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Synthesis and Antibacterial Activities of Osthole Derivatives Containing L-Phenylalanine
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ABSTRACT :; OBJECTIVE
METHODS First, intermediate 2 was synthesized by oxidation of SeO, and NaClO,/NaH, PO, using osthole extract as raw material.

To modify and optimize the structure of osthole derivatives with better antibacterial activities.

Next, intermediate 3 was synthesized through condensation reaction of Boc-L-phenylalanine and amines, followed by deprotection reac-
tion. Then, the target compounds were prepared by recondensing intermediate 2 and 3. Finally, the antibacterial activities of the prod-
ucts were tested by the agar dilution method. RESULTS Twenty-two osthole derivatives were synthesized, and their structures were
confirmed by NMR and elemental analysis. The results showed that these compounds had better inhibitory effects on the tested bacteria.
The activities of compounds 40 and 4q against E. coli, MRSA and FREC were the most significant, the MIC of 40 was 2, 16,
and 4 wg + mL™" respectively, and the MIC of 4q was 4, 16, and 8 pg - mL ™" respectively, which were superior to that of the control
drug oxacillin. CONCLUSION Some derivatives have significant inhibitory effects on both gram-positive and negative bacteria. The
introduction of L-phenylalanine into the structure of osthole can enhance its anti-gram-negative bacteria activities.

KEY WORDS:: osthole derivative; L-phenylalanine; structural optimization; synthesis; antibacterial activity
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Fig. 2 Synthetic routes of target compounds osthole derivatives containing L-phenylalanine
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IS ERER 3 h 585 . WRATVE ], 0 AT Ak 1R A
VR, B A, el T Al 8, KR AU DF, T, B
A 3,

1.2.3 HisfkEW 4 MG B0 mL W, 4
HIHmA 0. 25 mmol (0. 07 g) F1E] 44 2 0. 625 mmol
(0.24 g) HBTU F12.5 mL DMF, {5t 52 205,
JA 0. 875 mmol (0. 12 g) DIPEA F10. 3 mmol 1]
&3, FiR N, EEAREREE, 1 h 525, InAGE &
KT H LTS U A0, P 2 € ke A 43
Baife, 53 BAr Y 4.

(S,E)-4-(7- 48 22 H- 18- 3 ) -2-
FE-N-[ 1484 0-3- 20 - 1- (R 0k ) 9 -2-05 | T -2- 44 Tk
W (4a) : 1 K, 77 % 66% ,m. p. 148 ~ 149 C
[al} = -26.78 (p = 0.5 mg - mL™", CHCL, ),
"H-NMR (400 MHz,CDCl,) §:8.19(s,1H),7.66(d,
J=9.5Hz,1H),7.42 ~7.34(m,3H),7.26 ~7. 18(m,
6H),7.11 ~7.05(m,1H) ,6.86(d,J =8.6 Hz,1H),
6.45(d,J =7.4 Hz,1H) ,6.35(t,J =7.4 Hz,1H),
6.28(d,J =9.4 Hz,1H) ,4.82(q,J =7.3 Hz,1H),
3.92(s,3H),3.69(d,J =7.4 Hz,2H),3.23 ~3. 14
(m,2H),2.06 (d,J = 1.4 Hz, 3H), "C-NMR
(101 MHz, CDCL, ) §: 169.6, 169.3, 161.0, 160. 2,
152.8, 143.7, 137.5, 136.5, 134.2, 130.6, 129.3,
128.7, 128.6, 127.0, 126.9, 124.2, 120.0, 114.9,
113.0,112.9,107.3,56.0,55.4,38.0,22.1,12.8, J&
ZMHE CyuHyN,05:C 72.56 ,H 5. 68 N 5. 64; 5285
{f C 72.42,H5.85,N 5.39,

