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Abstract: A total synthesis of dehydrocurvularin (DCV) demethylated derivatives and structure modification
have been completed using a Friedel-Crafts reaction and a highly olefin metathesis reaction. All compounds were
identified by NMR, HRMS, efc. Their antitumor activity with high expression of ATP-citrate lyase was evaluated
by CCK-8 assay in MDA-MB-231 and HepG2 cells. The structure activity relationship studies were also
investigated. Among them, compound 7e showed better antitumor activity than DCV, and could significantly
induce apoptosis in MDA-MB-231 cells. These results represent a step toward the development of novel and
improved DCV derivatives.
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Figure 1 The chemical structures and biological activity of NDI-
091143 and DCV. DCV: Dehydrocurvularin; ACLY: ATP-citrate

lyase
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Figure 2 Design of new DCV derivatives for targeting ACLY
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Scheme 1 The synthesized route of compound 5. Reagents: a: 5S-Hexen-1-ol, EDCI, DMAP, DCM, RT, 4 h; b: 3-Chloropropionyl chloride,
SnCl,, TEA, dry DCM, —78 °C, 12 h; c: Grubbs II catalyst, DCM, RF, 24 h; d: BBr,, THF, 0 °C, 2 h
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Scheme 2 The synthesized route of compound 6 and 7a - 7i;
Reagents: a: H,, 5% Pd/C, CH,OH -EtOAc (1: 1), RT, 12 h; b:
Cs,CO,, CH,CN,RT, 0.5 h

Table 1 The cytotoxicity of compounds to cancer cells. n =3, x+ s

1C,,/umol-L"!
No. Compound R,
MDA-MB-231 HepG2
1 5 - 287429 152+ 1.4
2 6 - >32 >32
F
3 7a /@\ 67+12 8.5+2.3
A
CF,
4 7b /@\ 112+0.8 92+1.7
FaC p
5 7c >© 56+ 1.9 34+02
£
F3CO.
6 7d \©\£ 7.9£07 108£1.5
7 7e \C[ 1.9+0.4 32209
&
NC
8 7 \Q 173421 53407
£
9 7g ~ 63+ 1.4 7.540.3
10 7h AN 6.0+038 53+1.6
e
11 7i & 32405 36407
(o)
12 DCV - 54+0.6 68=1.1
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E FALSS A 55 T 7 7 T AR Tk 1 fi v W% L - 2 A 14 51
ANAK T4 i Fe B vG v (n 7a.7b R 7645, 45
TP (I 7e HIE Te WAL A A TR AL SRS
Ji R v A, o 2,4- AR AL B ) Te WE VE B, X
MDA-MB-231 1 HepG2 4H il % % 1) IC,, {8 9 1.9
3.2 pmol-L", B SL0R i 87 40 B A S %k, A0 T
FHAE XS IR DCV 4 B 3 1, (B 45 3E — IR ABIE T .
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V3 200 L9 T 0 o) e 4 A e i 1) B O 5K
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AR R AR AL LB, T miE L (ROS), 55 41 i i
T, AT 0 ) 0 3 A . R T B A Ak B4 Te 40
MDA-MB-231 4 ffd 3 58 (1) /£ F HL1#, K FH AnnexinV-
FITC/PL J& kA I T AR 45 259k BT, A B9 Te Xt
MDA-MB-231 40 i % & 24 h J& 1940 i 3 T 52 0 ; &5
R 3 s, (&Y Te EARIKE T (2 pmol-L) X
MDA-MB-231 41 g ) T 52 Wi /N, i 45 25 iR FE N
4 pmol-L™' i}, nf L 25175 S 40 ik AL I T2 (Q2
BR), MDA-MB-231 4l }f1 7 3% % 9 42.8% (Q1 4 FR), 4
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I 75 S R T AT S MDA-MB-23 1 41 g 354
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NTRFRATAEY S ACLY & () AH BAE F R =,
K o B T R R AT AT T A A
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Figure 3 Compound 7e induced apoptosis in MDA-MB-231 cells. A: Apoptosis analysis of MDA-MB-231 using flow cytometry calcula-

tion; B: Quantitative analysis of apoptosis. n = 3, x £5. "P < 0.05, "P < 0.01 vs control

