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BY A SRR AAIERY & B R TR M R

= K E T 45 4% 7K % = E F—%

PR T 48 ko o® F E B fE

(FEMKFRENML TR T Ao SERGESRWVAEM T HEERE SRR EEL AT HSaRG5R LAY
TREE SR E 5P 550025)

HE CHEUREEERE S N EBER OB, WA T 14 DS HUREEEB R ERZSRTL A, @i 'H NMR, "C NMR,
*'P NMR, MS, IR FI HRMS X E A T HEAT TR AE. KWMLK T H AR &Y B R s vE v, RO H bRl
WAL 100 pg/mL HRPE XS KAE AR R R L R A 5, T S D0 xR 2455 e 5 R Al et (= 57.4%). Herp
0,0-"2.%:-0"-(2',7- — P FE T -3-30) BE IR R (2b) . 0,0- = Z.3E-0"-(2- WA Jk-7- 7 5 FE #E i -3- 38 ) ik R s 20 A1 0,0
034 RV RS- T- LA B -3 BERR IR (2m)/E 100 pg/mL ¥R FE TR /KRG 1 IR B 1R 1 6 43 A 2
92.8%, 87.7%411 88.3%. 0,0~ £L.3-0"-(4- - 7- LAKE S IH-3- 25 BE R EE 2h) Al 0,0~ 23-0"-(4'- F1 J-7- LA B B -
3-5) R IR (2K)1E 100 pg/mL WK R X MG 50599 B A S0 M aE 18, FAlmd] 220500 85.1%A1 71.7%.

REEA LBERRNE, SEIRT, SERBERRERATEY), DUANEE IS T

Synthesis and Antibacterial Activity of Novel Phosphonate
Derivatives Containing Flavonoids

Huang, Minguo Ruan, Xianghui Zhang, Juping Li, Qin Wang, Yihui

Chen, Lijuan Zhang, Cheng Li, Pu Xue, Wei™
(State Key Laboratory Breeding Base of Green Pesticide and Agricultural Bioengineering, Key Laboratory of Green Pesticide
and Agricultural Bioengineering, Ministry of Education, Center for Research and Development of Fine Chemicals, Guizhou
University, Guiyang 550025)

Abstract By introducing flavonoids group into H-phosphonate, fourteen novel phosphonate derivatives containing flavonoid
unit were designed and synthesized. Their structures were characterized by 'H NMR,"*C NMR, *'P NMR, MS, IR and HRMS,
and their antibacterial activities were evaluated via turbidimeter test in vitro. The bioassays results reveal that part of the target
compounds exhibit better activities against Xanthomonas oryzae pv. Oryzae (Xoo) and Xanthomonas axonopodis pv. Citri
(Xac) than positive controls thiodiazole copper and bismerthiazol (=57.4%). Among them, the inhibitory rates of
(2-(2-methoxyphenyl)-7-methoxy-4-oxo-4 H-chromen-3-yl)diethyl phosphonate (2b), (2-(2-methoxyphenyl)-7-ethoxy-4-oxo-
4H-chromen-3-yl)diethyl phosphonate (2f) and (2-(3,4-dimethoxyphenyl)-7-ethoxy-4-oxo0-4H-chromen-3-yl)diethyl phospho-
nate (2m) reached 92.8%, 87.7% and 88.3% against Xoo at a concentration of 100 pg/mL, respectively. In addition, the inhibi-
tory rates of (2-(4-fluorophenyl)-7-ethoxy-4-oxo-4H-chromen-3-yl)diethyl phosphonate (2h) and (2-(p-tolyl)-7-ethoxy-4-oxo-
4H-chromen-3-yl)diethyl phosphonate (2k) reached 85.1% and 71.7% against Xac at a concentration of 100 pg/mL, respec-
tively.

Keywords H-phosphonate; flavonol; phosphonate derivatives containing flavonoid; antibacterial activity

H- W5 MR e & A7 o A PE B R (P=0), 2 — BRI a-Ti B AN OB AL TR GE, ¥ [ P—H Al
LRNETERH]. R R R A m @A R P=0 BheH. BT H-EREREEHE BRI 215 5 10R1E.
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PN S LN I LN = /7 | N = o
KA1, gz BT Tk ARk DL 252547
b

B RS A R AR N IR AR T2
AT KB, IR 20 2 R0 A4 B E 11 4% 52
[y AN E AR E R, SRR A R S AT T AR
RO RGN R, RECR RO T, %
T 25 P A S W B B T R TE AR T BOR AR = 4y
HHEIRE R EY), KT EIREMPIREER TR
SR FOAR WARIE, EFXF A AR L) WLAE )2 b s
T ST R A/ L. AR BT N, R )2 R O R TR 4
W T A2 BRERURIAR (5 58 520 R AR IE AR KA
mn o, MR A YT, AR E A BTE R A
W R BT B, HE R LR —, Biva VR 40 o i 5 1
BRoERA R BACRAFAAU P4 R 5605
29 E AR, H AT CA T2 I, %
P RO ol P TS P AR i M, R A HRL AL T s DA 3 T
R BRI TR B R &, BT B A I 2 40 5 T 1t
KRR, VIR R s 2% # ) e S &, BN
— P, AT R AR S B 5730 5] N TR —
LB, WIFERT 14 A A WARE B B I g 1 i 25
&Y 2a~2n, A EEREE WL Scheme 1. b 1314
WA T B A P an g v, KISt &9 A
A PR R v, B0 T s AR, EA

