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Abstract: ATP-citrate lyase (ACLY), serving as a critical energy metabolism bridge in tumor cells, is closely
implicated in the development of various malignancies. Inhibition or knockout of ACLY has been reported to
effectively suppress tumor cell proliferation and induce apoptosis. In this work, we have designed and synthesized 18
dehydrocurvularin cinnamy ACLY inhibitors. Through biological evaluation and molecular dynamics simulations,
we systematically explored the structure-activity relationships (SAR) of these derivatives. Compound 4e exhibited
potent anti-proliferative activity against MDA-MB-231 and PANC-1 cells with a IC,, value of 0.4 and 1.1 pmol-L",
providing crucial insights for structural modification and SAR studies of this class of macrolide derivatives.
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Figure 1
ACLY. Yellow: Extended pocket; DCV: Dehydrocurvularin; ACLY:
ATP-citrate lyase
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Table 1  Antiproliferation activity of targeted compounds to cancer cells. n =3, x £ s
ICSO/umol-L'1 ICSO/pmol'L'I

No. Compound No. Compound
MDA-MB-231 PANC-1 MDA-MB-231 PANC-1
1 DCV 53+09 34+0.5 11 4c 23+0.5 2.1+0.2
2 BMS-303141 72+1.6 8.7+23 12 4d 1.4+0.6 1.9+0.7
3 1a 45+0.7 5.1+0.3 13 4e 0.4+0.1 1.1+0.1
4 2a 6.1+0.4 79+1.2 14 4f 1.2+0.3 1.3+0.2
5 2b 7.6+0.8 6.4+1.1 15 4g 1.9+04 2.3+0.6
6 2¢ 33+£0.5 4.1+0.7 16 4h 25+0.7 29+0.8
7 3a 5.8+1.1 49+1.6 17 4i 59+1.5 5.6+0.5
8 3b 43+09 3.7+04 18 4j 14+03 1.6+0.2
9 4a 2.5+0.7 29+0.1 19 4k 4.7+0.9 1.4+0.1
10 4b 3.1+09 3.7+0.2 20 41 33+0.8 39+04
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Figure 2 Effects of 4e on Ca™" in MDA-MB-231 cell lines. A: Compound 4e elevated intracellular Ca* levels in MDA-MB-231 cells; B:

Histograms display the percentage of Ca* level. n =3, x 5. "P <0.01 vs control
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Figure 3 2D and 3D models of the interaction between 4e and
ACLY protein (PDB: 600H). A: The 2D ligand interaction; B: The
predicted binding mode of compound 4e in the active site of ACLY
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Figure 4 Molecular dynamics simulation analysis. A: Molecular dynamics simulation results of target compound 4e and ACLY, RMSD in
50 ns analysis for predicted ACLY complexes with 4e; B: Hydrogen bonds analysis for predicted ACLY complexes with 4e; C, D: The

predominant two- and three-dimensional conformations were identified through free energy landscape (FEL) analysis
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RUEH X-4 98 SRR ZF-1 = F A Hr 0y
B 54 2 T A 28 GF254 ¥ E RE RN T & g
A BRA TR o
2 kEE
21 EWIalER

# DCV (1.0 mmol, 20 mg) & fit- T2 mL H 1A TR
o AERERE T BRI 37% 1) 2 T SR (1.0 mmol,
3 mL), i [ B 30 min, [ 5 0 E TG B R
(2.0 mol), [ WA 22 2218 #4540 °C, 4k 245 #F = B
10 h; 3 2 80 R DU, AR s 45 R, I N TR £ 2R
KRN, LR R AL 3 IR, & I B LA, B K
TR AN T 1, DR IR 40, I A E AT 4 B alifk, 1514k
AW 1a, WH 42%. 'HNMR (400 MHz, CDCL,) J,;: 6.71
(d, J=15.5 Hz, 1H), 6.61 (d, J = 15.4, 1H), 6.21 (s, 1H),
4.89~4.78 (m, 1H), 4.19~3.97 (m, 3H), 3.52 (d, J =
17.9 Hz, 1H), 2.77 (t,J=7.3 Hz, 2H), 2.48 (t, /= 10.3 Hz,
1H), 2.40~2.32 (m, 2H), 2.01~1.87 (m, 3H), 1.64 (m,
5H), 1.34 (d, J = 7.5 Hz, 5H), 0.90 (d, J = 6.3 Hz, 3H);
C NMR (100 MHz, CDCL,) d.: 197.20, 170.80, 169.91,
162.85, 153.98, 151.27, 136.80, 131.32, 119.53, 117.37,
110.21, 72.90, 42.95, 34.67, 33.17, 33.02, 28.23, 25.76,
24.48, 20.29; HRMS (ESI) m/z Calcd. for C,,H,NO,
[M+H]" 390.228 0, found 390.227 2.
22 EM2alERK