(S, E)-4-(7-H 5 He-2- 4 AQ2H- 10 f5-8- 45 ) -2- 11
FE-N-[ 15832055 1- (- B R 0 ) TN-2- 2 ] T7-2-
IRIERL (4b) : LA, 774 68% ,m. p. 168 ~169 C.,
[a]® = -25.65(p=0.5 mg - mL."",CHCI,) , '"H-NMR
(400 MHz,CDCL,) 6:7.93(s,1H),7.76(d,J =8.0 Hz,
1H),7.64(d,J =9.4 Hz,1H) ,7.35(d,J =8.5 Hz,1H) ,
7.26 ~7.06(m,7H),7.01(t,J =7.4 Hz,1H) ,6.84(d,
J=8.5 Hz,1H) ,6.46(s,1H) ,6.30(t,J =7.5 Hz,1H),
6.25(d,J=9.4 Hz,1H) ,4.84(d,J =7.7 Hz,1H) ,3.91
(s,3H),3.66(d,J=7.2 Hz,2H) ,3.19(d,J =6.5
Hz,2H),2.01(d,J =14.7 Hz,6H) " C-NMR ( 101
MHz,CDCL, ) §:169.7,169.3,161.0,160.2,152. 8,
143.7,136.6, 135.3, 134. 1, 130. 7, 130. 3, 129. 3,
128.7,127.0, 126.4, 125.0, 122.5, 114.9, 113.0,
112.9,107.3,56.1,55.4,37.5,22.1,17.5,12. 8,
TCESHHE C, HyyN,0,:C 72.92 H 5.92,N 5.48; 5
I C 72.80,H 6. 12,N 5.42,
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(S, E)-4-(7-H 45 He-2- 4 AU2H- 10 f-8- 0k ) -2-H
He-N-[ 15320 1- (B- B AR L ) I -2- 2 ] T7-2-
IRIERE (de) : I A, 7238 68% ,m. p. 86 ~87 C,
[a]? = -22.98(p =0.5 mg - mL.™" ,CHCL, ), "H-NMR
(400 MHz,CDCL, ) 8:8.56(s,1H),7.62(d,J =9.4 Hz,
1H),7.33(d,J =8.5 Hz,1H) ,7.24 ~7.12(m,7H) ,7. 08
(t,/=7.7 Hz,1H) ,6.83 ~6.73(m,2H) ,6.58(d,J =7.4
Hz,1H),6.33(t,J =7.5 Hz,1H) ,6.24(d,J =9.4 Hz,
1H) ,4.89(q,J =7.2 Hz,1H) ,3.86(s,3H) ,3.65(d, ] =
7.3 Hz,2H) ,3.16(d,J =6.8 Hz,2H) ,2.24(s,3H) ,2.03
(s,3H)."” C-NMR (101 MHz, CDCL,) §:169.6,169.3,
161.0,160.2,152.8,143.7,138.6,137.4,136.5,134.0,
130.8,129.3,128.6,128.5,127.0,126.9, 125.0, 120. 7,
117.1,114.9,113.0,112.9,107. 3,56.0,55.4,38.1,22. 1,
21.3,12.8, JCEAHE C; HyN,0,:C 72.92, H 5.92,
N 5.48; SZue{E C 72.84,H 6.11,N 5.27,

(S, E)-4-(7-H 55 H-2- 5 A2 H- 10 J75-8- 55 ) 2-H
FE-N-[ 158 G-3- A0 1- (4-FR R U 8L ) N-2- 56 ] T-2-
IRIERL (4d) (A, 772K 69% ,m. p. 172 ~ 173 C,
[a]? = -9.59(p =0.5 mg + mL™",CHCL,) , "H-NMR
(400 MHz,CDCl,) 8:8.33(s,1H),7.63(d,J =9.4 Hz,
1H),7.34(d,J =8.6 Hz,1H),7.21 ~7.13(m,6H),
7.01 ~6.96(m,2H) ,6.83(d,J =8.7 Hz,1H) ,6.53 (s,
1H) ,6.33(t,J =7.5 Hz,1H) ,6.25(d,J =9.4 Hz,1H),
4.85(d,J =7.6 Hz, 1H),3.88 (s,3H), 3.66 (d,
J=7.3 Hz,2H) ,3.16(d,J =6.0 Hz,2H) ,2.26(s,3H) ,
2.03(s,3H),"” C-NMR (101 MHz, CDCL,) §:169.5,
169.1,161.0,160.2,152.8,143.7,136.6, 134. 8, 134.0,
133.8,130.7,129.3,129.2,128.6,127.0,126.9,120. 1,
114.9,113.0,112.9,107. 3,56.0,55.3,38.2,22. 1,20. 8,
128, TTZE M Cyy Hy N, 0,: C 72.92, H 5.92,
N 5.48; SZIG{H C 72.91,H 5.99,N 5. 36,

(S, E)-4-(7-H A 52 F A2 H-(8 J-8- 2 ) -2-
A -N-[ 1503 - 1- (4- P AR R 2 0 ) T -2-
)T 20T e (de) : I [EA, 77 38 65% , m. p.
210 ~211 C, [aly = -13.47(p=0.5 mg + mL™",
CHCL,) , "H-NMR (400 MHz, DMSO-d,) 6:9.96 (s,
1H),8.00(d,J=9.5Hz),7.61(d,J=8.7 Hz,1H) ,
7.47(d,J=9.0 Hz,2H) ,7.31 ~7.08(m,6H) ,6. 86
(d,] =9.1 Hz,2H),6.31(d,J =9.5 Hz, 1H),
6.20 ~6.11(m,1H) ,4.58(t,J=8.4 Hz,1H) ,3.91
(s,3H),3.70 (s,3H),3.60 ~3.47 (m, 2H),
3.05~2.91(m,2H),1.91 (s,3H)."” C-NMR ( 101
MHz, DMSO-d, ) §: 170.4, 169.0, 160.6, 160.2,
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155.6,152.7,145.1,138.6, 132.4, 132.3, 131.6,
129.6,128.4,128.1,126.6,121.2, 114.6, 114.2,
113.1,112.8,108.4,56.8,55.8,55.5,37.6,22. 1,
13.2, JCE4HH C;, HyN,0,:C 70.70,H 5. 74,
N 5.31; 5236 C 70.66,H 5. 85,N 5. 30,

