% 4’& {& DOI: 10.6023/cjoc202201001 ﬁﬁ%‘?iﬁi

Chinese Journal of Organic Chemistry ARTICLE

BB EARRRUEYINLTT. SRAREEENR

R RE F X & ke BEE MR A TN 3£ @
FKHL TK B« B EFP Z ot
(@ ERM R FI BN A R O RGAIF R0 bR 100193)
G ERA R =AY R T dEaT 100193)

WE ARIUH R SRR AR A, KRR YRAERENTEY) N-o- L 5E-(4-TRKEL)- T A 3 -N-2',3-0-TF
SR HE-5-O- R B F(A16) M50 T, LA 8 5 M O BRIR 326 [ 5 1R 00 S 45 W P I B 6 R T, BRI T — &
FIGRAIERRAL &Y. B4 45 TH NMR. 3C NMR. IR. JC&R/Hrek HRMS BHIE. B 43005 i 1 ik 45
LW, 16100 pg/mL WKER, 0 bAP0% 2 R 5 2 DL W) 2 (ISP, L, (L&Y 2a X 25 TR 2595 1 (B.
cinerea) BJNHIAWI B (C. orbiculare) T AL (4. solani) =T J5 & FIHN G 2R 38T 80%, 1h&4) 2p K /KFELL
I (R. solani)~ /N2 AREER R (F. graminearum) 5 JIRIEIR BRI 28 A L2905 1 (9 F00860 R340 HA3E 90%. i — 22 1K 25
B SIMR(ECso) 45 LW, thEW 2a X #TUKER HE(ECso=1.77 pg/mL)FFNHEEEERILAY) 2p ST /KRGS 16
(EC50=2.07 pg/mL)NHNE M T X2 A ER B. M, 1A 2p 75 40 pg/mL ¥KE T XL T R A R 40 ) v 14
(69%) T X HRZGFI B FiEE & Z (52%) .
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Design, Synthesis and Fungicidal Activity of Novel
Thiosemicarbazide Compounds
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Abstract In order to find novel candidates for fungicides with high activity, the natural product cinnamaldehyde derivative
N-a-amyl-(4-bromophenyl)-propenyl-N'-2',3'-O-isopropyl-5'-O-uridine formyl hydrazone (A16) was selected as the lead com-
pound , a series of new thiosemicarbazone compounds were designed and synthesized by replacing the ester uridine with thio-
urea group. The structures of the target compounds were confirmed by '"HNMR, '3C NMR, IR, elemental analysis or HRMS.
The bioassay results showed that some compounds had obvious in vitro fungicidal activity at the concentration of 100 pg/mL.
Among them, the inhibition rates of compound 2a against B. cinerea, C. orbiculare and A. solani were more than 80%. Com-
pound 2p showed good activity against R. solani, F. graminearum, C. orbiculare and A. solani. Furthermore, compound 2a had
better inhibitory activity against B. cinerea (ECso0=1.77 pg/mL) than polyoxin B, and compound 2p had stronger inhibitory
activity against R. solani (ECs0=2.07 pg/mL) than Polyoxin B (ECso=15.33 pg/mL). Meanwhile, compound 2p showed bet-
ter chitin synthase inhibition activity (69%) than Nikkomycin Z (52%) at the concentration of 40 pg/mL.

Keywords thiosemicarbazide; natural products; cinnamaldehyde; synthesis; chitin synthase; fungicidal activity
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EREE SR AEFMMA . GLH, “3R” M@ HHR
PRI, Rk R B AR A AU EL e R R
BTEEBE. AR PR Z KA RAEA R IR S
P, HEDNHSME . RERUEAR S s, PR T LA
ANMp A R B4 DLRSR =) N S Sk AT S KB I S
AU BRI A 2 B | ) B g A . — D).

RARF=WIPIRERE ] V2 B T BR 24 AR 2 Ak
TERZE RGOS FE R, DARIRERE A 5E B A & e 3
T RGF R 57 B I PR STY. ASUR S ZH T B T PR A I )
PRI T LAY N-o- 1% 3 -(4- 1R 253 )~ 0 T4 475 2 -
N'-2'3"-0-WF. 57 TN :-5'-0- bR H Bt B 7 (A16) % LT Ji
A s H A I IS (ICs0=71.9 pmol/L), {HH
BRI PR AN T2 BRARE) R B JRFF S50 R e R —
SEVER, (BRRE R BRESWE A, GBS R, K,
A TAELL A16 956 AT B0, LAHATS B8 b 16 1 58 4
ik &4,

AR AW EA RIFMPUE. PUE. PURH
PR IE T2 i RS R A 2 P e R B T
TV s 58 G G P — 0 38 9 AR 03, D] o 4 2 2
IR P BAE 29 A T2 R . R T DA
PIRERE P Lm0 IR B AT IE VR S5 M P, R T A
) PMDD-5Y X 2 i 1099 J5 A A0 LA 58 g (4 g
PEO4; 2004 A 5KRE TREAEUSHRIE 4k S P00 /N 224500 ]
IEF] 90% LA _E I EE; 2011 45 Humayun 251014 1E
Ak & IO B it 25 B #pI R A, i B nr Dl
o) -8 e R R B e Al o S R IR (B 1).

AR TAEHE BRI T BB e S G Ale 451

PMDD-5Y

AL A ON
R H o

HRAZ R A B (C 320 RV F R R B (B 39y, it
RILT 55 RGN LT BE B ] 35 1% (1Cs0 =
84.6 umol/L)AH 24, {H &5 M) BE Ny 5. pAR B B HL %
R PE P SR R 1-(3-(4- 1R 2R 3L )-2- [ P -2- 4 3% )
FAEBARQOUT. 7 2t 55 b, 2E—Px A #5501
FLHE DU AR IR L o AT B, AT — RV A,
HAEAT AR WIS P AR b, H AR E I T i
¥& 4 Scheme 1 ffi7KR.
1 EREW
1.1 B ENER

s AR K H AR S A G 28 4 Scheme 2 FTw,
T AU IR S 5 B IR 0 1 R A R A A SO, 2B K
HHE R o- AR I 1, 1 755 2 SR IRAE VKBS TR I VE T T
RAGE RN, 153 Bisb &Y 28, K358 R R
FIZE AR — e, 24 RN 73R, BT
W TR LRI S, R T R T I IE
L, AT S SRR, e ik ) 2p 10
16.1%. 124 R' AW FRBIE, SkicRR g, Hf
e ) 2w RIS F 83.5%.
1.2 EERRNT

