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WE AT RIVHABIERR T RERUY, KNS M 45 M P R B B v 1 & W kAt e by B i) H A 43 1. DA ik-4-filk
P e R AR B 2R R U S k), 28 5 R AU IR LA T 14 S BARMG S, %A ROTVEBRVE T B, D& FHYE .
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4a~4d. 4k. 4m. 4n 55 7T MEEDIEEIHET R T 95%. #—DFFEE 15 pmol/L B, K I 4m. 4n FMH]E
T ABA FSE G PM4. 73 TRHEEE R, 51 NIRRT i 5L(SO2) 5 Ser98 AR, 12 T 456
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Design and Synthesis of Morpholine Sulfonamide Compound and
Its Inhibition on Soybean Seed Germination

Huang, Zhiyou” Yang, Ping” He, Bo™? Ou, Wenxia“ Yuan, Siyu*
(¢ College of Agriculture Forestry Ecology, Shaoyang University, Shaoyang 422000)
(* Key Laboratory of Integrated Management of Crop Disease and Pests, Ministry of Education,
College of Plant Protection, Nanjing Agricultural University, Nanjing 210095)

Abstract In order to obtain novel abscisic acid analogues, morpholine-sulfonamide compound was designed under the prin-
ciple of active substructure combination. 14 target compounds were obtained through aromatic nucleophilic substitution
(S~xAr) when fluoride nitrobenzene and morpholine-4-sulfonamide were used as starting materials. The approach represents
simple operation and broad substrate scope. Additionally, the soybean seed germination was inhibited overwhelmingly when
treated with compounds 4a~4d, 4k, 4m and 4n at 50 pmol/L. Furthermore, the inhibition activity of compounds 4a~~4d, 4Kk,
4m and 4n was higher than 95% at 25 pmol/L. Finally, the activity of 4m and 4n was much higher than that of ABA and lead
compound (PM4) at 15 pumol/L. Moreover, the molecular docking study revealed that 4m and 4n could bind abscisic acid re-

ceptor strongly than ABA and PM4. These results are benefit to discovering novel ABA analogues.
Keywords ABA functional analogue; morpholine sulfonamide; inhibition germination; aromatic nucleophilic substitution
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B, AT TR (PRSP R B
g, BT R R IR R A )24, R B, O T RS
EERHA s TSRO R BB VE BRI, A SCOR B A
FRNG T BL, A IR P B A AT F1 0 T ) e AR B
WEYI@, K 1), JFH LA IR-4-REE R (5) A A Ui 5L
(6)NJERL, 277 IR AR B s AL & 4. Tt
S PR ARG R RS A B L,
WEFEARIL 4m. 4n FH0HIE S TE S0 EY, JFHS
N MSBRAEAE /N7y 5 s 55 (SO,) 5 Ser98 T A BE, 1
AR SEIRIRE ST, A RA T R I i kR
i T R D RE KA.

2 () M
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4 BFSOZ =N
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1 HN
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O,N O,N
R1
Bl —| ol
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Figure 1 Design strategy for morpholine sulfonamide
1 ZR5TR
A & R &1
SCHR VAT R A T R A ()R IFRRIAA)
FHIEEAAF R A B, FHEWSE B EY) 4a, (2
AT &= A KR HCLAUAE, 7 B alifh e 4k B

1.1

(B 2, J7EE—)2); (2) Pd(dba)s 5 AH B EC A3 [F4E
F, 80 ‘CJ M 18 h#81LA1) 4a, Z IR EAK(42%),
W S R AL, FERTECK (B 2, Jrid )0 [,
AV T H A BCRIE (B 2, HiE=). DL mf-4-fiEit
[l (S)FNAT LR 55 2K (6a) N k), FESERRFAIME I T 48 0%
FREBURR AL, R RIF A 4a(3R 1, Entry 1). 16
138 3 1 S N T Sl o e =i P AL @ S S = B - A V)
1 14 h J5 R HLL S 40% (Entries 3, 4). A T #E—54R
OISR, K S SR FE 80 °CHE il 100 °C (Entries
3, 5~7), WG A%, o 90 °C/x ML 12 h i
=19 53% (Entry 6). 585, 20 A3 MR B4 5 (Entry
8)mk, 6a (Entry 9)f I EF| 1.1 equiv., KIWCEIFKH IR
& BB AR N NaxCOs. KoCOs il Cs,COs, &
B SRR B R U KsPOy (Entries 6, 10~12). #a, %
BTN, RIL N,N-— 3 B B i (DMF) Z 41 T
N,N-_H % 2Bt (DMAC). 1,4- S /NH A 2 fiE(Entries
6, 13~15).
1.2 BirkE 4 EK

