* 604 « 40HEIH 2025FE3 A AKX & H%E  Drugs & Clinic Vol. 40 No. 3 March 2025

[ ER A R ITE IR & B R HIn LR e % a1t
X #H kS, FRE! L £ Tk Ml BRERLLY

1. REERKZE 24%8k, KE 300070

2. REERKE BRI FO, RiEE 300070

N
=1, £

. B8 WA SEMER AT Y, T R AME TS &Y. ik DIEMER AT R, @i
SRR BB SEREACAIE R Ak 58] bRtk &9 . it MDA-MB-231 40 f0 51T 5% S236 46 AL & Y B os  1%
WPE. 5RO ILE 1 DN EREREYATEY), LAY 2e. 4b. 4d FiILIEERIEMR . £ SR T AEVMEER
VB B B A A= 0BT AR, LR SR 2 R AR TR

KRR EMEE; AVETAEY: SR PUEBEE: PiAETE

hESES: RI4 YRR : A NERS: 1674 - 5515(2025)03 - 0604 - 07

DOI: 10.7501/j.issn.1674-5515.2025.03.009

Synthesis and anti-metastatic activity against breast cancer of nootkatone alkaloid
derivatives
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Abstract: Objective To design and synthetize nootkatone alkaloid derivatives, and screen compounds with anti-metastatic activity
against breast cancer. Methods Starting from nootkatone, the target compounds were obtained through chlorination reaction,
oxidation reaction, nucleophilic substitution, and reductive amination. The anti-tumor metastasis activity of the compound through
anti-migration experiments on MDA-MB-231 cells was performed. Results A total of 11 nootkatone alkaloid derivatives were
synthesized, and compounds 2e, 4b, and 4d showed strong anti-migration activity against breast cancer cells. Conclusion The
nootkatone alkaloid derivatives with anti-tumor metastasis activity are synthesized, which can provided a basis for the development of
breast cancer metastasis drugs.
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Fig.1 Chemical structures of ionone alkaloid derivative

11g and nootkatone alkaloid derivative

BERHMRAT) ; DLSB-5/20 {KIEA HIRIGH R
(BGPTSR A PR A H]) 5 DF-101S £E#4UfH
TENNIE 1T RS . DZX-3 BUE A 1846 EYELA
PSL-1810 YA s b #% C H A AR s AL R4 )
FE RS R 2 (1 AR RE BIEFI T &
75 SYNER HTX 4 H ZhlhatR 73 i (3E[EH Bio-
Rad A=A TRAF]) ; HI850R & 2 w3 VAR 55 bl
(#E[¥ Eppendorf A F]) ; 371 A ALERANMIRE =4
(3£ & Thermometer Scientific A&])

B FIEE (A5 N159076, &% 98%) T
Frdr TR ARAA . -85 (LS
OCECF28008, i /% 98%) 4-WRNEZENRiE (it
5 Q5D7RRDS, Jim/4 98%). 4-F K HEE (it
5 B79605DHZ0, Jiif /341 98%) ¥IAT it 5
F AR A F] s NN- B B (5 9FEXXRBX,
SIRTA) T OREET AN ) 4- T R
BE (5 SP3EAKT, JiE7E 99%). 4-5 K H g
(#t'5 HRAREQIX, =74 98% ). 4-HI FLIR HI g
(#5 A0252489, Jii FE 7140 99% ) 4-H A R HIE
(Ht'5 LS40116, Jii #5151 98%) YN R iE 4 BUE
ANEHHEARAR; ANFLBEMRR (MDA-MB-
23D) W H H EREERE A, {4 RPMI 1640
Btk SIS N AR . 4K
B8 Milli-Q AL B S R4l K .