Comp. Docking score Comp. Docking score

Ta -7.89 7f -7.93
7b =1.71 7g -7.33
Tc -8.35 7h -7.56
7d -8.11 7i -8.02
Te -9.81 DCV -6.09

No. Comp. Docking score
B DCV -6.09
D 5 -4.93

Figure 4 Molecular docking diagram of compounds with ACLY protein (PDB: 600H). A: Docking results of 7e with ACLY; B, C: Docking
studies of DCV with ACLY; D, E: Docking studies of compound 5 with ACLY
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ML 24 4 AR 2270 A J W S B B R0 I AR
T SRR 357 SR B M AR, 4 ) D AR T 22 i L AR U
Pl B A B R A | B LA S RS
MO 5 T 250 GF254 38 Z L AR T 59
FEAH PR A FERE .

2 HEMMER

21 HEM2HMER REL3,5- = H AR H R
(1.0 g, 5.1 mmol, 1)~ EDCI (949.5 mg, 6.12 mmol) T
100 mL 7 i 4, F 10 mL DCM ¥ fi# J& in X DMAP
(10 mg, 0.01 mmol), & &+ 20 min J5 A 5-CJ%-1-
fi (734 pL, 6.12 mmol), 76 % i T4k S+ 4 ho Ry
JZ VAR I I . 5E B, N 20 mL 7RI NaCl 7K i3
YRR K IS, Tt i N T AT NaHC O, ¥ VR — & FR e 36
W3R, B IFKEIRFE 2K, & IFE ML, JE7K Na,SO,
T, Wi, FEEMT Rk 2R 208 = 5:1) 4r B 4lifk
B a2, Lok, 1 88%. 'H NMR (400 MHz,
CDCL,) d,: 6.65 (d, J = 2.1 Hz, 2H), 6.37 (t, J = 2.3 Hz,
1H), 4.10 (t, J = 5.9 Hz, 2H), 3.80 (s, 6H), 3.60 (t, J =
1.0 Hz, 2H), 1.66 (m, J = 7.5, 5.8 Hz, 2H), 1.42~1.31
(m, 4H), 0.95~0.85 (d, 3H); "C NMR (100 MHz, CDCl,)
S0 1719, 163.2, 136.3, 109.9, 99.5, 65.1, 55.3, 41.2,
29.6,28.4,22.4,13.9,

22 HEMBHER MEULED2 (800 mg, 3.0 mmol)
F OB R, AE-78 CCRIN, R B T, A FH v 5 28 i
A5 mL oK =& W ke, 2218 I\ SnCl, (421 uL,
3.6 mmol), B J& % b 3- & A M S (344 pL, 3.6 mmol),
REF-78 °C/ . 5 h, Z JG B IMAN =2 % (1.17 mL,
5 mmol), 759 i T 4RSS he [ B4 RS I A AN
NaHCO, A KB, TN 20 mL 50 F e BEHL 3 K,
G HKIEF RZER 2R, & IA VLA, TK Na,SO, T
T, WA, FEENT CRMEE : L8 4B = 20:1) 4 B 4ifk
G 3, LR, 1% 41%. 'H NMR (400 MHz,
CDCL,) d,: 6.71 (d, J = 17.4, 10.3 Hz, 1H), 6.43 (q, J =
2.3 Hz, 2H), 6.12 (d, J = 17.4 Hz, 1H), 5.86~5.72 (m,
2H), 5.06~4.93 (m, 2H), 4.07 (t,J = 6.7 Hz, 2H), 3.85 (s,
3H),3.79 (s, 3H), 3.63 (s, 2H), 2.11~2.00 (m, 2H), 1.69~
1.59 (m, 2H), 1.48~1.36 (m, 2H); °C NMR (100 MHz,
CDCL,) d.: 195.77,171.14,161.68, 159.21, 138.40, 138.06,
135.38, 128.50, 122.15, 114.77, 107.79, 97.55, 64.82,
55.70, 55.45, 38.79, 33.25,27.97, 25.10.

