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Abstract Pseudomonas aeruginosa PAO1 is a Gram-negative, opportunistic bacterial human pathogen which infects
immunocompromised individuals. The bacterium carries a type III secretion system (T3SS) as a major virulence determinant.
The strategy of T3SS inhibitors is to prevent the bacterium from injecting effector proteins into the host, and causing a change
in the pathophysiology of the host cells. Based on the structure of a known T3SS inhibitor of P. aeruginosa, 20 new
a-phenoxyacetamide derivatives have been designed and synthesized, and the structure-activity relationship results for these
new derivatives have been discussed. Five derivatives have shown strong inhibitory effect against exoS gene expression of P.
aeruginosa, and among them, N-(2-pyridylmethyl)-2-(2,4-dichlorophenoxy)-butanamide (5r) has not only exhibited stronger
potency than the known T3SS inhibitor, but also better solubility in aqueous solution.
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Figure 1 Some known T3SS inhibitors
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Jiih. R, IR A MR PAOT ML 25 AU AR 22,
B T H ARG 25 AL, %490 BRI IR 25 5 3R 153 5 K 24
PEPL WFSUR I, T3SS A% 1M 51 AL 3% St gL (2L
RO ST LK 3 BN 4> TR 1 ExoS, ExoT Al
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ExoS Ji:f £ 41 M 5 2, e nl LA 40 i A% | Bk
MHATER, LSRR L 5 40 e vy o an i e, i T
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Table 1 Structures and bioactivity of compounds 5a~5u

B 2 )5 3 1 36 PEAS I 4% /& pPROBE-AT, 3K 3 i ki
pAT-exoS, JiALh R £ 1.

Compd. Structure Avg MFI£SD Precipitate in LB medium*
None — 192.56+3.97 —
cl o)
5 O%N 93.64+0.7 Y.
a Hﬁ > 64+0. es
cl
Me (6]
0 0
5h Nﬁ 272.3+4.18 Yes
H )
Me
Br (6]
O o}
5c Nﬁ 265.45+9.23 Yes
H )
Br
F 0
o o}
s5d Nﬁ 286.07+8.45 Yes
H )
F
cl o)
O 0
5e Hﬁ ) 52.07+0.75 Yes
cl ¢
cl o)
O N Ie)
sf H ) 269.74+13.53 Yes
cl
cl o)
O N le)
5g H > 235.67+7.68 Yes
cl 0
cl o)
O 0
5h Hﬁ S 285.14+4.34 Yes
cl ¢
cl o)
O 0
5i /©/ %ﬁﬁ) 181.42£2. 43 No
Cl (o) 0
\
F o)
. ) Q
5 Hﬁ S 244.46+2.33 Yes
F d
Br (0]
o 0
5k Hﬁ ) 241.42+5.82 Yes
Br o
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Figure 2  Alteration of the production of T3SS effector ExoS by
T3SS inhibitors

P. aeruginosa PAO1 cells were grown in LB broth supplemented with 10
mmol/L NTA, and 250 pmol/L inhibitors. The same volume of DMSO was
added to the culture as a negative control (lane 1). The Western blot was per-
formed using an anti-ExoS antibody. (A) The results for derivatives Sa~5f, 5Sh
and 50; (B) results for 5r
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WA T 20 B a- RESEBEIBI AT AR, REHETT
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(TMS h I x).

S BT A 2R B A2 7 T 50 4E: Sigma-Aldrich,
LM ANRTRE T JoK DS 220 4 JE Ak 2, AR
WAICHMEE. M. ZRONE. TP
W)k 43 K 4k,

32 hEVIMERTE
3.2.1 3a~3n #9458k

FRICE®Y 1 (5 mmol) - 100 mL [F L, AT
IKBEBREN(1.73 g, 12.5 mmol). (30 mL)FI 2-ACHR
FE(5.5 mmol), JN#ARIAE 8~ 12 h(## 2 i TLC Hail
SN HERD). RNPIA I =, g SRR AR, F e
WZET G IMAZKGB0 mL), T 418 ZEEAH (30 mL X 3),
RIS HT7K (20 mL X 2) I FI £ 57K (20 mL)
ek, JCKBRBREBET . DRIk 4E, HL= 92 f A
ENT B LR LTR) - VA ) =1 8~1 : 3]
15 3a~3n.

2-(2,4-HURR)- AR TR 3a)l'Y (R'=2-Cl, R*=
4-Cl, R*=CHy): # {1k, ™% 92%. 'H NMR (300
MHz, CDCl3) 8: 7.38 (d, J=3 Hz, 1H), 7.14 (dd, J=3.0,
9.0 Hz, 1H), 6.78 (d, J=9.0 Hz, 1H), 4.73 (q, J=6.0 Hz,
1H), 3.75 (s, 3H), 1.68 (d, J=9.0 Hz, 3H).

2-(2,4- - H L ZK )~ TN IR F 5 (3b) (R' = 2-CHs,
R*=4-CHj;, R*=CH,): ¥R, 7% 93%. 'H NMR
(300 MHz, CDCl3) 6: 6.96 (s, 1H), 6.87 (d, J=3.0 Hz,
1H), 6.58 (d, J=9.0 Hz, 1H), 4.70 (q, J=6.0 Hz, 1H), 3.74
(s, 3H), 2.24 (s, 6H), 1.61 (d, J=6.0 Hz, 3H).