Hist&&E#i@d '"H NMR, IR, *C NMR. 7T
Z o Hre HRMS HiiE. fR¥E 'H NMR B3 EoR(E 2),
ATLLE BRI ERE T A=K LAY 20
BIHEAT fRAT, 35—k E=AMEIRA, BER N3
g, 5 11.31 v NH ERiERE. —NHy ERHANERE

S
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Figure 1 Highly active compounds containing thiosemicarbazone fragments
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Scheme 1 Design strategy of the target compounds
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BilLE R
S NH;
9 Q N L HN—(
2N~ /
N NH — S
O H Rz/\fo KoCO4/Cs,CO;4 A NN H N 2 N
R Y BTEAC, DCM A R? ACOH, CH3CH,OH TR
1a ~ 1x é \ 22 ~2
RI= a ~ 2Xx

a: R'=H, R?=CHg;

e: R'=H, R?=(CH2)4CHs;

i: R'=H, R?=(CH)sCHs;

m: R'=4-Br, RZ=CH2CHs;
q: R'=4-OMe, R2=CH,CHj;
u: R'=4-Cl, R?=(CHz2)sCHg3;

b: R'=H, R?=CH2CHp3;

f: R'=H, R2=(CH2)sCH3;

j: R'=2-Cl, R?=CH,CHs;

n: R'=2-Me, R2=CH2CH3;
r: R'=4-Cl, R?=(CH2)2CHs3;
v: R'=4-Me, R2=(CH2)sCHs3;

c: R'=H, R2=(CH2)2CHg;
g: R'=H, R?>=(CHz2)sCHs;

k: R'=4-Cl, R2=CH2CH3;
0: R'=4-Me, R2=CH2CHs;
s: R'=4-F, R?=(CH)4CHs;
w: R'=4-NO2, R2=CH2CH3;

d: R"=H, R?>=(CHz2)3CHs;

h: R'=H, R?=(CH2)7CHs;

I: R"=2-Br, R2=CH,CHjs;

p: R'=2-OMe, R2=CHCHj;
t: R'=4-Br, R?=(CH)4CHs;
x: R'=4-NOz, R?>=(CH2)4CHs;

B2 HAsLa 2 e i

Scheme 2 Synthetic route of target compounds 2

FH T C—N 3B S 5T BN AN T, A
WiZl s . 6 8.14 NN E A, 6 7.56 NI E
EME. %2R C=CH Al N=CH HIHANER T, |
F N R, A FRRIAIX k1 6 7.76 AN=CH
M4, 0 6.65 4 C=CH [IA. F=RARE 24T
X AL 6 1.11 5 6 2.60 T L 8E w07 M 8% L
BEREURE, BT CHy f1 CH; (&34, 34551
ZUy =TI DY E . 6 2.31 ZEFF EH R A,

L] B O@RiaRY FLEEEEERLELE Lt i

T VA Wy
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B2 & 20 19 'HNMR B
Figure 2 'H NMR of compound 20

HRAE H AR IR 3 BB 3), KBSt NE
FERIRER 7 FR IR YA R 43, AU £ 22 N—H UEAI
C=S g, Jo# LERERNER L. ) AT
3100~3500 cm ™! i h N—H (45 HRsh Uk, 16
1280 cm ' [T A C=S WIHZEHRBNIE. 1E 1600, 1560 A
1500 em™ ! BT 905 BRI B QLR B0, 7E 2850~2960
cm ' BHESH CH.CH: B4R TR SN, 7E 1460 cm ' T
IR IRIR B .

RIE PC NMR EERR(E 4), 4T @i X s
FVGE SRR, AL HE L0 U MR B b 5 e S B A 2R 3 L
PRI LR 6 13.85, 19.32, 21.32, A THBUK X 8 A
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TR, BRI R . RPN B DA R IR R B R B 6
129.35~178.09; 1T N, S HFAPERIEm, JLHEXUH F
BRESR TR 0 147.64, BRIRIEIHR 6 178.09.

1.3 B INEIEN

TSI T A G AR 6 TR S5 B 1A B A4
BETE, SEREMER 1), 7€ 100 pg/mL KE R, #H01k
BN 2 B SR R I B R IR E . o, S
Wy 2a X B NIK BRI B (B. cinerea)~ ¥ IR IE 9 B (C.
orbiculare) B Hi-F- LW H (A. solani) = Fhip J5 B 1401
RIJHEIL 80%; AW 2p T HER /S PR IR B 0
il 2RI 80% LA b, H AR K FESUE 7 B (R. solani)-
INZETREEIN B (F. graminearum) FIHH| R T 90%, X
B TR B AN 2 50 2005 T A s A R B H, 4
BN 100%(E 5). 1Ak, A2 MMEY)(2a, 2Kk, 2p,
2r, 2)%5 BT 05 TR B4 35 P R 1T 80%.

BT e SE Y Al ML &2t KIR, #oES
AV IR R BRIV 5 R IS A BB o R
WRF B JE, APt i TR RE 420755 J5 1A P 28 A e o it
BEW RN, D5 EY 2t PRI HIX
BT R, R RIS RY A R L X
F R IBEKSHEMEG M. 242K3R RI=H, JLHI0UH
B ERUREE R2 N 1. 2 AT 3 ANBRET, X8R B B )
NI ZITE 80% LA . B A LU UMM EE b (1 BRI Ak
FEIAK At b 5 I P U PR, B AR
BRI, HAh, R R R A7 B DL A
TEPEA BRI, Y R TSR, T
B BT RR BT B, S TAR, a0 2k>2j Al
2m>21; 24 RN FIE I, TR R, AR
PEOL T X7, H45 7R 1B AR T &,
2q>20 1 2p>2n.