AR 1.0 equiv. " Ik-4-fEFEIZ(5). 1.0 equiv.2i
FHFETE(6a). 1.3 equiv. KsPO4 7E DMF #5777 90 °C
SN 12 h (32 1, Entry 6), fEIEEERE FBET Y30 &
(% 2). Bk 6b~6h 5 5 FAT N, K 4-HLEARE
WA I b)IS R F I 4. =R T dg). lFEdh)Ey
RENARSRASAH B H ik &9, I B B AR B IRR 75
FMLAEY) de~de, WRET 49%. AR5, W7 THARKEE
REBE RIS, # 6i~6m 5 5 HEAT Bt Al USRI 1k
5-Cl (4, 45%) 5-Br (4j, 48%)F1 5-CN (4k, 49%)LL K
6-NO, (41, 46%)H1 6-F (4m, 43%). HeJm, 7] LL 47%Fik
KA R IR 4n.

3) EtsN

Method 1: Multi-step synthesis by Frank et al.
(6] H N02
N 1) NaHSOj3, NaOH, 2 h C|\S/N
‘O I —————— /N
CE\N' 2) PCls, 5 h 00
B, 80.6%

Method 2: Palladium catalyzed C-N coupling by Lilian et al.

(@)
o

4a, 60.5%

0 NO, 0 NO,
O\L NH, B Pd(dba)s, Ligand O\, i
O// \\O + d/S\\c)
Cs,C03,80°C, 18 h
5 C 4a, 42.0%
Method 3: Aryl nucleophilic substitution (SyAr, this work)
oﬁ NO, o/\ yo NO:
LN N, P SNA LN N
I\ + I_R 7\ '—R
OO0 ) Base, Solvent 00 K/
5 6 4 (TM)

B2 nORREEE RS 4 B K
Figure 2 Approach to morpholine sulfonamide compound 4
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Table 1 Optimum of aromatic nucleophilic substitution

SNAr No .
o 5
Base, Solvent [olNe)

5 4a
Entry 7/°C n(5) . n(6a) t/h Base Solvent Yield/%
1 80 121 4 K3PO4 DMF 18
2 80 1.1 8 K3PO4 DMF 33
3 80 121 12 K3PO4 DMF 40
4 80 1:1 14 K3PO4 DMF 40
5 85 1:1 12 K3PO4 DMF 47
6 90 1:1 12 K3POy4 DMF 53
7 100 1:1 12 K3PO4 DMF 50
8 90 1.1:1 12 K3PO4 DMF 53
9 90 1:1.1 12 K3PO4 DMF 53
10 90 1:1 12 NaxCO:s DMF 45
11 90 1.1 12 K2COs DMF 50
12 90 1:1 12 Cs2C0s DMF 50
13 90 1:1 12 K3PO4 DMAc 51
14 90 1:1 12 K3POg4 1,4-Dioxane 48
15 90 1.1 12 K3PO4 CH3;CN 43

4Reactions conditions: 5 1.0 mmol, base 1.3 mmol, solvent 10.0 mL.