2-(2,4- IR AE)-NIR FE(3e)"! (R'=2-Br, R*=
4-Br, R*=CH;): # Ak, 3% 94%. 'H NMR (300
MHz, CDCl;) 6: 7.69 (d, J=2.4 Hz, 1H), 7.32 (dd, J=2.4,
9.0 Hz, 1H), 6.68 (d, J=8.7 Hz, 1H), 4.73 (q, J=6.9 Hz,
1H), 3.76 (s, 3H), 1.68 (d, J=6.9 Hz, 3H).

2-(2,4-HAA)-NIR T E(3d) (R'=2-F, R°=4-F,
R*=CH;): ¥ ik, 7% 91%. 'H NMR (300 MHz,
CDCl3) 6: 6.96~6.76 (m, 3H), 4.70 (q, J=6.9 Hz, 1H),
3.76 (s, 3H), 1.65 (d, J=6.9 Hz, 3H).

2-(2,4- “HARE)- TR H g (3e) (R'=2-Cl, R*=
4-Cl, R*=CH,CH,): Bk, 72 93%. "H NMR (400
MHz, CDCl;) 6: 7.38 (d, J=2.4 Hz, 1H), 7.13 (dd, J=2.4,
8.8 Hz, 1H), 6.72 (d, J=8.8 Hz, 1H), 4.56 (q, J=6.0 Hz,
1H), 3.76 (s, 3H), 2.08~2.01 (m, 2H), 1.11 (t, J=7.2 Hz,
3H).

2-(2,4- R AEHE)- LR LB (3N [R'=2-Cl, R*=
4-Cl, RP*=(CH,),CH;]: ¥ ilifk, 3% 95%. 'H NMR
(300 MHz, CDCLy) d: 7.38 (d, J=2.7 Hz, 1H), 7.14 (dd,
J=2.4,8.7 Hz, 1H), 6.73 (d, J=8.1 Hz, 1H), 4.61 (dd, J=

http://sioc-journal.cn/ 1313
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4.8, 7.8 Hz, 1H), 4.27~4.19 (m, 2H), 2.09~1.97 (m, 2H),
1.65~1.55 (m, 2H), 1.27 (t, J=7.2 Hz, 3H), 1.01 (t, J=
7.2 Hz, 3H).

2-2,4- —EAH) R T HE(3g) [R'=2-Cl, R*=
4-Cl, RP*=(CH,);,CHs]: ¥ iifk, % 94%. 'H NMR
(400 MHz, CDCLy) d: 7.37 (d, J=2.4 Hz, 1H), 7.13 (dd,
J=2.8, 8.8 Hz, 1H), 6.72 (d, J=8.8 Hz, 1H), 4.59 (dd, J=
4.8, 7.2 Hz, 1H), 3.76 (s, 3H), 2.05~1.97 (m, 2H), 1.53~
1.49 (m, 2H), 1.41~1.34 (m, 2H), 0.93 (t, J=7.2 Hz, 3H).

2-2,4- R A TR 4 B3N (R =2-C,
R*=4-Cl, R*=CH(CH,),): ¥ W1k, 7% 52%. 'H
NMR (300 MHz, CDCl;) 8: 7.38 (d, J=2.4 Hz, 1H), 7.14
(dd, J=2.4, 8.7 Hz, 1H), 6.71 (d, J=9.0 Hz, 1H), 4.38
(d, J=5.1 Hz, 1H), 4.24 (q, J=7.2 Hz, 2H), 2.43~2.32
(m, 1H), 1.27 (t, J=7.2 Hz, 3H), 1.13 (dd, J=6.0, 6.9 Hz,
6H).

2-(2,4- R AER)- T R EE(3j) (R'=2-F, R°=4-F,
R®=CH,CH;): ¥ i1k, /% 94%. 'H NMR (400
MHz, CDCl;) d: 6.95~6.83 (m, 2H), 6.78~6.72 (m, 1H),
4.52 (t, J=6.0 Hz, 1H), 3.75 (s, 3H), 2.04~1.97 (m, 2H),
1.10 (t, J=7.2 Hz, 3H).

2-(2,4- W AHA)- T R T EE(3k) (R'=2-Br, R’=
4-Br, R*=CH,CH,): #{aifi{k, 1“3 92%. "H NMR (400
MHz, CDCl3) 6: 7.68 (d, J=2.4 Hz, 1H), 7.31 (dd, J=2.0,
6.4 Hz, 1H), 6.62 (d, J=8.8 Hz, 1H), 4.56 (t, J=6.0 Hz,
1H), 3.75 (s, 3H), 2.09~2.02 (m, 2H), 1.11 (t, J=7.6 Hz,
3H).

2-(4-F RS- TIRFEEEN!' R'=H, R*=4-Cl,
R®=CH,CH;): #{ (Al {k, /% 93%. 'H NMR (400
MHz, CDCLy) 6: 7.22 (d, J=8.8 Hz, 2H), 6.81 (d, J=8.8
Hz, 2H), 4.53 (t, J=6.0 Hz, 1H), 3.75 (s, 3H), 2.02-1.95
(m, 2H), 1.07 (t, J=7.6 Hz, 3H).

2-(4-FEHEAA) - T R FE(3m) (R'=H, R*=4-NO,,
R’ =CH,CH;): T i1k, % 94%. 'H NMR (300
MHz, CDCLy) d: 8.19 (dd, J=2.4, 7.2 Hz, 2H), 6.93 (dd,
J=2.4,7.2 Hz, 2H), 4.69 (t, J=6.0 Hz, 1H), 3.78 (s, 3H),
2.09~2.00 (m, 2H), 1.09 (t, J=6.0 Hz, 3H).

