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Synthesis and Antibacterial Activities of Osthole Derivatives
Containing Phosphonateptide Fragment

Yang, Jiagiang™ Zhou, Xurong Chen, Yangmi She, Huixian
(Key Laboratory of Basic Pharmacology of Ministry of Education, School of Pharmacy,
Zunyi Medical University, Zunyi, Guizhou 563000)

Abstract Based on previous research, the structures of osthole derivatives with potential antibacterial activities were opti-
mized. Twenty-one novel derivatives containing phosphonateptide were designed and synthesized. The antibacterial activities
against S. aureus, E. coli, methicillin-resistant S. aureus (MRSA) and fluoroquinolone-resistant E. coli (FREC) were evaluated.
The results showed that the minimum inhibitory concentrations (MICs) of diethyl (£)-((2-(4-(7-methoxy-2-0x0-2H-chromen-
8-yl)-2-methylbut-2-enamido)acetamido)(3,4,5-trimethoxy phenyl)methyl)phosphonate (5f) were 0.25, 1.00, 1.00, 2.00 pg/mL
respectively, and the MICs of diethyl (E)-((2-(4-(7-methoxy-2-0x0-2H-chromen-8-yl)-2-methylbut-2-enamido)acetamido)-
(4-methylthiazol-2-yl)methyl)phosphonate (5u) were 0.25, 2.00, 1.00, 2.00 pg/mL, respectively. Its antibacterial activities were
superior to the control drugs of oxacillin and norfloxacin, which will be further developed as novel candidates for antibacterial
drugs. The binding with phosphonateptide can enhance their anti-S. aureus and anti-MRSA activities, and keep significant
anti-E. coli and anti-FREC activities.

Keywords osthole derivatives; structural optimization; phosphonateptide; synthesis; antibacterial activity
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& 0 (O] A ER B (MRSA)VEPEIL T 0 IR 2, A b kAT
HE— B AR AL DL TR E .
R mEEREEN TR —, 25017,
[ gl Z%4§§r£§ﬁ§5¢%%ﬁb[9 N E G
f%*¢f§ﬁﬂ@/ﬁfi%ﬂﬁrﬁﬁ, WAR 30 2Rk
Yok 2 LABE (%) B () 9 T X0 ©A & Wik AT B
B2, BER LG AR E AR &
JIEENEBL L H R AE YU AR S e R R T
2, W F R 5O R B R B (clindamycin  phosphate),
3 ARk 1R 21 Sk 9% AR (ceftaroline fosamil). 2023
4F, Yang SR TG O B 2R R BERER ALK N AR A
IRUFHIHT MRSA JEYE, A BONPUBE I G BT 5%
2024 4F, Coco ZESIEFTIA K ML) bikk ZBE R B 0T E.
coli {1 1- 58 -D-ARHI Bk 5-BERRBR(DXP) & Bl A7 i £ 1k
FO R A b, i — R A AR A A R R B
TV Shes & 13408, & —FHi s DXP & il
I 751
PUR K (AMPS)E N —Fl R SR % o3 1, BA PR
T ORI 2 R A R R, R G R YR YT T TH &

_0 O.__0O Previous work 0

=

osthole

/\©\ HQNW P ot
CF/

AR ORI gue- 181 B BT AR v AR 1 ZE AN S B B
1 g e A SR B, BRI 1 I R L RO LR B 2 30 B
HFLIE U B A V& TR DUl Mt e S, 220wt
T I BER-21. 2018 4F, Rondevié ZERE & BRI/
F AMPs X S aureus. E. coli T4 70 85 1A (K.
pneumoniae) 5 BUIF AN B AR RAEH, JCHE S
GRRTR A B WX 245 P 5 22 PQBH PR T RO B 25 2023
4, Lombrea SFBURETE 1% A B 2R 51 N BIMEKRER 1,
Wit & RTINS aureus TR BEER 5 (S.
pyogenes) M At B R (C. albicans) S5 1 2.3, [FI4E,
RERPVRE IR IIETES W, I NBERRERE ], 72
YR A PUE 22 IRPA PR B S MR R, BE A AR P
=% IR P B R S R S

TERT IR S b, 1S S R A 5,
FhPU TR T e 2 ) U I TR I R H 2 IR DA IR I A 1 T
KIIANFIMEIR TR 8 S MEE(E 1), H—PIREZNE
R g s S o bt s R . B AR A
G 26 U Scheme 1 TR,

9 .OEt

Phosphonateptlde

_0

Structural optimization

B1 Hisfe st B

Figure 1 Design strategy for target compounds

| Se02
e 0. .o DMSsO,100C
=

b

NaClO,, NaH,POy,, tert-butanol
2-methyl-2-butene, 40 C

osthole 2
H
R-CHO o 0o
i . “ _OEt BOC/N\)J\OH H i_OEt
(1) AI(OTf)3,100 C H,N Oet H N/\n/N P oRt
Hpci(OEt)? (2) 1 mol/L HCI Y (1) HOBT, EDCI, Et3N, CH,Cly, . 2 o \R(
CH3COONH, (3) 1 mol/L NaOH 3 (2) CF3COOH, CH,Cly, rit. 4
o}
H
H II:OEt
N/\n/ Y OEt
H Il _OEt | H
H N/\IfN X oE HOBT, EDCI 0 R
+ ) - -
o) \le Et3N, CHzclz /O O O
4 = 5

5a: R = CgHs; 5b: R = 4-CH3CgHy; 5¢: R = 2-CH3CgHy; 5d: R = 4-CH30CgH,; 5e: R = 2-CH30CgH,; 5f: R = 3,4,5-(CH30)3CgHo;
5g: R = 4-FCgHy; 5h: R = 2-FCgHy; 5i: R = 3,4,5-F3CgHy; 5j: R = 2-CICgHy; 5k: R = 4-CICgHj; 51: R = 2-BrCgHy; 5m: R = 4-BrCgHy;
5n: R = 4-HOCgHjy; 50: R = pyridin-2-yl; 5p: R = pyridin-2-yl; 5q: R = 2-thienyl; 5r: R = 5-methylthiophene-2-yl; 5s: R = furan-2-yl;

5t: R = 5-methylfuran-2-yl; 5u: R = 4-methylthiazol-2-y!

B 1

HAREE DI & R 2

Scheme 1 Synthetic routes of target compounds
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1 GR5VHE
1.1 LEYHNER

IR TR SeO, AN TIAE 1, 4 NaClOy/
NaH PO, #— BB A A P R 2; 766 b E) 44
3B, 78 100 C T EHEFIM 30~40 min, A B KK,
AEA TR BT R R ] 556 B AR 5 H& oA B
KEgm, UL Sa R, 76 12528 = #(HOBT). 1-(3-
TR SR R -3- 2 3k i B R E (EDC N = 2%
YEF R R=IRN 6 h, WCRBEEF] 90%.