23 WEM4IMER HHED3 (450 mg, 1.4 mmol)
TR A B, 8N BN, VR S RS N
1 mL 57K —- 50 H B ¥ iR () Grubbs THE4L ) (172.4 mg,
0.2 mmol), fifi J5 7E 45 °C 26 T I Y. 8 ho SN
5% HE MR NaCl /K & 3 KR B, BN 20 mL — 4 H

FEREM 3 IR, B IFK)ZIERZER 2 IR, A FFANLAE, ToK
Na,SO, T, W4s, tEE T CRmBE: LR ZlE =1:1)
AT E Y 4, B AR K, WEE 35%. 'HNMR
(400 MHz, CDCL,) 6,: 6.65 (d, J = 15.7, 6.8 Hz, 1H),
6.44 (q, J = 2.2 Hz, 2H), 6.37 (d, J = 15.6 Hz, 1H), 4.06
(t, J = 6.1 Hz, 2H), 3.85 (s, 3H), 3.78 (s, 3H), 3.61 (s,
2H), 2.26~2.17 (m, 2H), 1.60 (d, J = 6.2 Hz, 2H), 1.47
(q, J = 7.4 Hz, 2H); "C NMR (100 MHz, CDCL,) 4.
196.04, 171.12, 161.37, 158.69, 148.73, 134.54, 132.48,
122.72, 107.31, 97.59, 64.50, 55.71, 55.46, 38.69, 31.84,
27.97,24.48.

24 HEWMSHER KHEY4 (80 mg, 1.1 mmol)
T T I K DY SR IR, 722N 50 °CHIN, U T, At H]
T 88 2218 0\ BBr, ¥ (172.4 mg, 8.2 mmol), B 5
N0 CCTRNYkS: N 2 ho AL RN, 5 56 BE 5
YA NaHCO, 7K ¥ VB K ML, TN 20 mL 218 £ B
W3R, EIFKIZIFRFER 2K, &IFAHAE, oK
Na,SO, T, W4a, tEEHr CRmbE: LR ZlE =1:1)
AR EY S, B AR, 0% 13%. 'H NMR
(400 MHz, CDCL,) d,;: 7.15 (d, 1H), 7.12 (t, J = 5.7 Hz,
1H), 7.09 (t, J = 5.6 Hz, 1H), 6.98 (dt, J = 15.2 Hz, 1H),
6.52~6.48 (m, 2H), 4.06 (t, J = 5.7 Hz, 2H), 3.51 (d,
J = 1.1 Hz, 2H), 1.94 (d, J = 7.9 Hz, 2H), 1.59~1.51
(m, 2H), 1.31 (m, J = 7.6 Hz, 2H); *C NMR (100 MHz,
CDCl,) 6. 197.27, 171.81, 163.46, 162.46, 151.01, 131.60,
128.58, 117.69, 112.74, 101.66, 62.89, 29.39, 31.68,
27.89, 26.09; HRMS m/z Caled. for C,;H,,O, [M+H]"
277.107 6, found 277.105 2.