¥ DCV (1.0 mmol, 25 mg) & T 2 mL 25
o IONBR BR 4 (1.0 mmol, 28 mg), % ¥ B 30 min,
B J5 2% 4% 5 IR AL TE 2 (1.0 mol, 14 mg), & i
kSN 1 h R, IR EhoK K RN, LR 4
FRZE I3 I, & IFA B, BLIC/K BRI AN T, I
4, T Ja G R JENT A S ik, B G 2a, IR 68%.
'H NMR (400 MHz, CDCL,) d,: 11.48 (s, 1H), 8.02~
7.94 (m, 2H), 7.68~7.61 (m, 1H), 7.53 (t,J= 7.7 Hz, 2H),
6.66 (dd, J = 6.4, 2.5 Hz, 2H), 6.46 (d, J = 2.6 Hz, 1H),
6.38 (d, J = 2.6 Hz, 1H), 4.89~4.80 (m, 1H), 4.33 (s,
2H), 4.06 (d, J=17.8 Hz, 1H), 3.57 (d, J= 17.9 Hz, 1H),
2.54~2.44 (m, 1H), 2.35 (m, 1H), 2.07~1.84 (m, 2H),
1.72~1.65 (m, 2H), 1.26 (d, J = 6.5 Hz, 3H); °C NMR
(100 MHz, CDCI,) d.: 196.30, 192.98, 171.07, 166.23,
162.37, 148.69, 137.78, 134.24, 134.15, 131.29, 128.98,
128.06, 114.93, 113.63, 101.22, 72.60, 70.25, 43.96,
34.07, 32.71, 24.16, 19.99; HRMS (ESI) m/z Calcd. for

C,,H,,0, [M+H]" 387.170 2, found 387.170 1.
23 1£L&%2b.2¢ 3a.3b . da~4j I AR

FEAFFRER (1.0 mmol) T =& HkiH (4 mL) 1,
KNI NA#EAL 7 EDCI (1.4 mmol) #TDMAP (0.1 mmol),
WRAEEE SN 0.5 h, FEJE A DCV (25 mg, 1.0 mmol).
Ak 2 I B 6~8 h, I 2 I, R RO R,
BB R SN KV T K L, PR SR AL 3 4R,
A AN, CLICKBR BR80T 15, R IR %6, =M &
FZE M aifh, 1538 5 bR &=, AT RS R T .
23.1  (R)-7-82E-8-F 8-11-FAE-1-F 223+ PUF%-6,9-
TH-10-E2-G-(CREKREHER)-5- R E4- KB
E)Z 8 fs 2b) 'H NMR (400 MHz, CDCL,) 6, 11.49
(s, 1H), 7.28 (s, 1H), 6.85 (d, J = 2.3 Hz, 1H), 6.70 (d,
J = 2.6 Hz, 1H), 6.66 (td, J = 9.6, 6.0 Hz, 1H), 4.93~
4.86 (m, 2H), 4.58~4.51 (m, 4H), 4.32 (s, 2H), 4.09~
3.91 (m, 2H), 3.70~3.47 (m, 2H), 2.62~2.43 (m, 1H),
2.42~229 (m, 1H), 2.08~1.97 (m, 1H), 1.95~1.81
(m, 1H), 1.67 (d, J = 12.2 Hz, 4H), 1.31~1.25 (m, 4H);
C NMR (100 MHz, CDCL,) d.: 197.19, 170.97, 169.63,
163.41, 154.84, 150.76, 136.83, 131.38, 129.87, 118.90,
117.86, 110.40, 77.25, 72.83, 72.24, 70.73, 70.70, 70.06,
69.39, 43.28, 34.61, 33.12, 29.60, 24.52, 20.29, 13.79;
HRMS (ESI) m/z Caled. for C,,H, FeO, [M+H]" 503.115 7,
found 503.114 9.
232 (S,.E)-11-$2&-4-FH£-2,10- =5 1K-1,4,5,6,7,10-
NE-2H-FEF [d [ FRF+ ZH-13-EREREE 20
'H NMR (400 MHz, CDCL,) d,: 11.29 (s, 1H), 6.74 (d,
J =23 Hz, 1H), 6.68 (ddd, J = 15.6, 8.5, 4.2 Hz, 1H),
6.62 (d, J = 1.3 Hz, 1H), 6.59 (dd, J = 4.9, 1.8 Hz, 1H),
4.92~4.83 (m, 1H), 3.98 (d, J = 17.4 Hz, 1H), 3.57 (d,
J =17.6 Hz, 1H), 2.56 (t, J = 7.5 Hz, 2H), 2.51~2.41
(m, 1H), 2.38~2.30 (m, 1H), 2.05~1.97 (m, 1H), 1.92~
1.84 (m, 1H), 1.78~1.73 (m, 2H), 1.69~1.65 (m, 2H),
1.44~1.37 (m, 3H), 1.29 (s, 26H); "C NMR (100 MHz,
CDCl,) d.: 197.18, 171.40, 170.79, 163.00, 154.54, 150.86,
136.66, 131.35, 119.20, 117.61, 110.31, 72.76, 43.01,
34.66, 34.42, 33.10, 31.92, 29.69, 29.65, 29.60, 29.44,
29.35, 29.24, 29.06, 24.83, 24.45, 22.68, 20.25, 14.10;
HRMS (ESI) m/z Calcd. for C,,H,;0, [M+H]" 529.352 9,
found 529.352 6,
233 (S,E)-11-32E-4-AE-2,10-—F £-1,4,5,6,7,10-
NE2H-FH[ANE LT+ R E-13-E (E)-3-(%
I-3-E) A HELES (3a) 'H NMR (400 MHz, CDCL,) d,;:
11.39 (s, 1H), 7.76 (d, J = 6.8 Hz, 1H), 7.58~7.49 (m,
1H), 6.82 (t, J = 2.8 Hz, 1H), 6.75~6.61 (m, 4H), 6.52
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(d, J= 8.5 Hz, 1H), 6.26 (d, J = 8.5 Hz, 1H), 4.93~4.85
(m, 1H), 4.02 (d, J = 17.4 Hz, 1H), 3.60 (d, J = 17.6 Hz,
1H), 2.51 (dd, J = 13.5, 7.6 Hz, 1H), 2.39~2.32 (m,
1H), 1.90~1.83 (m, 2H), 1.51 (dd, J = 5.4, 2.3 Hz, 1H),
1.27 (d, J = 2.2 Hz, 3H); "C NMR (100 MHz, CDCI,)
5.2 197.17,163.24, 150.87, 145.35, 144.74, 136.76, 135.42,
135.21, 132.30, 131.35, 130.75, 119.11, 117.72, 116.42,
110.40, 107.42, 74.21, 37.60, 35.39, 32.14, 23.40, 19.97;
HRMS (ESI) m/z Caled. for C,H,,0,[M+H]" 411.144 4,
found 411.144 1.