1.2 EYHNERRIE

PLH B 5a B, £ 'H NMR 1, 6 8.82 b5 I& A
Mhfie H (015 5%, 6 7.58 (b —HIEHFE G EH 4 547 H
(15 S0, 6 7.45~7.40 Al 7.32~7.20 kb2 BIE KL H
PS5, 6 6.78 4b —HEIE NI H 15 514, § 6.32 4t
= EIEON A IO H KR S UE, 6 6.18 b EIEN
FEEN 3 S0 HMESIE, 6 6.32 kb =FHIEH 7RG
Wk H 5 S, § 6.18 A —HIE TG RN 3 541 H
PS5, 6 5.49 &b dd XUER PCH {5 5%, 6 4.15~
3.60 4bZ HEIE AL =CH,. NCH>. OCH, 1 OCH;
550, 6 2.03 AbHUE Ry I 2L H IS5 0%, B
TRER A Fy b 2 /N H B H 40 3 DL =F 0847 T 6 1.26 F11.06
Ab. 7E BC NMR "' 6§ 169.33 F1 168.95 A 2 MR 5%
ST, 6 161.04 NERIERS 5 UE, 75 & AR
SUETE § 160.25~107.25 2 18], § 63.83 F163.24 /2 4>
OCH, M5 5 V&, 6 56.04 y OCH; [1IHkAE U, 6 51.04
N CH W55, H4 CH, Ml CH; HIME SIEME o
43.00~12.79 Z [d]. [FIEF, CAMLEY) Se AR R TE
WRAVEFNY caem -V s - V=23 1 2 2)H 3R, 5¢
NEREAE. SRS ECN: a=1.206593) nm, b=
1.21588(3) nm, ¢=1.38196(4) nm, a=72.763(2)°, f=
66.091(3)°, y=288.591(2)°, V'=1.75959(9) nm’, Z=2,
F(000)=604.0, T=149.99(10) K, x=1.056 mm !, D.=
1.077 g/em’. (L&Y Se By EAREEH WE 2, HEdE
(CCDC: 2361451) A LLig i S1| 1y 5 A4 248 P2 7 7] 3845
1.3 EYRIMEENE

HE 1 v LIEE, 359 HARP5T S, aureus. MRSA.
E. coli Ffiif 5 v i X W i 8 (FREC) £ B U B P A
WM X TS aureus, thEW) 5d. 5f. 5n. 5q. Sr. 5t
AT Su [ 5/ N I BE (MIC) .23 51 16.00+ 0.25+0.50.
16.00. 2.00. 16.00 A1 0.25 pg/mL, 5f A1 Su KT EHE
-0 R 26 2R e AR R 30D B, S 5 R FE 26 A0
Y; KZ HEs% MRSA IHHIE LT 58 24, ot
#& 5f. Sn. Sr Fl Su AR, MICE A8 1. 2. 4
A1 pg/mL; XF E. coli, 5f WIiEYERLF, MIC {4 1
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B2 HREEY) Se i f AL

Figure 2  Crystal structure of compound 5S¢

F1 HsLEY Sa~5u MHTETENE

Table 1 Antibacterial activities of target compounds 5a~5u
MIC/(ugemL ")

Compd. S. aureus E. coli MRSA FREC
5a 128 128 128 >128
5b 64 128 128 >128
5¢ 128 >128 128 >128
5d 16 32 32 32
Se 64 64 64 128
5f 0.25 1 1 2
5¢g >128 >128 >128 >128
5h >128 >128 >128 >128
5i 64 128 64 128
5j >128 >128 >128 >128
5k >128 >128 >128 >128
51 >128 >128 >128 >128
S5m 128 >128 >128 >128
5n 0.5 2 2 2
50 >128 >128 >128 >128
5p >128 >128 >128 >128
5q 16 16 16 64
Sr 2 4 4 8
5s 32 64 32 64
5t 16 128 32 128
Su 0.25 2 1 2

Oxacillin 0.5 16 256 64

Norfloxacin 1 4 128 >128

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

pg/mL, Sn F1 Su 1) MIC fH3)°4 2 pg/mL, A48T % 24,
5q A1 5r () MIC {0 4 pg/mL, SXHEZG4E2Y; AR, K
Z AL E&Wrs FREC A 2251, Hr 5. Sn. Sr Al Su
B MIC 523928 2 24 8 A1 2 pg/mL, 41T A48 pa bk %k
5. CREFK, ST Su XF Fril 40 i B4 P S af
RO R AR I (HEUREE R WRIRET: K2 0]
A7 BB AR A UACE B 4F PTG 1%, W 5d (4-OCHa)
1 F 5e (2-OCH3), 5b (4-CH:)HI3% S. aureus. MRSA Fll
E. coli i VEIRT 5S¢ (2-CHs); 3,4,5-2 U B HURAT F
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PR ENETE, 0 50 (3,4,5-tiF) PTG R 5g (4-F)F1
5h (2-F)¥ AL, 5f (3,4,5-triOCH;)iZ . T~ 5d (4-OCH;) Al Se
(2-OCHa), AT RE5$EAR I 25 (A 25 4 A 5%, XA 2 S AR
R B EHEM, W0 5d (4-OCHs). 5f[3.4,5-(OCH3)s] Al
S5n (4-OH)¥ERIFHIPLFEER, 7R SEEFRSS &AL
TR A, BRI 0%, (2)HUREE R N5 2230
INTCARIA RGP 55 T FLG 238, 4 So (2-MkHE)Fl
5p G-Mtre)JUTTiEtE; Fon 07 23 K 2 A BUREE 1)
PERE R, W Sr (5-CHa) T 5q (5-H), 5t (5-CH3) [T S.
aureus WEPELT 5s (5-H); KZ & S JETINHICH 44
BB EENE, 0 5q(BEWY-2-). Sr (5-FHIEBENY-2-)Fl Su
(4-FR JEmgEmE2-),

2 ZLig

T 0 A A B B — E LRSI ISR TR
e AT 5 tlAk, Bort& rEs 7 B As b &4t e
D B 2 T LR AP P B s 1, IR IR K 5 e R 1 R 4H
GReR B HDL S, aureus FT MRSA V&M, IHXF E. coli F1
FREC A7 ERCR. JUHLMEEY) 5F F1 Su BTG PERN
B, PrLS aureus. E. coli- MRSA F1 FREC WG P11
TXIEZ, AP AR R S YT IRAHE A

3 XIS
3.1 X5

X-4B U s ORI A Agilent-400 % AR
MRRAZ BEFEIRIE; Vario EL 11T 76 220 MG & 76 % 70 #r.
B A G o 4.
3.2 ZWHE
32.1 A1 A2 694k