AT,
=
(0] o _:RZ
oH NaOH, ethanol, H,0O,

R1 _:R2
HPO(OC;Hs), |
_— >

EtsN, CCly

P/
0" Yo
_/

2a~2n

a: R' = 7-OCHj, R? = 4-OCHjs; b: R" = 7-OCHj, R? = 2"-OCHj;

c: R' = 7-OCHj, R? = 4'-Cl; d: R' = 7-OCHjg, R? = 4-C(CHj3)s;

e: R' = 7-OCH,CHjs, R? = 4-OCHj; f: R" = 7-OCH,CHj;, R? = 2'-OCH3;
g: R' = 7-OCH,CHj3, R? = 2"-Br; h: R' = 7-OCH,CHs, R? = 4"-F;

i: R' = 7-OCH,CH3, R? = 4'-Cl; j: R' = 7-OCH,CHs, R? = 3-Br;

k: R' = 7-OCH,CHj3, R? = 4-CHj; I: R' = 7-OCH,CH3, R? = H;

m: R' = 7-OCH,CHj3, R? = 3-OCH3-4'-OCHj;

n: R" = 7-OCH,CHj, R? = 2'-OCH3-4'-OCHjy

Bz 1 Histb Y 2a~2n 195 UKL

Scheme 1 Synthetic route of target compounds 2a~2n

2146 http://sioc-journal.cn/

© 2017 Chinese Chemical Society & SIOC, CAS

1 HERETR
1.1 BirtEMRNE R R EHTFRAE

DA Z2 51) S ) e R0 T Tl P T A DR R, = 2 R AL
), DUSALRRAVES, B 24 h, &SI B B
B — O EY). fEARD T, & DAY SRR O 7
AL AR TCALIRAE A AR, 2 63 (TLC) BR R K
SN ks E A N S L BUD S B E L EL
BATRILCAVU ST, = LR, 5 Re
PUE SRS 2 B AR &4, AR SN B 5
T R IS 5 = 2 S 8L AR il P STV B3 R i 47 28 - 5 DU 4
ik [ LA AR IR, f o S B REAE = L AL
5 R e AR ) S AR R B S AR B H bR S
Y, ERTA, = SR AR S R AR ORI AR
SRR B g = AR 116,

7E IR 1, tb&W 2a~2n () P=0 KIMH4EIRENIGELE
1300~1250 cm ™' A2 45, B 42 LR B C=0 RS
WE7E 1645~1603 cm ', 7F '"H NMR H, 188185 b1 1
AL T 6 1.00~4.50 JEE ;76 °C NMR 1, 1
AR A AL R A 3 X, HBLPE 6 10.00~70.00 2
; 7€ 3P NMR H', 2a~2n 1] P 2 HRIELT o
—4.00~—6.11 JGE 4. 7E ESI-MS 1, 2a~2n 5 H I
SEf[M+H] FI[M-+Na] ' l%. £ HRMS & & H, Hbrr=
VI HRMS [M+H] " SEIME AR v AR — 30, 3%
ZEWAE m/iz £0.003 W, #t—PUESE T BHARML A4
F4.
1.2 BirtEMRmEREE S

HArEY) 2a~2n FIPTRTE RN R HER 1.
LR, A YIE 100 pg/mL ¥ EE T 4 KFRS
R T R I H A B PRI A e, P vy T ko R 24 7
i (34.3%) AT H A% L (57.4%). 5523 A A 905 HH A 557 00
BRI — 2 B S E. Hoh 2h A1 2k 7E£ 100 pg/mL
TR X AH A I 0 T R 2R i 85.1 %
71.7%.

DA i A 1 e il e g o BE 24770, X464 2b, 2e,
26, 2k Fl 2m HEAT 7 # ) EIATTFEH ECso fHMIA, 255
W2, WF2 WA, Bk 5 AMEEPI KRG E R
BRI 2R 5 1 B SR T R 24 70 A e, bt B
2f F 2m XJ7KAE E R BRI ECso {5514 22.78 FH
16.47 pg/mL, SAIKT ML) 88.51 pg/mL.

VIR R TR, 24 R N H LR, N2
AR A7 B BRI 2 0 A B U EE, 7E 100 AT 50 pg/mL
PRI E TR, 1B 2a, 2b, 2e A1 2f XF/KHE A RS
3B B0 R Ry, BT, BUREE RN
2'-OCH; Kb &4 2b F1 2f 7£ 100 A1 50 ug/mL # M
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R 1 B &Y 2a~2n BP0 B TEEDH /%)

Table 1 Antibacterial activities (inhibition rate/%) of target compounds 2a~2n

Xanthomonas oryzae pv. oryzae

Xanthomonas axonopodis pv. citri

Compd. 100 pg/mL 50 pg/mL 100 pg/mL 50 pg/mL
2a 55.0+3.8 445+12 82+1.4 28+1.1
2b 92.84+0.5 582+1.4 40.7+33 38.6+3.3
2¢ 493+4.4 12.843.0 42.6+2.1 229+1.6
2d 493+22 455+ 1.4 37.1+2.7 34.6+1.0
2e 61.4+3.7 56.6+1.6 23.4+18 203+2.6
2f 87.7+1.1 69.24+2.6 423+27 327427
28 144420 127432 445+3.1 40.9+1.8
2h 173+2.6 77427 85.14+3.3 65.7+2.9
2 443+1.4 228+2.1 60.74+1.9 413+238
2 51.3+3.0 37.0+2.6 36.6+2.6 232429
2K 74.4+2.0 53.5+3.9 717421 489+17
21 55.8+2.0 285+1.9 333426 282+3.9
2m 88.3+1.7 64.1+33 10.142.9 71+17
n 35.7+3.1 26.1+2.1 433+1.4 36.5+1.2

Thiodiazole-copper” 3431422 20.8+2.1 20.2+34 10.9+2.5
Bismerthiazol” 57.4+2.0 334427 70.14+1.9 49.8+2.0

“ Average of three replicates. ® The commercial bactericides (thiodiazole-copper and bismerthiazol) were used for comparison of antibacterial activity.

2 HIRLEW 2b, 2e, 2f, 2k F1 2m 5 7KFG 1 AL B A0

il % @
Table 2 Inhibitory effects of compounds 2b, 2e, 2f, 2k and 2m
against Xanthomonas oryzae pv. Oryzae

Compd.  Toxic regression equation  »  ECso/(ugemL™")
2b y=1.8801+2.2043x  0.9903 26.03
2e y=2.6641+1.2580x 0.9927 65.73
2f y=2.6020+1.7664x  0.9694 22.78
2k y=2.4165+1.6059x 0.9975 40.62
2m y=1.9605+2.4980x 0.9969 16.47

Bismerthiazol” y=1.9605+2.4980x 0.9800 88.51

“ Average of three replicates. ” The commercial bactericides agent (bismerthia-
zol) was used for comparison of antibacterial activity.