E— 0 W E A BT A B VAT RS % T R T
PE(ECso) ik, 3 2 S5 RK: 1bEW 2p X TKFELUHS
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Figure 3 IR spectrum of compound 20

3
= sangdas
T TN
e W \S/S\N/NH NH,
7T
He” N7 Sch, :

Il

—21.32

N19.32
—13.85

T T T T T T T T T T
10 200 19 180 170 160 150 140 130 120

T T T T T T T T T T T
100 90 80 70 60 50 40 30 20 10 0

o

B4 {1 20 (11 1°C NMR i
Figure 4 '>C NMR of compound 20
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BT it

1 AEYNE A E Q00 pg/mL, FIHZ/%)
Table 1 Fungicidal activity in vitro of the compounds (100 pg/mL, inhibitory rate/%)

Compd.  R! R? YN VN R P ) =R S TR I A RS ]

2a H CH3 35 85 62 86 83 69
2b H CH2CH3 0 82 58 78 87 57
2c H (CH2)>CH3 0 81 62 64 66 48
2d H (CH2)3CH3 0 72 52 61 48 48
2e H (CH2)4CH3 0 7 51 62 45 50
2 H (CH2)sCH3 0 59 46 71 62 60
2g H (CH2)6CH3 0 59 54 67 38 42
2h  H (CH2)7CH3 0 51 48 38 0 57
2i H (CH2)sCH3 0 46 54 33 0 0
2j 2-Cl  CH:CH;j 0 59 54 43 34 58
2k 4-Cl  CHxCHs 52 89 69 65 44 40
21 2-Br  CH:CH;3 35 63 57 49 64 72
2m  4-Br  CH:CH; 0 76 42 52 40 38
2n 2-Me  CHxCHs 43 71 57 58 53 82
20 4-Me  CHCH3 0 72 46 65 50 47
2p  2-OMe CH:CH;: 96 85 92 100 100 82
2q  4-OMe CHxCH; 39 79 62 67 71 69
2r 4-Cl  (CH2):CH; 43 89 72 59 50 63
2s 4-F (CH2)4CH3 0 64 62 77 58 67
2t 4-Br  (CH2)sCH: 30 83 73 66 58 65
2 4Cl  (CH2)sCHs 70 64 67 74 47 58
2v. 4Me (CH2)sCH: 26 63 66 71 63 71
2w 4-NO; CHCH3 0 0 0 36 0 0
2x 4-NO> (CH2)sCH; 30 77 68 27 0 0
Al6 0 48 50 45 51 —

ZHEERB 63 83 57 63 77 70

@ FIRAIE.

ke 3 125 1L g.«"m,.,_[/ .

B5 G 2a XT3RS AL S 2p X /INEARFERI I ECso {5

Figure 5 ECso of compound 2a against Botrytis cinerea, and compound 2p against Fusahum graminearum Sehw
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K2 B 2a, 2p XKTELURR B TR B A/ 7R B9 1T ¥ ECso 18

Table 2 ECso of compounds 2a, 2p against Rhizoctonia solani, Botrytis cinereal and Fusahum graminearum Sehw

W TR Compd. ECso/(pgeL™") Y ik r

2p 2.07 Y=0.755X+4.761 0.9762

ATES R ZHEEHEB 15.33 Y=1.941X+2.699 0.9980

2a 1.77 Y=0.897X+4.777 0.9990

IR ETR E 2p 18.85 Y=0.806X+3.972 0.9935

ZE 5% B 3.08 Y=1.033X+4.496 0.9670

N 2p 26.49 Y=1.107X+3.417 0.9864

AEABIA ZEF B 44.66 Y=1.091X+3.200 0.9985
3 HOUAYIR LTI A R R i A (KBr JE }), Nario EL I %76 2240 Hi (X (Flash EA

Table 3 Inhibitory activity of some compounds on chitin syn-
thase

Compd. R! 2 Tmt’rﬁﬂf&%/% ]
40 ugemL™! 100 pgemL !
2a H CH3 37 67
2p 2-OMe CH>CH; 69 30
2t 4-Br (CH2)4CHs 58 83
Al6 47 79
ERERZ 52 %6

A B I e S B W S U S k), I 46 A ROV, 1
TG 24 ANEURPIFERE g 2 28 m R 2B &4, P
HWEWEERZT 'H NMR, 3C NMR. IR, JTCEHT
o}, HRMS L.

AYNETERT R R, £ 100 pg/mL RE R, Ko
G Pyt e e s TR B A A 1 B A T Rk
G A6, TR RN RI, ZKIF EEUREE R
P2 R LB | R? MBS o, 42K
WA BACKERS, JLHEXUmaE BEURIE R2A 1. 2 F1 3
AR, X5 K BRI (B, cinerea) FIAMHI I TE 80%
PLE, B SLHE UG EE L BRI, (Law
SR b I PR U PR, P AR AR R, MR
IR b A R R SR A B, X T 0 o e A A P B K
TR, SFALVEVER TR0, 2RI 45 W B A
XTI EE A, AR T XA, Rl 2 AE4) 2p Xt
TIKFEEARE (R, solani) HI/NE FREEI B (F. gramine-
arum) PANHIEER T X 27 2 H B &K B, FN, &
Y1 2p 7F 40 pg/mL FIRE TR, XFLT A BRI HvE
Pem TR SR 2. i, 2p AIVE mnE kst
Stk B ARAA 5T

3 SCIEER4SY
N5 F
Cole-Parmer & 5 1% (& E 11 K & 1I£), Bruker

Advance DPX 300 MHz #ZHZILHRAL(LL TMS JNHE,
DMSO-ds }i%71), PerkinElmer Spectrum 100 FT-IR £[4h

3.1
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1112 AT J51). S5 A7 ¥ o 6 40 b 2l sl b 2 4k
WA, BREEANEAN, BTREFIARE T K AL .

32 ZWHE

3.2.1 P aRay H &

555 F IR IR AR TR B AR R, B a-
FRJL R DO A I (1a) I 11 46 9. K 11.13 g (0.105 mol)
KL, 14.51 g (0.105 mol)BEER A A1 11.96 g (0.053 mol)
638 = Z S B I N3 50 mL (152 IR, FAZJR
B, IS HFE R ROV AR R B N TOK TR
W, SRR 20 mL Jo/K AR el i i i A E BT
AR, FMBEEHEEEE A 25 °C, RIZUHE FiEidE
SRR N 4.06 g (0.070 mol)IE RS T [ Ml H, #%
N [ E 3~5 h Z (8. insese)E, it i
W2 R N5 be. RBEEHE, RN 50 mL —&(H
BiFeRE, SRJ5 439 20 mL 7K ¥E 2 YK, 10 mL #1652k 7K
Ve2 Ik, HHANE, KRN TR, 08, 1B
5 25 7549 303 B C PR R 5.90 g (b.p. 109~112 °C/
667 Pa), W 57.84%.