£ 100 mL J NI AF A 9 mmol (0.99 g) SeOa+ 50
mL — LT ARAT 3 mmol (0.73 gk 7%, T 100 C
KB 15 min. R 5EEE, SRR AN, LR OBRAE
B, Mo & Sk ek, JoKMBRITE. IRGA AT
FURL A, FERREE EHT 2 B 24045 21 (A 0 ] R dp R T R
(1. ¥, # 1 mmol (0.26 g)H [E4A 1. 20 mL FU T FE AN
10 mL 2-FE-2-TIRMA R RS, T 40 CHidkxk
I 7 h, FEE 9 mmol (0.81 g)IVE&EZHNAT 7 mmol (1.089
Q)R — AN VAW 25 mL & R NAR R eh, 2
i PRI SOV 858 BR S R BT, B 2R TROK B,
TR 5 15 A R R T R R (2).
322 b3 A4 894k

DA 3a J9fil, 7E 50 mL MK MA 10 mmol
(1.06 g)Z H % .12 mmol (0.93 g) ZFR# 1 12 mmol (1.66
IR — . l8, =i TR M 10 min, FIIA 0.5
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mmol (0.24 ) =R, FHELE 100 CRM. HE
s IRER RN, RV FEEE A 5 mL Z&BK, H 1
mol/L #hFZHT pH 2 1, AN CLE(20 mLX3)M LR L
fH(20 mLX3)KIRADUKE, 1 mol/L S &A1 pH
£ 8, FH I ZHE(10 mL X 5. & IFRmK, Tk
IRERAA T4, IR, BR2SVE TS 200 (i 1 2 L IR IR I
3a, %K 68%. '"H NMR (400 MHz, CDCl3) d: 7.31~7.34
(m, 2H), 7.16~7.27 (m, 3H), 4.16 (d, J=17.2 Hz, 1H),
3.68~4.11 (m, 4H), 1.81 (s, 2H), 1.12 (t, J=7.8 Hz, 3H),
1.02 (t,J=7.8 Hz, 3H).

DA 4a 9, 7£ 50 mL B HK O 0.7 mmol
(0.13 g) Boc-H&EZ. 1.2 mmol (0.16 g) 1-FRFEAIF=mk
(HOBT). 4 mL 4 %%, 1.2 mmol (0.23 g) 1-(3- - HI%&
KL JE)-3- £ Bk — WP ERBR £R(EDCI) ! 1.8 mmol (0.18
@)= M, =R 15 min, FEIIA 0.5 mmol (0.12 g)
3a, ML N, 8 h R SEEE, a7,
ARKYER:, CIROBRZEE, &IFANZ, AR
A EhK A ZE K BB, AN TEKRER T,
I8, BRREASAaEA. H 3 mL & bia
&, SRIGE IO, A 7.5 mmol (0.86 g) =3
O, BN, HEESIREE. 3 h RV 5ESE R IR
A, NI B AR R SN VR, BT e A, g, B
B, TrE, BEMT T BN, i R E
s, 33 E G E A BRI 2 RIK 4a, Y
75%, '"H NMR (400 MHz, CDCl3) : 7.55 (d, J=11.8 Hz,
1H), 7.41~7.43 (m, 2H), 7.24~7.31 (m, 3H), 6.68 (br,
2H), 5.45 (dd, J=20.8, 9.6 Hz, 1H), 4.03~4.09 (m, 2H),
3.85~3.92 (m, 2H), 3.61 (d, J=7.6 Hz, 2H), 1.24 (t, J=
8.2 Hz, 3H), 1.04 (t, J=8.2 Hz, 3H).

323 BiRiLbSd 5 94 %

PL Sa N, 75 50 mL RSO AK I 0.3 mmol
(0.09 g)F [E] 1A 4a. 0.7 mmol (0.1 g) HOBT. 4 mL &
. 1.1 mmol (0.18 g)=ZJ%F1 0.7 mmol (0.14 g)
EDCI, =¥ 15 min, A 0.36 mmol (0.1 g)H[d]
2, HEGIEIRES. 6 h N5E R IRGEIA R, 751K
Ve, IR CERZERL, &IFANLZ, MAna Kz
IKBEE, TLKIRERAN T8, I8, RGN, HaRa
Fig 5 25 i 45 3 B U iR H ARG S Y Sa. His &)
Sb~5u HZAL T IEHI1S.

(E)-(2-(4-(7- F 4 i -2- A -2 H- (0 ) -8- ik )-2- HY 4
T2 T P i ) £ T 2 R (R k) TR B R — L TR (Sa):
HEEAR, 773 90%. m.p. 147~148 C; 'H NMR (400
MHz, CDCl;) d: 8.82 (br, 1H), 7.58 (d, J=9.5 Hz, 1H),
7.45~7.40 (m, 2H), 7.32~7.20 (m, 4H), 6.78 (d, J=8.7
Hz, 1H), 6.68 (t, J=4.8 Hz, 1H ), 6.32 (t, J=7.5 Hz, 1H),