2-[3,4-(K AL ) AR HE- TR T BR(3n) R, RP=
34-K 3L — 4, R*=CH,CH,): ¥k, 77% 86%.
'H NMR (400 MHz, CDCl3) 6: 6.67 (d, J=8.4 Hz, 1H),
6.51 (s, 1H), 6.29 (d, J=8.4 Hz, 1H), 5.91 (s, 2H), 4.45 (t,
J=6.4 Hz, 1H), 3.75 (s, 3H), 1.99~1.91 (m, 2H), 1.06 (t,
J=7.6 Hz, 3H).

3.2.2 4da—d4n #94RaE Tk
¥ 1 3a~3n (3 mmol)#% T~ FEE(10 mL)F17K (10 mL)
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OISR 1S5 mmol), FILBEFE 5 h R HEE
Jei, JAFGERER T pH & 2~3, A7 EAHTH, HhiE,
AKTE, T, £3 A 4E 4a~4n.

2-(2,4- HIFER)- R (a)l'™ R'=2-Cl, R*=4-CI,
R’=CH,): A1k, 7% 80%. 'H NMR (500 MHz,
CDCl3) d: 7.40 (d, J=2.5 Hz, 1H), 7.17 (dd, J=2.0, 8.5
Hz, 1H), 6.84 (d, J=9.0 Hz, 1H), 4.78 (q, J=5.0 Hz, 1H),
1.71 (d, J=5.0 Hz, 3H).

2-2.4- FHERA)- IR b)Y (R'=2-CH;, R’=
4-CH,, R*=CHy): HfE K, % 73%. '"H NMR (400
MHz, CDCL) ¢: 6.98 (s, 1H), 6.91 (d, J=8.0 Hz, 1H),
6.64 (d, J=8.0 Hz, 1H), 4.73 (q, J=8.0 Hz, 1H), 2.24 (d,
J=4.0 Hz, 6H), 1.64 (d, J=4.0 Hz, 3H).

2-(2,4- RIS -N R (40)' (R'=2-Br, R?=4-Br,
R’=CH,): AE1A, 723 79%. 'H NMR (400 MHz,
CDCly) 8: 7.71 (d, J=2.4 Hz, 1H), 7.35 (dd, J=2.4, 8.8
Hz, 1H), 6.74 (d, J=8.4 Hz, 1H), 4.78 (q, J=6.8 Hz, 1H),
1.72 (d, J=17.2 Hz, 3H).

2-(2,4- " HIRE)- N R (4d)* (R'=2-F, R*=4-F, R’
=CH;): Ak, 7735 91%. 'H NMR (400 MHz,
CDCly) §: 7.01 ~6.95 (m, 1H), 6.91~6.85 (m, 1H),
6.81~6.76 (m, 1H), 4.74 (q, J=7.2 Hz, 1H), 1.67 (d, J=
6.8 Hz, 3H).

2-2,4-H A T RMe)?! (R'=2-Cl, R?=4-Cl,
R’=CH,CH;): 14k, =% 85%. 'H NMR (500
MHz, CDCl;) 6: 7.39 (d, J=2.5 Hz, 1H), 7.16 (dd, J=2.5,
9.0 Hz, 1H), 6.78 (d, J=8.5 Hz, 1H), 4.63 (t, J=6.0 Hz,
1H), 2.12~2.06 (m, 2H), 1.14 (t, J=7.5 Hz, 3H).

2-(2,4- E )RR 4N (R'=2-Cl, R*=4-C],
R’=(CH,),CHy): [1{a[ &, =% 90%. 'H NMR (400
MHz, CDCl;) 6: 7.39 (d, J=2.4 Hz, 1H), 7.16 (dd, J=2.4,
8.8 Hz, 1H), 6.77 (d, J=8.8 Hz, 1H), 4.67 (dd, J=4.8, 7.2
Hz, 1H), 2.09~1.95 (m, 2H), 1.64~1.56 (m, 2H), 0.99 (t,
J=17.6 Hz, 3H).

2-(2,4- A AE)-C R4 [R'=2-Cl, R*=4-Cl,
R}=(CH,);CHs]: [1fa [k, F=% 93%. 'H NMR (400
MHz, CDCl;) 6: 7.39 (d, J=2.4 Hz, 1H), 7.16 (dd, J=2.4,
8.8 Hz, 1H), 6.77 (d, J=8.8 Hz, 1H), 4.66 (t, J=6.0 Hz,
1H), 2.08~2.01 (m, 2H), 1.59~1.51 (m, 2H), 1.43~1.36
(m, 2H), 0.93 (t, J=7.2 Hz, 3H).

2-(2,4- KA )L IR @h)'Y [R'=2-Cl, R*=
4-Cl, R*=CH(CH,),]: Ak, 7% 65%. 'H NMR
(300 MHz, CDCLy) d: 7.38 (d, J=2.7 Hz, 1H), 7.14 (dd,
J=2.4,8.7 Hz, 1H), 6.73 (d, J=8.7 Hz, 1H), 4.46 (d, J=
3.0 Hz, 1H), 2.45~2.34 (m, 1H), 1.14 (dd, J=2.7, 6.9 Hz,
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6H).