2.3.4 (S,E)-11-#2H-4-HE-2,10-—51X-1,4,5,6,7,10-
ANE2H-EHF A1 E T+ 2 ht-13-F(E)-3-(EW-3-
E)A % B ES 3b) 'H NMR (400 MHz, CDCL) d,;:
11.39 (s, 1H), 7.87 (d, J=15.8 Hz, 1H), 7.62 (dd, J = 3.0,
1.3 Hz, 1H), 7.40 (m, 2H), 6.83 (d,J=2.3 Hz, 1H), 6.76~
6.58 (m, 3H), 6.43 (d, J = 15.8 Hz, 1H), 4.96~4.84 (m,
1H), 4.02 (d, J = 17.5 Hz, 1H), 3.61 (d, J = 17.7 Hz,
1H), 2.56~2.46 (m, 1H), 2.39~2.31 (m, 1H), 2.06~1.97
(m, 2H), 1.64~1.58 (m, 2H), 1.26 (d, J = 7.2 Hz, 3H);
“C NMR (100 MHz, CDCL,) é.: 197.16, 170.88, 164.76,
163.25, 154.66, 150.84, 140.69, 137.24, 136.77, 131.35,
129.40, 127.33, 125.17, 119.11, 117.72, 116.31, 110.41,
72.80, 43.19, 34.62, 33.10, 29.72, 24.51, 20.29; HRMS
(ESI) m/z Caled. for C,,H,,0,S [M+H]" 427.121 5, found
427.121 2,