http://sioc-journal.cn/ 1309
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6.18 (d, J=9.5 Hz, 1H), 5.49 (dd, J=21.2, 9.6 Hz, 1H),
4.15~4.04 (m, 2H), 4.00 (d, J=8.3 Hz, 2H), 3.94~3.86
(m, 1H), 3.85 (s, 3H), 3.75~3.65 (m, 1H), 3.61 (d, J=4.2
Hz, 2H), 2.03 (s, 3H), 1.26 (t, J=7.1 Hz, 3H), 1.06 (t, J=
7.1 Hz, 3H); 3C NMR (101 MHz, CDCls) d: 169.33,
168.95, 161.04, 160.25, 152.81, 143.76, 136.27, 134.79,
133.08, 130.98, 128.50, 128.09, 126.98, 120.38, 115.08,
112.93, 107.25, 63.83, 63.24, 56.04, 51.04, 43.00, 22.05,
16.44, 16.12, 12.79. Anal. calcd for C,sH33N,05P: C 60.43,
H 5.98, N 5.03; found C 60.55, H 6.15, N 5.00.
(E)-(2-(4-(7- F 48 B -2- AR -2 H- 10 075 -8- Jk ) -2- F
T2 L) R R 3 )(4- P 2R3k ) FE L IR RR — £
(5b): AMEE, P75 93%. m.p. 170~171 C; '"H NMR
(400 MHz, CDCls) d: 8.56 (br, 1H), 7.59 (d, J=9.5 Hz,
1H), 7.30 (dd, J=8.4, 2.8 Hz, 3H), 7.07 (d, J=7.8 Hz,
2H), 6.80 (d, J=8.6 Hz, 1H), 6.68 (t, J=4.8 Hz, 1H), 6.34
(t, J=7.4 Hz, 1H), 6.20 (d, J=9.4 Hz, 1H), 5.44 (dd, J=
21.0, 9.5 Hz, 1H), 4.12~4.04 (m, 2H), 3.98 (d, J=8.3 Hz,
2H), 3.93~3.88 (m, 1H), 3.87 (s, 3H), 3.73~3.66 (m,
1H), 3.63 (d, J=7.6 Hz, 2H), 2.28 (s, 3H), 2.05 (s, 3H),
1.27 (t, J=7.1 Hz, 3H), 1.08 (t, J=7.0 Hz, 3H); '*C NMR
(101 MHz, CDCly) d: 169.40, 168.90, 161.06, 160.23,
152.83, 143.74, 136.28, 133.13, 131.68, 130.99, 129.23,
128.02, 126.97, 120.47, 115.12, 112.91, 107.26, 63.75,
63.18, 56.05, 50.79, 43.09, 22.07, 21.12, 16.43, 16.21,
12.79. Anal. calcd for Co9H3sN,OgP: C 61.03, H 6.18, N
4.90; found C 61.05, H 6.27, N 4.80.
(E)-(2-(4-(7-F A Jk-2- A -2 H- 0 ) -8- k) -2- F Ok
T2 IR I ) T S ) (2- FH AR L) RO ) B R — 2T
(5¢): AEK, P23 92%. m.p. 135~136 C; 'H NMR
(400 MHz, CDCls) 6: 8.65 (dd, J=9.5, 4.2 Hz, 1H), 7.60
(d, J=9.4 Hz, 1H), 7.56~7.50 (m, 1H), 7.30 (d, J=8.6
Hz, 1H), 7.12 (d, J=6.1 Hz, 3H), 6.80 (d, J=8.7 Hz, 1H),
6.60 (t, J=4.8 Hz, 1H), 6.33 (t, J=7.4 Hz, 1H), 6.21 (d,
J=9.5 Hz, 1H), 5.74 (dd, J=21.3, 9.3 Hz, 1H), 4.15~
4.09 (m, 2H), 4.00 (d, J=8.4 Hz, 2H), 3.90~3.84 (m,
4H), 3.63 (d, J=8.2 Hz, 2H), 3.61~3.57 (m, 1H), 2.45 (s,
3H), 2.05 (s, 3H), 1.31 (t, J=7.1 Hz, 3H), 1.00 (t, J=7.0
Hz, 3H); 3C NMR (101 MHz, CDCls) §: 169.35, 168.83,
161.06, 160.23, 152.85, 143.72, 136.54, 133.60, 133.08,
131.00, 130.42, 128.08, 127.76, 126.95, 126.20, 115.15,
113.00, 107.25, 63.90, 63.10, 56.05, 47.10, 42.98, 22.06,
19.67, 16.40, 16.08, 12.80. Anal. calcd for CooH3sN,OgP: C
61.03, H 6.18, N 4.90; found C 61.01, H 6.28, N 4.79.
(E)-(2-(4-(7-H 4 B -2- S -2 H- T p - 8- ) -2- FH

1310 http://sioc-journal.cn/
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T 2RI ) TR A 2 ) (4- AR B 2R H = iR — &
fig(5d): AEEMAE, P73 89%. m.p. 146~147 C; 'H
NMR (400 MHz, CDCl3) 8: 8.70 (br, 1H), 7.58 (d, J=9.5
Hz, 1H), 7.35 (dd, J=8.8, 2.1 Hz, 2H), 7.28 (d, J=8.6 Hz,
1H), 6.78 (dd, J=8.7, 2.1 Hz, 3H), 6.64 (t, J=4.7 Hz,
1H), 6.32 (t, J=6.7 Hz, 1H), 6.18 (d, J=9.5 Hz, 1H), 5.43
(dd, J=20.8, 9.5 Hz, 1H), 4.13~4.04 (m, 2H), 3.97 (d,
J=8.5 Hz, 2H), 3.93~3.89 (m, 1H), 3.85 (s, 3H), 3.73 (s,
3H), 3.71~3.67 (m, 1H), 3.63 (d, J=8.2 Hz, 2H), 2.04 (s,
3H), 1.26 (t, J=7.1 Hz, 3H), 1.08 (t, J=7.0 Hz, 3H); 1*C
NMR (101 MHz, CDCl;) &: 169.26, 168.82, 160.99,
160.22, 159.33, 152.82, 143.71, 136.28, 133.02, 131.00,
129.38, 126.96, 126.84, 126.80, 120.46, 115.11, 113.88,
112.90, 107.23, 63.76, 63.14, 56.04, 55.20, 50.35, 42.99,
22.05, 16.45, 16.25, 12.79. Anal. calced for CooH3sN,OoP: C
59.38, H 6.01, N 4.78; found C 59.33, H 6.07, N 4.80.
(E)-(2-(4-(7- F 4 B -2- AR -2 H- 10 075 -8- ik ) -2- F
T2 L) B R 3R ) (2- AR R R L) L iR — 2
fig(5e): HAE A, 7% 88%. m.p. 172~173 C; 'H
NMR (400 MHz, CDCls) 6: 8.06 (br, 1H), 7.61 (dd, J=
9.5, 3.1 Hz, 1H), 7.39 (d, J=7.6 Hz, 1H), 7.31 (d, J=8.6
Hz, 1H), 7.22 (d, J=6.0 Hz, 1H), 6.91~6.73 (m, 4H),
6.59 (t, J=4.9 Hz, 1H), 6.35 (t, J=7.4 Hz, 1H), 6.22 (dd,
J=94, 46 Hz, 1H), 596 (dd, J=21.1, 9.6 Hz, 1H),
4.15~4.05 (m, 2H), 4.01 (d, J=8.8 Hz, 2H), 3.95~3.92
(m, 1H), 3.88 (s, 3H), 3.84 (s, 3H), 3.71~3.68 (m, 1H),
3.65 (d, J=8.4 Hz, 2H), 2.06 (s, 3H), 1.28 (t, J=7.1 Hz,
3H), 1.04 (t, J=7.0 Hz, 3H); 3C NMR (101 MHz, CDCl5)
5:169.31, 168.43, 161.02, 160.24, 156.93, 152.85, 143.70,
136.27, 130.98, 129.41, 127.35, 126.96, 123.07, 120.77,
120.53, 115.14, 110.95, 107.24, 63.39, 62.97, 56.06, 55.76,
46.19, 43.18, 22.08, 16.43, 16.14, 12.82. Anal. calcd for
CaoH3sN,00P: C 59.38, H 6.01, N 4.78; found C 59.50, H
6.22, N 4.75.
(E)-(2-(4-(7-H 4 B -2- S -2 H- (A - 8- )-2- T
T2 M AR ) T 2 R ) (3,4,5- — PR AR R 2R 0 ) FR AR ) Jj
R — ZFR(Sh: AR, 7% 89%. mp. 150~151 C;
'H NMR (400 MHz, CDCls) d: 8.27 (br, 1H), 7.59 (d, J=
9.5 Hz, 1H), 7.29 (d, J=8.6 Hz, 1H), 6.92~6.70 (m, 3H),
6.68~6.62 (m, 2H), 6.36 (t, J=7.5 Hz, 1H), 6.19 (d, J=
9.5 Hz, 1H), 5.40 (dd, J=21.0, 9.7 Hz, 1H), 4.13~3.92
(m, 4H), 3.91~3.88 (m, 1H), 3.86 (s, 3H), 3.80~3.78 (m,
1H), 3.76 (s, 3H), 3.74 (s, 3H), 3.72 (s, 3H), 3.64 (d, J=
7.8 Hz, 2H), 2.26 (s, 3H), 1.24 (t, J=7.1 Hz, 3H), 1.11 (t,
J=7.0 Hz, 3H); 3C NMR (101 MHz, CDCl;) J: 169.54,
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168.99, 161.03, 160.19, 153.15, 152.82, 143.77, 137.62,
136.18, 133.44, 130.82, 130.22, 127.03, 120.53, 114.98,
112.96, 107.28, 105.11, 63.56, 63.28, 60.75, 55.97, 51.01,
49.46, 43.38, 22.09, 16.38, 16.20, 12.76. Anal. caled for
C31H30N,01,P: C 57.58, H 6.08, N 4.33; found C 57.66, H
6.31,N 4.34.