2 FAEEHR
2.1 A8k

DA AR 9 JsoRk, AR AR A g JsoRt, i
TSR SBA S SEAZ EURIE SR A 15 21 H
FRLEYD, A s 2k LI 2,

22 HKEYHER
221 HWEY 1 MEK W= HiLKEY

(CeCl3-7H,O, 853.21mg, 2.29 mmol, 0.5eq), £
0 CUKIB T, ZHUAE 30 mL & Fker. B E A
(1000mg, 4.58mmol, 1.0eq), WA H, H
TN R BN 6% R BRI (10.5
mL, 18.32 mmol, 4.0 eq), TRFF0 CFHiH: 2 h,

TLC WIS 2 5E e AREIEBR BRI S S

PiEFE 30 min FEK B, I S0mL K, 7325505
HHUM, KB 10mL A HREER 3K, &)

HHUAHE AR K 10mL 255 2 Ik, &HF
NUAHJE TG KBRBREET18, I8, e TIEM, 194k
EV 1K ARERA A - BEER OBE (15 1 1~
10 0 1) Pl gl J5 159 5 R 4 832.39 mg,

Btk &40 1, 723N 71.88%. 'H-NMR (400 MHz,
CDCl3) 0: 5.78 (s, 1H), 5.20 (s, 1H), 5.01 (s,
1H), 4.12 (s, 2H), 2.64~2.52 (m, 2H), 2.43~
221 (m, 4H), 2.10~1.99 (m, 3H), 1.42~1.32 (m,
1H), 1.19~1.11 (m, 4H), 0.98 (d, J=6.8 Hz,

3H); 3C-NMR (100 MHz, CDCl3)d: 199.43, 169.75,
148.75, 124.87, 113.94, 47.80, 44.25, 42.03, 40.38,
39.43, 35.74, 32.93, 31.97, 16.75, 14.93. LA EJ¥
T 5 SRR IE P AR —F

222 WEY I MER EERT, HER (2.86
uL, 0.05mmol, 0.1eq) JIIA 3 mL ZJiEHF%s,
UM — ALl (55.48 mg, 0.5 mmol, 1.0eq)
FURCT FEd A SRR (1.3 mL, 70%K¥E#, 5
mmol, 10.0 eq), PREFHFE, IO E AR (109.17 mg,
0.5 mmol, 1.0 eq) ¥ % 50 CiHi¥s, M#k 6h, TLC
WIS, I AhEE - BERR 18 (41 Do ¥
NI EZ R, i 315.1 mg WARERSN, HitdE 30
min J&5 [A) SN NN 25 mL BERR 2 EEFRE, 10
mL 7K 5 ZERUR, THEAANUAE, BT, A,
FARERSHE AT E - BERR 408 (10 @ 1) 438, alf5&
HAARBAR 28.45 mg, BINILEY 3, FPEAN
24.5%. 'H-NMR (400 MHz, CDCly) d: 9.55 (s,
1H), 6.25 (s, 1H), 6.03 (s, 1H), 5.78 (s, 1H),
2.96 (t, J=12.5Hz, 1H), 2.65~2.56 (m, 1H),

2.43~220 (m, 3H), 2.03~1.91 (m, 3H), 1.42~
1.31 (m, 1H), 1.18 (s, 3H), 1.09 (t, J=12.5Hz,
1H), 0.95 (d, J=6.8Hz, 1H); 3C-NMR (100 MHz,
CDCl3) §: 199.48, 194.31, 169.65, 153.74, 133.35,
124.92, 43.77, 42.02, 40.35, 39.49, 32.82, 31.41,
31.00, 16.64, 14.90, LA_F3 % 5 SClRkHoE 0%
K,
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Fig.2 Synthetic routes of the nootkatone alkaloidal derivatives