TR PEE T 0T 7K R 0 P A 0 D A 1 A AR T HUAR
$£ R* N 4-OCH; L&) 2a F1 2e, Foh k&4 2b 78
100 pg/mL ¥ B % /KA [ At B 40 i 208 21 92.8%.
RPN RECIERS, LA 2h 75 100 A1 50 pg/mL #
AN HER AR BE T XA AR I8 2 T B0 A R 38 A T R ER
AR LAY, X R R R T B A BNk
R SRR IR A= D 308 i

2 #ig

W R R, I E R T BURE R RR — 4
s B ARLA 144, AT T U0 s R, &
LT SF 7K A A A B AR R 1 1 2R B
PEREACAE Y, NG R BEE T A,
3 SCIOER4SY
3.1 UHB5RF

'H NMR, "*C NMR, *'P NMR H JEOL ECX-500 %!
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FHEILIROGI 2 (TMS HNARER 85%M11 H3PO, AN,
CDCl; 5 DMSO-dq ¥ 7); it Hi Agilent 1100 MSD-
Trap-VL Jit 3% 4 W 5& 5 & 40 3% o3 3l ok H 56
Thermofisher A& Q Exactive ZYVRJHE B HAX; IR H
Shimadzu Prestige-21 BT /MG REAN 7€ (KBr & F); 18
A X-4 BB SAONE (R EETFRERE). 4-F4
F-2-FRIET L 4- L EIE-2-FR IR L WA IR — 2
Bele B Fi AR R B BR AR, HARRFIE i &
Iy Hrallfb 4t

3.2 kK BirtEMRE KR

3.2.1 AR FZEREE la~1n 89 & R 7 &

] 50 mL [RJEFEHE A IR 2-F2 25K 2, 7(1.66
mmol). B HE % (1.66 mmol) & Z AL 54(3.00 mmol),
PLZBE(20 mL)EF, HiRSiEE, A TLC il 2 & 3
A RAED. HEN NP EIE] 0 °C, IIANEEA
£4(2.00 mmol)F1 30% A4 7K (2.20 mmol), i+ 30 min 5
BT E E IR IR 12, /)5 TLC BRER R NASHE
KA. B RNE KK T, FERETIIA 6
mol/L 1R R VR pH E R IR, Mt K E [k, P8 H [
A&, FEF 217K (30 mL)MEE 3 IR, FRERH: (i 2k 1g
BB .

4'7- — PR L A B (1a): B FER, IRE 63%.
m.p. 192~194 °C; "H NMR (500 MHz, CDCL3) 6: 8.23~
8.15 (m, 2H), 8.11 (d, J=8.9 Hz, 1H), 7.05~7.01 (m, 2H),
7.00 (d, J=0.8 Hz, 1H), 6.97 (dd, J=8.9, 2.3 Hz, 1H),
6.93 (d, J=2.3 Hz, 1H), 3.92 (s, 3H), 3.88 (d, J=2.7 Hz,
3H); HRMS caled for C;H;sOs [M+H]" 299.09140,
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found 299.09103.

2'7- 7 WUAH R B R BE (1b): B E AR, IR 58%.
m.p. 204~206 ‘C; 'H NMR (500 MHz, CDCl3) ¢: 8.16
(d, J=9.0 Hz, 1H), 7.57 (dd, J=17.6, 1.6 Hz, 1H), 7.52~
7.40 (m, 1H), 7.10 (td, J=17.5, 0.7 Hz, 1H), 7.06 (d, J=8.3
Hz, 1H), 6.99 (dd, J=9.0, 2.3 Hz, 1H), 6.88 (d, J=2.3 Hz,
1H), 6.47 (s, 1H), 3.89 (s, 3H), 3.87 (s, 3H); HRMS calcd
for C1¢H,04C1 [M+H]" 303.04186, found 303.04153.

4-R-7-H AT (1e): B O EAE, R 71%.
m.p. 174~176 ‘C; '"H NMR (500 MHz, CDCl;) J: 8.23~
8.15 (m, 2H), 8.13 (d, J=8.9 Hz, 1H), 7.55~7.42 (m,
2H), 7.23~7.05 (m, 1H), 7.00 (dd, J=8.9, 2.3 Hz, 1H),
6.94 (d, J=2.3 Hz, 1H), 3.94 (s, 3H); HRMS calcd for
C1eH204C1 [M+H]" 303.04186, found 303.04153.

40T B -7- B AR B R (1d): B[R, Ui
40%. m.p. 192~194 °C; "H NMR (500 MHz, DMSO-d;)
5: 9.36 (s, 1H), 8.23~8.01 (m, 2H), 7.97 (d, J=8.9 Hz,
1H), 7.68~7.42 (m, 2H), 7.23 (d, J=2.4 Hz, 1H), 7.02
(dd, J=8.9, 2.4 Hz, 1H), 3.89 (s, 3H), 1.30 (s, 9H); HRMS
caled for CyH, O, [M + H] *325.14344, found
325.14282.

4'-FAA KL -7- A BE T A I (Le): 3 L [ A4, Wi
60%. m.p. 162~164 C; '"H NMR (500 MHz, CDCl;) ¢:
8.20 (d, J=8.5 Hz, 2H), 8.11 (d, J=8.9 Hz, 1H), 7.04 (d,
J=8.4 Hz, 2H), 6.97 (d, J=8.7 Hz, 2H), 6.92 (s, 1H), 4.15
(d, J=6.8 Hz, 2H), 3.89 (s, 3H), 1.49 (t, J=6.7 Hz, 3H);
HRMS caled for CgH;,0s [M+H]" 313.10705, found
313.10651.

2-FE BT S AR R I (1) B O [ A, U
53%. m.p. 171~172 °C; 'H NMR (500 MHz, CDCL;) o:
8.15 (d, J=8.9 Hz, 1H), 7.56 (d, J=7.6 Hz, 1H), 7.52~
7.43 (m, 1H), 7.10 (t, J=7.5 Hz, 1H), 7.06 (d, J=8.4 Hz,
1H), 7.00~6.94 (m, 1H), 6.86 (d, J=2.2 Hz, 1H), 6.43 (s,
1H), 4.11 (q, J=7.0 Hz, 2H), 3.88 (s, 3H), 1.46 (t, J=7.0
Hz, 3H); HRMS calcd for CsH,,0s [M+H]" 313.10705,
found 313.10645.