(E)-(2-(4-(7- H A Jk -2- A AR -2 H- 8 )5 -8- 3k )-2- Y L
T2 R L) LR I ) (4- TR 3L ) F L B RR — £
(5g): AMEAER, 7% 88%. m.p. 169~170 C; 'H NMR
(400 MHz, CDCls) d: 8.42 (br, 1H), 7.61 (d, J=9.5 Hz,
1H), 7.44~7.35 (m, 2H), 7.32 (d, J=8.6 Hz, 1H), 6.95 (t,
J=8.6 Hz, 2H), 6.81 (d, J=8.7 Hz, 1H), 6.68 (t, J=5.0
Hz, 1H), 6.37 (t, J=4.3 Hz, 1H), 6.21 (d, J=9.5 Hz, 1H),
5.44 (dd, J=21.1, 9.4 Hz, 1H), 4.11~4.03 (m, 2H), 4.00
(d, J=4.6 Hz, 2H), 3.96~3.91 (m, 1H), 3.88 (s, 3H),
3.82~3.74 (m, 1H), 3.65 (d, J=8.4 Hz, 2H), 2.06 (s, 3H),
1.26 (t, J=7.0 Hz, 3H), 1.10 (t, J=7.0 Hz, 3H); '*C NMR
(101 MHz, CDCly) 6: 169.47, 169.02, 168.93, 161.00,
160.21, 152.86, 143.71, 133.27, 130.92, 130.76, 129.87,
129.79, 126.99, 115.54, 115.33, 115.08, 113.01, 112.92,
107.25, 63.66, 63.27, 56.05, 50.30, 43.14, 22.08, 16.42,
16.17, 12.80. Anal. calcd for CsH3,FN,OgP: C 58.53, H
5.62, N 4.87; found C 58.53, H 5.68, N 4.82.

(E)-(2-(4-(7-F A Jk-2- A -2 H- 0 ) -8- k) -2- F Ok
T2 L ) T UL ) (2- AR IR ) O ) I R — 4T
(5h): A, 775 87%. mp. 167~169 C; 'H NMR
(400 MHz, CDCls) d: 8.67 (br, 1H), 7.55 (dd, J=25.0, 8.5
Hz, 2H), 7.29 (d, J=8.6 Hz, 1H), 7.22 (t, J=6.7 Hz, 1H),
7.03 (dt, J=17.9, 8.2 Hz, 2H), 6.79 (d, J=8.6 Hz, 1H),
6.65 (t, J=4.8 Hz, 1H), 6.32 (t, J=7.5 Hz, 1H), 6.19 (d,
J=9.4 Hz, 1H), 5.87 (dd, J=21.3, 9.5 Hz, 1H), 4.16~
4.10 (m, 2H), 3.99 (d, J=4.4 Hz, 2H), 3.95~3.89 (m,
1H), 3.86 (s, 3H), 3.81~3.75 (m, 1H), 3.64 (d, J=8.2 Hz,
2H), 2.04 (s, 3H), 1.29 (t, J=7.1 Hz, 3H), 1.07 (t, J=7.0
Hz, 3H); 3C NMR (101 MHz, CDCls) §: 169.36, 169.00,
161.03, 160.22, 158.87, 152.82, 143.74, 133.12, 130.97,
129.49, 126.98, 124.30, 122.57, 115.56, 115.08, 112.95,
107.25, 63.80, 63.40, 56.04, 44.28, 42.70, 22.05, 16.40,
16.11, 12.78. Anal. caled for CosH3FN,OsP: C 58.53, H
5.62, N 4.87; found C 58.45, H 5.66, N 4.80.

(E)-(2-(4-(7- F 48 B -2- AR -2 H- (8 075 -8- Jk ) -2- F
T2 AR ) LR I )(3,4,5- — BRI ) R B IR —
CE(S): AAEA, 2% 85%. mp. 142~143 C; 'H
NMR (400 MHz, CDCLy) o: 7.60 (d, J=9.5 Hz, 1H),
7.35~7.28 (m, 1H), 7.08 (t, J=7.3 Hz, 2H), 6.81 (d, J=