25 wEMMAER fEASIKGET, HiEH#HEaE
I DCV (100 mg, 1.0 mmol) ] 757K F B2 A 2,82 £, B
(1:1) IR (4 mL), B J5 N 5% I¥) Pd/C (50 mg),
W N RS 12 he TR TSR I R4 B, RN 5E B
J A8 FH AR NaHCO, 7K I WA K BE, 3h3E, SR 5 A
20 mL 4R OBEAHL3 IR, A HKZ I RER 2 K, &
FA MU, To7K Na,SO, TH, W4n, AL ZHT (A : &
R OHE=1:1) 7 Baie S &me, &bk, Iz
95%. 'H NMR (DMSO-d, 400 MHz) d,;: 9.87 (s, 2H),
6.27 (d, J=2.0 Hz, 1H), 6.17 (d, J = 2.4 Hz, 1H), 4.86~
4.79 (m, 1H), 3.71 (d,J= 16 Hz, 1H), 3.59 (d, J=15.6 Hz,
1H), 3.00~2.96 (m, 1H), 2.71~2.64 (m, 1H), 1.68~1.12
(m, 8H), 1.06 (d, J = 6.4 Hz, 3H); "C NMR (DMSO-d,,
100 MHz) 6.: 206.5, 170.7, 159.6, 157.8, 135.7, 120.1,
111.4, 102.1, 71.9, 43.3, 39.14, 32.1, 26.7, 23.8, 22.8,
20.6; HRMS m/z Calcd. for C,H, O, [M+H]" 293.138 9,
found 293.136 7.
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26 HEWMTa~TiRNER ¥ EYDCV (25 mg,
1.0 mmol) A1 [A] {4 6a~6i (1.2 mmol) & T Z.Ji5 (4 mL)
o, IDNBR R £ (1.0 mmol) AL AR (0.1 mmol), & i
NHEFE0.5 he T TR M W OB, 5E B S I N AN
NaCl/KE KN, SR G LR LBRFEEL 3 Ik, & FFK
FEIH R OB R AEHL 2 Ik, A FFA WL, TE7K Na SO,
T, B2 RYE 1R OB A, =& E M aif Cf
MWl LR s =3:1), B EMEY) Ta~Ti, W RAE
EE I NI

(S,E)-3,5-— & -N-(4-2-((11-E E-4-A F-2,10-—
F1£-1,4,5,6,7,10- XS 2H- X H [d[NE L FH+ =
Ke-13-E)EE) S B E) K E)KEBLL (7a) 'HNMR
(400 MHz, CDCL,) 6,;: 12.76 (s, 1H), 8.12 (s, 1H), 7.86 (d,
J=8.5 Hz, 2H), 7.43~7.38 (m, 2H), 7.14 (d, /= 8.4 Hz,
2H), 7.03 (d, J = 8.1, 1H), 6.72~6.65 (m, 2H), 6.45 (d,
J =2.6 Hz, 1H), 6.26 (d, J = 2.5 Hz, 1H), 5.26 (s, 2H),
4.92 (dd, J=14.9, 7.8 Hz, 1H), 4.11 (d, J = 17.5 Hz, 1H),
3.61 (d, J = 18.2 Hz, 1H), 2.52 (d, J = 15.2 Hz, 1H),
2.37 (q, J = 7.3, 6.8 Hz, 1H), 2.05 (d, J = 18.2 Hz, 2H),
1.75~1.70 (m, 2H), 1.29 (d, 3H); “C NMR (100 MHz,
CDCl,) d.: 196.27, 191.64, 171.12, 166.18, 165.50, 162.34,
157.81, 148.74, 142.61, 137.77, 134.25, 132.96, 131.25,
129.87, 129.68, 129.50, 118.72, 114.89, 113.65, 104.71,
101.12, 99.58, 56.39, 55.74, 38.91, 29.70, 28.99, 22.97,
19.98; HRMS m/z Calcd. for C,H,;F,NO,S [M+H] "
600.150 4, found 600.153 1.