75 TGNy Y RS I SR AL ) 4

x2

Table 2 Aromatic nucleophilic substitution to morpholine sulfonamide 4

NO,
SNAF

\/,S\\/ 1 /|_3R
90 C, 12 h, K3PO,, DMF 00 K Y,

4a ~ 4n °

4f, 52%

0)

4b, 51%

49, 52%

NO

/N

OO0

4k, 49%

NO

O

O,

NO NO,
N ’ LN, N LUN_N
S g0 g0
2
ge (Bi

K/N\S/N N.g-N
O,\\ O//\\
N3 Nl B

4d, 51% 4e, 50%

0 o NO,

H

4h, 49% 4i, 45% 4j, 48%
O N N O N H
S ‘,,S\(
0 o}
4m, 43% 4n, 47%

4Reactions conditions: 5 1.0 mmol, 6 1.0 mmol, K3PO,4 1.3 mmol, DMF 10.0 mL.

1.3  MFEAZFHNGISELG X 9 F X1 1%
W TACA YD da~dn XK G FhT k28 40 s P,
gE LR W, 50 umol/L KIETF,
11 AMEE YD RIEE 236 R & T
80%, H.rf 4a~4d. 4k, 4m. 4n % 7 MLEYLHE )G

GiTEE 2 RIMEERGER 3).
4a~4h. 4k. 4m. 4n %
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SEAINEIEE 2. PRIKREE 25 umol/L MR KB, 4a~
4d. 4k 4m. 4n 5 7 MELEV LR S HIHZAT & T 95%.
Ba, K% T MM A VIR ERIR BE PR ZE 15 pmol/L, 45
REKW, 4a~4ad FIPIFHNEES ABA ML, 2 4m.
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B 4-B HUARTE L H 2 (4b) ey, B JE MK IKE da (H), 4e
(F), 4d (Cl), 4g (CF3), 4f (CN), 4e (Br), 4h (NO,); 5-7Ht
IFEE 4k (CN) =i T 4i (C1)F1 4j (Br); 6-7 BURI, 4m (F)
AMHIEYE ST 41 (NOy); /o KU 4n (4,6-Fo) B4
LUK T 4m.

R SEELT de. 4f. 4m. 4n BT RE(E] 3)2627),
ST RN ABA(E] 3E)fE 55k Lys65 F1 Glul00
A B (Lt 2k), H 4e(E 3A)5 PMA4(IE 3F)1E

A S ABA AHEL, BRIVEVEAT. 177 46 3D)0 X BE
iR Lys65 o, Fr A HERIE. HERZ
4m(& 3C). 4n( 3D)7FHIEEENO) 5 Lys65.

Glul00 DL 51 gl dboK e il A2, Hor 1 i
ML (SO,) ] Ser98 JE AL, 1 H., 4m F1 4n [1JF] 7
PR3 Total_Score(F 4)7r7lIK4 7.24 #1 6.70, =T ABA
(6.05)F1 PM4 (5.46), FrLL 4m A1 4n 254 i 75 92 32 1A B8
AL I 15 R s =

K3 IR S Y 4a~4n HHIK SRR S

Table 3  Effects of morpholine sulfonamides 4a~4n on soybean seed germination

Compd 50 umol/L 25 pmol/L 15 pmol/L
' RAZ Y 01 2/% RAZ Y 41 2/% REFEZY%  HWHIZ%
4a 0.0+0.0 100.0+0.0 1.1+1.9 98.8+2.1 63.3+3.3 32.1£3.6
4b 0.0+0.0 100.0+0.0 0.0+0.0 100.0+0.0 61.1£1.9 34.5+2.1
4c 0.0+0.0 100.0+0.0 1.1+1.9 98.8+2.1 65.6t1.9 29.8+2.1
4d 0.0+0.0 100.0+0.0 0.0+0.0 100.0+0.0 67.8+5.1 274+£55
4e 144+19 84.5+2.1 28.9+£5.1 69.0£5.5 — —
4f 15.6£1.9 83.3+2.1 23.3+£33 75.0£3.6 — —
4g 44+19 95.2+2.1 5.6+1.9 94.0+2.1 — —
4h 17.8£1.9 81.0+2.1 36.7+3.3 60.7£3.6 — —
4i 189+1.9 79.8+2.1 4444338 524+4.1 — —
4j 222%*1.9 76.2+2.1 45619 51.2+2.1 — —
4k 0.0+0.0 100.0+0.0 44+19 95.2+2.1 71.1£1.9 23.8+2.1
4] 244£19 73.8%2.1 35.6+3.8 61.9+4.1 — —
4m 0.0+0.0 100.0+0.0 0.0+0.0 100.0+0.0 55.6£5.1 40.5%5.5
4n 0.0+0.0 100.0+0.0 0.0+0.0 100.0+0.0 57.8+£3.8 38.11+4.1
PM4 0.0£0.0 100.0£0.0 11.1£1.9 88.1+2.1 67.8+£1.9 274+2.1
ABA 22+19 97.6+2.1 122+1.9 86.9+2.1 65.6t5.1 29.8£5.5
A Glu 100 C
N LAZY Asn 176
278 2
: E ) :
®
O2S.\u
7 om\@ OZN\©/F
Asn 176
E 4c 4 CN 4m
F
Lys65
2. sA \. ;
Asn 176 26A 304 S )
2 7A ' ¢ 2.6 X F
Glu 100 < 29A % Asn'176
Asn 176 L3565
08, !
RS
V " Lys65 r b A\
Ser 98 I\ e "