2-(2,4- AR -3- AL N IR (4i) (R'=2-Cl, R*=
4-Cl, R’>=CH,OCH;): H[E{E, F=% 78%. 'H NMR
(300 MHz, CDCl3) 6: 7.39 (d, J=2.4 Hz, 1H), 7.17 (dd,
J=2.4,8.7 Hz, 1H), 691 (d, J=8.7 Hz, 1H), 481 (t, J=
3.9 Hz, 1H), 4.02~3.93 (m, 2H), 3.50 (s, 3H).

2-(2,4-FHAE)- TR (4j) (R'=2-F, R*=4-F, R’=
CH,CH,): M4k, =% 89%. 'H NMR (400 MHz,
CDCl3) §: 7.00~6.95 (m, 1H), 6.90~6.85 (m, 1H), 6.78
(t, J=8.8 Hz, 1H), 4.58 (t, J=6.0 Hz, 1H), 2.08~2.01 (m,
2H), 1.13 (t, J=7.6 Hz, 3H).

2-(2,4- IR AH)- T R(4k) (R'=2-Br, R?=4-Br,
R’=CH,CH,): [k, /% 93%. 'H NMR (400
MHz, CDCl3) 6: 7.70 (d, J=2.4 Hz, 1H), 7.35 (dd, J=2.4,
6.4 Hz, 1H), 6.68 (d, J=8.8 Hz, 1H), 4.64 (t, J=6.0 Hz,
1H), 2.11~2.08 (m, 2H), 1.14 (t, J=7.6 Hz, 3H).

2-(4-FKRE)- TR (R'=H, R*=4-Cl, R’=
CH,CH,): FI 4k, F% 79%. 'H NMR (400 MHz,
CDCl3) 6: 7.25 (d, J=11.2 Hz, 2H), 6.84 (d, J=8.8 Hz,
2H), 4.57 (t, J=6.0 Hz, 1H), 2.04~2.01 (m, 2H), 1.10 (t,
J=17.6 Hz, 3H).

2-(4-filHE 240~ T R (4m) (R'=H, R’=4-NO,, R’=
CH,CH,): H i1k, % 78%. 'H NMR (400 MHz,
CDCl;) 6: 8.20 (d, J=8.4 Hz, 2H), 6.96 (d, J=8.8 Hz,
2H), 4.74 (t, J=6.0 Hz, 1H), 2.11~2.06 (m, 2H), 1.13 (t,
J=7.2 Hz, 3H).

2-[3,4-(C HIE 4 K- T He(4m) (R', R*=3,4-1K
3L 40, RP=CH,CH;): A4k, 773% 94%. 'H
NMR (400 MHz, CDCl;) 8: 6.69 (d, J=8.4 Hz, 1H), 6.53
(s, 1H), 6.33 (d, J=8.4 Hz, 1H), 5.93 (s, 2H), 4.50 (t, J=
5.6 Hz, 1H), 2.04~1.96 (m, 2H), 1.09 (t, J=7.6 Hz, 3H).
3.2.3 5a~5m A= 50~5s 896 mRiB A

2 4a~4n (1.1 mmol), HOBt (1.2 mmol), EDCI (1.2
mmol)¥%#T- DMF (6 mL)"H, MIAAHMNIZ(1.3 mmol),
FHEEE 30 min 5, VKA, PN A SR
(3.3 mmol), 20 min J5# 20K, FEBFELA. Ky
I8 N T RN S A A (30 mL), 4R £ TS A I (30
mL X 3), & IFMATGE K15 mL X 2)F1 fl & kK
(15 mL)ZHIPEE, JCKBRIRE: T 780k LR 416, M
FEM G IR JZ AT B AL V(LR L B8) - V(A
fif)y=1 : 5], #3%] 5a~5m I 50~5s.

N-[3,4-(K H L —400) 2K 1-2-(2,4- —%UR ) - T Bk
fe(5a) ' A A, PR 53%. mp. 120~123 C; 'H
NMR (500 MHz, CDCl;) d: 7.37 (d, J=2.5 Hz, 1H), 7.18
(dd, J=2.5, 8.5 Hz, 1H), 6.92 (br, 1H), 6.85 (d, J=9.0 Hz,
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1H), 6.75~6.68 (m, 3H), 5.95 (s, 2H), 4.72 (q, J=6.5 Hz,
1H), 4.43~4.34 (m, 2H), 1.63 (d, J=7.0 Hz, 3H); °C
NMR (75 MHz, CDCl3) : 170.90, 151.26, 147.93, 147.04,
131.52, 130.28, 127.95, 127.47, 124.50, 120.89, 116.11,
108.31, 108.14, 101.11, 76.75, 42.95, 18.49; ESI-MS m/z:
366 [M—H] .

N-[3,4-(T% 1 —400) W 1-2-(2,4- — W24~ 1A
Bk (Sb): AR AA, P2 75%. mp. 97~99 C; 'H
NMR (400 MHz, CDCly) 6: 6.97 (s, 1H), 6.92 (d, J=8.4
Hz, 1H), 6.73~6.68 (m, 5H), 5.94 (s, 2H), 4.65 (q, J=6.8
Hz, 1H), 4.44~4.32 (m, 2H), 2.56 (s, 3H), 2.19 (s, 3H),
1.58 (d, J=6.8 Hz, 3H); *C NMR (100 MHz, CDCl;) 6
172.42, 153.03, 147.94, 146.98, 131.91, 131.85, 131.23,
127.31, 126.98, 120.80, 113.05, 108.29, 108.13, 101.06,
76.62, 42.80, 20.44, 18.91, 16.34; ESI-MS m/z: 328 [M+
H]".