(S,E)-N-(4-(2-(11-F E 4- A K 2,10- — F 1% -1,
4,5,6,7,10-7x S -2H- K H [dIN E R+ ke -13- %)
SE)ZCBHME)ETE)35-WZHFHE)KEEZ (Tb)
'H NMR (400 MHz, DMSO-d,) d,;: 11.24 (s, 1H), 10.12
(s, 1H), 8.54 (s, 1H), 8.42 (d, J = 1.6 Hz, 2H), 7.96~
7.93 (m, 2H), 7.32 (d, J = 2.1 Hz, 2H), 6.42~6.35 (m,
2H), 6.31 (d, J = 2.3 Hz, 1H), 6.26 (d, J = 16.1 Hz, 1H),
5.45 (s, 2H), 4.76 (ddt, J = 8.4, 6.3, 3.6 Hz, 1H), 2.28
(dq, J = 15.3, 6.9, 5.4 Hz, 1H), 2.17 (tdd, J = 13.3, 8.9,
2.8 Hz, 1H), 1.88~1.76 (m, 2H), 1.48~1.39 (m, 2H),
1.06 (d, J = 6.3 Hz, 3H); “C NMR (100 MHz, DMSO-
d)) d.: 198.00, 193.20, 170.48, 159.51, 156.90, 155.28,
138.69, 133.81, 132.91, 130.12, 129.88, 122.13, 120.71,
118.53, 108.86, 101.15, 72.74, 70.32, 33.78, 33.33,
24.31, 20.45; HRMS m/z Caled. for C,,H,;F,NO,S [M+
H]" 700.144 0, found 700.142 9.

(S,E)-4-(F T £)-N-(4-2-(11-F FE-4-FH K -2,10-
—E81-1,4,5,6,7,10- XS -2H- K FH M1 ERF+ =
fe-13-E)EE) S B E) K E)KBEE AL (7c) 'HNMR

(400 MHz, CDCL,) §,;: 12.71 (s, 1H), 8.31 (s, 1H), 7.81
(t, J=9.1, 2.1 Hz, 4H), 7.52~7.46 (m, 2H), 7.22~7.15
(m, 2H), 6.68 (q, J = 2.2 Hz, 2H), 6.43 (d, J = 2.6 Hz,
1H), 6.30 (d, J = 2.6 Hz, 1H), 5.25 (s, 2H), 4.93~4.84
(m, 1H), 4.07 (d, J = 17.9 Hz, 1H), 3.63~3.54 (m, 1H),
2.55~2.44 (m, 1H), 2.36 (q, J= 3.3, 2.9 Hz, 1H), 2.05~
1.90 (m, 2H), 1.68 (p, J= 6.1 Hz, 2H), 1.31 (s, 9H), 1.26
(d, J = 6.3 Hz, 3H); "C NMR (100 MHz, CDCL,) J.:
196.25, 191.80, 171.61, 166.22, 162.38, 157.25, 149.01,
142.73, 137.69, 136.08, 131.22, 129.70, 129.44, 127.01,
126.32,118.40, 114.80, 113.76,101.10, 72.95,70.01, 44.02,
36.69, 35.21, 34.05, 32.70, 31.61, 31.01, 24.19, 20.00;
HRMS m/z Caled. for C,,H,,NOS [M+H]" 620.231 8,
found 620.234 3.

(S,E)-N-(4-(2-(11-}2 F-4-FAE-2,10- —F K -1,4,5,
6,7,10- N S-2H-FFH [d|[1|ERF+ _1x-13-F)EE)
CELE) K E)-4-(ZRHFEE)KEELAZ (7d) 'HNMR
(400 MHz, DMSO-d,) d,: 11.13 (s, 1H), 10.10 (s, 1H),
8.03~7.98 (m, 2H), 7.95~7.91 (m, 2H), 7.63~7.59 (m,
2H), 7.29~7.24 (m, 2H), 6.45~6.33 (m, 2H), 6.31~
6.22 (m, 2H), 5.47~5.43 (m, 2H), 4.79~4.72 (m, 1H),
2.29 (d, J=8.7 Hz, 1H), 2.23~2.11 (m, 1H), 1.78 (d, J =
10.1 Hz, 2H), 1.47~1.38 (m, 2H), 1.07 (d,J= 6.3 Hz, 3H);
"C NMR (100 MHz, DMSO-d,) 6. 198.02, 193.25,
170.50, 159.58, 156.94, 155.29, 144.12, 133.83, 132.93,
130.20, 129.26, 120.71, 117.66, 108.94, 101.15, 72.76,
58.27, 48.83, 48.19, 42.52, 26.69, 25.10, 20.48, 19.78;
HRMS m/z Calcd. for C,,H,,F,NO,S [M+H]" 648.151 5,
found 648.153 1,