223 LAY 6 KA E: VKKIB 0°CR, ¥ KHCO;
(500.6 mg, 5mmol, 2.5eq) M 20 mL 5 ke
R BRI EIR, PRFFSRE, WD 3-9CR %
(250.3mg, 2mmol, 1eq), fi+k 5min [N ¥k
FRUT TG (480.15mg, 2.2mmol, 1.1eq), fE0°C
THEEE 30 min JEHERE 30 TG, HHHd® . TLC
W N, AN 20 mL gihEﬁk)n%ﬁ&fhﬁﬂ?it&
i, FH 10mL ZKFEHL 3 ¥k, BUCA AL JE KRR
T, e, EeTEaalEE, BANEY 10, 'H-
NMR (400 MHz, CDCl3) d: 7.30~7.25 (m, 1H),
7.05~6.92 (m, 3H), 431 (d, J=6.04Hz, 2H),
1.46 (s, 9HD . LA E 3 5 SOl o MR AR — S
224 EMTHER KEY 6 (450.52 mg,
2mmol, 1eq) VAT 20 mL PUSEMENEH, 22187
3HEMA YA (265.66 mg, 7 mmol, 0.5eq).
I INH MR AE 50 °C, 5 hJF TLC Wil e ¢
o R0 4 mol/L NaOH /K& 6 mL, %5
WIS, TN 1 mol/L B A FREFEN K VA
6 mL, ZHEFHE 15 min JG A 40 mL BAER £ B #

B, IO 20 mL K52, Bl F 2L
PREEA YA A 10mL /KAH 4 X, BIANAEE
KRR EE T8, JEARHIE, JET, SrEtE.

Ak - BERR 2R (30 1 1) 44013 195.84 mg F (D
A, RIAtk&9 11. 'TH-NMR (400 MHz, CDCl3)
8: 7.32~7.25(m, 1H), 7.09~7.03 (m, 2H), 6.96~
6.92 (m, 1H), 3.75 (s, 2H), 2.45 (s, 3H); 13C-
NMR (100 MHz, CDCl3) §: 163.00 (d, J=244.26
Hz), 142.79 (d, J=6.57Hz), 129.82 (d, J=8.06
Hz), 123.67 (d, J=2.94Hz), 114.93 (d, J=21.12
Hz), 113.83 (d, J=21.11Hz), 55.43 (d, J=2.01
Hz), 35.92. VL B3R S OB B A — S
225 WEW2a G S 1 (151.33 mg,
0.197 8mmol, 1.0eq) T 10mL &fiFH, MAIR
E (48.65mg, 0.4945mmol, 2.5eq), 30 CilIiE
i FE 48 ho TLC Wil S B BE PR EE o BRI
15 mL B&R LB oREAS M4 1k, 10 mL 7K AL
3, REANUAE, IIANTCKIRBRE: TR )5, JEd,
BET o VACERFTAS RS, R A A g - BEER
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LR (20 D 1~6 1 1) BEML &, WIS ElRiR
i 5423 mg, BN 2a, F=%N 90.94%. 'H-NMR
(400 MHz, CDCl3) d: 5.76 (s, 1H), 4.94 (s, 1H),
4.84 (s, 1H), 2.89 (s, 2H), 2.58~2.43 (m, 2H),
2.39~2.19 (m, 7H), 2.07~1.92 (m, 3H), 1.55 (m,
4H), 1.45~1.24 (m, 6H), 1.12 (m, 4H), 0.96 (d,
J=6.8Hz, 3H). HR-ESIMS m/z302.248 2[M+H]",
calcd for Cy0H31NO 302.247 9,

22.6 EY 20 A BULAEY) 1 (148.72 mg,
0.1927mg, 1.0eq) ¥ T 10mL Z &+, I\ N.N,N-
—HEN % (59.50 mg, 0.481 8 mmol, 2.5eq),
30 Cii FHiHE 48 ho MR IIA 15 mL BEFER
CTERREAS S NiAE 1k, I 10 mL /K AEHL 3 7k, {RH
HHUMH, &3FKMEH 2mL & F AR, A2
AL MU NN T K BB T, BExL, Jig
Fo FTPSRL A FHRER A & e - HEE (20 & 1~
8 o DY AT B PR 4 34.37 mg, HIA 2b,
P2 %09 53.64%. 'H-NMR (400 MHz, CDCl3) 6:

577 (s, 1H), 4.95 (s, 1H), 4.85 (s, 1H), 3.46
(m, 2H), 291 (m, 2H), 2.58~2.44 (m, 2H),
2.40~2.33 (m, 5H), 2.29~2.24 (m, 8H), 2.15 (m,
3H), 2.04~1.93 (m, 3H), 1.73~1.65 (m, 2H),
1.41~1.30 (m, 1H), 1.15~1.08 (m, 4H), 0.97 (d,
J=6.8Hz). BC-NMR (100 MHz, CDCl3) d: 199.78,
170.96, 150.83, 124.59, 111.11, 63.30, 57.81, 55.57,
4527, 44.44, 42.04, 40.40, 39.47, 36.14, 33.23,
32.05, 25.35, 16.81, 14.94. HR-ESI MS m/z
333.290 6 [M+H]*, caled for C21H36N20 333.290 1.
227 WAEM 2 AR BULEW 1 (210.00 mg,
I mmol, 1.0eq) T 10mL ZfEH, A& 7
(139.17mg, 1mmol, 1.0eq), KMNIKET 30 CiHi
WRHHE 48 h, TLC WM. RMEFMA 15
mL BERR CRRAR R S B4 1k, 10 mL /KZEHL 4
K, REAENUAE, GIFKMER S mL 5 EEE
B2k, A6 2 RERSRAENAE, HTKmREET
WRfE, HhIE, BET. i S R AR A T - W
Fi .16 (30 @ 1D Pefliialifh, £59% 3 PR 64.93
mg, BN 2¢, 773N 20.76%. 'H-NMR (400 MHz,
CDCly) 6: 7.29~7.24 (m, 1H), 7.10~7.08 (m,
2H), 6.96~6.91 (m, 1H), 5.79 (s, 1H), 5.00 (s,
1H), 4.87 (s, 1H), 3.46 (m, 2H), 3.00 (d, J=
13.1Hz, 1H), 2.87 (d, J=13.1Hz, 1H), 2.58~
2.49 (m, 2H), 2.39~2.23 (m, 4H), 2.17 (s, 3H),

2.05~1.88 (m, 4H), 1.42~1.26 (m, 4H), 1.13 (m,
4H), 0.91 (d, J=6.9 Hz, 3H); 3C-NMR (100 MHz,
CDCl3) d: 199.68, 170.81, 162.97 (d, J=243.6 Hz),
150.84, 142.49 (d, J=7.0Hz), 129.63 (d, J=8.2
Hz), 124.62, 12424 (d, J=2.8Hz), 115.41 (d,
J=21.1Hz), 113.81(d, J=21.0Hz), 111.53, 62.67,
61.54, 44.36, 42.50, 42.09, 40.41, 39.48, 35.89,
33.22, 32.00, 16.79, 14.88. "F-NMR (376 MHz,
CDCly) d: —113.65. HR-ESIMS m/z 356.239 0 [M+
H]*, calcd for C3H30FNO 356.238 5,

228 WEW2a G BALEY 1 (48.72 mg,

0.1927mg, 1.0eq) T 10mL ZFEH, JIABKME:
(32.80mg, 0.481 8 mmol, 2.5eq), 30 Ciia N
PE48ho SR IIN 15 mL BEER £ B R R A S o
51k, FH 10mL /KZEH 3 R, REAPHE, &K
MHEH 5 mL Z& BRI 2 ik, BIFEIATLK
BREREE T, vEiL, WeT. it e, —
SRR - HIEE (15 0 1~6 & 1) Bl aifh 45 35 (o Pk
Witk 15.77mg, BN 2d, 723K 28.77%. 'H-NMR
(400MHz, CDCly) 8: 7.93 (s, 1H), 7.18 (d, J=
1.0Hz, 1H), 6.65 (d, J=1.0Hz, 1H), 5.77 (s,
1H), 4.97 (s, 1H), 4.88 (s, 1H), 4.40 (s, 2H),
2.63~2.51 (m, 2H), 2.42~2.22 (m, 4H), 2.10~
1.99 (m, 3H), 1.42~1.32 (m, 1H), 1.19~1.11 (m,
4H), 0.98 (d, J=6.8 Hz, 3H). HR-ESI MS m/z
285.196 7 [M+H]", calcd for CigH24N>0 285.196 0.