N-[3,4-(IR L 40 R 2K ]-2-(2,4- IR RS- TN I
[ (5e): A REA, =35 71%. mp. 136~138 C; 'H
NMR (400 MHz, CDCLy) 6: 7.67 (d, J=2.4 Hz, 1H), 7.37
(dd, J=2.4, 8.8 Hz, 1H), 6.96 (br, 1H), 6.77~6.69 (m,
4H), 5.95 (s, 2H), 4.73 (q, J=6.8 Hz, 1H), 4.44~4.34 (m,
2H), 1.64 (d, J=6.8 Hz, 3H); *C NMR (100 MHz, CDCl5)
5: 170.78, 152.60, 147.95, 147.07, 135.81, 131.59, 131.53,
120.92, 116.04, 114.68, 113.87, 108.33, 108.19, 101.11,
76.59, 43.01, 18.42; ESI-MS m/z: 458 [M+H]".

N-[3,4-(IR AL 50 "R K ]-2-(2,4- AR 50~ T T
fi(5d): FAMGEE, 7% 50%. mp. 68~71 C; 'H NMR
(400 MHz, CDCly) d: 6.96~6.70 (m, 6H), 5.95 (s, 2H),
4.63 (q, J=6.8 Hz, 1H), 4.44~4.34 (m, 2H), 1.59 (d, J=
6.8 Hz, 3H); °C NMR (75 MHz, CDCly) §: 171.24,
159.29, 159.15, 155.91, 154.92, 154.76, 151.62, 151.46,
147.94, 147.05, 141.32, 141.22, 131.63, 120.98, 118.72,
118.69, 118.60, 118.57, 111.17, 111.12, 110.87, 110.82,
108.31, 108.21, 105.58, 105.28, 105.22, 104.93, 101.11,
77.97, 42.93, 18.58; ESI-MS m/z: 358 [M+Na]".

N-[34-(R F 3L 40 R 3K -2-2.4- AR~ T Ik
[ (5e): FAREAA, 723 60%. mp. 115~117 C; 'H
NMR (500 MHz, CDCl;) 8: 7.37 (d, J=2.5 Hz, 1H), 7.17
(dd, J=2.5, 9 Hz, 1H), 6.82 (d, J=8.5 Hz, 1H), 6.73~
6.66 (m, 3H), 5.94 (s, 2H), 4.61 (t, J=5.5 Hz, 1H), 439~
436 (m, 2H), 2.06~2.01 (m, 2H), 1.05 (t, J=7.5 Hz, 3H);
BC NMR (75 MHz, CDCl;) 6: 170.29, 151.66, 147.91,
147.03, 131.57, 130.26, 127.92, 127.25, 124.27, 120.91,
115.76, 108.30, 108.15, 101.12, 81.43, 42.92, 25.74, 9.04;
ESI-MS m/z: 380 [M—H] .
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N-[3,4-(IR AL 50 "R Ak ]-2-(2,4- — SR %)~ I
22 (56): ([ R, 75 63%. mp. 103~106 C; 'H
NMR (400 MHz, CDCL3) 6: 7.36 (d, J=2.8 Hz, 1H), 7.16
(dd, J=2.4, 8.8 Hz, 1H), 6.81 (d, J=8.8 Hz, 1H), 6.77 (br,
1H), 6.73~6.64 (m, 3H), 5.94 (s, 2H), 4.63 (t, J=5.6 Hz,
1H), 4.36 (d, J=6 Hz, 2H), 2.00~1.94 (m, 2H), 1.56~
1.49 (m, 2H), 0.95 (t, J=7.6 Hz, 3H); *C NMR (100
MHz, CDCls) 6: 170.54, 151.78, 147.94, 147.07, 131.57,
130.28, 127.93, 127.26, 124.21, 120.91, 115.63, 108.30,
108.15, 101.12, 80.58, 42.95, 34.72, 18.17, 13.77; ESI-MS
m/z: 396 [M+H]".

N-[3,4-(IR AR 50 R ]-2-(2,4- — SR - O
12 (5g): AR, 5% 65%. mp. 101~103 C; 'H
NMR (400 MHz, CDCl3) 6: 7.36 (d, J=2.4 Hz, 1H), 7.16
(dd, J=2.4, 8.8 Hz, 1H), 6.81 (d, J=8.8 Hz, 1H), 6.78 (br,
1H), 6.73~6.64 (m, 3H), 5.94 (s, 2H), 4.62 (t, J=5.6 Hz,
1H), 4.35 (t, J=6.0 Hz, 2H), 2.01~1.96 (m, 2H), 1.51~
1.43 (m, 2H), 1.39~1.30 (m, 2H), 0.90 (t, J=7.2 Hz, 3H);
C NMR (100 MHz, CDCly) d: 170.53, 151.79, 147.95,
147.07, 131.60, 130.28, 127.93, 127.27, 124.24, 120.92,
115.69, 108.29, 108.17, 101.11, 80.77, 42.95, 32.39, 26.89,
22.39, 13.88; ESI-MS m/z: 432 [M+Na]".