(S,E)-N-(4-2-((11-F F-4-FF E-2,10- —F1X-1,4,5,
6,7,10- 7N S-2H-FFH [dINE AT+ 2 KE-13-F) 5 H)
ZERE)EE)-2,4-“HEERBEEAL (7e) 'HNMR
(400 MHz, DMSO-d,) 6,: 12.68 (s, 1H), 8.09 (s, 2H),
7.86 (d, J = 8.8 Hz, 1H), 7.83~7.78 (m, 2H), 7.57 (s,
1H), 6.63 (d, J = 4.8 Hz, 2H), 6.42 (d, J = 2.5 Hz, 3H),
6.27 (d, J=2.6 Hz, 1H), 5.19 (s, 2H), 4.83 (t, J = 6.4 Hz,
1H), 4.05 (s, 1H), 3.94 (s, 4H), 3.81 (s, 4H), 3.54 (d, J =
11.3 Hz, 1H), 2.48 (d, J = 15.5 Hz, 1H), 2.35 (d, J =
10.9 Hz, 2H), 1.98 (t, J = 9.3 Hz, 1H), 1.90~1.82 (m,
1H), 1.22 (d, 3H); "C NMR (100 MHz, DMSO-d,) J:
198.01, 193.26, 170.50, 159.56, 156.94, 155.28, 144.14,
133.83, 132.93, 130.11, 129.96, 129.42, 120.73, 118.35,
108.93, 101.15, 72.77, 70.37, 33.79, 33.34, 30.61, 24.32,
20.48; HRMS m/z Caled. for C,,H,NO,S [M+H]"
624.190 3, found 624.192 4.
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(S,E)-4-F E -N-4-Q-((11-FH 4-HEH 2,10-—
£1£-1,4,5,6,7,10- XS 2H-EH [dINEF+H+ =
KR-13-B) S 8) B E)FE)KBEE AL (7)) 'H NMR
(400 MHz, CDCL,) 6,: 12.77 (s, 1H), 8.35 (s, 1H), 7.95
(d, J = 8.3 Hz, 2H), 7.80 (d, J = 8.3 Hz, 4H), 7.13 (d, J =
8.4 Hz, 2H), 6.71 (d, J= 4.7 Hz, 2H), 6.45 (d, J=2.6 Hz,
1H), 6.23 (d, J = 2.6 Hz, 1H), 5.26 (s, 2H), 491 (t, J =
6.5 Hz, 1H), 4.12 (d, J = 18.0 Hz, 1H), 3.66~3.57 (m,
1H), 2.52 (dd, J = 15.7, 7.4 Hz, 1H), 2.37 (dt, J = 13.7,
6.8 Hz, 1H), 2.06~1.91 (m, 2H), 1.72 (s, 2H), 1.28 (d,
J=4.6 Hz, 3H); "C NMR (100 MHz, CDCL,) §.: 196.17,
191.78, 172.02, 166.34, 162.35, 149.15, 143.21, 141.60,
137.66, 133.09, 131.11, 129.80, 127.77, 119.31, 117.05,
113.94, 100.94, 73.26, 70.07, 44.12, 32.68, 29.70, 24.23,
20.04; HRMS m/z Caled. for C,H,N,0,S [M+H] "
589.164 5, found 589.161 5.