B 3 4c(A), 4f (B), 4m (C), 4n (D), PM4 (E) and ABA (F)f{I%f 45
Figure 3 Computational modeling of 4¢ (A), 4f (B), 4m (C), 4n (D), PM4 (E) and ABA (F) (PDB: 3NEG)
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Table 4 Scoring functions

Compd. Total score G_score D score PMF _score Chem_score
4c 5.51 —166.74 —102.12 —59.40 —23.90
4f 5.11 —171.83 —96.88 —54.43 —20.53
4m 7.24 —199.43 —107.20 ~64.71 —24.81
4n 6.70 —186.64 —116.82 ~65.42 —22.05
PM4 5.46 —186.69 —110.42 —45.26 —26.53
ABA 6.05 —184.31 —102.74 —48.52 —22.00

2 ZEig 134.4, 131.5, 125.5, 125.4, 125.0, 65.4, 45.9; HRMS (ESI)

S FHIE M S0 5 ) B DR B T ) R A
B0 0 2 L 98 TR T R 2R AL . L R bR -4 ik gk e R AR
RN IR R, &5 BRI S A R T 14 A
HAs A, %A O ER AR, RIS G,
FIT 1AL B W 380 28 v o TRV 5 A o s 41 S0 AR AR B 1)
BE. Fh ARSI g R, (LAY 4m. 4n (130
MR T SAEY PM4. 3B WF RS R, Ik
[ 5] ARAE 4> T i (SO0) 5 Ser98 T s, it —
WPk T &G ZRIIRE DD, BTLL 4m Al dn 4T 43 R AU
T PM4, VT Ry 1245 A R T R I AL
B8 7 8 Dy R KA.

3 XIS
3.1 X5

KEFF, RERIR(H)Z (), 300-400 H RIFER (FE
JZHT), £E Varian £ Mercury-Plus 500MHz Jli5E 'H
NMR (DMSO-ds 5, CDCl;, TMS N #%), HRMS (Agilent
6224); 15 AN SGW X-4(CRELIE).

Fr GRS 3R dral, Hodh DMF. 1,4- %08
. DMAc %55 /KEIMET 50 mg/kgGE T4 7)).

3.2 LWHE
32,1 BARA Y 4 495 8%

EiR T 1.0 mmol S IR-4-T#EEEZ(S), 1.0 mmol &
A HEZE(6), 1.3 mmol K3PO, A1 10 mL DMF JB& T34
B, 90 °CIRBL 12 h, ¥ Z ARG, KBTE 5142
BRI, BUEFHH AR OBEFEIAS mLX3), Jo/KH
FREN T8 1 5 B HUAH, 2 BT o el J0 o v 7043 v
WA E AR ED) 4.