2-IR-7- LA (1g): O A, R 63%.
m.p. 149~151 “C; 'H NMR (500 MHz, CDCl;) J: 8.21
(d, J=15.4 Hz, 1H), 7.79 (d, J=8.8 Hz, 1H), 7.72 (dd, J=
7.8, 1.6 Hz, 1H), 7.64 (dd, J=8.0, 1.1 Hz, 1H), 7.50 (d,
J=15.4 Hz, 1H), 7.41~7.31 (m, 1H), 7.28~7.22 (m, 1H),
6.45 (t, J=2.4 Hz, 1H), 4.09 (q, J=7.0 Hz, 2H), 1.44 (t,
J=17.0 Hz, 3H); HRMS calcd for C;;H;0,Br [M+H]"
361.00700, found 361.00659.

458 -7- LR FE B ERA N (1h): B A, R 71%.
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m.p. 162~164 ‘C; '"H NMR (500 MHz, CDCl;) J: 8.23
(dd, J=8.7, 5.4 Hz, 2H), 8.11 (d, J=8.9 Hz, 1H), 7.20 (t,
J=8.6 Hz, 2H), 7.11 (s, 1H), 6.97 (dd, J=8.9, 2.0 Hz,
1H), 6.91 (d, J=2.0 Hz, 1H), 4.14 (q, J=7.0 Hz, 2H), 1.49
(t, J=7.0 Hz, 3H); HRMS calcd for C,;H,;04F [M+H]"
301.08706, found 301.08676.

4-5-7- R FEE R (1), B O EE, R 75%.
m.p. 170~172 °‘C; 'H NMR (500 MHz, DMSO-dy) §:
9.68 (s, 1H), 8.21 (d, J=8.5 Hz, 2H), 7.95 (d, J=8.9 Hz,
1H), 7.60 (d, J=8.5 Hz, 2H), 7.23 (s, 1H), 7.07~6.85 (m,
1H), 4.16 (dd, J=13.7, 6.8 Hz, 2H), 1.36 (t, J/=6.8 Hz,
3H); HRMS caled for C;H;0,Cl [M+H]" 317.05751,
found 317.05701.

3IR-7- AR EE (1) EEEE, R 72%.
m.p. 175~177 °C; '"H NMR (500 MHz, CDCl;) J: 8.35 (t,
J=1.8 Hz, 1H), 8.25~8.18 (m, 1H), 8.11 (d, J=8.9 Hz,
1H), 7.57 (dd, J=8.0, 1.9, 1H), 7.39 (t, J=8.0 Hz, 1H),
7.15 (d, J=34.2 Hz, 1H), 6.99 (dd, J=8.9, 2.3 Hz, 1H),
6.94 (d, J=2.3 Hz, 1H), 4.16 (q, J=7.0 Hz, 2H), 1.50 (t,
J=17.0 Hz, 3H); HRMS calcd for C,;H;;0,Br [M+H]"
361.00700, found 361.00662.

4-HRE7- LT BN (1K): SR, IR 51%.
m.p. 174~176 “C;'H NMR (500 MHz, CDCl;) J: 8.20~
8.06 (m, 3H), 7.32 (d, J=8.1 Hz, 2H), 7.00 (s, 1H), 6.97
(dd, J=8.9, 1.9 Hz, 1H), 6.92 (d, J=2.0 Hz, 1H), 4.14 (q,
J=6.9 Hz, 2H), 2.43 (s, 3H), 1.49 (t, J=6.9 Hz, 3H);
HRMS caled for CigHi;04 [M+H]" 297.11214, found
297.11188.

7-LASE I B A E A, JOR 60%. mup.
157~159 ‘C; '"H NMR (500 MHz, CDCl;) J: 8.28~8.18
(m, 2H), 8.12 (d, J=8.9 Hz, 1H), 7.53 (t, J=7.6 Hz, 2H),
7.46 (d, J=7.3 Hz, 1H), 7.03 (s, 1H), 6.98 (dd, J=8.9, 2.2
Hz, 1H), 6.93 (d, J=2.2 Hz, 1H), 4.15 (q, J=7.0 Hz, 2H),
1.49 (t, J=7.0 Hz, 3H); HRMS calcd for C;H;5s0, [M+
H]" 283.09649, found 283.09622.

3'4- TRV 7- AR B (1m): B E A, IR
K 47%. m.p. 165~167 “C; '"H NMR (500 MHz, CDCl;)
d: 8.11 (d, J=8.9 Hz, 1H), 7.84 (dd, J=8.5, 2.0 Hz, 1H),
7.81 (d, J=2.0 Hz, 1H), 7.01 (d, J=8.6 Hz, 1H), 6.99 (d,
J=2.3 Hz, 1H), 6.97 (d, J=2.3 Hz, 1H), 6.92 (d, J=2.2
Hz, 1H), 4.15 (t, J=7.0 Hz, 2H), 3.99 (s, 3H), 3.96 (s, 3H),
1.49 (t, J=7.0 Hz, 3H); HRMS calcd for CoH;sOs [M+
H]" 343.11761, found 343.11691.

24 TR -7 A SR B AR (In): B A, IR
# 56%. m.p. 177~179 “C; '"H NMR (500 MHz, CDCl;)
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J: 8.12 (d, J=15.5 Hz, 1H), 7.80 (d, J=8.8 Hz, 1H), 7.60
(d, J=15.5 Hz, 1H), 7.56 (d, J=8.6 Hz, 1H), 6.53 (dd, J=
8.6,2.3 Hz, 1H), 6.47 (dd, J=6.0, 2.4 Hz, 1H), 6.44 (t, J=
2.3 Hz, 1H), 4.08 (q, J=7.0 Hz, 2H), 3.91 (s, 3H), 3.86 (s,
3H), 1.43 (t, J=7.0 Hz, 3H); HRMS calcd for C;gH;9Oq
[M+H]" 343.11707, found 343.11691.