955 FIEUREE NS TR, Bl oa- £ 5E-(2-
AR ORI - TR I (Lp) 9 1) 25 9. % 8.17 g (0.060
mol) 2- LR HEE . 19.55 g (0.060 mol)BRERH1 AT 6.50
g (0.030 mol) Ik = ZFL AL I E] 50 mL 15 K
W, PR, @ O RS N A R E
BT K TCEIAEE, SRIEH 20 mL oK &0 H el it i
SN B IO, s issEE R 25 °C, KR
P I R S 218 0 2.88 g (0.040 mol)IE T T
S, R IR 3~5 h Z (8. insEtE)E,
IS BT W B S R e e ISR, I SR A
50 mL & FGeAR RS, SAJE A 20 mL Kk 2 ¥%, 10 mL 1
M EhKsE 2 &, GIFAVIME, KRBT Tk
JE VR It 25 TR R B IRV 4.14 g (b.p. 140~
144 °C/200 Pa), YZ 54.40%.
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BIKE

MRILX

322 BARMEGH &

DA 1-(3-2 FE-2- F L A -2 0. 28 ) 2 R B /IR (2) J9 191,
7] 50 mL [ B INN 1.14 g (0.013 mol)Z& JE ik . 2.0g
(0.014 mol) o-FHEIRPIIAERE, 20 mL Jo/K LEEAN 2 Tk
FElR, =ERPeE, W2 ORE(TLO) MM & N5, i
B, BB AR, R, SR LR E A,
3 1.69 g 1-(3-7KF-2- L PN -2- W7 58 S BL it IR (2a),
B E A, IR 62.0%. mp. 200~201 C; 'H NMR
(DMSO-ds, 300 MHz) 6: 11.34 (s, 1H, NH), 8.13 (s, 1H,
NH,), 7.87 (s, 1H, CH=N), 7.48~7.28 (m, 5H, ArH),
7.66 (s, 1H, NH,), 6.77 (s, IH, CH=C), 2.11 (s, 3H, CH3);
3C NMR (126 MHz, DMSO-d¢) o: 178.19, 148.37,
137.10, 136.84, 134.80, 129.78, 128.90, 128.10, 13.23; IR
(KBr) v: 3424, 3246, 3151, 2965, 1603, 1581, 1363, 1282
cm . Anal. caled for C;jH;3N3S: C 60.24, H 597, N
19.16; found C 60.32, H 5.95, N 19.09.

FNEHIIFH ARG 2b~2x, FHCHAL B & 45
%R BRI

13- H-2- 2 FE T -2-0 T B8 A L A R (2b): (1
4k, U %F 36.4%. mp. 210 ~211 C; 'H NMR
(DMSO-ds, 300 MHz) 6: 11.34 (s, 1H, NH), 8.16 (s, 1H,
NH,), 7.78 (s, 1H, CH=N), 7.43~7.29 (m, 5H, ArH),
7.58 (s, 1H, NH,), 6.70 (s, 1H, CH=C), 2.66~2.59 (m,
2H, CHy), 1.12 (t, J=7.38 Hz, 3H, CH3); '3C NMR (126
MHz, DMSO-ds) o: 178.17, 147.38, 140.78, 136.62,
136.59, 129.34, 129.08, 128.21, 19.34, 13.95; IR (KBr) v:
3424, 3246, 3151, 2965, 1603, 1581, 1363, 1282 cm .
Anal. caled for C;HsN3S: C 61.77, H 6.48, N 18.01;
found C 61.85, H 6.32, N 18.24.

1-(3- PR 5 -2- P 2 79 -2- 475 7 228 ) S B i R (2¢): 1 B8
A, WK 58.0%. m.p.164~165 ‘C; 'H NMR (DMSO-
ds, 300 MHz) &: 9.56 (s, 1H, NH), 7.59 (s, 1H, CH=N),
7.43~7.28 (m, 5H, ArH), 7.08 (s, 1H, NH,), 6.75 (s, 1H,
CH=C), 6.35 (s, 1H, NHy), 2.64~2.59 (m, 2H, CH,),
1.69~1.56 (m, 2H, CH,), 0.97 (t, J=7.41 Hz, 3H, CH3);
3C NMR (126 MHz, DMSO-de¢) o: 178.13, 147.91,
139.43, 137.08, 136.66, 129.34, 129.07, 128.19, 27.93,
22.16, 14.66; IR (KBr) v: 3437, 3273, 3152, 2953, 1592,
1578, 1457, 1374, 1284 cm . Anal. caled for Ci3H7N;S:
C 63.12, H 6.93, N 16.99; found C 63.19, H 7.09, N 16.92.

13- F-2- T L P -2-0 T 28 & L A R (2d): At
Ak, U FE 57.0%. mp. 152~ 153 C; 'H NMR
(DMSO-ds, 300 MHz) d: 9.58 (s, 1H, NH), 7.63 (s, 1H,
CH=N), 7.42~7.26 (m, 5H, ArH), 7.08 (s, 1H, NH,),
6.74 (s, 1H, CH=C), 6.42 (s, 1H, NH,), 2.58 (t, J=8.13

2112 http://sioc-journal.cn/
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Hz, 2H, CH,), 1.62~1.53 (m, 2H, CH,), 1.45~1.36 (m,
2H, CH>), 0.93 (t, J=7.26 Hz, 3H, CHs); 3C NMR (126
MHz, DMSO-ds) 6: 178.17, 147.90, 139.49, 137.03,
136.64, 129.30, 129.00, 128.15, 30.98, 25.66, 22.79, 14.28;
IR (KBr) v: 3432, 3261, 3154, 2952, 1595, 1581, 1468,
1371, 1285 ¢cm . Anal. caled for C14H9N3S: C 64.33, H
7.33, N 16.08; found C 64.49, H 7.26, N 16.31.

1-(3- 2K 38 -2- )1 35 T -2- 445 3 28 = S A IR (2e): I E8
4K, W% 46.0%. mp. 139 ~ 140 ‘C; 'H NMR
(DMSO-ds, 300 MHz) 6: 9.83 (s, 1H, NH), 7.63 (s, 1H,
CH=N), 7.42~7.26 (m, 5H, ArH), 7.09 (s, 1H, NH,),
6.74 (s, 1H, CH=C), 6.41 (s, 1H, NH,), 2.57 (m, 2H,
CH,), 1.63~1.57 (m, 2H, CH,), 1.38~1.30 (m, 4H,
CH,CH»), 0.93 (m, 3H, CH;); “C NMR (126 MHz,
DMSO-ds) d: 178.16, 147.87, 139.55, 137.00, 136.65,
129.30, 129.02, 128.17, 31.86, 28.41, 25.87, 22.35, 14.38;
IR (KBr) v: 3438, 3274, 3152, 2948,1591, 1578, 1458,
1375, 1284 cm™ '. Anal. caled for C;sH2N3S: C 65.41, H
7.69, N 15.26; found C 65.68, H 7.84, N 15.38.