Chin. J. Org. Chem. 2025, 45, 1306~1314

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

8.6 Hz, 1H), 6.22~6.17 (m, 1H), 5.98 (dd, J=21.2, 9.3
Hz, 1H), 4.25~3.98 (m, 6H), 3.89 (s, 3H), 3.69~3.65 (m,
2H), 2.07 (s, 3H), 1.27 (t, J=7.1 Hz, 3H), 1.23 (t, J=7.0
Hz, 3H); *C NMR (101 MHz, CDCLy) 6: 169.47, 168.76,
168.67, 161.02, 160.23, 152.86, 143.76, 136.43, 133.75,
130.69, 127.05, 114.92, 112.94, 112.92, 112.16, 112.00,
107.30, 70.62, 63.90, 63.70, 56.08, 41.48, 22.14, 16.36,
16.27, 12.75. Anal. caled for CsH30F3N.OgP: C 55.08,
H4.95, N 4.58; found C 54.94, H 5.03, N 4.58.
(E)-(2-(4-(7-F AL -2- AR -2 H- 2 ) -8- 25k )-2- F
T2 I BRI ) TR 2 R (2- AR ) H R B R — 2 TR
(5j): A, F2Z 81%. mp. 172~173 C; 'H NMR
(400 MHz, CDCl3) §: 8.85 (br, 1H), 7.64~7.61 (m, 2H),
7.37~7.27 (m, 2H), 7.22~7.16 (m, 2H), 6.79 (d, J=8.5
Hz, 1H), 6.62 (t, J=4.6 Hz, 1H), 6.31 (t, J=6.7 Hz, 1H),
6.20 (d, J=9.5 Hz, 1H), 6.10 (dd, J=21.4, 9.3 Hz, 1H),
4.23~4.14 (m, 2H), 4.01 (d, J=8.2 Hz, 2H), 3.94~3.90
(m, 1H), 3.86 (s, 3H), 3.74~3.67 (m, 1H), 3.64 (d, J=7.2
Hz, 2H), 2.04 (s, 3H), 1.32 (t, J=7.1 Hz, 3H), 1.05 (t, J=
7.0 Hz, 3H); *C NMR (101 MHz, CDCl) 6: 169.28,
168.96, 161.05, 160.21, 152.83, 143.74, 136.18, 133.88,
133.30, 133.06, 130.98, 129.57, 126.97, 120.56, 115.09,
112.91, 107.24, 63.98, 63.50, 56.04, 47.42, 42.90, 22.05,
16.11, 16.05, 12.79. Anal. calcd for C,gH3,CIN,OgP: C
56.90, H 5.46, N 4.73; found C 56.88, H 5.60, N 4.63.
(E)-(2-(4-(7-F H FE-2- A -2 H- (10475 -8 )-2- F 3k
T -2- I G ) LT 2 ) (4- SR TR ) F L B R — 2B
(5k): A, P75 85%. m.p. 154~155 C; 'H NMR
(400 MHz, CDCls) d: 8.62 (br, 1H), 7.60 (d, J=9.5 Hz,
1H), 7.39~7.27 (m, 3H), 7.22 (d, J=8.2 Hz, 2H), 6.84~
6.77 (m, 1H), 6.71—6.63 (m, 1H), 6.35 (t, J=6.8 Hz, 1H),
6.20 (dd, J=9.5, 2.0 Hz, 1H), 5.44 (dd, J=21.4, 9.4 Hz,
1H), 4.16~4.05 (m, 2H), 4.02 (d, J=8.5 Hz, 2H), 3.96~
3.91 (m, 1H), 3.87 (s, 3H), 3.81~3.77 (m, 1H), 3.65 (d,
J=8.2 Hz, 2H), 2.05 (s, 3H), 1.26 (t, J=7.0 Hz, 3H), 1.12
(t, J=7.1 Hz, 3H); *C NMR (101 MHz, CDCl) d: 169.49,
169.02, 161.02, 160.21, 152.84, 143.74, 136.22, 133.48,
133.33, 130.89, 129.43, 129.37, 128.65, 127.01, 115.06,
112.99, 112.91, 107.27, 63.68, 63.45, 56.06, 50.42, 48.88,
43.18, 22.09, 16.36, 16.24, 12.80. Anal. caled for
CasH3,CIN,OgP: C 56.90, H 5.46, N 4.73; found C 57.07,
H 5.66, N 4.61.
(E)-(2-(4-(7-H 4 e -2- A2 H- (0 )-8 ) -2- I 4
T2 AL ) R ) (2- 1R A L) H 3L B R — 2
B): AMEE, 773 83%. mp. 140~141 C; 'H NMR
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(400 MHz, CDCl3) o: 8.72 (br, 1H), 7.67~7.50 (m, 3H,
NH), 7.30 (d, J=8.6 Hz, 1H), 7.23 (d, J=7.6 Hz, 1H),
7.12 (t, J=7.7 Hz, 1H), 6.80 (d, J=8.6 Hz, 1H), 6.62 (t,
J=4.6 Hz, 1H), 6.32 (t, J=7.4 Hz, 1H), 6.20 (d, J=9.5
Hz, 1H), 6.09 (dd, J=21.3, 9.2 Hz, 1H), 4.22~4.15 (m,
2H), 4.01 (d, J=8.2 Hz, 2H), 3.95~3.89 (m, 1H), 3.87 (s,
3H), 3.73~3.66 (m, 1H), 3.64 (d, J=8.0 Hz, 2H), 2.04 (s,
3H), 1.33 (t, J=7.0 Hz, 3H), 1.06 (t, J=7.0 Hz, 3H); 1*C
NMR (101 MHz, CDCl;) 6: 169.30, 168.96, 161.03,
160.22, 152.85, 143.72, 136.21, 135.10, 133.03, 131.03,
129.62, 127.66, 127.36, 126.97, 124.44, 115.12, 112.93,
107.26, 64.09, 63.53, 56.05, 50.17, 42.92, 22.05, 16.44,
16.12, 12.80. Anal. calcd for CysH3:BrN,OgP: C 52.92, H
5.07, N 4.40; found C 52.91, H 5.27, N 4.35.

(E)-(2-(4-(7- B A Jk -2- A AR -2 H- 2 )5 -8- 3k )-2- Y L
T2 R ) R I ) (4- R R I ) FE L B RR — 2T
(5m): FAGEK, P73 84%. m.p. 143~144 C; '"H NMR
(400 MHz, CDCls) d: 8.59 (br, 2H), 7.59 (d, J=9.6 Hz,
1H), 7.41~7.34 (m, 2H), 7.33~7.25 (m, 3H), 6.82~6.77
(m, 1H), 6.66 (t, J=4.7 Hz, 1H), 6.34 (t, J=7.5 Hz, 1H),
6.19 (d, J=9.4 Hz, 1H), 5.43 (dd, J=21.5, 9.4 Hz, 1H),
4.08~4.03 (m, 2H), 3.99 (d, J=8.6 Hz, 2H), 3.96~3.91
(m, 1H), 3.86 (s, 3H), 3.83~3.74 (m, 1H), 3.64 (d, J=4.4
Hz, 2H), 2.05 (s, 3H), 1.25 (t, J=6.2 Hz, 3H), 1.12 (t, J=
6.1 Hz, 3H); 3C NMR (101 MHz, CDCls) J: 169.46,
169.12, 160.99, 160.25, 152.84, 143.73, 136.23, 134.03,
133.30, 131.60, 130.89, 129.75, 127.42, 127.01, 122.18,
120.54, 115.05, 112.92, 107.27, 63.69, 63.47, 56.06, 50.48,
43.14, 22.09, 16.42, 16.25, 12.80. Anal. calcd for CagHs,-
BrN,OgP: C 52.92, H 5.07, N 4.40; found C 53.10, H 5.23,
N 4.33.