N-[3,4-(IR A 50 R K ]-2-(2,4- SR %) -7+ 1%
FEAPH (5hy: A GEE, 77% 55%. mp. 71~75 C; 'H
NMR (300 MHz, CDCLy) 6: 7.36 (d, J=2.4 Hz, 1H), 7.15
(dd, J=2.7, 9.0 Hz, 1H), 6.79 (d, J=8.7 Hz, 1H), 6.73~
6.61 (m, 4H), 5.94 (s, 2H), 4.43 (d, J=3.9 Hz, 1H), 4.36~
428 (m, 2H), 2.41~2.30 (m, 1H), 1.08 (d, J=6.9 Hz,
6H); “C NMR (75 MHz, CDCly) o: 169.93, 152.25,
147.88, 147.02, 131.54, 130.22, 127.92, 127.08, 124.08,
120.99, 115.42, 108.27, 108.21, 101.11, 8532, 4291,
31.81, 18.93, 17.13; ESI-MS m/z: 418 [M+Na]".

N-[3,4-(IK L —480) " 4L 1-2-(2,4- — SUEA)-3- 1
SRR (S1): Bk, 7% 61%. mp. 105~107
‘C; '"H NMR (300 MHz, CDCls) ¢: 7.36 (d, J=0.9 Hz,
1H), 7.18 (d, J=4.2, Hz, 1H), 7.14 (br, 1H), 7.02 (d, J=
5.4 Hz, 1H), 6.74-6.69 (m, 3H), 5.94 (s, 2H), 4.75 (d, J=
1.8 Hz, 1H), 4.39 (d, J=1.5 Hz, 2H), 3.95~3.84 (m, 2H),
3.43 (s, 3H); °C NMR (75 MHz, CDCl) &: 167.96,
152.03, 147.92, 147.02, 131.35, 130.10, 128.06, 127.97,
124.64, 120.92, 117.66, 108,29, 108.21, 101.10, 81.36,
72.70, 59.59, 43.11; ESI-MS m/z: 420 [M~+Na]".

N-[3,4-( I 40) "R AR ]-2-(2,4- 9 R )~ T 1t
W(5): EGER, P73 67%. m.p. 74~76 C; '"H NMR
(400 MHz, CDCLy) d: 6.94~6.68 (m, 7H), 5.94 (s, 2H),
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4.52 (t, J=5.6 Hz, 1H), 4.42~4.36 (m, 2H), 2.03~1.96
(m, 2H), 1.05 (t, J=7.6 Hz, 3H); *C NMR (100 MHz,
CDCly) d: 170.61, 157.48 (dd, Jr.c=243, 10 Hz), 153.03
(dd, Jp.c=248, 12 Hz) , 147.97, 147.07, 141.94 (dd, Jr.c=
11, 4 Hz), 131.73, 120.99, 118.26 (dd, Jr.c=10, 3 Hz),
110.97 (dd, Jp.c=22, 4 Hz), 108.30, 108.22, 105.23 (dd,
Jr.c =26, 22 Hz), 101.10, 82.88, 42.95, 25.93, 9.04;
ESI-MS m/z: 350 [M+H]".

N-[3,4-(IK 1 HE 580) "N Ak 1-2-(2,4- IRIR )~ T Mt
fE(5Kk): A E A, % 47%. mp. 134~136 C; 'H
NMR (400 MHz, CDCl3) &: 7.67 (s, 1H), 7.35 (d, J=8.4
Hz, 1H), 6.88 (br, 1H), 6.83~6.65 (m, 4H), 5.95 (s, 2H),
4.63 (t, J=5.2 Hz, 1H), 4.42~4.33 (m, 2H), 2.07~2.01
(m, 2H), 1.04 (t, J=7.2 Hz, 3H); *C NMR (100 MHz,
CDCly) d: 170.15, 152.97, 147.96, 147.08, 135.82, 131.61,
131.56, 120.94, 115.75, 114.50, 113.62, 108.33, 108.20,
101.13, 81.23, 42.99, 25.62, 8.99; ESI-MS m/z: 472 [M+
H]".

N-[3,4-(% F 3k 50 3K ]-2-(4- SR 5~ T I (S)):
HERE A, P2% 81%. mp. 96~98 ‘C; 'H NMR (400
MHz, CDCLy) d: 7.23 (d, J=8.8 Hz, 2H), 6.82 (d, J=8.8
Hz, 2H), 6.72~6.61 (m, 3H), 6.54 (br, 1H), 5.94 (s, 2H),
451 (t, J=6.4 Hz, 1H), 4.41~4.29 (m, 2H), 2.04~1.91
(m, 2H), 1.03 (t, J=7.2 Hz, 3H); *C NMR (100 MHz,
CDCly) d: 171.01, 155.98, 147.97, 147.08, 131.70, 129.69,
127.11, 120.90, 116.84, 108.28, 108.17, 101.12, 80.48,
42.88,26.11, 9.32; ESI-MS m/z: 348 [M~+H]".

N-[3,4-(% F 2 2 500) R 3 ]-2-(4- M SR 40— T B ke
(5m): AR, 773 78%. m.p. 118~120 C; 'H NMR
(400 MHz, CDCl;) d: 8.19 (dd, J=2.4, 7.2 Hz, 2H), 6.97
(dd, J=2.4, 7.2 Hz, 2H), 6.70~6.56 (m, 3H), 6.39 (br,
1H), 5.92 (s, 2H), 4.66 (t, J=5.0 Hz, 1H), 4.34 (d, J=6.0
Hz, 2H), 2.06~1.99 (m, 2H), 1.05 (t, J=7.2 Hz, 3H); °C
NMR (100 MHz, CDCly) &: 170.02, 162.09, 148.00,
147.17, 142.50, 131.46, 126.07, 120.99, 115.44, 108.28,
108.07, 101.19, 80.70, 42.98, 26.09, 9.31; ESI-MS m/z:
359 [M+H]".