229 EY 2e G BULED 1 (5335 mg,

0.197 8mmol, 1.0eq) T 10mL &M+, MAZ
% (3471 mg, 0.4352mmol, 2.2eq), 30 ‘CIlis
¥k 28 h, FIAE 50 C FHiHE She BRI 15
mL BEHE O BRA B S B4 1k, A 10 mL /K AEHY 3
K, REAAHUAE, GIEKAME, KA S mL —Z5H
FERIL 2 ¢k, & F 2 IEEBHIA NI, N TG/KAR
FREETH, DB, et PR A& 3B
Bor &, I - BEER 206 (4 1 1), "5
B OMIRBAA 45.80mg, BTN 2e, P7H N 81%. 'H-
NMR (400 MHz, CDCl3) d: 5.76 (s, 1H), 4.98
(s, 1H), 4.85 (s, 1H), 3.06~2.96 (m, 2H), 2.60~
2.19 (m, 9H), 2.09~1.93 (m, 3H), 1.41~1.30 (m,
1H), 1.12 (s, 3H), 1.04 (t, J=7.24Hz, 6H),

0.97 (d, J=6.7Hz, 3H). HR-ESIMS m/z290.248 4
[M+H]", caled for Ci9H3NO 290.248 0.

22.10 thEW 2 KGR BAEY 1 (48.72 mg,
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0.192 7mmol, 1.0eq) ¥ 7T 10mL ZfEH, HIA N-
FHJEDRIZE (50.90 mg, 0.481 8 mmol, 2.5eq), 30 C
W THERE 481, TLC MM R AIEF I 15
mL FERR CERAR R SR 1, 10 mL 7KZEHL 3
K, REENUAE, GIFAKMER 5 mL S kA
2 K, BHANE, IIANTCKBREREE T 185 JE i,
BET o FTAR R R b & e - HRE (20 0 1)
Vet At 15 3 (PR AA 32.50 mg, R2R 2f, 77
N 53.30%. 'H-NMR (400 MHz, CDCl3) o: 5.77
(s, 1H), 4.97 (s, 1H), 4.88 (s, 1H), 2.94 (s,
2H), 2.57~2.20 (m, 16H), 2.05~1.92 (m, 3H),
1.45~1.26 (m, 3H), 1.58~1.09 (m, 4H), 0.97 (d,
J=6.8Hz, 3H). HR-ESIMS m/z 317.259 3 [M+H]",
calcd for C20H32N20 317.259 0.

2211 WEW2g G BAEE 1 (70.00 mg,
0.276 9 mmol, 1.0 eq) ¥#T 5 mL &fiFH, MMA=
W% (56.14 mg, 0.553 8 mmol, 2.0 eq) kN
ANk (28.97 mg, 0.304 6 mmol, 1.1eq), 30 ‘Ci
WRHHE 24 h, TLC WIS . RMEHMA 15
mL BSR CEER R R B 1k, FEA 10 mL ZKAEHL
3K WCHHUE, HJoKmRBREETRE, I8, e
FAFH PRI, Jok S o FRER A A g - B
BRClE (10 1) BEBLAr &S, wIAS R B R A
86.00mg, R4 2g, /7% N 98.04%. 'H-NMR (400
MHz, CDCl;) d: 5.78 (s, 1H), 4.99 (s, 1H),