N-(2-Fit§ 22 % 32 ) e g -4 it 19 i (da): 9 9% €00 [ 4
& 53%. mp. 98~99 °C; 'H NMR (500 MHz,
DMSO-ds) d: 9.94 (br, 1H), 7.99 (dd, J=8.0, 1.5 Hz, 1H),
7.73 (ddd, J=8.5, 7.5, 1.5 Hz, 1H), 7.66 (dd, J=8.5, 1.5
Hz, 1H), 7.49~7.34 (m, 1H), 3.62~3.55 (m, 2H), 3.18~
3.09 (m, 2H); '3C NMR (125 MHz, DMSO-ds) J: 142.0,
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caled for CioHi4N3;OsS [M + H] ©
288.0662.

N-(2-FiFf -4~ F ks 2 5 ) N k-4 Tt T i (4b): 3% 3 2
A, WE 51%. mp. 110~111 °C; 'H NMR (500 MHz,
CDCls) 6: 9.60 (br, 1H), 8.04 (dd, J=2.0, 1.0 Hz, 1H),
7.74 (d, J=8.5 Hz, 1H), 7.45 (dd, J=8.5, 2.0 Hz, 1H),
3.71~3.64 (m, 2H), 3.28~3.22 (m, 2H), 2.40 (s); '*C
NMR (125 MHz, CDCl;) 6: 136.9, 136.1, 133.7, 132.1,
126.0, 120.4, 66.0, 46.3, 20.4; HRMS (ESI) caled for
CiHigN30sS [M+H]" 302.0811, found 302.0816.

N-(2-FiFf 58 -4- G 8 ) ) k-4 - T T J (de): 32 25 L[]
&, # 50%. m.p. 118~119 °C; 'H NMR (500 MHz,
DMSO-ds) d: 9.95 (br, 1H), 7.95 (dd, J=8.5, 3.0 Hz, 1H),
7.65 (tdd, J=9.0, 8.5, 4.0 Hz, 2H), 3.64~3.54 (m, 2H),
3.14~3.06 (m, 2H); '*C NMR (125 MHz, CDCL) o:
137.69, 134.81, 132.32, 132.29, 125.20, 124.92, 124.12,
124.09, 123.72, 121.55, 120.11, 65.89, 46.38; HRMS (ESI)
caled for CjoH;3FN3;OsS [M + H]* 306.0560, found
306.0564.

N-(2-Fit§ 55 -4 SR 35 ) e I -4 il 5t fi (4d): 9 2 (L[]
&, W 51%. m.p. 122~123 °C; 'H NMR (500 MHz,
DMSO-ds) 6: 10.06 (br, 1H), 8.10 (d, J=2.5 Hz, 1H), 7.80
(dd, J=9.0, 2.5 Hz, 1H), 7.67 (d, J=9.0 Hz, 1H), 3.61~
3.57 (m, 2H), 3.16~3.10 (m, 2H); '3C NMR (125 MHz,
DMSO-ds) d: 142.6, 134.1, 130.3, 129.1, 126.7, 125.1,
65.4, 45.9; HRMS (ESI) calcd for C;oHi3CIN3OsS [M—+
H]" 322.0264, found 322.0267.

N-(2- it 25 -4 YR O 8 ) N R -4 T 1 i (de): 96 5 €[]
&, I 50%. m.p. 124~125 °C; '"H NMR (500 MHz,
CDCls) &: 9.87 (br, 1H), 8.22 (d, J=9.0 Hz, 1H), 7.82 (d,
J=2.0 Hz, 1H), 7.16 (dd, J=9.0, 2.0 Hz, 1H), 3.79~3.64
(m, 2H), 3.37~3.21 (m, 2H); *C NMR (125 MHz,
CDCls) d: 138.8, 136.2, 133.8, 128.7, 121.5, 115.2, 65.9,
46.3; HRMS (ESI) caled for CioH;3BrN;OsS [M+H]"
365.9759, found 365.9765.