(S,E)-4-(7-H 48 k-2 48 -2 H- (8 45-8- 4k ) -2-
HE-N-[ 1484 0-3- A58 1-(2,4- WA B R 0k ) 9 -2-
] T 20 Wk e (4F) - 1 K, 77 R 65% , m. p.
149 ~150 C,[a]} = =21.51(p =0.5 mg - mL™",
CHCl,), '"H-NMR (400 MHz, CDCL,) &:8.09 (d,
J=8.8 Hz,1H),7.77(d,J =4.4 Hz,1H) ,7.62(d,J] =
9.5 Hz,1H),7.33(d,J =8.6 Hz,1H),7.26 ~ 7. 14
(m,5H), 6.83 (d,J =8.6 Hz, 1H), 6.51 (d,
J=6.1Hz,1H) ,6.43 ~6.35(m,2H) ,6.32(1,] =4.3
Hz,1H) ,6.24(d,J =9.4 Hz,1H) ,4.79(t,J =8.5 Hz,
1H),3.90(s,3H) ,3.75(s,3H) ,3.66 ~3.63(m,5H) ,
3.21 ~ 3.07 (m, 2H), 2.06 (s, 3H),"” C-NMR
(101 MHz, CDCl, ) §:169.1, 168.5, 161.0, 160.2,
156.6, 152.8, 149.4, 143.7, 136.6, 133.4, 131.0,
129.3, 128.6, 127.0, 126.8, 120.6, 120.4, 115.0,
113.0,112.9, 107.2, 103.5,98.4, 56.0, 55.5, 55. 4,
38.5,22.1,12.8, TCESHE C,H,N,0,:C 69.05,
H 5.80,N 5.03; SZIE C 68.98,H 5.93,N 5.00,

(S, E)-4-(7-H 4 He-2- 4 AQ2H- 10 f5-8- 4% ) -2- 11
FE-N-[ 12800320 1- (2- R 2 i ) N -2-0 | T -2-J
Ttf (4g) « 1 [E 4, 7 % 66% ,m. p. 157 ~158 C,,
[a]® = -22.88(p =0.5 mg - mL."",CHCI,) , '"H-NMR
(400 MHz,CDCL,) §:8.36(s,1H) ,8.16 ~8.07(m,1H),
7.62(d,J =9.5 Hz,1H),7.33(d,J =8.6 Hz, 1H),
7.25~6.95(m,9H) ,6.82(d,J =8.6 Hz,1H) ,6.47(d,
J=7.5Hz,1H) ,6.32(t,] =7.7 Hz,1H) ,6.23(d, ] =
9.4 Hz,1H) ,4.87(q,J =7.2 Hz,1H) ,3.88(s,3H) ,3. 65
(d,J=7.4 Hz,2H) ,3.18(d,J =7.1 Hz,2H) ,2. 02 (s,
3H),"” C-NMR (101 MHz, CDCl,) §:169.7,169. 6,
169.5,161.0,160.2,153.9,152.8,151.4,143. 8,
136.4,134.0,130.7,129.2,128.6,127.0,124.7,
124.6,124.3,124.2,122.1,115.0,114.9,114. 8,
113.0, 112.9, 107.3, 56.0, 55.3, 37.6, 22. 1,
12. 7, JCEAHE CyH,, FN,0,:C 70. 03, H 5.29,
N 5.44; SZBe{#E C 70.30,H 5.33,N 5.37,,

(S, E)-4-(7-H A8 H-2- 4 A2 H- 10 45-8- 58 ) -2-
H-N-[ 153 OR - 1- (4- R UL ) TH-2- 56 ] T -2-0
Tt (4h) « (6 [ 4, 48 66% ,m. p. 120 ~ 121 C,,
[a]? = —14.66(p =0.5 mg - mL.™",CHCL, ), "H-NMR

PIE 22k 2025 4F 2 H 5 60 45 4 M)

(400 MHz,CDCL,) 6:8.95(s,1H),7.63(d,J =9.5 Hz,
1H),7.41 ~7.07(m,8H) ,6.87 ~6.76(m,3H) ,6.61(d,
J=7.7Hz,1H) ,6.32(t,] =7.8 Hz,1H) ,6.24(d,J =
9.4 Hz,1H) 4.93(q,J =7.3 Hz,1H) ,3.85(s,3H) ,3. 64
(d,J =7.5 Hz,2H),3.20 ~3.08 (m,2H),2.02 (s,
3H) ,”C-NMR (101 MHz,CDCL,) §:169.5,169.4,161.0,
160.3,160.2,157.9,152.8,143.7,136.4,134.3,133.6,
133.6,130.6,129.3,128.5,127.1,126.9,121.7, 121. 6,
115.3,115.1, 114. 8, 113.0, 112.9, 107. 3, 56.0, 55. 3,
38.3,22.1,12.7, JGE Ml Cy Hy FN, O : C 70.03,
H 5.29,N 5.44; SZB5# C 70.00,H 5.50,N 5. 36,

(S, E)-4-(7-H 48 J-2- 5 -2 H- 1 45-8- 58 ) -2-H
H-N-[ 1503 OR - 1- (- R U ) N-2- 6 ] T -2-0
Tef (4i) : 19 6 A, 77 38 62% ,m. p. 152 ~ 154 C,,
[a]? = -12.12(p =0.5 mg - mL.™",CHCL, ), "H-NMR
(400 MHz,CDCl,) §:8.32 ~8.22(m,2H,NH),7.63(d,
J=9.4 Hz,1H) ,7.34(d,J =8.6 Hz,1H),7.27(dd,J =
7.9,1.4 Hz,1H) ,7.25 ~7.17(m,5H) ,7.03 ~6.96 (m,
1H) ,6.83(d,J =8.6 Hz,1H) ,6.38(t,J =7.6 Hz,1H),
6.35~6.29(m,1H) ,6.24(d,] =9.4 Hz,1H) ,4.87(q,
J=7.2 Hz,1H) ,3.90(s,3H) ,3.66(d,J =7.4 Hz,2H) ,
3.20(d,J =7.0 Hz,2H),2.04 (s,3H), “"C-NMR
(101 MHz,CDCL,) §:169.5,169.3,161.0,160.2,152. 8,
143.7,136.3,134.1,134.0,130.7,129.2,129.0, 128. 8,
127.4,127.1,127.0,124.8,123.2,121.6, 114.9, 113.0,
112.9,107.2,56.1,55.4,37.5,22.1,12. 8, JTCZE4MHr A
C,,H,,CIN,0,:C 67.86, H 5.13, N 5.27; S {H C
67.88,H5.35,N 5.22,