490 (s, 1H), 3.71 (t, J=4.8Hz, 4H), 2.95 (s,
2H), 2.58~2.20 (m, 10H), 2.05~1.92 (m, 3H),
1.16~1.10 (m, 4H), 0.97, (d, J=6.8Hz, 3H);
3C-NMR (100 MHz, CDCl3) §: 199.70, 170.67,
124.68, 67.03, 63.97, 53.65, 44.42, 42.04, 40.39,
39.43, 36.66, 33.18, 32.03, 29.68. HR-ESIMS m/z
304.227 7 [M+H]", caled for CioHoN;O 304.226 5.
2212 WEY 4aBIER EERT, REHHEEL
A3 (28.45mg, 0.1225mmol, 1.0eq) M 0.6
mL FEEF, FIMALEY) Sa (30.05 mg, 0.122 5
mmol, 1.0eq), [ ZnCl, (8.34mg, 0.0612 mmol,
0.5 eq) FHIAN 0.4 mL HEEEAE, ¥ ZnCl 1 H B
WIROMNFEEALH (7.70 mg, 0.122 5 mmol,

1.0eq) FIREHE], FZREVWMNRBE T, &
PRI RE 24 ho JEACAN/D BT 1 0 5 ik e B
W, FRE AR vk, RN, ETE
BN 25 mL BERR Z B2, H 10 mL ZKZEHL 5 IR,
BCENUAETR, s8I, BT/, SEEMRK

1A 67.45mg, FIRERAE. Al - NER (61 1) Ik
Walifl, WIS e ORI R 28.48 mg, RINMLG
¥) 4a. '"H-NMR (400 MHz, CDCl3) 6: 7.29~7.24
(m, 4H), 7.13~7.10 (m, 2H), 6.88~6.86 (m,
2H), 5.75 (s, 1H), 5.04 (s, 1H), 4.86 (s, 1H),
3.80 (s, 3H), 3.55~3.35 (m, 2H), 3.04 (d, J=
12.0Hz, 1H), 2.92 (d, J=12.0Hz, 1H), 2.61~
2.43 (m, 2H), 2.35~2.18 (m, 3H), 1.96~1.90 (m,
1H), 1.87~1.82 (m, 1H), 1.77~1.72 (m, 1H),
1.12 (s, 3H), 0.85 (d, J=8.0Hz, 3H); *C-NMR
(100 MHz, CDCl3) 6: 199.77, 170.82, 164.20,

161.76, 158.72, 150.99, 142.79, 131.30, 129.99,
129.70, 124.61, 12430, 115.49, 115.28, 113.72,
111.82, 59.03, 57.61, 55.28, 44.06, 42.08, 40.39,
39.51, 35.49, 33.22, 31.89, 16.81, 14.89. HR-ESI
MS m/z 462.280 8 [M+H]+, calcd for C30H36FN02
462.280 5.

2213 AW 4b AR =R, (REHFEL
43 (116.16 mg, 0.5mmol, 1.0eq) HIA 1.25mL
HEEF, FmALEY) Sb (108.13 mg, 0.5 mmol,
1.0eq). Al ZnCl, (34.08 mg, 0.25 mmol, 0.5eq)
N 1.25 mL FEEEAR, K ZnCly 1 F BN
NFEMEI (31.42mg, 0.5mmol, 1.0eq)
REE), BB EPIMAN RS, PR =R
P24 h, JEACH /D B REREE R uE RN R, D
B SR se e U, R IEWE, e TS N 25 mL
Bt R 2.8 2%, 10 mL /KAHL 5 7%, BUE N
fe, EIL, BT, R AR A 238.69 mg,
PRI Ak - AR (6 1) vefiialith, w183
FOHPIRBAA 21.10 mg, B NS4 4b. 'TH-NMR
(400 MHz, CDCl3) ¢6: 8.57 (s, 2H), 7.34~7.28
(m, 4H), 7.13~6.94 (m, 3H), 5.74 (d, J=15Hz,
1H), 5.00 (s, 1H), 3.57~3.45 (m, 4H), 3.00 (d,
J=12.0Hz, 1H), 2.57~2.09 (m, 6H), 1.90~1.54
(m, 5H), 1.12 (s, 3H), 0.85 (d, J=8.0Hz, 3H);
3C-NMR (100 MHz, CDCl3) §: 199.69, 171.02,
170.17, 150.24, 149.27, 130.33, 129.90, 124.79,
124.48, 123.98, 123.74, 115.40, 115.19, 112.44,
44.17, 43.83, 42.04, 40.38, 39.77, 39.45, 39.11,
35.78, 3525, 34.73, 34.21, 33.13, 31.94, 30.80,
26.86, 17.04, 16.84, 14.94, 14.52. HR-ESIMS m/z
433.265 5 [M~+H]", caled for CosH33FN20 433.265 0.
22.14 WAV 4 MG =IRT, REEHHEL