1-(3-FR JE-2- OV TR -2- 0 W 386 & BE i IR (2f): 3 8
W4k, U 54.6%. mp. 140 ~ 141 C; 'H NMR
(DMSO-ds, 300 MHz) &: 11.34 (s, 1H, NH), 8.19 (s, 1H,
NH,), 7.79 (s, 1H, CH=N), 7.42~7.29 (m, 5H, ArH),
748 (s, 1H, NHy), 6.71 (s, 1H, CH=C), 2.60 (t, J=
7.71Hz, 2H, CH,), 1.50~1.43 (m, 2H, CH,), 1.36~1.21
(m, 6H, CH,CH,CHb>), 0.84 (t, J=6.675 Hz, 3H, CH3); 1*C
NMR (126 MHz, DMSO-ds) d: 178.16, 147.85, 139.54,
137.00, 136.66, 129.29, 129.01, 128.16, 31.48, 29.27,
28.65, 25.88, 22.54, 14.38; IR (KBr) v: 3440, 3275, 3152,
2946, 1591, 1578, 1460, 1360, 1285 cm !. Anal. calcd for
CisH2N3S: C 66.39, H 8.01, N 14.52; found C 66.60, H
8.13, N 14.61.

1-(3-4% 3 -2- P 3 T4 -2- 0 W 3 ) = SR A IR (2): B (0
A, R 68.0%. m.p. 119~120 C; 'H NMR (DMSO-
ds, 300 MHz) 6: 11.34 (s, 1H, NH), 8.19 (s, 1H, NH,), 7.79
(s, 1H, CH=N), 7.48 (s, 1H, NH,), 7.42~7.28 (m, 5H,
ArH), 6.72 (s, 1H, CH=C), 2.62~2.50 (m, 2H, CH,),
1.48 (br s, 2H, CHy), 1.34~122 (m, 8H, CH,CH,-
CH,CH,), 0.84 (t, J=6.00 Hz, 3H, CHs); '*C NMR (126
MHz, DMSO-ds) J: 178.16, 147.85, 139.55, 136.99,
136.67, 129.29, 129.00, 128.16, 31.73, 29.56, 28.93, 28.69,
25.87, 22.57, 14.44; IR (KBr) v: 3439, 3276, 3176, 2920,
1591, 1578, 1458, 1375, 1285 cm !. Anal. calcd for
Ci7HasNsS: C 67.28, H 8.30, N 13.85; found C 67.53, H
8.30, N 13.85.

Chin. J. Org. Chem. 2022, 42, 2106~2116



Chinese Journal of Organic Chemistry

1-(3- % 3 -2- 2 3L T4 -2- 0 I 36 ) S SE A IR (2h): #5 (
A, R 58.9%. m.p. 125~126 C; '"H NMR (DMSO-
ds, 300 MHz) d: 6.72 (s, 1H, CH=C), 2.59 (t, J=7.46 Hz,
2H, CH,), 1.49~1.43 (m, 2H, CH,), 1.33~1.22 (m, 10H,
CH,CH,CH,CH,CH,), 0.85 (t, J=6.66 Hz, 3H, CH3); 1*C
NMR (126 MHz, DMSO-ds) o: 178.16, 147.84, 139.55,
136.98, 136.67, 129.29, 129.00, 128.16, 31.75, 29.60,
29.23,29.15, 28.68, 25.87, 22.59, 14.44; IR (KBr) v: 3439,
3277, 3177, 2950, 1592, 1578, 1458, 1375, 1284 cm .
Anal. calcd for Ci;gHy7N3S: C 68.09, H 8.57, N 13.24;
found C 67.89, H 8.33, N 13.32.

1-(3- 2R JE-2- T B T -2 W7 8 ) S0 R i IR (2i0): 3 2
[E4A, W 40.1%. m.p. 114~115 “C; 'H NMR (DMSO-
ds, 300 MHz) 6: 11.33 (s, 1H, NH), 8.18 (s, 1H, NH,), 7.79
(s, 1H, CH=N), 7.48 (s, 1H, NH,), 7.42~7.29 (m, 5H,
ArH), 6.72 (s, IH, CH=C), 2.59 (t, J=7.62 Hz, 2H, CHa),
1.48 (br s, 2H, CH,), 1.33~1.22 (m, 12H, CH,CH,CH>-
CH,CH,CH,), 0.85 (t, J=6.74Hz, 3H, CH;); '*C NMR
(126 MHz, DMSO-ds) 0: 178.14, 147.84, 139.56, 136.98,
136.68, 129.31, 129.03, 128.18, 31.77, 29.57, 29.45, 29.27,
29.15, 28.68, 25.85, 22.57, 14.44; IR (KBr) v: 3439, 3277,
3177, 2950, 1592, 1578, 1458, 1375, 1284 cm . Anal.
calcd for C9HyN3S: C 68.84, H 8.82, N 12.68; found C
68.84, H 8.70, N 12.75.

1-(3-(2'- S PR 55 )-2- L FE T -2- 0 . 368 ) S J At IR (2j):
WA, E 77.1%. mp. 193~194 C; 'H NMR
(DMSO-ds, 300 MHz) J: 11.36 (s, 1H, NH), 8.20 (s, 1H,
NH,), 7.82 (s, 1H, CH=N), 7.61~7.52 (m, 1H, ArH),
7.46~7.34 (m, 3H, ArH), 7.61 (s, 1H, NH,), 6.74 (s, 1H,
CH=C), 2.52~2.43 (m, 2H, CHy), 1.03 (t, J=7.35 Hz,
3H, CHs); 3C NMR (126 MHz, DMSO-ds) o: 178.39,
146.14, 142.59, 134.77, 133.09, 132.87, 130.53, 129.93,
127.69, 19.49, 14.24; IR (KBr) v: 3437, 3280, 3154, 2987,
1599, 1586, 1453, 1368, 1281 cm !. Anal. caled for
C1H14CINSS: C 53.82, H 5.27, N 13.24; found C 53.93, H
5.16, N 15.82.