(S,E)-4-(7-H A B2 F A2 H- (0 J-8- 2 ) -2-
FHRE-V-[ -3 -3 -8 k- 1- ( 3-G R ik ) T -2-E ]
T2 (45) : HEREA, 72 63% ,m. p. 162 ~
163 C, [al}) = -22.52(p =0.5 mg - mL™",
CHCL, ), "H-NMR (400 MHz, CDCl,) §:9.15 (s,
1H),7.62(d,J=9.5 Hz,1H) ,7.54(d,J =2.0 Hz,
1H),7.33(d,J =8.6 Hz,1H),7.22 ~7.01 (m,
7H),7.00 ~6.93 (m,1H),6.81 (d, J =8.6 Hz,
1H),6.65(d,J =7.5 Hz,1H) ,6.35(t,J =7.5 Hz,
1H) ,6.24(d,J=9.4 Hz,1H) ,4.93(q,J =7.2 Hz,
1H),3.85(s,3H),3.64(d,J=7.4 Hz,2H) ,3.22 ~
3.06(m,2H),2.02 (s,3H)."” C-NMR (101 MHz,
CDCL, ) &: 169.8, 169.7, 161.1, 160.2, 152.8,
143.8,138.9,136.3, 134. 3, 134.2, 130.6, 129.6,
129.3,128.5,127.1,126.9,124.0, 119.9, 117.9,

114.8,113.0,112.9,107. 3,56.0,55. 4,38.1,22. 2,
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12. 8, JTLE4MHHE CyH,,CIN,0,:C 67.86,H 5. 13,
N 5.27; SZBHE C 67.75,H5.26 ,N 5. 19,

(S, E)-4-(7-H A8 H-2- 4 A2 H- 10 J5-8- 58 ) 2-
H-N-[ 1443 OR - 1- (4- R U ) TH-2- 56 ] T -2-0
Ml (4K ) - 100 TR, 7 38 64% ,m. p. 171 ~172 C,
[a]? = =27.22(p =0.5 mg - mL.™",CHCL, ), "H-NMR
(400 MHz,CDCL,) 8:9.08(s,1H),7.63(d,J =9.5 Hz,
1H),7.35(d,J =8.6 Hz,1H),7.31 ~7.09 (m,7H)
7.07 ~7.00(m,2H) ,6.82(d,J =8.6 Hz,1H),6.59(d,
J=7.7 Hz,1H) ,6.34(t,J =7.7 Hz,1H) ,6.23(d, ] =
9.4 Hz,1H) ,4.95(q,J =7.2 Hz,1H) ,3.84(s,3H) 3.4
(d,J=7.5 Hz,2H),3.22 ~3.05(m,2H) ,2.02(d, J =
1.5 Hz,3H),” C-NMR (101 MHz, CDCL,) §: 169.5,
160.9,160.2,152.8,143.7,136.3,134.5, 130. 4, 129. 3,
128.9,128.6,128.5,127.1,126.9,121. 1, 114.8,113.0,
112.9,107.3,56.0,55.4,38.2,22.1,12.7, JCE4Hr A
C,H,, CIN, O,: C 67.86, H 5.13, N 5.27; =5 {4
C67.80,H5.19,N 5.29,

(S, E)-4-(7-H 55 H-2- 5 fX-2H- 10 J75-8- 55 ) 2-H
FE-N-[ 12803 IR 1- (2-TROR 2 ) TN -2- 0k | T -2-J
Pfiz (1)« (1 A, 7 % 64% ,m. p. 144 ~ 145 °C
[a]d = =9.73(p =0.5 mg - mL™",CHCl,), "H-NMR
(400 MHz, CDCL, ) 6:8.29 ~8.18 (m,2H),7.63 (d,
J=9.5Hz,1H),7.44(dd,J =8.1,1.5 Hz,1H) ,7.34(d,
J=8.5Hz,1H),7.30 ~7.14(m,6H),6.93 ~6.87 (m,
1H),6.83(d,J =8.6 Hz,1H) ,6.41 ~6.28(m,2H) ,6.24
(d,/=9.5 Hz,1H) ,4.87(q,J =7.1 Hz,1H),3.90 (s,
3H),3.66(d,] =7.5 Hz,2H) ,3.20(d,J =6.9 Hz,2H),
2.04(d,J =1.5 Hz,3H) ., C-NMR (101 MHz,CDCI,) §:
169.5,169.3,161.0,160.2,152.8,143.7,136.2,135.2,
134.0,132.2,130.7,129.2,128.8,128.1,127.1,127.0,
125.4,121.9,114.9,113.7,113.0,112.9,107.3,56. 1 ,
55.3,37.5,22.1,12. 8, JLE4HrH CyH,,BrN,
0,:C62.61,H4.73,N 4.86; 52Kl C 62.55,
H4.90,N4.77,