(S,E)-N-(4-(2-((11-3ZH-4-FE-2,10- — 5 X-1,4,5,
6,7,10-7x S -2H-F F [d|[1| EF I+ kx-13-F) 8 E)
ZERE)FEE)AkT-1-FEE fZ (7g) 'H NMR (400 MHz,
CDCL,) d,: 12.74 (s, 1H), 8.11 (s, 1H), 7.97~7.91 (m,
2H), 7.28~7.23 (m, 2H), 6.68 (d, J = 3.2 Hz, 2H), 6.48
(d, J = 2.6 Hz, 1H), 6.33 (d, J = 2.6 Hz, 1H), 5.30 (s,
2H), 4.91~4.84 (m, 1H), 4.09 (d, J = 17.8 Hz, 1H), 3.60
(d, J = 18.0 Hz, 1H), 3.20~3.12 (m, 2H), 2.56~2.46
(m, 1H), 2.40~2.33 (m, 2H), 2.08~1.88 (m, 4H), 1.69
(t, J = 3.5 Hz, 2H), 1.26 (d, 3H), 1.05 (t, J = 7.5 Hz,
3H); "C NMR (100 MHz, CDCL,) J.: 196.23, 191.77,
171.63, 166.33, 162.41, 148.99, 142.91, 137.74, 131.19,
130.07, 129.51, 117.92, 114.78, 113.84, 101.08, 72.99,
70.13, 54.03, 38.89, 32.70, 30.56, 22.98, 20.01, 17.24,
14.08; HRMS m/z Caled. for C,H,NOS [M+H] "
530.184 9, found 530.181 2.

(S,E)-N-(4-(2-((11-Z F-4-FF E-2,10- —F X -1,4,5,
6,7,10-7x S -2H-F F [d|[1| EF I+ Zkx-13-F) 5 H)
ZEFE)EE)IFRBEEL AL (Th) 'H NMR (400 MHz,
DMSO-d,) d,: 10.41 (s, 1H), 10.13 (s, 1H), 8.03~7.97
(m, 2H), 7.40~7.34 (m, 2H), 6.47~6.21 (m, 4H), 5.49
(s, 2H), 4.81~4.73 (m, 1H), 2.79 (tt, J = 7.8, 5.1 Hz,
1H), 2.29 (dd, J = 11.8, 5.5 Hz, 1H), 2.23~2.12 (m,
1H), 1.84~1.72 (m, 2H), 1.55~1.26 (m, 6H), 1.09 (d,
J = 6.4 Hz, 3H); "C NMR (100 MHz, DMSO-d,) d_:
197.99, 193.32, 170.45, 159.51, 156.96, 155.26, 142.29,
142.07, 133.84, 132.89, 132.27, 131.93, 130.71, 130.20,
128.07, 127.79, 124.22, 121.50, 120.74, 119.46, 108.81,
101.23, 72.72, 70.37, 33.77, 33.32, 24.30, 20.41; HRMS

m/z Caled. for C,,H,,NOS [M+H]" 528.169 2, found
528.163 5.