1-(3-(4'- AR I )-2- 2, F P -2- 4 0 3% ) 2= i R (2K):
WO E K, E 76.4%. mp. 2090~210 C; 'H NMR
(DMSO-ds, 300 MHz) d: 11.36 (s, 1H, NH), 8.18 (s, 1H,
NH,), 7.77 (s, 1H, CH=N), 7.47~7.43 (m, 4H, ArH),
7.50 (s, 1H, NH,), 6.70 (s, 1H, CH=C), 2.65~2.57 (m,
2H, CHa), 1.10 (t, J=7.37 Hz, 3H, CHs); '3C NMR (126
MHz, DMSO-ds) &: 178.23, 147.05, 141.46, 135.44,
135.12, 132.70, 131.04, 129.07, 19.27, 13.86; IR (KBr) v:
3430, 3263, 3153, 2972, 1601, 1590, 1455, 1367, 1288
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cm . Anal. caled for C;,H14CINsS: C 53.82, H 5.27, N
13.24; found C 54.02, H 5.26, N 15.71.

1-(3-(2'- TR R 5 )-2- £, 5 P -2- s 0. 5k ) 2 At R (21):
W AR, WK 52.6%. mp. 181~182 ‘C; 'H NMR
(DMSO-d6, 300 MHz) 6: 11.38 (s, 1H, NH), 8.23 (s, 1H,
NH,), 7.82 (s, 1H, CH=N), 7.72~7.69 (m, 1H, ArH),
7.45~7.28(m, 3H, ArH), 7.63 (s, 1H, NH>), 6.68 (s, 1H,
CH=C), 2.52~2.43 (m, 2H, CH,), 1.03 (t, J=7.37 Hz,
3H, CHs); BC NMR (126 MHz, DMSO-ds) d: 178.38,
146.05, 142.23, 136.61, 135.32, 133.06, 130.60, 130.09,
12821, 123.82, 19.44, 14.20; IR (KBr) v: 3436, 3289,
3152, 2990, 1595, 1582, 1447, 1361, 1277 cm '. Anal.
caled for C1H14BrN;S: C 46.16, H 4.52, N 13.46; found C
46.20, H 4.56, N 13.39.

1-(3-(4'- IR A TR )-2- 2, T N -2 WP 358 ) Z L it IR (2m).:
O E AR, IR 60.0%. mp216~217 C; 'H NMR
(DMSO-ds, 300 MHz) 0: 11.36 (s, 1H, NH), 8.17 (s, 1H,
NH,), 7.76 (s, 1H, CH=N), 7.59~7.37 (m, 4H, ArH),
7.62 (s, 1H, NH,), 6.67 (s, 1H, CH=C), 2.62~2.49 (m,
2H, CH,), 1.10 (t, J=7.41 Hz, 3H, CHs; 3C NMR (126
MHz, DMSO-ds) 6: 178.23, 147.02, 141.57, 135.81,
135.17, 132.01, 131.35, 121.36, 19.27, 13.86; IR (KBr) v:
3429, 3264, 3154, 2970, 1600, 1586, 1454, 1366, 1287 cm
~1.Anal. calcd for C1oH 4BrN;S: C 46.16, H 4.52, N 13.46;
found C 46.06, H 4.46, N 13.61.

1-(3-(2'- AL 2R 3 )-2- 2 R TR -2- 445 0 3 ) 2 36 1k IR
2n): A FEE, WE 42.5%. mp. 177~178 C; 'H
NMR (DMSO-ds, 300 MHz) J: 11.31 (s, 1H, NH), 8.14 (s,
1H, NH,), 7.75 (s, 1H, CH=N), 7.42~6.97 (m, 4H, ArH),
7.56 (s, 1H, NHy), 6.62 (s, 1H, CH=C), 3.78 (s, 3H,
OCH3), 2.62 (m, 2H, CH,), 1.11 (t, J=7.37Hz, 3H, CH3);
3C NMR (126 MHz, DMSO-d¢) d: 17827, 146.83,
141.00, 136.53, 135.89, 135.84, 130.44, 128.56, 128.16,
126.14, 20.13, 19.50, 14.35; IR (KBr) v: 3443, 3287, 3156,
2983, 1595, 1580, 1451, 1362, 1283 cm”'. Anal. calcd for
Ci3H17NsS: C 63.12, H 6.93, N 16.99; found C 62.96, H
6.77,N 17.01.