40BFE3IH 2025€E3 H AR & B &

Drugs & Clinic Vol. 40 No. 3 March 2025 * 609

413 (46.46 mg, 02 mol, 1.0 eq) JIA 1 mL H
fErb, PN 4-WRAEHEIRIE (84.14mg, 0.2 mmol,
1.0eq). [f] ZnCl, (16.63 mg, 0.1 mmol, 0.5eq)
DN 1 mL BRI, ROZ S o NS A
(12.57mg, 0.2mmol, 1.0eq) H, BREIE], ¥i%
RGNS, PRIFZ TR FE 24 he JELUAT
At R RIS R S, R b B SR e
PEUE, W, TSN 25 mL BE R L BRI
F 10mL /KZEHL 5 R, BCEHUAETHE, 38, BeT
SRR 76.40 mg, FREERRHE. & H K -
FREE (25 1 1) BEMLAliAL, n]13R 2 R4 40.10
mg, EIAAEY) 4cc 'H-NMR (400 MHz, CDCl3)
d: 5.76 (s, 1H), 4.94 (s, 1H), 4.84 (s, 1H),
2.89 (m, 4H), 2.54~2.19 (m, 10H), 2.04~1.78
(m, 7H), 1.63~1.32 (m, 9H), 1.15~1.09 (m,
4H), 0.96 (d, J=6.8 Hz, 3H); 3C-NMR (100 MHz,
CDCl3) J: 199.68, 170.89, 150.50, 124.60, 110.80,
63.60, 62.88, 53.53, 53.43, 50.34, 44.42, 42.07,
40.40, 39.44, 36.62, 3325, 32.05, 28.23, 28.19, 26.25,
2472, 16.74, 14.93. HR-ESIMS m/z385.3219 [M+
H]", caled for C2sH4oN20 385.321 0.

2215 WAV WEHR =R, REHHEAL
&3 (46.46 mg, 0.2mol, 1.0 eq) JIA 1 mL H
FErh, PRI\ 4-NS I JEIRIE (34.02mg, 0.2 mmol,
1.0eq). A ZnCl, (16.63 mg, 0.1 mmol, 0.5eq)
TN 1 mL FEEEMR, ¥ ZnCl 1 F A BRI R
A (12.57mg, 0.2mmol, 1.0eq) *, &
G5, ZIRE IR, (R R
24 ho JEACAI/D B LR T Ve R SR, D&
ZRMMBE T, WURIEM, BT E A 25 mL
BEFR 6 2%, 1 10 mL /KEEEL 5 W, BUAHLHET
e, YR, BTN, R AR 74.61 mg,
FHRERCAE . —&UH e - HIE (25 ¢ 1) delhuglifh, wf
Bk AR IA 46.77 mg, BINALEY) 4d. 'H-
NMR (400 MHz, CDCl3) d: 5.76 (s, 1H), 4.95
(s, 1H), 4.85 (s, 1H), 3.73 (m, 4H), 291 (m,
4H), 2.57~2.14 (m, 11H), 2.03~1.77 (m, SH),
1.54~1.30 (m, 3H), 1.16~1.09 (m, 4H), 0.96 (d,
J=6.8Hz, 3H); 3C-NMR (100 MHz, CDCl3) ¢:
199.63, 170.80, 150.34, 124.61, 110.99, 67.25,
63.53, 62.28, 53.06, 52.96, 49.97, 44.38, 42.06,
40.39, 39.43, 36.58, 33.23, 32.06, 28.51, 28.47,
16.75, 14.93. HR-ESI MS m/z 387.400 9[M+H]",