N-(3,4- G R HE)-2-(2,4- SR T Wi (So): H
A, P2 78%. mp. 123~125 C; 'H NMR (300
MHz, CDCl;) §: 7.40~7.36 (m, 2H), 7.26 (s, 1H), 7.19
(dd, J=2.7, 9.0 Hz, 1H), 7.04 (dd, J=2.1, 8.1 Hz, 1H),
6.96 (br, 1H), 6.83 (d, J=9.0 Hz, 1H), 4.65 (t, J=5.4 Hz,
1H), 4.51~4.36 (m, 2H) 2.09~2.00 (m, 2H), 1.05 (t, J=
7.2 Hz, 3H); “C NMR (75 MHz, CDCl;) §: 170.59,
151.51, 138.10, 132.75, 131.60, 130.63, 130.37, 129.34,
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128.03, 127.51, 126.77, 124.25, 115.73, 81.29, 4191,
25.68, 8.99; ESI-MS m/z: 406 [M—H] .

N-(2-Bf Ik )-2-(2,4- SR %0)- T Bt (Sp): 11 (Al
1, 773 64%. m.p. 83~86 ‘C; 'H NMR (300 MHz,
CDCLy) 0: 7.38 (d, J=2.4 Hz, 1H), 7.33~7.32 (m, 1H),
7.16 (dd, J=2.7, 9.0 Hz, 1H), 6.90 (br, 1H), 6.81 (d, J=
8.7 Hz, 1H), 6.30 (dd, J=2.1, 3.3 Hz, 1H), 6.19~6.17 (m,
1H), 4.60 (t, J=5.4 Hz, 1H), 4.55~4.42 (m, 2H), 2.07~
1.98 (m, 2H), 1.03 (t, J=7.2 Hz, 3H); *C NMR (75 MHz,
CDCly) d: 170.30, 151.70, 150.73, 142.33, 130.26, 127.91,
127.27, 12435, 115.82, 110.40, 107.42, 81.45, 36.12,
25.65, 8.89; ESI-MS m/z: 350 [M+Na]".

N-(2-WE Wy K& F L )-2-(2,4- S K50~ T Wiz (5q):
F A, 7% 87%. m.p. 100~102 °C; 'H NMR (300
MHz, CDCl;) 0: 7.37 (d, J=2.4 Hz, 1H), 7.22~7.20 (m,
1H), 7.16 (dd, J=2.4, 8.7 Hz, 1H), 6.95~6.92 (m, 3H),
6.81 (d, J=8.7 Hz, 1H), 4.66 (t, J=5.7 Hz, 2H), 4.60 (t,
J=5.4 Hz, 1H), 2.08~1.99 (m, 2H), 1.04 (t, J=7.5 Hz,
3H); ®C NMR (75 MHz, CDCly) §: 170.22, 151.67,
140.41, 130.26, 127.93, 127.27, 126,87, 125.95, 125.33,
124.31, 115.82, 81.40, 37.92, 25.69, 8.97; ESI-MS m/z:
366 [M+Na]".

N-(2-MERE HE I HE)-2-(2,4- SRS~ T iz (5r): H
EE, 7% 85%. m.p. 74~77 “C; "H NMR (300 MHz,
CDCl;) 6: 8.5 (dd, J=0.9, 3.3 Hz, 1H), 7.67~7.62 (m,
2H), 7.38 (d, J=2.7 Hz, 1H), 7.22~7.12 (m, 3H), 6.84 (d,
J=9 Hz, 1H), 4.64 (t, J=5.4 Hz, 1H), 4.60 (t, J=5.1 Hz,
2H), 2.11~2.02 (m, 2H), 1.06 (t, J=7.5 Hz, 3H); “C
NMR (75 MHz, CDCl5) §: 171.28, 156.70, 152.44, 149.77,
137.43, 130.88, 128.40, 127.65, 125.07, 123.08, 122.44,
116.26, 81.90, 44.78, 26.38, 9.68; ESI-MS m/z: 339 [M+
H]".

N-[2-(2,4- 50 R H)-2-[3,4-(IX L )R- T
Wi (5s): Ak, =3 78%. mp. 75~77 C; 'H
NMR (400 MHz, CDCL3) §: 7.34 (s, 1H), 7.22~7.16 (m,
2H), 6.81 (br, 1H), 6.66 (d, J=8.4 Hz, 1H), 6.45 (d, J=2
Hz, 1H), 6.29 (dd, J=2, 8.4 Hz, 1H), 5.93 (s, 2H), 4.55~
4.45 (m, 2H), 4.42 (t, J=6.4 Hz, 1H), 2.00~1.86 (m, 2H),
1.00 (t, J=7.2 Hz, 3H); *C NMR (100 MHz, CDCl;) ¢:
171.73, 152.67, 148.49, 142.71, 134.17, 134.03, 130.72,
129.34, 127.28, 108.09, 107.16, 101.44, 98.94, 81.09,
40.44,26.07, 9.29; ESI-MS m/z: 404 [M+Na]".