2.3.5 (S,E)-11-2E-4-FHE-2,10-—5F1%-1,4,5,6,7,10-
ANE2H-FH [ [ E R+ 2 5x-13-8 (F)- A ERRES
(4a) 'HNMR (400 MHz, CDCl,) d,;: 11.40 (s, 1H), 7.90
(d, J=16.0 Hz, 1H), 7.62 (dd, J = 6.8, 2.9 Hz, 2H), 7.46
(dd, J=4.9, 2.0 Hz, 3H), 6.85 (d, J=2.3 Hz, 1H), 6.73~
6.59 (m, 4H), 4.94~4.85 (m, 1H), 4.03 (d, J = 17.6 Hz,
1H), 3.61 (d, J = 17.6 Hz, 1H), 2.57~2.47 (m, 1H),
2.39~2.34 (m, 1H), 2.07~1.90 (m, 2H), 1.69~1.65
(m, 2H), 1.27 (d, J = 8.1 Hz, 3H); “C NMR (100 MHz,
CDCL) d.: 197.17, 170.89, 164.51, 163.25, 154.63,
150.88, 147.40, 136.79, 133.98, 131.35, 130.97, 129.06,
128.43, 119.15, 117.72, 116.73, 110.43, 72.82, 43.19,
34.62, 33.11, 29.73, 24.51, 20.29; HRMS (ESI) m/z
Calcd. for C,;H,,0, [M+H]" 421.165 1, found 421.165 3.
2.3.6 (S.E)-11-2E-4-BHE-2,10-—F1X-1,4,5,6,7,10-
NE2H-FH [N ERF+Zk-13-2(E)-3-4-2K
)R &% BB (4b) 'H NMR (400 MHz, CDCL) d,:
11.37 (s, 1H), 7.82 (d, J = 16.0 Hz, 1H), 7.60 (q, J =
2.3 Hz, 1H), 7.48 (dt, J = 7.3, 1.6 Hz, 1H), 7.45~7.36
(m, 2H), 6.84 (d, J = 2.3 Hz, 1H), 6.75~6.66 (m, 2H),

6.66~6.59 (m, 2H), 4.94~4.86 (m, 1H), 4.07~3.97 (m,
1H), 3.61 (d, J=17.6 Hz, 1H), 2.56~2.47 (m, 1H), 2.42~
2.29 (m, 1H), 2.06~1.90 (m, 2H), 1.70~1.65 (m, 2H),
1.26 (d,J = 7.1 Hz, 3H); "C NMR (100 MHz, CDCL,) 6,
197.16, 170.86, 164.09, 163.21, 154.45, 150.96, 145.67,
136.83, 135.76, 135.10, 131.33, 130.79, 130.31, 128.10,
126.58, 118.25, 117.61, 110.37, 72.84, 43.17, 34.64,
33.13, 29.73, 24.51, 20.30; HRMS (ESI) m/z Calcd. for
C,.H,,BrO, [M+H]" 499.075 6, found 499.075 9.

23.7 (S.E)-11-2 E-4-BAE-2,10- =5 1X-1,4,5,6,7,10-
NE-2H-FFH [N E R+ Zik-13-E(E)-3-3-8%&
E)AGERES (4c) 'HNMR (400 MHz, CDCL,) 5,: 11.38
(s, 1H), 7.82 (d, J = 16.0 Hz, 1H), 7.60 (d, J = 1.9 Hz,
1H), 7.48 (dt, J = 7.3, 1.7 Hz, 1H), 7.44~7.36 (m, 2H),
6.84 (d, J=2.3 Hz, 1H), 6.77~6.67 (m, 2H), 6.66~6.58
(m, 2H), 4.96~4.85 (m, 1H), 4.03 (d, J = 17.5 Hz, 1H),
3.61 (d, J = 17.7 Hz, 1H), 2.57~2.47 (m, 1H), 2.41~
2.30 (m, 1H), 2.09~1.86 (m, 2H), 1.74~1.60 (m, 2H),
1.27 (d,J= 7.1 Hz, 3H); "C NMR (100 MHz, CDCL,) J:
197.16, 170.86, 164.07, 163.23, 154.46, 150.94, 145.67,
136.84, 135.76, 135.10, 131.33, 130.79, 130.31, 128.10,
126.58, 118.26, 117.61, 110.37, 72.83, 43.17, 34.64,
33.12, 29.72, 24.51, 20.30; HRMS (ESI) m/z Calcd. for
C,H,,ClO, [M+H]" 455.126 1, found 455.126 3.

2.3.8 (S,E)-11-$2&-4-FAE-2,10- = F 1K-1,4,5,6,7,10-
NE-2H-FFH AN ERF+ ik E-13-E(F)-3-3-H
HEXE)ABEEES 4d) 'HNMR (400 MHz, CDCI,)
d,: 11.37 (s, 1H), 7.86 (d, J = 16.0 Hz, 1H), 7.45~7.38
(m, 2H), 7.38~7.30 (m, 1H), 7.27 (d, J = 6.3 Hz, 1H),
6.84 (d, J=2.3 Hz, 1H), 6.76~6.55 (m, 4H), 4.91 (s, 1H),
4.02 (d, J = 17.5 Hz, 1H), 3.61 (d, J = 17.6 Hz, 1H),
2.57~2.46 (m, 1H), 2.44~2.28 (m, 4H), 2.15~1.86
(m, 2H), 1.70~1.64 (m, 2H), 1.26 (d, J = 6.4 Hz, 3H);
“C NMR (100 MHz, CDCL,) d.: 197.19, 170.87, 164.55,
163.18, 154.67, 150.85, 147.58, 138.75, 136.74, 133.96,
131.80, 131.37, 129.06, 128.93, 125.63, 119.18, 117.71,
116.50, 110.39, 72.79, 43.14, 34.64, 33.10, 24.49, 21.33,
20.28; HRMS (ESI) m/z Caled. for C,H,,O, [M+H]"
434.172 9, found 434.172 6.