(E)-(2-(4-(7- F A B -2- AR -2 H- 2 05 -8- 3k )-2- F B
T2 MR LI ) B B ) (4-FR 55 2R ) FR O B R — 2T
(5n): A, 775 85%. m.p. 198~199 C; 'H NMR
(400 MHz, CDCl3) o: 8.42 (br, 1H), 7.59 (d, J=9.5 Hz,
1H), 7.45~7.23 (m, 2H), 7.15~7.12 (m, 1H), 7.00~6.74
(m, 3H), 6.58 (d, J=8.3 Hz, 1H), 6.36 (t, J=7.4 Hz, 1H),
6.19 (d, J=9.4 Hz, 1H), 5.41 (dd, J=20.5, 9.5 Hz, 1H),
4.12~4.06 (m, 2H), 4.00 (d, J=8.4 Hz, 2H), 3.96~3.91
(m, 1H), 3.88 (s, 3H), 3.77~3.71 (m, 1H), 3.64 (d, J=8.0
Hz, 2H), 2.03 (s, 3H), 1.24 (d, J=6.9 Hz, 3H), 1.08 (t, J=
7.1 Hz, 3H); *C NMR (101 MHz, CDCL) 6: 169.14,
168.94, 160.63, 160.22, 157.32, 156.73, 152.73, 145.14,
132.25, 131.05, 129.83, 128.15, 126.07, 115.35, 114.62,
113.13, 112.81, 108.48, 62.95, 62.74, 56.80, 48.37, 42.47,
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22.11, 16.71, 16.45, 13.13. Anal. calcd for CasH33N,09P: C
58.43, H 5.79, N 4.86; found C 59.00, H 5.89, N 4.81.

(E)-(2-(4-(7- F 4 i -2- S A -2 H- (1 ) -8- ik ) -2- HY 4
T2 IR RS ) T R (M -2- 3 ) R 3 B R — 2L T
(50): AMGEE, 773 71%. m.p. 118~119 ‘C; 'H NMR
(400 MHz, CDCl;) d: 8.54 (d, J=3.8 Hz, 1H), 7.73~7.63
(m, 1H), 7.64~7.56 (m, 1H), 7.46 (d, J=7.7 Hz, 1H),
7.30 (d, J=8.6 Hz, 1H), 7.26~7.17 (m, 1H), 6.80 (d, J=
8.6 Hz, 1H), 6.37~6.34 (m, 2H), 6.24~6.21 (m, 2H),
430~4.19 (m, 2H, CH,), 4.16~3.98 (m, 4H), 3.87 (s,
3H), 3.65 (d, J=7.2 Hz, 2H), 2.06 (s, 3H), 1.27~1.19 (m,
6H); *C NMR (101 MHz, CDCl:) 6: 169.36, 168.92,
161.01, 160.22, 153.05, 152.84, 149.28, 143.74, 136.88,
133.54, 130.81, 127.02, 123.47, 122.40, 114.99, 112.99,
107.27, 73.40, 63.72, 62.07, 56.08, 41.56, 22.11, 16.40,
16.25, 12.77. Anal. calcd for Cy7;H3,N;O0¢P: C 58.16, H
5.78, N 7.53; found C 58.15, H 5.77, N 7.37.

(E)-(2-(4-(7-F AU B -2- AR -2 H- 2 )5 -8- 3k )-2- F
T2 B I ) 2L I ) (T e -3- 3 ) FR ) [ R — 2L
(5p): A, P75 74%. mp. 136~137 C; 'H NMR
(400 MHz, CDCl;) 8: 8.65 (s, 1H), 8.59~8.53 (m, 1H),
7.86~7.78 (m, 1H), 7.65~7.58 (m, 1H), 7.36~7.28 (m,
2H), 6.88~6.78 (m, 1H), 6.70~6.59 (m, 1H), 6.40 (t, J=
7.2 Hz, 1H), 6.29~6.18 (m, 2H), 6.14 (dd, J=13.8, 4.6
Hz, 1H), 429~4.15 (m, 2H), 4.11~4.01 (m, 4H), 3.93~
3.90 (m, 3H), 3.69 (d, J=7.6 Hz, 2H), 2.08 (s, 3H), 1.27 (t,
J=7.1 Hz, 3H3), 1.21 (t, J=7.1 Hz, 3H); 3C NMR (101
MHz, CDCls) 0: 169.40, 161.05, 160.73, 152.88, 150.15,
149.07, 143.31, 136.37, 135.45, 133.70, 130.74, 129.16,
127.60, 127.04, 123.46, 120.99, 114.97, 113.05, 107.48,
70.10, 63.62, 56.10, 45.73, 41.49, 22.15, 16.99, 16.29,
12.81. Anal. calcd for C,7H3,N3OgP: C 58.16, H 5.78, N
7.53; found C 58.03, H 5.94, N 7.45.

(E)-(2-(4-(7-F AU -2- AR -2 H- 2 ) -8- 35k )-2- F
T2 R I ) 2L I ) (R -2- 38 ) F G ) B R — 2L
(5q): A, P75 78%. m.p. 179~180 C; 'H NMR
(400 MHz, CDCls) 6: 8.26 (br, 1H), 7.61 (dd, J=9.5, 4.1
Hz, 1H), 7.31 (d, J=8.6 Hz, 1H), 7.22~7.14 (m, 1H),
6.95~6.71 (m, 3H), 6.66~6.52 (m, 1H), 6.35 (t, J=8.6
Hz, 1H), 6.22 (dd, J=9.5, 5.3 Hz, 1H), 5.75 (dd, J=21.0,
9.5 Hz, 1H), 4.15~4.01 (m, 5H), 3.93~3.91 (m, 1H), 3.89
(s, 3H), 3.67 (d, J=8.2 Hz, 2H), 2.07 (s, 3H3), 1.26 (t, J=
7.0 Hz, 3H), 1.16 (t, J=7.0 Hz, 3H); *C NMR (101 MHz,
CDCls) d: 169.47, 168.83, 161.02, 160.25, 152.87, 143.71,
136.82, 133.23, 131.00, 126.98, 125.68, 120.64, 115.15,
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113.04, 107.26, 63.92, 63.08, 56.07, 46.48, 43.13, 22.10,
16.25, 16.20, 12.83. Anal. calcd for CysH31N,OsPS: C
55.51, H 5.55,N 4.97; found C 55.44, H 5.62, N 4.87.