322 HARML A ES A%

£ 50 mL BN AL E4 1 (1.00 mmol). VU
SZALHR(30 mL)FI = Z.%(3.00 mmol), FiFH+HE 0.5 h
FER, SRS AEVKIG 264 N & P &AL B (6 mL)F1 H-
TR — Z,16(4.00 mmol) VR A, HEFE 30 min. &
SAR R EIRBEEE 24 h J5 TLC W20 A= KRR
RANFIARE, H 4R CFEAEE(30 mL X 3), H 0.5 mol/L
ERE MRS mLX3), I 0.5%E S Ak A5 i AN
(15 mL X 3)FITC/KBR B AN T8 5, U801 28 18 75 ZH L,
FRE AL EMT VR B @ MR D=1 111551k
a1 2.

0,0- . 2.3 -0"(4',7- — 58 J 0% i -3- 5L ) 1 ;I
(2a): FEFE K, IR 88%. mp. 77~79 C; 'H NMR
(500 MHz, DMSO-ds) d: 7.96 (d, J=8.8 Hz, 1H, ArH),
7.90 (s, 1H, ArH), 7.89 (s, 1H, ArH), 7.24 (s, 1H, ArH),
7.13 (s, 1H, ArH), 7.11 (s, 1H, ArH), 7.07 (d, J=10.7 Hz,
1H, ArH), 4.11~3.93 [m, 4H, P(OCH,CHj),], 3.88 (s, 3H,
ArOCH3), 3.82 (s, 3H, ArOCH;), 1.18~1.07 [m, 6H,
P(OCH,CH;),]; *C NMR (125 MHz, DMSO-ds) o:
171.59, 164.60, 162.04, 157.10, 155.46, 133.54, 131.01,
126.97, 122.15, 117.19, 115.61, 114.61, 101.23, 64.76,
64.71, 56.73, 56.06, 16.38, 16.32; *'P NMR (202 MHz,
DMSO-dg) 5: —4.37; IR (KBr) v: 2983, 1638, 1515, 1444,
1256, 1201, 1016, 845 cm™'; ESI-MS m/z: 435.2 ((M+
H]"), 457.1 ((M+Na]"); HRMS calcd for CyH,,O4P
[M+H]" 435.12033, found 435.11966.

0,0~ . H-0"-(2',7- — F S0 55 2 ] -3- 25 ) o % I
(2b): B R, R 74%; 'H NMR (500 MHz,
DMSO-dg) d: 8.00 (d, J=9.0 Hz, 1H, ArH), 7.56 (dd, J=
9.3, 8.3 Hz, 1H, ArH), 7.48 (dd, J=7.5, 1.6 Hz, 1H, ArH),
720 (d, J=8.4 Hz, 1H, ArH), 7.18 (d, J=2.3 Hz, 1H,
ArH), 7.11 (d, J=2.2 Hz, 1H, ArH), 7.10~7.07 (m, 1H,
ArH), 3.93 ~3.69 [m, 10H, P(OCH,CH;),, ArOCH;,
ArOCH;], 1.04 [dt, J=7.6, 3.8 Hz, 6H, P(OCH,CH,),];
BC NMR (125 MHz, DMSO-ds) o: 171.52, 164.71,
157.66, 157.61, 155.66, 135.09, 133.30, 131.33, 127.07,
120.84, 118.87, 117.48, 115.83, 112.43, 101.20, 64.42,
64.37, 56.78, 56.41, 16.29, 16.24; *'P NMR (202 MHz,
DMSO-dg) d: -5.08; IR (KBr) v: 2982, 1627, 1492, 1445,
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1256, 1207, 1015, 836 cm™'; ESI-MS m/z: 435.2 (IM+
H]"), 457.1 ((M+Na]"); HRMS calcd for CyH,,O4P
[M+H]" 435.12033, found 435.11945.

0,0'- . L. FE-0"-(4"-5-7- F 48 I T T -3- 228 ) e PR I
(2¢): FEOFEAE, BEE 90%. mp. 101~103 C; 'H NMR
(500 MHz, CDCl3) §: 8.11 (d, J=8.8 Hz, 1H, ArH), 7.90
(s, 1H, ArH), 7.88 (s, 1H, ArH), 7.47 (s, 1H, ArH), 7.45 (s,
1H, ArH), 6.95 (dd, J=8.8, 2.3 Hz, 1H, ArH), 6.85 (d, J=
2.3 Hz, 1H, ArH), 4.28~4.06 [m, 4H, P(OCH,CHj),], 3.87
(s, 3H, ArOCH;), 124 [td, J= 7.1, 1.1 Hz, 6H,
P(OCH,CHj3),]; *C NMR (125 MHz, CDCl;) §: 172.14 ,
164.50, 157.15, 154.11, 137.24, 134.41, 130.34, 128.80,
128.72, 127.48, 117.62, 114.93, 100.07, 64.97, 64.92,
55.98, 16.13, 16.07; *'P NMR (202 MHz, CDCly) J: —
4.41; IR (KBr) v: 2980, 1615, 1496, 1440, 1250, 1170,
1026, 840 cm '; ESI-MS m/z: 439.1 (IM+H]"), 461.1
(IM+Na]"); HRMS caled for C,0H,,ClIO,P [M+H]"
439.07079, found 439.07016.