(S, E)4-(7-H A H2- A 2 H- 15 J75-8- 0% ) 2-
FHBE-N-[ 14328 -1 - ( 3R OR 2 0k ) TN -2-4E
T 2-MEm e (4m) A ER, 7 EE67% ,m. p. 96 ~
97 C, [al}y = -20.06(p =0.5 mg + mL™",
CHCI,) , "H-NMR (400 MHz,CDCl;) §:9.10(s,1H,
NH),7.67(s,1H),7.62(d,J =9.4 Hz,1H) ,7.33
(d,J=8.5 Hz,1H),7.24 ~7.07 (m,7H) ,6.99 (t,
J=8.0 Hz,1H) ,6.81(d,J=8.5 Hz,1H) ,6.61(d,
J=7.5Hz,1H) ,6.33(t,J =7.4 Hz,1H),6.24(d,
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J=9.3 Hz,1H) ,4.92(q,J =7.2 Hz,1H) ,3.85(s,
3H),3.64 (d,J =7.4 Hz,2H),3.21 ~3.06 (m,
2H),2.02(s,3H), "C-NMR (101 MHz,CDCL,) §:
169.8,169.6, 161.0, 160.2, 152. 8, 143.7, 139.0,
136.3,134.3,130.6, 129.9, 129.3,128.5, 127. 1,
126.9,122.7,122.3,118.3, 114.8, 113.0, 112.9,
107.3,56.0,55.4,38.0,22.2,12.8, JTZE /il
CyH,, BrN, O, : C 62.61,H 4.73, N 4.86; I
C62.52,H4.87,N4.75,

(S, E)-4-(7-H 4 He-2- 4 AQ2H- 10 f5-8- 45 ) -2- 1
FE-N-[ 1283200 1- (4-ROR 2 ) TN -2- 08 ) T -2-J
M (dn) 6 A, 7238 69% ,m. p. 191 ~192 °C,
[a]? = =20.04(p =0.5 mg - mL.™",CHCL, ), "H-NMR
(400 MHz,CDCl,) §:9.20(s,1H),7.63(d,J =9.5 Hz,
1H),7.35(d,J =8.6 Hz,1H) ,7.25 ~7.11(m,8H) ,6. 82
(d,/]=8.6 Hz,1H) ,6.65(d,J =7.8 Hz,1H) ,6.34(t,
J=7.5Hz,1H),6.24 (d,J =9.5 Hz, 1H),4.97 (d,
J=7.3 Hz,1H) ,3.84(d,J =1.6 Hz,3H),3.64(d,J =
7.4 Hz,2H),3.22 ~3.05 (m,2H),2.03 (s,3H),
BC-NMR ( 101 MHz, CDClL, ) §: 169.6, 169.5, 161.0,
160.1,152. 8, 143.7, 136. 8, 136.3, 134.6, 131.5,
130.4,129.3,128.5,127.1,126.9, 121.4, 116.6,
114.7,113.0,112.9,107. 3,56. 1,55.4,38.2,22.2,
12.8, TCE/PHE C,H,, BrN,0,:C 62.61 ,H 4. 73,
N 4.86; 2 C 62.50,H 4.71,N 4. 68,

(S, E)-4-(7-H 4 He-2- 4 AQ2H- 10 f5-8- 4% ) -2- 11
FE-N-[ 1580430 1- (B-fi B AR 2 2k ) IN-2- 4k ] T7-2-
IAIENE (40) : AR, 774 63% ,m. p. 157 ~158 C,
[a]? = -38.64(p =0.5 mg - mL.™",CHCL, ), "H-NMR
(400 MHz, CDCL,) §:9.43(s,1H),8.29(s,1H),7.83
(d,J =8.3 Hz,1H),7.64 ~7.49(m,2H),7.33 ~7.28
(m,2H),7.17 ~7.05(m,5H) ,6.82(d,J =8.7 Hz,1H) ,
6.57(d,J=7.6 Hz,1H) ,6.36(t,J =7.6 Hz,1H) ,6.25
(d,J=9.4 Hz,1H),4.93(q,J =7.3 Hz,1H),3.88(s,
3H),3.66(dd,J =7.5,3.8 Hz,2H),3.24 ~3.08 (m,
2H) ,2.04(s,3H) ,”C-NMR (101 MHz,CDCl,) §:170.0,
169.9,161.0,160. 1,152.8,148.2,143.7,138.8,136. 1,
134.8,130.4,129.3,129.2,128.6,127.1,127.0, 125. 4,
118.5,114.7, 114.5, 113.0, 112.9, 107.3, 56.1, 55. 5,
37.7,22.2,14.1,12.7, JC & 4 Hr {8 Cy Hy N; O,
C 66.58,H 5.03, N 7.76; 523 {H C 66.61,H 5.20,
N 7.58,