(E)-(2-(4-(7- F A B -2- AR -2 H- 2 05 -8- 3k )-2- F B
T2 U T M L ) £ T R R ) (5- HR R MRy -2- 35 ) HH R ) [ TR
LR AWEE, 77K 80%. mp. 146~147 C;'H
NMR (400 MHz, CDCls) 6: 7.89 (br, 1H), 7.62 (dd, J=
9.5, 4.8 Hz, 1H), 7.32 (d, J=8.6 Hz, 1H), 6.95~6.74 (m,
3H), 6.62~6.55 (m, 1H), 6.37 (t, J=7.6 Hz, 1H), 6.24
(dd, J=9.5, 5.7 Hz, 1H), 5.64 (dd, J=20.9, 9.5 Hz, 1H),
4.13~4.04 (m, 5H), 3.95~3.93 (m, 1H), 3.90 (s, 3H),
3.68 (d, J=7.8 Hz, 2H), 2.40 (s, 3H), 2.08 (s, 3H), 1.26 (t,
J=17.2 Hz, 3H), 1.18 (t, J=7.0 Hz, 3H); 3C NMR (101
MHz, CDCl3) 6: 169.51, 161.07, 160.24, 152.87, 143.94,
143.73, 136.26, 133.99, 133.28, 130.98, 127.12, 126.98,
125.08, 120.68, 115.13, 113.04, 107.27, 63.63, 63.37,
56.08, 46.59, 43.18, 22.10, 16.28, 16.11, 15.26, 12.83.
Anal. caled for C,7H33N,04PS: C 56.24, H 5.77, N 4.86;
found C 56.20, H 5.83, N 4.86.

(E)-(2-(4-(7- F A 5L -2- AR -2 H- 2 05 -8- 2k )-2- F B
T2 ) £ S A ) (WK R -2- 5 ) FH B ) I 1R — 2 s
(5s): AWK, 7% 76%. m.p. 144~145 ‘C; 'H NMR
(400 MHz, CDCl;) 6: 8.07 (br, 1H), 7.60 (dd, J=9.5, 3.5
Hz, 1H), 7.34~7.28 (m, 2H), 6.90~6.62 (m, 3H), 6.42~
6.32 (m, 2H), 6.28 (t, J=7.5, 1H), 6.21 (dd, J=9.5, 4.5
Hz, 1H), 5.63 (dd, J=21.2, 9.5 Hz, 1H), 4.15~4.00 (m,
5H), 3.93~3.91 (m, 1H), 3.88 (s, 3H), 3.66 (d, J=7.4 Hz,
2H), 2.06 (s, 3H), 1.24 (t, J=7.1 Hz, 3H), 1.17 (t, J=7.0
Hz, 3H); *C NMR (101 MHz, CDCls) 0: 169.44, 168.81,
161.02, 160.23, 152.84, 152.37, 147.71, 143.73, 142.68,
136.28, 133.23, 130.97, 127.38, 126.98, 120.55, 115.10,
112.92, 110.71, 109.04, 107.55, 107.26, 63.52, 56.05,
46.10, 43.55, 22.09, 16.40, 16.26, 12.80. Anal. calcd for
Ca6H31N2OoP: C 57.14, H 5.68, N 5.12; found C 57.14, H
5.89, N 5.05.

(E)-(2-(4-(7- A 5L -2- AR -2 H- 2 05 -8- 3k )-2- F B
T2 U T M L ) £ T R ) (5 HR R g -2- 3 ) R ) IR 1R
LIRSt ATEE, P23 80%. mp. 136~137 C; 'H
NMR (400 MHz, CDCl;) 6: 8.04 (br, 1H), 7.60 (d, J=9.5
Hz, 1H), 7.30 (d, J=8.6 Hz, 1H), 6.80 (d, J=8.6 Hz, 1H),
6.69~6.59 (m, 1H), 6.34 (t, J=6.7 Hz, 1H), 6.25 (t, J=
3.0 Hz, 1H), 6.24~6.17 (m, 1H), 5.85 (d, J=3.1 Hz, 1H),
5.56 (dd, J=21.1, 9.5 Hz, 1H), 4.11~4.01 (m, 5H),
3.94~3.91 (m, 1H), 3.88 (s, 3H), 3.66 (d, J=8.2 Hz, 2H),
3.65 (d, J=7.4 Hz, 2H), 2.18 (s, 3H), 2.06 (s, 3H), 1.25 (t,
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J=17.0 Hz, 3H), 1.17 (t, J=7.1 Hz, 3H); '3C NMR (101
MHz, CDCls) 0: 169.34, 168.64, 161.01, 160.24, 152.84,
152.44, 145.71, 143.72, 136.26, 133.15, 131.00, 126.98,
115.11, 112,92, 109.95, 107.25, 106.67, 63.64, 63.29,
56.07, 45.18, 43.03, 22.08, 16.40, 16.26, 13.48, 12.81.
Anal. calcd for Cy7H33N.O0P: C 57.86, H 5.93, N 4.99;
found C 58.03, H 6.00, N 4.76.

(E)-(2-(4-(7- P A B -2- AR -2 H- 2 05 -8- 24k )-2- FT
T2 BRI L) 20 T U ) (4- H R e 2 3 ) R 3L ) IR TR
ZLFEGBu): AEEE, FFE 80%. mp. 165~167 C;
'H NMR (400 MHz, CDCls) d: 8.70 (br, 1H), 7.60 (d, J=
9.5 Hz, 1H), 7.31 (d, J=8.7 Hz, 1H), 6.88~6.58 (m, 2H),
6.45~6.36 (m, 2H), 6.31 (t, J=5.4 Hz, 1H), 6.20 (dd, J=
21.0, 9.4 Hz, 1H), 420~4.05 (m, 5H), 3.99~3.97 (m,
1H), 3.88 (s, 3H), 3.66 (d, J=4.2 Hz, 2H), 2.49 (s, 3H),
2.06 (s, 3H), 1.29 (t, J=7.0 Hz, 3H), 1.20 (t, J=7.1 Hz,
3H); 3C NMR (101 MHz, CDCly) J: 169.36, 168.75,
161.00, 160.22, 153.50, 152.85, 143.74, 136.36, 133.64,
130.72, 127.03, 123.20, 120.88, 114.96, 112.92, 107.27,
65.68, 63.83, 56.09, 45.73, 41.39, 22.12, 16.33, 16.17,
15.51, 12.77. Anal. calcd for C,sH3N3OgPS: C 541, H
5.58, N 7.27; found C 54.02, H 5.58, N 7.06.

322 HEEHNE

FRUE TR RS, aureus. E. coli), T 25 #HE(MRSA.
FREC, Hi# CEERFR M@ BE P B fe fh). DR M pg
R (Oxacillin) A1 G870 B2 (Norfloxacin) X FE 24, K FH #§
{5 R R 2 H AR MIC, AR 7 ¥ 2 FESCHR[25].
AR SE R WL 1.

HBh#1 kL (Supporting Information) Hirfb &%) Sa~
Su 1) 'TH NMR F1 3C NMR i, XEppRLny P52k A
AFIM L (http://sioc-journal.cn/) I T %,
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