2.3.9 (S,.E)-11-2E-4-FHE-2,10- =5 1K-1,4,5,6,7,10-
ANE2H-KH W EF IR+ Zhk-13-F(E)-3-(BRE
E)AHBERBS (4e) 'H NMR (400 MHz, CDCLy) 6,;:
11.42 (s, 1H), 8.19 (d, J = 15.9 Hz, 1H), 7.68~7.62 (m,
1H), 7.35 (m, 1H), 7.28 (s, 1H), 7.28~7.25 (m, 1H), 6.86
(d, J = 2.3 Hz, 1H), 6.75~6.66 (m, 2H), 6.64 (dd, J =
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15.6, 1.2 Hz, 1H), 6.55 (d, J = 15.9 Hz, 1H), 4.96~4.85
(m, 1H), 4.03 (d, J=17.5 Hz, 1H), 3.62 (d, J = 17.6 Hz,
1H), 2.50 (s, 4H), 2.41~2.31 (m, 1H), 2.06~1.87 (m,
2H), 1.72~1.63 (m, 2H), 1.27 (d, J = 6.5 Hz, 3H);
“C NMR (100 MHz, CDCL,) d.: 197.18, 170.89, 164.55,
163.32, 154.69, 150.80, 145.00, 138.12, 136.80, 132.93,
131.36, 130.99, 130.69, 126.65, 126.50, 119.08, 117.77,
110.46, 72.81, 43.20, 34.63, 33.12, 29.72, 24.51, 20.29,
19.86; HRMS (ESI) m/z Calcd. for C,H,,O, [M+H]"
435.180 8, found 435.181 1.

2.3.10 (S,E)-11-32 & -4-FH E-2,10- = 5§ X -1,4,5,6,7,
10-75 S -2H-F F [d] [1| F 23+ Z5k-13-2(E)-3-(3F
BRI AEEES @) 'H NMR (400 MHz, CDCI,)
8,: 11.39 (s, 1H), 7.87 (d, J = 16.0 Hz, 1H), 7.51 (d, J =
8.1 Hz, 2H), 7.26 (d, J = 7.9 Hz, 2H), 6.84 (d, J= 2.3 Hz,
1H), 6.75~6.60 (m, 3H), 6.57 (d, J=16.0 Hz, 1H), 4.95~
4.84 (m, 1H), 4.02 (d, J = 17.5 Hz, 1H), 3.61 (d, J =
17.6 Hz, 1H), 2.60~2.46 (m, 1H), 2.42 (s, 3H), 2.39~
2.24 (m, 1H), 2.05~1.86 (m, 2H), 1.74~1.65 (m, 2H),
1.26 (d, J = 6.4 Hz, 3H); "C NMR (100 MHz, CDCl,)
d.: 197.18, 170.85, 164.65, 163.22, 154.73, 150.77,
147.39, 141.52, 136.74, 131.36, 131.30, 129.78, 128.43,
119.12, 117.73, 115.61, 110.40, 72.77, 43.15, 34.64,
33.09, 29.70, 24.48, 21.55, 20.27, HRMS (ESI) m/z
Calcd. for C,H,,0O, [M+H] 435.180 8, found 435.181 2.
2311 (S.E)-11-32E-4-FHE-2,10-—F1X-1,4,5,6,7,10-
NE2H-EFH [d|[1|EEF+ Zk-13-E(E)-3-2.4-=
BREXE)AGERES 4g) 'HNMR (400 MHz, CDCL,)
d,: 11.38 (s, 1H), 8.16 (d, J = 15.9 Hz, 1H), 7.59~7.48
(m, 1H), 7.09 (d, J = 6.8 Hz, 2H), 6.85 (d, J = 2.3 Hz,
1H), 6.76~6.59 (m, 3H), 6.51 (d, J=15.8 Hz, 1H), 4.95~
4.85 (m, 1H), 4.02 (d, J = 17.5 Hz, 1H), 3.61 (d, J =
17.6 Hz, 1H), 2.56~2.49 (m, 1H), 2.46 (s, 3H), 2.37 (s,
3H), 2.36~2.30 (m, 1H), 2.05~1.85 (m, 2H), 1.71~1.66
(m, 2H), 1.26 (d, J = 6.5 Hz, 3H); "C NMR (100 MHz,
CDCL) d.: 197.20, 170.87, 164.74, 163.20, 154.75,
150.80, 144.93, 141.16, 138.12, 136.71, 131.76, 131.38,
130.11, 127.32, 126.66, 119.12, 117.76, 116.46, 110.42,
72.79, 43.13, 34.64, 33.10, 24.48, 21.39, 20.27, 19.74;
HRMS (ESI) m/z Calcd. for C,,H,,O, [M+H]" 449.196 4,
found 449.195 9.