(S,E)-4-(7-H 48 k-2 -2 H- (5 45-8- 5k ) -2-
FE-N-[ 1-458A0-3- R F-1- (4- i B IR L) IN-2- 2] T -

TP 2527 2025 422 14 60 B4 4 1




2-J7 eI (E ) -4-(7-H1 48 H-2- 5 A Q-2 H-2R 5 M g -8 ) -
2-HIBEE-N-{ 1-[ (4-fiF A0 ) 2 AL 153
Fi-2-55 1 2- T 1l (4p) : A, 3 64% ,m. p.
161 ~162 C, [a]} = -24.65(p =0.5 mg - mL~",
CHCL,), 'H-NMR (400 MHz, CDCL,) 8:9.94 (s,
1H),7.86(d,J=9.2 Hz,2H),7.63(d,J=9.5 Hz,
1H),7.51 ~7.44(m,2H),7.36 (d,J = 8.6 Hz,
1H),7.19 ~7.07 (m,5H),6.83(d,J = 8.7 Hgz,
1H),6.72(d,J =7.9 Hz,1H) ,6.39(t,] =6.7 Hz,
1H),6.22(d,J=9.5 Hz,1H) ,5.06(q,J =7.3 Hz,
1H),3.85(s,3H),3.65(d,J =7.3 Hz,2H),
3.25~3.02(m,2H),2.07 (s,3H) " C-NMR ( 101
MHz,CDCL, ) §:170.3,169.6,161.0,160.1,152. 8,
143.8,143.0,135.9,135.3,135.2, 130.0, 129.2,
128.5,127.3,127.0,124.5,119. 1, 114.5, 113.0,
112.9,107.3,56.1,55.5,38.3,31.5,22.6,22.2,
14.1,12.8, JCZE Ml Cy Hy N, 0,: C 66.58,
H5.03,N7.76; SZEE C 66.55,H5.13 N 7.72,
(S, E)-4-(7-H 5 3-2-54 R 2H- (0 J7-8-5 ) -2-
- N-[ 140340 -1 - (3- = gl R R R 0 ) -
2-55 ] T 2-M ik (4q)  FHEEA, 73 59% ,m. p.
98 ~100 C, [a]} = -=20.66(p =0.5 mg + mL™",
CHCL,) ., "H-NMR (400 MHz, CDCl,) §:9.36 (s,
1H),7.74(d,J =2.2 Hz,1H) ,7.62(d,J =9.5 Hz,
1H),7.49 ~7.41 (m,1H),7.33(d, J = 8.6 Hz,
1H),7.26 ~7.06 (m,7H),6.82(d, J = 8.6 Hz,
1H),6.66(d,J=7.7 Hz,1H) ,6.34(t,] =8.2 Hz,
1H) ,6.24(d,J=9.5 Hz,1H) ,4.96(q,J =7.3 Hz,
1H),3.85(s,3H),3.65(d,J =7.5 Hz,2H),
3.21~3.07 (m, 2H), 2.02 (s, 3H)."” C-NMR
(101 MHz,CDCl,) 8:169.9,161.1,160.2,152.8,
143.8,138.2,136.2, 134.4, 131.0, 130.7, 130.6,
129.2,129.1,128.5,127.1,127.0, 125.1, 122. 8,
122.4,120.5,116.6, 114.7,113.0, 112.9, 107. 3,
56.0, 55.5, 38.1, 22.1, 12.7, J¢ & % ¥ {1
Cy H,,F,N,0,:C 65.95, H 4.82, N 4.96; S {4
C 65.96,H 4.89 N 4.77,
(S,E)-4-(7-H 4 2482 H- 0 18- 3 ) -2-
FE-N-[ 1503 A - (R B ) N-2- 2 ] T 20
Pk (4r) - AEA, 722 65% ,m. p. 172 ~173 C,,
[aly) = =19.59 (p =0.5 mg - mL™", CHCL, ),
"H-NMR (400 MHz, CDCL,) §:7.63(d,J =9.5 Hz,
1H),7.34(d,J =8.6 Hz,1H) ,7.25 ~7.12(m,7H) ,
7.03 ~6.96(m,2H) ,6.84(d,J =8.6 Hz,1H),6.31

PIE 22k 2025 4F 2 H 5 60 45 4 M)

(t,/=7.4 Hz,1H) ,6.25(d,J =9.4 Hz,1H) ,5.92(s,
1H) ,4.56(q,J =7.9 Hz,1H),3.90(s,3H),3.66(d,
J=7.4 Hz,2H) ,3.47 ~3.27(m,2H) ,3. 11 ~2.96(m,
2H),2.72 ~2.51 (m,2H),2.01 (s,3H)."” C-NMR
(101 MHz, CDCL, ) §:170.7, 169.0, 161.0, 160.2,
152.8, 143.7, 138.5, 136.7, 133.6, 130.7, 129.3,
128.6, 128.5, 127.0, 126.9, 126.4, 115.0, 113.0,
112.9,107.2,56. 1,54.8,40.5,38.3,35.4,22.1,12.7,
TCESHTE C5 HyN,O5:C 72.92,H 5.92 N 5.48; 5
¥ {H C 73.01,H 6.02,N 5.35,