N-(2-1iFd 55 -4- G DR 5 ) N bk -4 Tk 7 fie (4): 3 3 €

288.0654, found
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A, W 52%. m.p. 114~115 °C; '"H NMR (500 MHz,
CDCls) &: 10.07 (br, 1H), 8.62~8.57 (m), 7.95 (d, J=9.0
Hz, 1H), 7.89~7.84 (m), 3.76~3.74 (m, 2H), 3.35~3.33
(m, 2H); '3C NMR (125 MHz, CDCls) §: 138.5, 138.2,
134.7, 130.9, 120.1, 116.3, 106.3, 65.8, 46.3; HRMS (ESI)
caled for Cy;Hi3F3sN;0sS [M+H]® 356.0528, found
356.0533.

N-(2- il 2 -4- — 550 FF 5 DR 68 ) N -4 - sk ke (4g): v
FOEAE, BF 52%. mp. 113~114 °C; 'H NMR (500
MHz, CDCL3) J: 10.18 (br, 1H), 9.18 (d, J=2.5 Hz, 1H),
8.59~8.35 (m), 7.99 (d, J=9.5 Hz, 1H), 3.84~3.66 (m,
2H), 3.47~3.21 (m, 2H); 3C NMR (125 MHz, CDCL) &:
141.43, 140.21, 139.90, 139.89, 139.87, 134.20, 134.18,
134.15, 130.12, 130.05, 129.59, 123.48, 122.74, 122.69,
119.97, 119.63, 65.84, 46.41; HRMS (ESI) caled for
C1HisN4OsS [M+H]" 313.0607, found 313.0612.

N-(2,4- T 35 7% J5 ) N Ik -4- T T i (4hh): 6 €80 [ 44,
% 49%. m.p. 165~166 °C; 'H NMR (500 MHz, CDCls)
d: 10.00 (br, 1H), 8.55 (d, J=1.5 Hz, 1H), 7.97 (d, J=9.0
Hz, 1H), 7.87 (dd, J=9.0, 2.0 Hz, 1H), 3.80~3.66 (m,
2H), 3.41~3.25 (m, 2H); '*C NMR (125 MHz, DMSO-ds)
5 142.0, 134.4, 131.5, 125.5, 125.4, 125.0, 65.4, 45.9;
HRMS (ESI) caled for CjoH;;2NsNaO;S [M + H] "
355.0324, found 355.0329.

N-(2- il 5 -5- 0 OR 526 ) Pel R -4- T gk e (4i): 7 2 €[]
i, IR 45%. m.p. 119~120 °C; 'H NMR (500 MHz,
CDCls) 6: 9.84 (br, 1H), 8.12 (d, J=9.0 Hz, 1H), 7.99 (d,
J=2.0 Hz, 1H), 7.32 (dd, J=9.0, 2.0 Hz, 1H), 3.79~3.64
(m, 2H), 3.37~3.21 (m, 2H); *C NMR (125 MHz,
CDCls) 8: 135.65, 131.38, 127.48, 126.21, 122.62, 122.60,
65.95, 46.33; HRMS (ESI) calcd for C1oH;3CIN;OsS [M+
H]" 322.0264, found 322.0271.

N-(2- il 2 -5- Y8 2R 5 ) el bR -4 sk 1 fic (4): 9 2 €[]
1, YR 48%. m.p. 121~122 °C; 'H NMR (500 MHz,
CDCls) 6: 9.87 (br, 1H), 8.22 (d, J=9.0 Hz, 1H), 7.82 (d,
J=2.0 Hz, 1H), 7.16 (dd, J=9.0, 2.0 Hz, 1H), 3.79~3.64
(m, 2H), 3.37~3.21 (m, 2H); *C NMR (125 MHz,
CDCl) d: 142.7, 135.8, 134.0, 127.6, 123.2, 119.5, 65.9,
46.3; HRMS (ESI) caled for CjoHi3BrN;OsS [M+H]"
365.9759, found 365.9762.