23.12 (S,E)-11-2E-4-FE-2,10-=F1X-1.,4,5,6,7,10-
ANE2H-EH[dNE LT+ % E-13-E(E)-3-G-(=
FREE)KE)FHEES 4h) 'H NMR (400 MHz,
CDCL,) 6,: 11.36 (s, 1H), 7.86 (d, J= 16.0 Hz, 1H), 7.56~

7.48 (m, 2H), 7.45 (s, 1H), 7.34~7.29 (m, 1H), 6.84 (d,
J=12.3Hz, 1H), 6.77~6.59 (m, 4H), 4.96~4.85 (m, 1H),
4.03 (d, J = 17.5 Hz, 1H), 3.61 (d, J = 17.7 Hz, 1H),
2.57~2.47 (m, 1H), 2.41~2.32 (m, 1H), 2.05~1.89
(m, 2H), 1.73~1.66 (m, 2H), 1.27 (d, J = 6.7 Hz, 3H);
C NMR (100 MHz, CDCL,) d.: 197.17, 170.85, 164.00,
163.19, 154.41, 150.99, 149.75, 145.47, 136.85, 136.03,
131.33, 130.52, 126.75, 123.07, 120.40, 119.28, 118.64,
117.58, 110.36, 72.85, 43.15, 34.64, 33.13, 29.72, 24.51,
20.29; HRMS (ESI) m/z Calcd. for C,.H,,F,0, [M+H]"
505.147 4, found 505.147 1.
2.3.13 (S,E)-11-FE-4-BH £ -2,10- = 5 1X-1,4,5,6,7,
10-73S-2H-FFH [d [ EFE I+ Zik-13-F(E)-3-2-F
SEFE)HHEEES 4i) 'HNMR (400 MHz, CDCL,)
d,: 11.44 (s, 1H), 8.19 (d, J= 16.1 Hz, 1H), 7.58 (dd, J =
7.7, 1.8 Hz, 1H), 7.42 (ddd, J = 8.8, 7.4, 1.7 Hz, 1H),
7.05~6.94 (m, 2H), 6.74 (s, 1H), 6.70 (s, 2H), 6.53 (d,
J = 8.5 Hz, 1H), 6.27 (d, J = 8.5 Hz, 1H), 4.95~4.86
(m, 1H), 4.03 (d, J = 17.8 Hz, 1H), 3.95 (s, 3H), 3.61 (d,
J = 17.7 Hz, 1H), 2.59~2.45 (m, 1H), 2.42~2.29 (m,
1H), 2.07~2.00 (m, 2H), 1.52~1.49 (m, 2H), 1.26 (d,
J=6.8 Hz, 3H); *C NMR (100 MHz, CDCL,) 6.: 202.03,
173.25, 165.72, 162.18, 159.96, 155.90, 151.92, 135.42,
135.21, 133.84, 132.30, 130.75, 129.47, 123.74, 121.57,
117.87, 116.35, 111.92, 109.70, 73.69, 56.17, 40.63,
32.59, 29.34, 23.40, 19.66; HRMS (ESI) m/z Calcd. for
C,H,,0, [M+H] 451.175 7, found 451.175 9.
2.3.14 (S,E)-11-FE-4-BH £ -2,10- = 5 1X-1,4,5,6,7,
10-73S-2H-FH [N E R F+ 2k R-13-F(E)-3-3,
4,5- =S EFE)HHIREE 4j) 'HNMR (400 MHz,
CDCl,) 6, 11.38 (s, 1H), 7.81 (d, J = 15.9 Hz, 1H), 6.84
(d, J = 1.5 Hz, 2H), 6.74~6.60 (m, 3H), 6.52 (d, J =
15.9 Hz, 1H), 6.32 (dd, J = 28.6, 2.5 Hz, 1H), 4.89 (q,
J=7.0 Hz, 1H), 4.14 (d, J = 7.2 Hz, 1H), 3.93 (d, J =
3.4 Hz, 9H), 3.61 (d, J = 17.6 Hz, 1H), 2.52 (d, J =
14.8 Hz, 1H), 2.34 (d, J = 8.6 Hz, 1H), 2.03~1.91 (m,
2H), 1.66 (d, J = 9.5 Hz, 2H), 1.27 (d, 3H); "C NMR
(100 MHz, CDCI,) d.: 197.18, 170.90, 164.50, 163.22,
154.63, 153.53, 150.90, 148.31, 147.36, 136.77, 131.46,
131.34, 129.44, 117.69, 115.88, 113.43, 110.39, 105.61,
103.20, 72.84, 61.03, 56.23, 43.17, 34.64, 33.11, 29.70,
24.49, 20.28; HRMS (ESI) m/z Calcd. for C,H,,0, [M+
H]" 511.196 8, found 511.196 6.
24 EWAKNBERK