(S, E)-4-(7-H 5 H-2-54 R 2H- (0 J7-8-5 ) -2-
P - N-[ 14043 -4 A1 - (23 ik ) 9 -2- ik
T 2-IEm TN (4s) c A, 73 68% ,m. p. 123 ~
124 C, [al} = - 13.57 (p = 0.5 mg - mL™",
CHCL,) ,' H-NMR (400 MHz,CDCL,) 8:7.63(d,J =
9.5 Hz,1H) ,7.34(d, J=8.6 Hz,1H),7.23 ~7. 10
(m,4H),7.02 ~6.79 (m,4H) ,6.60 (s,1H) ,6.41
(d,J=7.7 Hz,1H) ,6.34 ~6.16(m,2H) ,4.70(q,
J=7.9 Hz,1H) ,4.35 ~4.12(m,2H) ,3.90(s,3H) ,
3.64(d,J=7.4 Hz,2H) ,3.16 ~2.94(m,2H) ,1.99
(s,3H), "C-NMR (101 MHz, CDCL,) §:170.8,
169.2,163.1,160.9, 160.7, 160.2, 152.8, 143.7,
136.5,133.7, 133.5, 130. 8, 129.3,129.2,129. 1,
128.5,127.0,126.8, 115.3,115.1, 114.9, 113.0,
112.9,107.2,56.0,54.7,42.5,38.2,22.1,12.7,
JCESAHTE Cy HyyFN,0,:C 70. 44 H 5.53 N 5. 30;
SR C 70. 18 ,H 5. 64 N 5. 30,

(S, E)-4-(7-H 48 He-2- 4 -2 H- 10 475-8- 58 ) 2-
F-N-[ 15301 - (4- 0 R RR L) I 2- 2 ] T-2-
IATEE (4t) : AR, 738 69% ,m. p. 120 ~ 121 C,
[]®=-15.76(p =0.5 mg - mL~", CHCI, ) ,' H-NMR
(400 MHz,CDCl,) 6:7.62(d,J =9.5 Hz,1H),7.34(d,
J=8.6 Hz,1H),7.21 ~7.09(m,5H) ,6.97(dd, ] =8.5,
5.5 Hz,2H),6.89 ~6.78(m,3H) ,6.46(s,1H) ,6.26 ~
6.14(m,2H) ,4.73(q,J =7.3 Hz,1H) ,4.33 ~4. 11 (m,
2H) ,3.89(s,3H),3.64(d,J =7.4 Hz,2H) ,3.13 ~3.00
(m,2H),1.98(s,3H) " C-NMR (101 MHz,CDCL,) §:
170.9,169.2,163.1,161.0,160.7,160.2, 152. 8, 143. 7,
136.5,133.8,133.5,130.8,129.3,129.2,129.1,128. 5,
127.0,126.8,115.3,115.1,114.9,113.0, 112.9, 107. 3,
56.1,54.7, 42.5,38.3, 22.1, 127, JC £ 4> #7 1i
C;, Hy FN, 0, :C 70. 44 H 5.53 N 5.30; SZEE C 70. 41,
H5.53,N5.24,

(S,E)-4-(7-H 48 J-2- 28 -2 H- (5 45-8- 4k ) -2-
-« 331 -
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FEN-[ 1500328 3-1-( 2, 4- U L 4 L) N -2-
FE] T2 WE e (d4a) . 1B B K, 772 65% , m. p.
144 ~145 C ]y = =20.12(p =0.5 mg - mL™",
CHCI,) ,"H-NMR (400 MHz,CDCL,) §:7.63(d,J =9. 4
Hz,1H),7.34(d,J =8.4 Hz,1H),7.21 ~6.96 (m,
7H),6.84(d,J =8.5 Hz,1H),6.70 (t, ] =8.8 Hz,
2H),6.54 (s, 1H), 6.42 (d, J = 7.5 Hz, IH),
6.31 ~6.22(m,2H) ,4.68(q,J =7.4 Hz,1H) ,4.35 ~
4.20(m,2H),3.90(s,3H),3.65(d,J=7.3 Hz,2H) ,
3.11~2.99 (m, 2H), 2.01 (s, 3H),” C-NMR
(101 MHz, CDCL, ) §&:171.0, 169.2, 161.0, 160.2,
152.8, 143.7, 136.4, 133.8, 130.7, 129.2, 128.5,
127.0, 126.8, 120.8, 114.9, 113.0, 112.9, 111.2,
111.0,107.2,103.9, 103.6, 103.4,56.1,54.6,38.2,
36.6,22.1,12.7, JTCEAPHE C; HyF,N,0,:C 68. 12,
H5.16,N 5.12; 5286 C 68.00,H 5.29,N 5.08,

(S,E)-4-(7-H 48 248 -2 H- (5 45-8- 4k ) -2-
FE-N-{ 148320 - 1- [ (miEmpy-2- KL L ) (L | T5-
2-BE | T 2-IE e (4v) - FHAEER, 7 2 68% ,m. p.
214 ~215 C, [al} = -27.78(p =0.5 mg - mL™",
CHCL,) ., "H-NMR (400 MHz,CDCl,) §:7.63(d,J =
9.4 Hz,1H),7.34(d,J =8.5 Hz,1H),7.20 ~ 7. 10
(m,6H),6.88 ~6.82(m,2H),6.78(d,J =3.4 Hz,
1H),6.65(s,1H),6.42(d,J =7.4 Hz,1H) ,6.26 ~
6.16(m,2H) ,4.67(q,J =7.0 Hz,1H) ,4.54 ~4.36
(m,2H),3.89 (s,3H),3.64(d,J =7.3 Hz,2H),
3.14~3.00 (m, 2H), 1.99 (s, 3H), "C-NMR
(101 MHz, CDCL, ) §: 170.6, 169.2, 161.0, 160.2,
152.8, 143.7, 140.3, 136.5, 133.6, 130.9, 129.3,
128.5, 127.0, 126.8, 126.7, 125.9, 125.0, 115.0,
113.0,112.9,107.2,56.1,54.5,38.2,22.1,12.7, 7
FMTE CyH N,0.S:C 67.42 ,H 5.36,N 5. 42 ; 525
{HC 67.22,H 5.49,N.5.25,
1.3 50 8 M 07 2 52 0