1-[((IS,4R)-7,7- — R & 2-F K WIF[2.2.1] B -1-
E]-N-[4-Q2-(((S,E)-11- 2 E-4-FH E-2,10- ZF X-1.4,5,
6,7,10- 7S -2H-FFH [d|[1| EZIZ 121 T k-13-E |5
) B E)KE)REE R (7)) 'H NMR (400 MHz,
DMSO-d,) d,: 10.53 (s, 1H), 10.12 (s, 1H), 8.05~7.98
(m, 2H), 7.43~7.31 (m, 2H), 6.50~6.22 (m, 3H), 5.50 (s,
1H), 4.80~4.72 (m, 1H), 3.50 (d, J=15.0 Hz, 1H), 3.19~
3.08 (m, 1H), 2.42~2.24 (m, 3H), 2.23~2.11 (m, 1H),
2.10~1.89 (m, 3H), 1.74 (d, J = 12.7 Hz, 1H), 1.58 (d,
J=4.5 Hz, 1H), 1.49~1.41 (m, 1H), 1.08 (d, J = 6.3 Hz,
3H), 1.01 (s, 3H), 0.77 (s, 3H); “C NMR (100 MHz,
DMSO-d,) d.: 196.17, 191.81, 171.94, 166.34, 162.32,
149.03, 141.47, 137.61, 131.15, 129.82, 129.51, 119.30,
113.87, 111.00, 110.72, 101.02, 73.16, 70.06, 44.08,
38.91, 38.74, 29.71, 29.37, 28.99, 24.22, 22.97, 22.70,
20.02; HRMS m/z Caled. for C,H,NO,S [M+H] *
638.242 4, found 638.246 3.
3 HEYpste
3.0 HARREEFE AN SO0 H bR 4 M 2 TE 1 5%
CO, 37 cCEIRIG TR M R s % o N = B 3L e 4 g
MDA-MB-231 F1 A\ JiT 4 4 il & HepG2 #5{ i DMEM
BRI, AU B R T 10% A 2R M35 + 1% 75 % & 8%
B, BT SO 1 BUAN A & 5 B0 A K B AT 48 24
AbER, IR AN BRI I A R LA e
3.2 WEYIRRBETEMITNY O ECE KA, K
B A Rl A A 1035458 H G B 2% DM SO BC A% 10 mmol L™
(RAF DU BRI o o B A R 1) B3 RV P28 10 pmol- L. DA
ACLY % 1k (1) = B 3. B¢ #% MD-MB-231 1 Ji %%
HepG2 20 il ALY, P14 3ok A2 o A5 000 400 it FH 36 2 52 4
R R R E R, TR AN AR BV - 5 A0 M R R A
TN 96 FLAR, KB4 £F 5L 4 000~5 000 A2 47 [ 40 i
i, 96 FLHIA Z Al F PBS WO, N 5% CO, K
T FE WG BE A K 24 b, B T MRS i 8 AN IR I N T R
LB, AR EE R E 3N E AL, N2 58 Fe G NS 77
Fa 4k L85 97 48 hy 55 I\ CCK-8 iR, 4k 8255 9% 4 h,
WECHERAE . FEFRACAE 450 nm 251t MR OG B A8, 38
1 SPSS H AU & Hi s, 1 IC, ME
33 HWEVMAERAT XK MDA-MB-
231 A B & 6 LR, TR 37 CHE IR 15 77 46 Hh B
77 24 h, IINFR T8 WL AL A ) Te o 4k 2 5 & 55 97
24 ho JEBEH AL, WA 4 M I B R B F T PBS Y,
5 uL # FITC #31c B Annexin V F1[E) £ 48 B2 PT 3%k}
TN & ) 2 0, = IR BB % A 15 min; 1985 1f
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FH 9 3 20 LSRR 0 29 0 1 a0 A A R
WA E 9488 nm, KKK B E N 530 nm.
34 DFXIE ACLY 5 A SRS #4022 RCSB £ %
J% (PDB: 600H), f# F§ MOE2019 ¥4 A0 %F /N3 1 Fl 2
S5 R 2R AT AL B . 43 40K -l MOE2019 £ 4T,
PRI X B 13 o i BARR M A RAE N B AR LA P T
M2kA 8, B8 H Pymol 4 i
35 S ERE AW RSNE M EE @ T SPSS
22.0 AL A 155, 3 R EE R, &5 1 LLFE
fH + bR E LR, PIE/NT 0.05 RS E X, 4iit
SR 6 A o AR I8 RN UK 2 7 2 o0 Mt B AR B 1 i
HTE
1 Fk: T AH A S A P e RS S IR
S0 A SCHRA I G SR, 4 TR TR I S
B XEH A TR AT R, 18 S AT SR 47 51 )
B HE A G G FIRE ST S8t i e
FIFNSE: AT A 1R 5 A EERIZR TR R
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