N-(2-Titf F5-5- 5 25 2R k) Il I -4 - s T ¥ (4k): 7R 3R 8
44, U 49%. m.p. 118~119 °C; 'H NMR (500 MHz,
CDCls) 6: 9.76 (br, 1H), 8.36 (d, J=8.5 Hz, 1H), 8.13 (d,
J=1.5 Hz, 1H), 7.45 (dd, J=8.5, 1.5 Hz, 1H), 3.86~3.65
(m, 2H), 3.39~3.22 (m, 2H); *C NMR (125 MHz,

314 http://sioc-journal.cn/

© 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

CDCl;) d: 135.4, 127.3, 125.5, 123.7, 119.4, 116.3, 99.9,
65.9, 46.4; HRMS (ESI) calcd for C;H;3N40sS [M+H]"
313.0607, found 313.0612.

N-(2,6- il 358 2 56 ) e bR -4 i S e (4): 3% 0 o] 4,
% 46%. m.p. 152~153 °C; 'TH NMR (500 MHz, CDCl3)
5: 8.31 (br, 1H), 8.25 (d, J=8.0 Hz, 2H), 7.59 (t, J=8.0
Hz, 1H), 3.77~3.71 (m, 2H), 3.25~3.20 (m, 2H); B3C
NMR (125 MHz, CDCly) o: 148.9, 129.3, 129.2, 123.5,
65.4, 45.7; HRMS (ESI) caled for CoH 3NsNaO7S [M+
H]" 355.0324, found 355.0331.

N-(2- 55,6~ Jok % 5 ) Ml AR -4 - Tl T i (4 926 3 €[]
&, R 43%. m.p. 146~147 °C; '"H NMR (500 MHz,
CDCl;) 0: 7.92 (dt, J=8.5, 1.5 Hz, 1H), 7.88 (br, 1H), 7.48
(ddd, J=9.5, 8.5, 1.5 Hz, 1H), 7.38 (td, J=8.5, 5.0 Hz,
1H), 3.78~3.73 (m, 2H), 3.35~3.30 (m, 2H); *C NMR
(125 MHz, CDCls) &: 158.52, 156.50, 127.07, 127.00,
122.40, 122.22, 121.79, 121.66, 121.14, 121.11, 66.11,
46.32; HRMS (ESI) caled for CioH;35FN;OsS [M+H]"
306.0560, found 306.0568.

N-(2-Fif -3, 5- G 24 255 ) Il k-4 il 5 e (4m): 93
Ak, R 47%. mp. 129~130 °C; 'H NMR (500
MHz, CDCls) 6: 8.84 (br, 1H), 7.35 (ddd, J=10.5, 2.5, 2.0
Hz, 1H), 6.77 (ddd, J=10.5, 8.0, 2.5 Hz, 1H), 3.77~3.69
(m, 2H), 3.32~3.25 (m, 2H); *C NMR (125 MHz,
DMSO-ds) o: 165.70, 165.59, 163.65, 163.53, 158.78,
158.66, 156.66, 156.54, 136.34, 136.22, 103.33, 103.30,
103.10, 103.07, 100.91, 100.72, 100.70, 100.50, 65.86,
46.35; HRMS (ESI) caled for CioH;2F2N30sS [M+H]"
324.0466, found 324.0472.

322 MFRFEHER

35 HURSURE VL6 T IR — SR K SRR, 0.1% i Bl R
WHCH T 10 min, PR SRR TN & A oK 4R
B, MR SLIR Wt o il N AR RN (8 A 2
BK, SEEAIN— IR ENE IR, JFE T
B IRAE(26 °C, 14 h/HEHE 100%. 10 b/ ), K[ —Hf
[ SR 1R 2 4
KEFFR (%)= (5 2 KK FH/HEHA S E) X 100%
FIHIZE(%) = (1 — S50 4 R 7 2256 R AR 27 22) X 100%
323 HFEER

FTIFBE 2 http://www.resb.org, i 24K 3NEG H:4%
#| PDB ID ‘A https://doi.org/10.2210/pdb3NEG/pdb, it
Download Files, #{ PDB Format ##&. F#4]JF Sybyl-
X 2.0 $ N\ LR, H LA Pyrabactin R 4375 S
e, InESERAE& . B ST S Re E R AL
BAEE 0.01 (kcal*mol '*A™"), i AIERKEL 10000 ¥k; H
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