PRUERIRR : S. aureus E. coli Y5 T-dbHLdb 4N 61 Bk
HEWIEARBIEFERE 5 ik 245 R ik : MIRSA. 71T 9604 5 Bl K
kTR (FREC) , | 38 SCBERE K 27 B & 5 5 o 25 42
ik, DA PUAK (oxacillin) Sy X} BE2Y >R F P50 R
P ARG MIC, 7 A S RSk 18 ] .

2 #R5itie
2.1 &4k

A da (8 BN ), #5212, 37 TR 1975 1%, X H
PRV A A A T IR R o
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Fe 1 AT LA AL EL S0 R s 1] 2 X i
P AR R, Horh R [FIBORE T H AR
AT BRI, g Mg B 15 1 35 12 12,0
RIBIER, H1 38% $ET151 66% {0 245k} Hh gk 2z
Tnest, YR S R B R, 2 RO TR 0 °C T ]
20 CH, W f 5 AT 38 66% |, {HIRLEE i — 20 T, d
BRI, YR EE R 40 °C R 40% |, 6 )2 (03 BRI
IR, FE 0 ~10 °C W ANTE 4, 1 il BE 3k v WA o 22
BRI 3 A0, RO 1 b YSOR di iy, B i) R 66
NEANGE A, ] RA 2 B 22 Rl v R A

K1 ERFME L-KTE R B EEM A R T R BURAT &
1 B B R 2

Tab.1 Screening of reaction conditions for target compounds

Entry  Feed ratio/n;yenmediate 2° Mintermediate 3 ~ 1/C t/h  Yield/%
1 1:1 0 1 38
2 1.2:1 1 51
3 1.4:1 0 1 51
4 1.6:1 1 50
5 1.2:1 10 1 60
6 1.2:1 20 1 66
7 1.2:1 30 1 62
8 1.2:1 40 1 40
9 1.2:1 20 0.5 55
10 1.2:1 20 1.5 58
2.2 HHEEHE

1 2 R, H B %F BT 20 e 2 A A [ B 4
HIVER TR LB P R B A T PR e . H
AL 4g 4h 4k 4o Fldq X S. awreus HHUF 1)
&M, MIC B 4350 o 32.32.32.8 Fl1 16 g - mL_l;
159 4h 4k do Fll4q Xt E. coli it) MIC {H %33 K
8.32.2 fil4 pg - mL™" 40 Fl 4q (YIHPELL F X HEZS
RMEFG AR 1k A4 4k (4o Fil 4q X MRSA () MIC {f
Sy 32.16 116 pg - mL™' il FXEERZS  1G
¥ 4h 4k 4o F14q X} FREC f MIC {54574 8 .32,
4 18 pg - mL™ WL T X EZG

FROE Z 50 17 : OBUCEE R SR IRET, 36 |
R TR, ORGP, M T PR
PERA 5., W R TR0 R, T O M @R
e b i e R AW e S N R R SRR
QEHRIHE ST A L, PL S, aureus FI MRSA
WS T A (B EA B WHT E. coli fl FREC
W, HY R T HUEE

38
W XHE R AP A Sk A, BOT A R
2577k 2025 4R 2 1% 60 5 4




x2

B AR A4 5T S. aureus \E. coli MRSA #F1 FREC #y &

NTET R (MIC)

Tab. 2

S. aureus, E.

MIC values of different target compounds against

coli, MRSA and FREC

MIC /pg + mL !
Compound

R S. aureus E. coli MRSA FREC

4a Ph 128 128 >128 >128
4b 2-CH;Ph >128 >128 >128 >128
4c 3-CH;Ph >128 >128 >128 >128
4d 4-CH;Ph >128 >128 >128 >128
4e 4-OCH;Ph >128 >128 >128 >128
4f 2,4-diOCH;Ph >128 >128 >128 >128
4g 2-FPh 32 64 64 64
4h 4-FPh 32 8 64 8

4i 2-ClIPh 128 128 128 128

4j 3-CIPh >128 >128 >128 >128
4k 4-ClPh 32 32 32 32

41 2-BrPh 128 128 >128 128
4m 3-BrPh >128 >128 >128 >128
4n 4-BrPh 128 128 128 128
40 3-NO,Ph 8 2 16 4
4p 4-NO,Ph 64 32 64 64
4q 3-CF;Ph 16 4 16 8
4r PhCH, >128 >128 >128 >128
4s 2-FPhCH, >128 >128 >128 >128

4t 4-FPhCH, 128 128 128 128
4u 2,4-diFPhCH, >128 128 >128 >128
4v Thiazolyl methyl — >128 >128 >128 >128
Oxacillin 0.5 16 256 64

B L-JR TN SR 45 1 1A I PR 1 3R AT A WA B 1Y

P02 PH P TR B O A, R B ) 4o

il 4q Xf MRSA \E. coli 1l FREC A9 3% ¥ {7 %} 18
25, LR N R I 5| A e B 3 32 TH 0 4 22 IR 1A
Pk
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