1-(3-(4'- FJE 2R 3 )-2- 2 JE T -2- 4 0 3 ) 2 36 1k IR
(20): AMEA, WZHE 44.1%. mp. 204~205 C; 1H
NMR (DMSO-ds, 300 MHz) d: 11.31 (s, 1H, NH), 8.14 (s,
1H, NH,), 7.77 (s, 1H, CH=N), 7.35~7.21 (m, 4H, ArH),
7.56 (s, 1H, NH2), 6.65 (s, 1H, CH=C), 2.65~2.58 (m,
2H, CHy), 2.32 (s, 3H, CH3), 1.11 (t, J=7.37 Hz, 3H,
CHs); 3C NMR (126 MHz, DMSO-ds) &: 178.09, 147.64,
139.94, 137.78, 136.72, 133.77, 129.70, 129.35, 21.32,
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19.32, 13.85; IR (KBr) v: 3430, 3265, 3153, 2970, 1579,
1579, 1452, 1370, 1283 cm !. Anal. calcd for Ci3H;7N;S:
C 63.12, H 6.93, N 16.99; found C 63.21, H 6.67, N 17.19.
1-(3-(2'- AR 3 2 i )-2- 2 L 7 -2 475 T 368 ) S L i R
(2p): EOEAE, R 16.1%. mp. 128~129 C; 'H
NMR (DMSO-ds, 300 MHz) §: 11.29 (s, 1H, NH), 8.16 (s,
1H, NH,), 7.78 (s, 1H, CH=N), 7.35~6.97 (m, 4H, ArH),
7.54 (s, 1H, NH,), 6.76 (s, 1H, CH=C), 3.82 (s, 3H,
OCH3), 2.55~2.48 (m, 2H, CH,), 1.09 (t, J=7.37Hz, 3H,
CHs); 3C NMR (126 MHz, DMSO-dq) 6: 178.14, 157.26,
147.46, 140.30, 132.06, 129.91, 129.35, 125.04, 120.70,
111.53, 55.89, 19.54, 14.16; IR (KBr) v: 3416, 3288, 3167,
2962, 1603, 1596, 1464, 1363, 1288 cm '. HRMS calcd
for C13H17N30S [M+H]" 264.1170, found 264.1165.
1-(3-(4'- FH AR DR 5L )-0- 20 56 T -2- 04 IV 36 ) S i i R
(2q): FOEE, IFE 352%. mp. 181~182 C; 'H
NMR (DMSO-ds, 300 MHz) J: 11.31 (s, 1H, NH), 8.14 (s,
1H, NH,), 7.75 (s, 1H, CH=N), 7.42~6.97 (m, 4H, ArH),
7.56 (s, 1H, NH,), 6.62 (s, 1H, CH=C), 3.78 (s, 3H,
OCH3), 2.66~2.59 (m, 2H, CH>), 1.11 (t, J=7.37 Hz, 3H,
CH3); 3C NMR (126 MHz, DMSO-dq) 6: 177.98, 159.36,
147.93, 138.63, 136.55, 130.97, 129.12, 114.59, 55.63,
19.25, 13.72; IR (KBr) v: 3425, 3265, 3153, 2977, 1604,
1578, 1458, 1365, 1303 cm !. Anal. caled for Ci3H;7N30S:
€ 59.29, H 6.51, N 15.96; found C 59.06, H 6.37, N 16.00.
1-(3-(4"- R 5L )-2- TR T -2-J I 228 ) S BL At JOR (2rr):
O AR, R 65.3%. mp. 166~167 C; 'H NMR
(DMSO-ds, 300 MHz) 6: 11.35 (s, 1H, NH), 8.18 (s, 1H,
NH,), 7.78 (s, 1H, CH=N), 7.48~7.41 (m, 4H, ArH),
7.57 (s, 1H, NH,), 6.71 (s, 1H, CH=C), 2.51~2.42 (m,
2H, CH,), 1.50~1.43 (m, 2H, CH,), 0.92 (t, J=7.34 Hz,
3H, CH;); 3C NMR (126 MHz, DMSO-d) &: 178.18,
147.58, 140.08, 135.60, 135.49, 132.67, 130.99, 129.02,
27.81, 22.10, 14.61; IR (KBr) v: 3425, 3268, 3157, 2958,
1603, 1578, 1462, 1371, 1298 cm ™ !. Anal. calcd for
Ci3H16CIN;S: C 55.41, H 5.72, N 14.91; found C 55, 26, H
6.00, N 14.89.
1-(3-(4'- T 2R 22 )-2- G T -2- 4 T 228 ) L 24 Bt IR (2s):
B AR, E 52.0%. mp. 111~112 ‘C; 'H NMR
(DMSO-ds, 300 MHz) 6: 11.34 (s, 1H, NH), 8.17 (s, 1H,
NH,), 7.77 (s, 1H, CH=N), 7.48 (s, 1H, NH,), 7.46~7.43
(t, J=5.64 Hz, 2H, ArH), 7.28~7.22 (t, J=8.88 Hz, 2H,
ArH), 2.57 (t, J=8.19 Hz, 3H, CH,), 1.48 (br s, 2H, CH,),
1.31~1.25 (m, 4H, CH,CH,), 0.83 (t, J=7.14 Hz, 3H,
CHs); *C NMR (126 MHz, DMSO-ds) &: 177.09, 160.81
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(d, J=246.1 Hz), 146.65, 138.27, 134.70, 132.13 (d, J=
3.1 Hz), 130.34 (d, J=8.1 Hz), 114.93 (d, J=21.5 Hz),
30.76, 27.27, 24.63, 21.28, 13.32; IR (KBr) v: 3428, 3274,
3161, 2935, 1607, 1577, 1459, 1369, 1286 cm . HRMS
caled for CisHxFN3S [M + H] " 294.1437, found
294.1435.

1-(3-(4'- R 2K JE)-2- T FE P -2- 07 0 386 ) S L B IR (2¢):
A, IR 50.0%. mp. 136~137 C; 'H NMR
(DMSO-ds, 300 MHz) &: 11.38 (s, 1H, NH), 8.21 (s, 1H,
NH,), 7.77 (s, 1H, CH=N), 7.60 (d, J=8.61 Hz, 2H,
ArH), 7.52 (s, 1H, NH»), 7.36 (d, J=8.61 Hz, 2H, ArH),
6.68 (s, IH, CH=C), 2.58 (t, J=7.14 Hz, 2H, CH,), 1.46
(br s, 2H, CH,), 1.34~1.23 (m, 4H, CH,), 0.84 (t, J=6.87
Hz, CH;); “C NMR (126 MHz, DMSO-ds) : 178.21,
147.51, 140.34, 135.90, 135.55, 131.99, 131.30, 121.33,
31.80, 28.36, 25.78, 22.35, 14.40; IR (KBr) v: 3419, 3270,
3151, 2997, 2985, 1589, 1520, 1357, 1283 cm'. Anal.
calcd for CysHoBrN;S: C 50.85, H 5.69, N 11.86; found C
50.80, H 5.75, N 11.79.

1-(3-(4'- SR 2 )-2- L2 T -2- 0 I 228 ) Z 2L B R (2u):
O E AR, R 60.4%. mp. 143~144 'C; 'H NMR
(DMSO-ds, 300 MHz) &: 11.39 (s, 1H, NH), 8.23 (s, 1H,
NH,), 7.78 (s, 1H, CH=N), 7.49~7.41 (m, 4H, ArH),
7.53 (s, 1H, NH,), 6.71 (s, 1H, CH=C), 2.61~2.50 (m,
2H, CH,), 1.48~1.20 (m, 8H, CH,CH,CH,CH,), 0.84 (t,
J=6.675Hz, 3H, CH3); *C NMR (126 MHz, DMSO-ds) J:
178.24, 147.50, 140.26, 135.50, 132.66, 131.02, 129.05,
31.47,29.20, 28.60, 25.75, 22.54, 14.38; IR (KBr) v: 3434,
3274, 3152, 2951, 1596, 1588, 1450, 1374, 1282 cm .
Anal. calcd for Ci6H2CIN3S: C 59.33, H 6.85, N 12.97;
found C 59.07, H 6.65, N 13.01.

1-(3-(4'- F L 2 3 )-2- 0 5 T -2- 4 0 3 ) 2 36 1k IR
(2v): FOEAER, E 31.3%. mp. 125~126 “C; '"H NMR
(DMSO-ds, 300 MHz) &: 11.27 (s, 1H, NH), 8.16 (s, 1H,
NH,), 7.16 (s, 1H, CH=N), 7.21~7.14 (m, 4H, ArH),
7.20 (s, 1H, NH,), 6.83 (s, 1H, CH=C), 2.62~2.56 (m,
2H, CH,), 2.31 (s, 3H, CH3), 1.50~1.24 (m, 8H, CH,CH,-
CH,CH>), 0.86 (t, J=6.87 Hz, 3H, CH;); *C NMR (126
MHz, DMSO-ds) o: 178.22, 147.50, 140.21, 135.51,
135.49, 132.67, 130.94, 128.97, 31.48, 29.23, 28.59, 25.77,
22.55, 14.36; IR (KBr) v: 3437, 3282, 3234, 2950, 1597,
1578, 1447, 1372, 1280 cm ™ '. HRMS calcd for C17HasN3S
[M+H]" 304.1836;found 304.1842.