B 4-(ORUT A A 25 T2 (1.0 mmol) ¥ % T



- 2584 - 242224 Acta Pharmaceutica Sinica 2026, 61(7): 2577-2585

AL (4 mL) H RO A4 EDCI (1.3 mmol)
HIDMAP (0.1 mmol), ¥ ¥ & 45+ S5 30 min, Fifi f5 7
JIADCV (25 mg, 1.0 mmol), 445 =5 [ 3 8 h, il i i
JE T W S, J N5 RS, I N AN B R BN K
KRN, LT8R A3 K, B3N, LAJG/KER
PR BN T 15, DR 4, L F= 2 A E T diAb, 13 (A
b A TR R LN TFA T DCM = 1:2 4R R it
TR, FIRSEFE N 1 h, 383 2 R B W s
e SN2 TR IS, 0 00 TR 4 0 B 45 A5 R4 R
B8 5 oK A L E AR K (1.2 mmol) & ## T DMF (4 mL)
o, I N HATU (1.5 mmol) 1 DIPEA (3.0 mmol) 7
T A3 FE S 30 min, FE TN 203 R4, 4% 2528 T OB
8 h, I Job i Al M S B, SRS R R I N A B
PR AN K VR IE K N, R R R 3 %, A A HL
FH, CATG 7K B BR A T I8, I8 A< 4, R = M AT 2 i 4l
1 CHMEE: 2/ 288 = 3:1), B40E W 4k 41, iR
FESE F S s

24.1 (S.BE)-11-2E-4-FE-2,10-—F1K-1,4,5,6,7,10-
ANE2H-FEF AN E R+ 2k E-13-F 4-((B)-3-(2-
FRERE A MBI AZE) T BLBE (4k) 'H NMR (400 MHz,
CDCL,) d,: 11.12 (s, 1H), 7.93 (d, J = 15.5 Hz, 1H), 7.51
(dd, J = 7.5, 2.0 Hz, 1H), 7.27~7.23 (m, 1H), 7.22~
7.16 (m, 2H), 6.76~6.61 (m, 2H), 6.60~6.51 (m, 2H),
6.32 (d, J=15.5 Hz, 1H), 6.10 (t, J= 6.0 Hz, 1H), 4.92~
4.82 (m, 1H), 3.87 (d, J = 17.2 Hz, 1H), 3.56~3.48 (m,
3H), 2.68 (t, J = 7.1 Hz, 2H), 2.52~2.46 (m, 1H), 2.43
(s, 3H), 2.36~2.27 (m, 1H), 1.99~1.87 (m, 2H), 1.78
(s, 2H), 1.67~1.61 (m, 2H), 1.24 (d, J = 6.4 Hz, 3H);
C NMR (100 MHz, CDCL,) d.: 197.26, 171.32, 170.81,
166.37, 162.32, 154.01, 151.57, 139.14, 137.60, 136.43,
133.77, 131.43, 130.76, 129.52, 126.21, 126.10, 121.55,
119.88, 117.26, 110.15, 72.85, 42.66, 39.05, 34.59, 33.18,
31.90, 24.65, 24.45, 20.26, 19.82; HRMS (ESI) m/z Calcd.
for C,,H,NO, [M+H]" 520.233 5, found 520.234 2.,

242 (S.E)-11-#2E-4-FAE-2,10- = F1X-1,4,5,6,7,10-
ANE2H-FH[d [N ERET+ ik ER-13-F 4-((B)-3-3-
SEE)AEELRRE) T BRES (41) 'H NMR (400 MHz,
CDCL,) d,: 11.16 (s, 1H), 7.58 (d, J = 15.6 Hz, 1H), 7.49
(d, J= 2.0 Hz, 1H), 7.40~7.29 (m, 3H), 6.81~6.61 (m,
2H), 6.61~6.52 (m, 2H), 6.41 (d, J = 15.6 Hz, 1H), 6.09
(t, J = 6.0 Hz, 1H), 4.91~4.84 (m, 1H), 3.91 (d, J =
17.3 Hz, 1H), 3.58~3.49 (m, 3H), 2.68 (t, J = 7.0 Hz,
2H), 2.52~2.45 (m, 1H), 2.32 (dt, J = 13.1, 8.3 Hz, 1H),
1.99~1.83 (m, 2H), 1.72~1.60 (m, 4H), 1.24 (d, J =
6.4 Hz, 3H); "C NMR (100 MHz, CDCL,) d.: 197.21,