324 N-[34-(CRFEZHR)FR]-2-4-IERE)-T
Bz (5m) 69 B A%,
¥ 5m (200 mg) ¥ T HEE(Q0 mL)H, A 10%
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Pd/C (10 mg), fEE/TAMF FEEHEFE S he RS -4
&, R, ARG, KIEWAT, I mad e
FEEMT B4 [ V(LR 4 B) - V(fhEd) =1 : 4], 15
F| 5n, WK, 772 69%. 'H NMR (400 MHz, CDCl;)
5: 6.75~6.71 (m, 4H), 6.66~6.60 (m, 4H), 5.93 (s, 2H),
4.45~438 (m, 2H), 4.34~4.27 (m, 1H), 2.03~1.85 (m,
2H), 1.02 (t, J=7.2 Hz, 3H); >*C NMR (100 MHz, CDCl5)
5: 171.89, 150.41, 147.87, 146.92, 141.20, 131.86, 120.88,
116.86, 116.35, 108.25, 108.20, 101.05, 80.84, 42.76,
26.10,9.35; ESI-MS m/z: 370 [M+Na]".

325 N-[34-(KF A ZR)F HE]2-24-—FKEA)
T B5(5t) 895 A%,

2-(2,4- S )~ 1 #(4e) (1.1 mmol), HOBt (1.2
mmol), EDCI (1.2 mmol)#+ DMF (6 mL)H', A
3,4-(K 3L 40 (1.3 mmol), =EWHFE 30 min J5,
VKA, PRI 5N 3 23 1%(3.3 mmol), 20 min 5
B Jovkity, SRR K SN I N TR A R
(30 mL), LIRABEFEINGE0 mL X 3), & IFIIAIE
K5 mLX2)FH A& k7K (15 mL) 7 Ak, oK
PR T, Z50% IR IR, =& ek A 2 M 4 15
AL CIR CTR) - V(AR =1 © 5], f A4 st
FEE 80%. m.p. 46~49 C; '"H NMR (400 MHz, CDCl5)
8: 7.35 (s, 1H), 7.04 (d, J=8.4Hz, 1H), 6.78~6.73 (m,
3H), 6.64 (d, J=8.8 Hz, 1H), 5.97 (s, 2H), 5.074 (q, J=12
Hz, 2H), 4.56 (t, J=6 Hz, 2H), 2.07~1.99 (m, 2H), 1.08
(t, J=7.6 Hz, 3H); *C NMR (100 MHz, CDCl;) J: 170.63,
152.32, 147.84, 147.79, 130.23, 128.88, 127.37, 126.70,
12451, 122.60, 115.34, 109.11, 108.21,101.27, 78.96,
66.98, 26.06, 9.52; ESI-MS m/z: 405 [M~+Na]".

32.6 N-[34-(CKFHR_F)FA]2-Q4-—AFH)
T BEAE(Su) 8 A A,

DL 2,4- U REREAN 2-00 T R IR 0 skl SR ARk
3a~3n W75, 13 2-(2,4- 50 FSE)- TR TEE, # O
1, Kedgith, HEMNT NP RN,

AR B R ) S A A K R, TR R LT
da~dn, 1§ 2-Q4-"FFHR)- TR, ARk, =%
97%. '"H NMR (300 MHz, CDCl;) d: 7.46 (d, J=8.1 Hz,
1H), 7.39 (d, J=2.1 Hz, 1H), 7.27 (dd, J=2.1, 8.4 Hz,
1H), 4.67 (q, J=12 Hz, 2H), 4.02 (t, J=5.7 Hz, 1H),
1.99~1.83 (m, 2H), 1.04 (t, J=7.5 Hz, 3H).

2-24-ZHNRR)-TRY 3,4-(IR ) R LS
B, RN AAERLT Sa~5m, 15 N-[3.4-(K 3 )%
H]-2-(2,4-FFE) - T B L (Sw), AEREE, =% 61%.
m.p. 80~83 C; '"H NMR (400 MHz, CDCls) d: 7.37 (s,
1H), 7.31 (d, J=8 Hz, 1H), 7.23 (d, J=8.4 Hz, 1H), 6.82
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(br, 1H), 6.76~6.69 (m, 3H), 5.95 (s, 2H), 4.57 (q, J=
12.0 Hz, 2H), 4.36 (d, J=5.6 Hz, 2H), 3.89 (t, J=5.6 Hz,
1H), 1.96~1.77 (m, 2H), 0.97 (t, J=7.6 Hz, 3H); "*C
NMR (100 MHz, CDCly) 6: 170.82, 146.93, 146.01,
133.60, 133.14, 132.52, 130.98, 129.64, 128.43, 126.25,
120.02, 107.28 (2 X C), 100.06, 80.78, 68.40, 41.79, 24.82,
8.19; ESI-MS m/z: 418 [M+Na]".

3.3 Bk, FRRAnEFEY

ASLEG LU SR B PAOL St %, + 30
CHEA AT NTA ¥ LB Bi =5 15 9%; GFP # kil &
Fi pAT-exoS HIH9EEZ: ISCHR[23]. GFP BRI 77722
Lk[23].

3.4 Western Blot 323§

W 1 R IR I 2B L B PAOT 4l d% 1 2 1000
FoRE 2T IR 5 A 4R BE 2 10 mmol/L NTA A1 250
umol/L #HIFI LB K5 723+, £55% 6 h J5 IUFE. Western
Blot S5 77 V52 I8 SCHR[23].
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