1-(3-(4'-filg F2E 2K 3 )-2- 2, FE T -2 4 0 3 ) 0 36 ik IR
(2w): FEOE A, WE 83.5%. mp. 216~217 C; 'H
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NMR (DMSO-ds, 300 MHz) &: 11.47 (s, 1H, NH), 8.28~
8.24 (m, 3H, NH,+ArH), 7.80 (s, 1H, CH=N), 8.27~
7.68 (m, 2H, ArH), 7.71 (s, 1H, NH,), 6.84 (s, 1H, CH=
C), 2.72~2.68 (m, 2H, CHy), 1.13 (t, J=7.47 Hz, 3H,
CHs); 3C NMR (126 MHz, DMSO-dq) 6: 177.98, 146.46,
146.31, 144.21, 143.50, 133.57, 129.92, 123.95, 19.00,
14.05; IR (KBr) v: 3427, 3263, 3153, 2973, 1599, 1454,
1364, 1285 cm  !. Anal. caled for C1oH14N4O,S: C 51.78, H
5.07, N 20.13; found C 51.71, H 5.26, N 19.97.

1-(3-(4'- it 5k 2R 5k )-2- 3 K T -2 #7 WP % ) 0 5 ik O
(2x): FOEAER, WE 75.8%. mp. 151~152 “C; '"H NMR
(DMSO-ds, 300 MHz) J: 11.48 (s, 1H, NH), 8.28~8.25
(m, 3H, NH,+ArH), 7.82 (s, 1H, CH=N), 7.69~7.66 (m,
2H, ArH), 7.62 (s, 1H, NH,), 6.86 (s, 1H, CH=C), 2.67~
2.62 (m, 2H, CH,), 1.48~1.45 (m, 2H, CH,), 1.36~1.26
(m, 4H, CH,CH,), 0.84 (t, J=6.93 Hz, 3H, CH3); 3C
NMR (126 MHz, DMSO-ds) o: 178.40, 146.81, 146.52,
143.53, 143.26, 134.37, 130.34, 124.24, 31.75, 28.54,
25.89, 22.35, 14.39; IR (KBr) v: 3422, 3264, 3156, 2953,
1592, 1451, 1366, 1282 cm '. HRMS calcd for CisHzoNy-
0,S [M+H]" 321.1374; found 321.1380.

3.2 JUT & RESHISE M E

A58 FHY P R 440 3 P 64T LT 0 A RS i) 3 12
ME. 7E 30 CHIFEBESE I 8 1 R 4 B (YPD) B 7=
Ferp A RIS RE, 1500 g, 10 min B0 BRI, 4R
JE B R A P E R SR A . 30 C R A 0.08
mg/mL FREE FIERIE A 4 30 min J5, K 0.12 mg/mL
R AR A BRI G B b B DR
B #AE DMSO .

TETRALBE 1) 22 IR IEEE R (WGA) B 96 LR &
BT LT A BB SIS R 2, AN 49 uL JREE
P B TIAC T 0 40 A SR B, 1wl SR i B DMSO 1 R
YR, BAJZ 50 pL 2 B (5 mmol/L GleNAc, 1 mmol/L
UDP-GlcNAc #1 5 mmol/L CoCl, ¥ f# T 50 mmol/L pH
7.5 B Tris-HCI Z2 . AR AE 30 "CFEL 300 r/min
PR N 3 h. SR JERARGE 25 9 P R K ki 5 Ik, SR )E
BTN 100 pL SRR i 4 A4 47 T £ B0C /0N 22 0 2F Bk 4 3=
(WGA-HRP)# (1 ng/mL WGA-HRP F1 20 mg/mL BSA
T 50 mmol/L pH 7.5 [ Tris-HCl ZEi ). 7
30 ‘CF &% 30 min J&, BA 300 r/min $R3%, FIWZEMHK
FRRBRIEAR 5 k. BeJa, fERAN LI 100 pL %At
Yl R 77 (Solarbio, PR1200), J HAE 20 s Ji5E 652
nm AL HIJEEE EE(OD), $54E S min. AR5 MR X &% OD652
ETHE S SE .
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3.3 FREEYEMNE

K 22 A AR E B AR L& ik 6
FCEL 5 iR AT PR ) 2. (R B A 2 ) DA 7K R SR s T
(Rhizoctonia solani)~ /N2 757890 W (Fusahum gramine-
arum Sehw) & JN K97 B (Botrytis cinerea) T
I3 B (Alternaria solani) 3% JR 3 JH i B (Colletotrichum
orbiculare)~ % E W I W (Phytophthora infestans).

FEREGVE T ALK, 20 8 2 K EE DN 10000
ug/mL FIZ5A . B 1 mL & HZ%5 99 mL @ik
% A R M- B R (PDA) S R L TR 51, 1l %% B AN
100 wg/mL & # 5 7R 5. K HAI S 7 PDA PR, A7l

BREIREEAL IS, 2 N B TR AT R B U

T 25 CHi MR IR, UAMHRKENZHER B
(Polyoxin B) yRH XS R, —HFHR AR MEXRE, FIRS 5
T KNS ERE, ARG 4 RERE, DLEBRIES
LW ElE. frrax B EE R ERE, BHER
X B A AR PR ) R T BT, ICHCPIME. DURIE S 1)
25 [ 56 RN Ak R 1 B VR T 2 AR T SR R 00, B
AR

PN 2R (Vo) = (4 & B ¥ EL A% — AL R TR V& ELAR)/ Ot R
P& B — WP EATR) X 100%

k1) A FEE (B Cso) O 5 R BX IR KT 80% )
A e AN G R A, RYE R T, RS
ke, 2RIk N 25.00, 12.50, 6.25, 3.12, 1.56,
0.78 pg/mL I HDHIZ, SR 5 AT SPSS T 4|
W ECso.

HBA Rl (Supporting Information) HPErtb &40 'H
NMR 1 IR 3% . X bkl a] LA 2 M AS T 190
(http://sioc-journal.cn/)_F T %k,
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