0,0~ 0. F5-0"-(4'-BUT 5e-7- H A L 0 -3- 2% ) 1l
FRME (2d): B (@A, ULE 63%. mp. 61~63 C; 'H
NMR (500 MHz, CDCl5) é: 8.10 (d, J=8.8 Hz, 1H, ArH),
7.83 (d, J=8.2 Hz, 2H, 2 X ArH), 7.49 (d, J=8.2 Hz, 2H,
2X ArH), 6.91 (d, J=8.6 Hz, 1H, ArH), 6.83 (s, 1H, ArH),
4.07 [dd, J=17.1, 2.6 Hz, 4H, P(OCH,CH,),], 3.83 (s, 3H,
ArOCH3), 1.31 [s, 9H, Ar(CHs);], 1.17 [t, J=7.0 Hz, 6H,
P(OCH,CHj3),]; “C NMR (125 MHz, CDCly) §: 172.25,
164.32, 157.23, 155.74, 154.58, 134.18, 134.13, 128.81,
127.38, 125.45, 117.69, 114.68, 100.11, 64.72, 64.67,
55.91, 35.04, 31.21, 16.07, 16.01; *'P NMR (202 MHz,
CDCl;) 6: —4.41; IR (KBr) v: 2961, 1648, 1441, 1259,
1173, 1035, 993, 845 cm™'; ESI-MS m/z: 461.2 (IM—+
H]"), 483.2 ((M+Na]"); HRMS caled for CyHs0;P
[M+H]" 461.17237, found 461.17148.

0,0"- . L 5L-0"-(4'- 48 Jk-7- £ 5 B 1 i -3- 26 ) 1
i B (2e): ¥ (4K, WCR 73%. mp. 87~89 C; 'H
NMR (500 MHz, CDCl5) 6: 8.11 (d, J=8.9 Hz, 1H, ArH),
7.93 (s, 1H, ArH), 7.91 (s, 1H, ArH), 7.00 (s, 1H, ArH),
6.99 (s, 1H, ArH), 6.93 (d, J=8.9 Hz, 1H, ArH), 6.84 (s,
1H, ArH), 425 ~ 405 [m, 6H, P(OCH,CH,),,
ArOCH,CH;], 3.86 (s, 3H, ArOCH3), 1.45 (t, J=6.9 Hz,
3H, ArOCH,CHa), 1.24 [t, J=7.0 Hz, 6H, P(OCH,CH3),];
BC NMR (125 MHz, CDCly) 6: 172.26, 163.66, 161.73,
157.13, 155.31, 133.78, 130.71, 127.37, 122.57, 117.50,
114.97, 113.91, 100.49, 64.85, 64.81, 64.35, 55.55, 16.16,
16.10, 14.65; *'P NMR (202 MHz, CDCl;) 6: —4.30; IR
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(KBr) v: 2983, 1623, 1443, 1259, 1185, 1032, 968, 843
cm '; ESI-MS m/z: 449.2 (IM+H]"), 471.1 ((M+Na]");
HRMS caled for CyH,OsP [M+H]" 449.13598, found
449.13522.

0,0- = L 5:-0"-(2'- WA FE-7- 5 L 3 i -3- 2% ) ol
FR g (2f): % M E K, UE 73%. mp. 87~89 C; 'H
NMR (500 MHz, CDCl5) 6: 8.09 (d, J=9.0 Hz, 1H, ArH),
7.49 (d, J=7.5 Hz, 1H, ArH), 7.43 (t, J=8.8 Hz, 1H,
ArH), 7.01 (t, J=7.4 Hz, 1H, ArH), 6.96 (d, J/=8.4 Hz,
1H, ArH), 6.90 (dd, J=8.8, 2.2 Hz, 1H, ArH), 6.76 (d, J=
2.1 Hz, 1H, ArH), 4.02 (q, J=7.0 Hz, 2H, ArOCH,CH,),
3.99~3.90 [m, 4H, P(OCH,CHj,),], 3.78 (s, 3H, ArOCHj),
1.37 (t, J=6.9 Hz, 3H, ArOCH,CH,), 1.12 [td, J=7.2, 0.9
Hz, 6H, P(OCH,CH;),]; *C NMR (125 MHz, CDCl;) ¢:
172.09, 163.56, 157.59, 157.54, 155.23, 135.23, 132.35,
131.07, 127.18, 120.36, 119.26, 117.75, 115.01, 111.40,
100.54, 64.41, 64.27, 64.20, 55.84, 16.01, 15.94, 14.53;°'P
NMR (202 MHz, CDCl;) 6: —4.10; IR (KBr) v: 2981,
1614, 1465, 1444, 1248, 1182, 1032, 987 cm™'; ESI-MS
m/z: 449.2 ((M+H]"), 471.1 ((M+Na]"'); HRMS calcd
for C,,H,0sP [M+H]" 449.13598, found 449.13498.

0,0"- " . 3-0"-(2'- -7~ 58 FE 35 i -3- 3k ) ol I i
(2g): FOEMAE, IR 56%. mp. 90~92 C; 'H NMR
(500 MHz, CDCl;) 6: 8.16 (d, J=8.9 Hz, 1H, ArH), 7.72
(d, J=8.0 Hz, 1H, ArH), 7.67 (d, J=7.5 Hz, 1H, ArH),
7.46 (t, J=17.5 Hz, 1H, ArH), 7.39 (t, J=7.7 Hz, 1H, ArH),
6.98 (d, J=9.1 Hz, 1H, ArH), 6.83 (s, 1H, ArH), 4.10 (q,
J=7.0 Hz, 2H, ArOCH,CH3), 4.02 [p, J=7.1 Hz, 4H,
P(OCH,CHs),], 1.45 (t, J=7.0 Hz, 3H, ArOCH,CHs), 1.18
[t, J=7.1 Hz, 6H, P(OCH,CHj,),]; *C NMR (125 MHz,
CDCly) d: 172.23, 163.90, 157.53, 155.85, 134.99, 133.07,
132.13, 132.01, 131.63, 127.45, 127.39, 123.24, 117.93,
115.37, 100.63, 64.75, 64.70, 64.39, 16.04, 15.97, 14.62;
3'P NMR (202 MHz, CDCl3) 6: —5.21; IR (KBr) v: 2982,
1645, 1446, 1248, 1183, 1034, 986, 836 cm '; ESI-MS
m/z: 497.1 ((M+H]"), 521.1 ((M+Na]"'); HRMS calcd
for C,1H,3BrO,P [M+H]" 497.03593, found 497.03464.

