7.2 Hz, 1H), 6.90 (d, J=7.2 Hz, 1H), 6.83 (d, J=
7.2 Hz, 1H), 6.00 (s, 1H), 4.86 (s, 2H), 3.78 (s, 6H), 2.17
(s, 3H); °C NMR (150 MHz, DMSO-d;) d: 204.1, 172.7,
165.6, 163.4, 155.1, 149.5, 130.3, 118.5, 115.4, 109.8,
84.0, 72.9, 54.4, 26.3; HRMS-ESI calcd for Ci¢H;7N,0;
[M+H]" 349.1030, found 349.1027.

2-((4,6-— FH AR SR g - 2- ) S AR )-6-(2- S L A 2 ) 2R
HER(5)): 7°F 76%, AMEA, mp. 107~108 C; 'H
NMR (600 MHz, DMSO-d) 0: 12.99 (s, 1H), 7.41 (dd,
J=17.8, 7.8 Hz, 1H), 7.01 (d, J=7.8 Hz, 1H), 6.93 (d, J=
7.8 Hz, 1H), 6.00 (s, 1H), 4.33 (t, J=4.8 Hz, 2H), 3.92 (t,
J=4.8 Hz, 2H), 3.77 (s, 6H); °C NMR (150 MHz,
DMSO-dg) d: 172.7, 165.5, 163.5, 155.3, 149.4, 130.3,
118.9, 115.6, 109.7, 84.0, 69.0, 54.4, 42.9; HRMS-ESI
caled for CysH;sCIN;NaOs [M~+Na]® 377.0511, found
377.0517.

2-((4,6-— FH AR SR g -2 ) S R )-6-(2- 5L £ A 2 ) 2R
HER(5K): 7“3 49%, FOEAE, mp. 113~114 C; 'H
NMR (400 MHz, DMSO-d) 0: 12.97 (s, 1H), 7.41 (dd,
J=8.4, 8.4 Hz, 1H), 7.00 (d, J=8.4 Hz, 1H), 6.92 (d, J=
8.4 Hz, 1H), 6.00 (s, 1H), 4.39 (t, J=4.8 Hz, 2H), 3.77 (s,
8H); *C NMR (150 MHz, DMSO-ds) o: 172.7, 165.5,
163.4, 155.3, 149.4, 130.3, 118.9, 115.6, 109.8, 84.0, 68.8,
54.4, 31.1; HRMS-ESI calcd for CisH;sBrN;NaOg [M+
Na]" 421.0006, found 421.0009.

2-((4,6- — F S FE e -2- 3 ) 45 3 )-6-(2- T £ AL ) 7R
FER(SD): P2 57%, AE A, mp. 92~93 C; 'H
NMR (600 MHz, DMSO-d;) o: 12.98 (s, 1H), 7.41 (dd,
J=8.4, 8.4 Hz, 1H), 7.00 (d, J=8.4 Hz, 1H), 6.92 (d, J=
8.4 Hz, 1H), 6.00 (s, 1H), 4.72 (d, J=48.0 Hz, 2H), 4.32
(d, J=30.0 Hz, 2H), 3.77 (s, 6H); *C NMR (100 MHz,
DMSO-dg) d: 172.3, 165.2, 163.1, 155.2, 149.1, 129.9,
118.6, 115.2, 109.4, 83.9, 81.9 (d, J=167.5 Hz), 68.1 (d,
J=19.0 Hz), 54.2; HRMS-ESI calcd for C;sH;sFN,NaOs¢
[M+Na]" 361.0806, found 361.0823.

2-((4,6- — F 48 FEms g -2- 38 ) 41 FE)-6-(2,2- L LA
YK R (5m): 2R T1%, HEFEAE, mp. 109~
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110 “C; 'H NMR (600 MHz, DMSO-d) J: 13.04 (s, 1H),
7.44 (dd, J=8.4, 8.4 Hz, 1H), 7.06 (d, J=8.4 Hz, 1H),
6.96 (d, J=8.4 Hz, 1H), 6.36 (t, J=54.4 Hz, 1H), 6.00 (s,
1H), 4.40 (td, J=14.4, 3.00 Hz, 2H), 3.77 (s, 6H); °C
NMR (100 MHz, DMSO-d;) d: 172.3, 165.0, 163.0, 154.5,
149.1, 130.1, 118.7, 115.9, 113.7 (t, J=237.0 Hz), 109.7,
83.9, 67.2 (t, J=26.8 Hz), 54.3; HRMS-ESI calcd for
CysH,4F,N;NaOg [M+Na]* 379.0712, found 379.0726.

2-((4,6-— H AR FL s g - 2-J8 ) S 0L )-6-(2,2,2- — i A
FRHR(Sn): =3 55%, HEFEAE, mp. 113~114 C;
'H NMR (600 MHz, DMSO-dq) 0: 13.12 (s, 1H), 7.46 (dd,
J=8.4, 8.4 Hz, 1H), 7.10 (d, J=8.4 Hz, 1H), 7.01 (d, J=
8.4 Hz, 1H), 6.01 (s, 1H), 4.85 (dd, J=17.2, 8.4 Hz, 2H),
3.77 (s, 6H); *C NMR (150 MHz, DMSO-d;) d: 172.7,
165.1, 163.4, 154.1, 149.5, 130.3 (d, J=36.6 Hz), 123.8
(q, J=278.2 Hz), 119.1, 116.70 (g, J=54.9 Hz), 110.1 (d,
J=53.4 Hz), 84.1 (d, J=20.1 Hz), 65.4 (d, J=34.4 Hz),
54.3; HRMS-ESI caled for C;sH;3F5N,NaOg [M+Na]"
397.0623, found 397.0650.