171.31, 170.81, 165.76, 162.54, 154.07, 151.40, 139.83,
136.63, 136.55, 134.81, 131.38, 130.09, 129.62, 127.44,
126.20, 121.87, 119.71, 117.33, 110.20, 72.87, 42.78,
39.11, 34.62, 33.16, 31.90, 24.57, 24.45, 20.26; HRMS
(ESI) m/z Caled. for C,,H,,CINO, [M+H]" 539.171 1,
found 539.171 4.
3 EYEMENR
3.1 ZHpEEESE

AW A% FH N = 99 7L e 40 i MDA-MB-231
TN 6 i 22 40 P 22 PANC-1 590 [ v [ R} 2 B b g 41
MU . BT AU TE & 5% CO,~37 °CHEE 15 F- 48 i M
9% . MDA-MB-231 #ll PANC-1 4 it % Fl DMEM £ 7%
FE, FFANTE 10% JRAFE M5 J 1% 5 8 R -5 R 20U TA R -
T S8 ¥ 6 A0 B A K S BT AT 25 T TRUAL B
3.2 WEVKIRIGTEE M ITFMN

HO0E 2B K W1 20 B, K A Ak & P B RR
10 mmol-L" B} . MDA-MB-231 Al PANC-1 48 fiil 4>
HLAEEFL 4 000~5 000 A1) % 5 2 Fi, 96 FLAR 10 2 i
FH PBS ¥ VAT A, BT 5 5% CO, 185 748 Hh i B
B9 24 he MG, WA D AE LM REE ISR, B
ANRFEBE3ANE AL, dkal8597 48 ho R H G, F4L
TN CCK-8 A, 564 T 4k 224597 4 ho (FHEE bR
{XAE 450 nm P E O FE, 45 #dE i il SPSS
BAFEAT LA, THEIC, fH -
3.3 MDA-MB-231 408555 F46M

B0k HoA K 1 MDA-MB-231 48 il LA B % fF
BRI F NI T, BT 37 cClEIR I R TP R 9% 24 he
B 5 I35 52 IR AL A9 de, Q81532 24 he R
JERTETHE A iR IS SR 40 i, £ FH PBS VR K, B0 5 7 L
iHo M1 mL Fluo-4 AM 4t TAER, 2 R T H &
NN R . K gl B E T 37 °C Ak T B
H 30 min, 240 f 0 85 EALRE I . 3 A IR =4
{CAE R B K 490 nm K 5T 3% K 525 nm & 4 R
Fluo-4 AM 144 (a0 5 5 .
34 SFXE

ACLY & [ & 4 &5 #) U5 & RCSB % #% & (PDB:
600H), {# F AutoDock Tools % {1 3 X /N4 1 Fl & 4
() 485 R IEAT M BR K 20 7 A In e e S BT T RS 55
AL . 737 5F 4K FH AutoDock Vina BEAT, R 45 %) 22
3o i R NE R AR R B A 0 IR I 25 & 15
2, B A # ] Pymol 4 %, 2D 45 & 45 5 B 5% F LigPlus
A A
3.5 SFshhFEEN

X F GROMACS 2023 5§ £ & ¥ de il ACLY X} #2
MR S E EWHEAT 0 T 3 D184, Loy 70 42
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A B 5 A AR R AR S5 M 3EAT 50 ns 19 T3 )12
il 1% CHARMM 7137, TIP3P /KF L, NN 1
KA | E A 18T B B R M ONVT J NPT -1 25 45
1B« 531 8 1 5 A5 0L 1 &5 B 4d FH DulvyTools 1. H &b
30T R ORI G AR ) RMSD AU B 2 1 [ 3 2 42 A
H HRETE S A 55
3.6 ZrEFERE

47 A= W0 R A Bt P 988 3 M 45 SR 19 1C 3 i Graph-
Pad Prism 8 44, HE LASSME + b Z 320K, 41H
bk 32 K FH W student's (56, P < 0.05 Rom ZE 73 B A
Guit2E L

& STk XK VO A SCHR (A T 1R SCFF, Bih i S0
2, AR RIBF M TR AT R, 18 SO FOT R, X
CEBATIESG ERATHR ML GV BT, JEAT S5 HRIE; B
VR T E VRN T SRR, WIRR SRS I G ST
PEOT UG 2047 JA 1) 1 ST 5
B A SCAAEAEAT A 2 AR 5 ) L
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