0,0"- . L. 3E-0"-(4-F-7- 58 FE 35 Wi -3- 3% ) Wl 2 i
(2h): EOEE, E 90%. mp. 74~76 C; 'H NMR
(500 MHz, DMSO-d;) d: 7.97 (dd, J=8.7, 5.8 Hz, 3H, 3 X
ArH), 7.44 (t, J=8.8 Hz, 2H, 2X ArH), 7.23 (d, J=2.1
Hz, 1H, ArH), 7.07 (dd, J=8.9, 2.1 Hz, 1H, ArH), 4.16 (q,
J=16.9 Hz, 2H, ArOCH,CH;), 4.08 ~3.90 [m, 4H,
P(OCH,CHjs),], 1.35 (t, J=6.9 Hz, 3H, ArOCH,CH;), 1.11
[t, J=7.0 Hz, 6H, P(OCH,CH;),]; “C NMR (125 MHz,
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DMSO-dg) 0: 171.64, 165.09, 163.98, 163.10, 157.22,
154.76, 133.96, 132.03, 131.96, 127.01, 126.63, 117.12,
116.44, 116.26, 116.08, 101.66, 64.91, 64.82, 64.77, 16.34,
16.28, 14.87; *'P NMR (202 MHz, DMSO-d;) 0: —4.46;
IR (KBr) v: 2984, 1647, 1507, 1446, 1258, 1187, 1037,
840 cm '; ESI-MS m/z: 437.1 ((M+H]"), 459.1 (IM+
Na]"); HRMS calcd for C, HpsFO,P [M+H]" 437.11599,
found 437.11502.

0,0- . 2. F3-0"-(4-5-7- A FE T -3- 5% ) i R T
(2i): #EEA, BR 72%. mp. 82~84 C; 'H NMR
(500 MHz, DMSO-ds) 0: 7.97 (d, J=8.8 Hz, 1H, ArH),
7.94 (s, 1H, ArH), 7.92 (s, 1H, ArH), 7.67 (s, 1H, ArH),
7.66 (s, 1H, ArH), 7.23 (s, 1H, ArH), 7.07 (d, J=7.3 Hz,
1H, ArH), 4.17 (q, J=6.8 Hz, 2H, ArOCH,CHj3), 4.09~
3.93 [m, 4H, P(OCH,CH,),], 1.35 (t, J=6.9 Hz, 3H,
ArOCH,CHa), 1.11 [t, J=7.0 Hz, 6H, P(OCH,CH,),]; "*C
NMR (125 MHz, DMSO-d;) d: 171.60, 164.02, 157.21,
154.45, 136.63, 134.14, 131.11, 129.31, 128.93, 127.00,
117.11, 116.13, 101.62, 64.92, 64.87, 64.82, 16.32, 16.27,
14.87; *'P NMR (202 MHz, DMSO-d¢) o: —4.53; IR
(KBr) v: 2982, 1653, 1443, 1260, 1189, 1094, 967, 840
cm '; ESI-MS m/z: 453.2 ((IM+H]"), 475.1 ((M+Na]");
HRMS caled for C5H,;C10,P [M+H]" 453.08644, found
453.08572.

0,0- . 2. F3£-0"-(3"-1R-7- £ A FE T i -3- F% ) i R T
(2j): HEOEEK, R 87%. mp. 63~65 C; 'H NMR
(500 MHz, CDCl;) ¢: 8.11 (d, J=8.8 Hz, 1H, ArH), 8.09
(s, 1H, ArH), 7.88 (d, J=7.5 Hz, 1H, ArH), 7.62 (d, J=7.8
Hz, 1H, ArH), 7.37 (t, J=7.7 Hz, 1H, ArH), 6.95 (d, J=
8.9 Hz, 1H, ArH), 6.86 (s, 1H, ArH), 4.19 [td, J=12.8, 5.9
Hz, 4H, P(OCH,CHs),], 4.11 (dd, J=13.3, 6.5 Hz, 2H,
ArOCH,CHs), 1.45 (t, J=6.5 Hz, 3H, ArOCH,CHj;), 1.26
[t, J=7.0 Hz, 6H, P(OCH,CHj3),]; >C NMR (125 MHz,
CDCly) d: 172.17, 163.95, 157.19, 153.56, 134.68, 133.90,
132.23, 131.76, 130.06, 127.59, 127.44, 122.51, 117.44,
115.41, 100.46, 65.05, 65.01, 64.46, 16.16, 16.10, 14.62;
3'P NMR (202 MHz, CDCLy) : —4.56; IR (KBr) v: 2983,
1653, 1445, 1386, 1255, 1204, 1033, 842 cm '; ESI-MS
m/z: 499.1 (IM+H]"), 519.1 ((IM+Na]"); HRMS calcd
for CyHy3BrO,P [M+H]" 497.03593, found 497.03537.

0,0-— 0. 3-0"-(4-H 3-7- £ A FE B TR -3- 58 ) W 1R
Fig(2k): #EE A, IR 64%. m.p. 86~88 C;'H NMR
(500 MHz, DMSO-ds) 0: 7.96 (d, J=8.3 Hz, 1H, ArH),
7.81 (d, J=6.4 Hz, 2H, 2 X ArH), 7.38 (d, J=6.8 Hz, 2H,
2X ArH), 7.22 (s, 1H, ArH), 7.06 (d, J=7.7 Hz, 1H, ArH),
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4.16 (s, 2H, ArOCH,CH;), 4.08 ~ 3.88 [m, 4H,
P(OCH,CH;),], 2.38 (s, 3H, ArCH3), 1.35 (s, 3H,
ArOCH,CHs), 1.11 [t, J=6.9 Hz, 6H, P(OCH,CH3),]; "*C
NMR (125 MHz, DMSO-d,) d: 171.64, 163.92, 157.19,
155.59, 141.95, 133.93, 129.69, 129.14, 127.26, 126.98,
117.11, 115.98, 101.60, 64.89, 64.74, 64.70, 21.62, 16.34,
16.28, 14.88; *'P NMR (202 MHz, DMSO-d;) §: —4.48;
IR (KBr) v: 2969, 1637, 1608, 1361, 1269, 1227, 1025,
987cm”'; ESI-MS m/z: 433.2 (IM+H]"), 455.1 ((M+
Na]"); HRMS calcd for C»,H,0-P [M+H]" 433.14107,
found 433.13983.