2-((4,6- — FV A R s i -0 ) 4 i )-6-(2,3- R AL T 4L
FYRHR(50): 7% 66%, HEA, mp. 95~96 C;
'H NMR (600 MHz, DMSO-dq) : 12.99 (s, 1H), 7.40 (dd,
J=8.4, 8.4 Hz, 1H), 6.99 (d, J=8.4 Hz, 1H), 6.90 (d, J=
7.8 Hz, 1H), 5.99 (s, 1H), 4.41 (d, J=11.4 Hz, 1H), 4.00~
3.90 (m, 1H), 3.77 (s, 6H), 3.34 (s, 1H), 2.83 (t, J=5.4 Hz,
1H), 2.73 (d, J=4.8 Hz, 1H); “C NMR (150 MHz,
DMSO-dg) 0: 172.7, 165.6, 163.4, 155.6, 149.4, 130.3,
118.7, 1154, 109.6, 84.0, 69.6, 54.3, 49.7, 43.6;
HRMS-ESI caled for Ci¢H;N,O; [M+H]" 349.1030,
found 349.1016.

2-((4,6- — FF AR i s g -2- 35 ) SR L )-6- (DY S Wk TR -2-
B A R F R (Sp): 7% 63%, H A, mp.
137~138 °C; 'H NMR (600 MHz, DMSO-d) J: 12.97 (s,
1H), 7.38 (dd, J=7.2, 7.2 Hz, 1H), 6.97 (d, J=7.8 Hz,
1H), 6.88 (d, J=7.8 Hz, 1H), 6.00 (s, 1H), 4.15 (s, 1H),
4.02 (d, J=17.8 Hz, 2H), 3.77 (s, 6H), 3.66 (d, J=3.6 Hz,
1H), 3.36 (s, 1H), 1.96 (s, 1H), 1.89 (s, 1H), 1.80 (s, 1H),
1.75 (s, 1H); *C NMR (150 MHz, DMSO-d;) d: 172.6,
165.6, 163.4, 155.9, 149.3, 130.1, 118.6, 115.0, 109.3,
83.9, 76.2, 71.0, 67.7, 54.2, 27.4, 25.3; HRMS-ESI calcd
for Cy3H,0N,NaO; [M+Na]™ 399.1163, found 399.1181.
3.2.5  EgdpdE M R 5

PRI 2 BT ST A ik ) 7 v 00 1OR L ok (BB AR 7R A
P197L RN AtAHAS HEATRIEHIEE. 7E3MH13) 77220
EH, KA R AT R, B R
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23514 6000+ 600 60 6 pmoleL ™" (I B, £ )85
B S ML, R TR R R B AR A 200, 20, 2. 0.2
pmolsL ™", F{# FH§ 100 mmoleL ™' &4b%E. 100 mmoleL™
PIEARER . 10 mmoleL ™' #% & R4 A% EZ. 1 mmols
L' Bl WA 50 mmoleL ™ BERRER (pH="7.5)25 "
WAE RN BN ZAE. & R IR 3l ) 258 2
(K 85 FH e 43 (g 30t A7 sz 011,
32,6 - FAALE L B BRI A

B4, M PDB %4} £ (Protein Data Bank) F# 1 X(
FlE SR A ArTAHAS L AL R PDB SCARH(PDB
ID: SK20)"), MR ¥R Jeni4RiE ikl it SYBYL
2.0 A, XF P197L S4B 3D S5 MJEAT T RIEE. BT,
R T UL S5, R AutoDock 4.2 BAFSHRFMEAL &)
BT T, SRS ALAHAS 1454 8 A
T B EYAER AR ArTAHAS SIS, [F,
X HET P19TL RASAANT 45 1 () 256 M RIG B i
KR, X HAAT 1~2 ns 1P B0 1240, 5, RA
T 1AM - B R % 2 R A (MM-PBSA) 7 v 5%t
REHENADE LRFME AL S B BT
5.
327 REZBGFEFHN T FE

PR R AR T2 AL TR 7 B S 36 ) AU AR A Y
FEORE AHE(P197L-AHAS)#E IR 5. fF Tween-80
VERFLALT, f8 = IR AT, BT & i
AL E KRN 100 g/L 1% FIIRGEY). Hizg i It
FiRE X NV E (1504 75+ 37.5 g ai/ha), fi FSERT A A
(it 77 L0108l L A5 1) Sa~Sp 1R B S (2R KA )
HEAT DU 5 APPAN (45 SR WL 1 T 7T BE S 43t).

B BI#1 K (Supporting Information) L&) 5a~5p [
"HNMR 1 °C NMR #% . X2l B4 3 AT
¥l (http://sioc-journal.cn/) | N %K.
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