0,0- = 0. 5:-0"(7- LA B0 1 -3- 2 ) B R R (21):
O, E 77%. mp. 61~63 C; 'H NMR (500
MHz, CDCl3) 6: 8.13 (d, J=8.8 Hz, 1H, ArH), 7.96~7.86
(m, 2H, 2X ArH), 7.54~7.45 (m, 3H, 3 X ArH), 6.95 (d,
J=8.9 Hz, 1H, ArH), 6.85 (s, 1H, ArH), 4.22~3.94 [m,
6H, P(OCH,CH3),, ArOCH,CH;], 1.45 (t, J=6.9 Hz, 3H,
ArOCH,CH3), 1.21 [t, J=7.0 Hz, 6H, P(OCH,CH,),]; "*C
NMR (125 MHz, CDCly) 6: 172.32, 163.79, 157.28,
155.51, 134.38, 131.00, 130.36, 129.03, 128.50, 127.43,
117.58, 115.15, 100.53, 64.80, 64.76, 64.38, 16.10, 16.04,
14.62; *'P NMR (202 MHz, CDCl;) 6: —4.45; IR (KBr) v:
2984, 1627, 1450, 1256, 1188, 1031, 969, 838 cm™ ';
ESI-MS m/z: 419.2 (M+H]"), 441.1 ((M+Na]"); HRMS
caled for C,H,,O,P [M + H] * 419.12542, found
419.12463.

0,0-— 2. F-0"-(34'- — WA 5=-7- £ 51 Jk 35 I -3-
F IR IR (2m): P AE A, BeE 53%. mp. 77~79 C;
'H NMR (500 MHz, CDCl3) d: 8.13 (d, J=9.0 Hz, 1H,
ArH), 7.58 (dd, J=8.4, 2.0 Hz, 1H, ArH), 7.53 (d, J=2.0
Hz, 1H, ArH), 6.97 (d, J=8.5 Hz, 1H, ArH), 6.95 (d, J=
9.0 Hz, 1H, ArH), 6.86 (d, J=2.2 Hz, 1H, ArH), 425~
4.08 [m, 6H, P(OCH,CH,),, ArOCH,CH;], 3.95 (d, J=6.8
Hz, 6H, ArOCH;, ArOCH;), 1.46 (t, J=7.0 Hz, 3H,
ArOCH,CH3), 1.25 [td, J=7.1, 0.9 Hz, 6H, P(OCH,-
CHs),]; *C NMR (125 MHz, CDCl3) d: 172.22, 163.69,
157.09, 155.18, 151.32, 148.69, 133.87, 127.37, 122.66,
122.53, 117.46, 114.96, 111.87, 110.70, 100.53, 64.87,
64.82, 64.37, 56.17, 56.11, 16.15, 16.09, 14.63; *'P NMR
(202 MHz, CDCly) §: —4.15; IR (KBr) v: 2982, 1626,
1516, 1269, 1188, 1034, 1025 cm™'; ESI-MS m/z: 479.2
(IM+H] "), 501.2 (M + Na] "); HRMS caled for
C,3Ha500P [M+H]™ 479.14655, found 479.14590.

0,0-—2.3-0"-(2' 4- — WA £-7- 2 1 HL 5 i -3-
F)BERR N (2n): O A, W 66%. m.p. 64~66 C;
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'H NMR (500 MHz, CDCLy) &: 8.11 (d, J=9.0 Hz, 1H,
ArH), 7.45 (d, J=8.4 Hz, 1H, ArH), 6.92 (dd, J=9.1, 2.3
Hz, 1H, ArH), 6.78 (d, J=2.2 Hz, 1H, ArH), 6.57 (dd, J=
8.5, 2.2 Hz, 1H, ArH), 6.52 (d, /=22 Hz, 1H, ArH),
4.12~3.97 [m, 6H, P(OCH,CHs),, ArOCH,CHs], 3.83 (s,
3H, ArOCH3), 3.79 (s, 3H, ArOCH3), 1.41 (t, J=7.0 Hz,
3H, ArOCH,CHj;), 1.18 [td, J = 7.1, 0.8 Hz, 6H,
P(OCH,CHs),J; *C NMR (125 MHz, CDCl;) 6: 172.22,
163.52, 163.25, 159.07, 157.64, 155.40, 135.32, 132.13,
127.31, 117.86, 114.91, 112.18, 104.68, 100.59, 98.77,
64.51, 64.47, 64.27, 55.88, 55.66, 16.08, 16.02, 14.61; *'P
NMR (202 MHz, CDCly) &: —4.91; TR (KBr) v: 2978,
1648, 1284, 1250, 1172, 1027, 838 cm '; ESI-MS m/z:
4792 (IM-+H]"), 501.2 ((M+Na]"); HRMS calcd for
CasHagOo P [M+H]479.14655, found 479.14575.
3.3 HNEIEMENE
KA MR, CALKFE A MR 6 B (Xanthomonas
oryzae pv. oryzae) N5t 1797 B (Xanthomonas axono-
podis pv. citri) MK G, CLRS & Ak 24 71 E B 4R
(Thiodiazole copper)FIH khWE(Bismerthiazol) N BH X B
Zi5, TERERIREE A 100 A1 50 pg/mL ¥R FMEK T H
BG4 ) B AR A i 12
1 B it R X T 245 751 70 Sl B 1) BRI FE 9 100 A 50

ug/mL (17555 77 W% (nutrient broth) ik A £; 77 54> 71
BT uES, WE ODHE, ZE N LHE; A OD . 8
JEENSZARE P, 76 28 °C, 180 r/min THIRREARIRY; K
It 48 h, RN IR EER B IRAE 73ttt EIE OD 14,
ZE RN R IR A OD A, % F ATl &4)
R4 2.

P2 = (R IR X IS R B OD [ —KRIEE &

G IR A OD fB)/IE Jr i JERE IR 2L RV OD f8

K IE OD {6 =" B} 74k OD fH — L F2 OD i

5 Bt $t (Supporting Information)  H #5b &9 14
G AEHR 3, ESI-MS il HRMS. X Seh4) ] DA 5 2% A
T3k (http://sioc-journal.cn/) £ F %K.
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