calcd for C24H3sN20O,2 387.301 2,
23 RIMRELBREMIERE R E N
23.1 MTT EEREAMBETE N 1 B
i 25 e o 2L s A0 BRSPS, S I E
R AH LI A S5 T AR AR IE . H 0.25%MBidk
FEFHALRE L MDA-MB-231 4ifd, 3FLHEE A
BEHALTE, IS 10% FBS () RPMI 1640 1:5%
FZOEHAL, BREITESHEATT AR, i
BB BN 1X10* /N /mL, R H Z@iEH
TR R FT 250 5] B AR BRI 96 FLAH 3% TR
Hr, BN 180 pL AHfE, HERER 96 LKk
S gH s S A TR, BT 37 C. 5% CO» 5557
A EEFR 240 JEIngy . REANREERCE 5 ANEAL, T
FBGHRAYAE 550 nm K T IE S ARG (4)
8, THE P41, SPSS11.5 AHHHE, H5 541
AR CERKINEIZE =1—4 na/d =0, RN
1. 1£ 20 pmol/L IKRJET, &4 G 7 By 4
A KA HI R I N T 20%, A iER . Fit,
A SEES R FH () 85 R B A P FE 9 20 pmol/L

#*1 {UHEH% MDA-MB-231 R4 KR M

( X+s, n=5)
Table 1 Effect of each compound on proliferation rate of
MDA-MB-231 cells ( x+s,n=5 )

e AR AN 1%

1umol'L™" 10 umol-L! 20 pmol-L?!
2a 33+22 53+4.7 6.4+5.1
2b 3.9+48 7.1+5.9 11.2+6.1
2c 8.7+39 43+37 9.9+6.7
2d 44+2.1 7.7+5.6 10.1+6.2
2e 7.3+54 143+7.1 37.4%6.7
2f 55+4.1 8.1+5.7 15.2+6.6
29 49441 9.4%+5.0 6.6+4.7
4a 9.7+3.9 8.7+6.3 224+7.1
4b 9.9+3.7 16.3+7.7 41.3%6.5
4c 43+35 7.3+4.1 6.8+4.9
4d 10.3+2.2 17.7+£8.7 56.4+7.9

232 PuLBE CRPYRSER) Kl &Y

HRSIETE MY REE T se G aE R, W E S A4
SIS AH, K BT A SR EERR LR BN 0.25~20.00
umol/L. FHJEER FI B 1k MDA-MB-231 4, A
BEFRELL R WAL, THECRH RS 21X 10° 4y /mL,
SRS RS BB T S S I A2 N 6 FLAT AR
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B FEcR, LI 2 mL 4B, BT 37 C.
5% COy B R F 9%, 24 h J5, FREmpfIA) 25 o 4
RIE RIS, H 10 pL B M kAR FLBUR
BRI B, MR E 4R S I
e, AMRAAERDIR . IR REF L, =
FIZENN 2 mL SE4 5 4E, SR A 2 mL &
ek, BMEEYIIRERE 3 M PATINE
Flo ¥ 6 FLIRE T B35 F i, dxRYR 0 h i
RIPRARBLARIIR T8 B2 s ERE A TR E 24h, HE
TR TR, ERRRARGAT IR 5 . 8
Image J #4347 M1, SPSS 11.5 AR, 115
AT RE 2 (QEMAE TR R = I A & ih
A/ AHBEEED, THE ICs fH, W& 2. 129k
PPRERIRE N, LEY) 2by 2e. 2f. 4a. 4b. 4d X}
MDA-MB-231 40 il # HA # U0 s s 1%, 1&
Y 2e. 4b. 4d IR IEMEELE, 1Cs 73
2.89. 5.83. 1.59 umol/L, FHr{b&W) 4d feit,
AT PI3K 41 75 BH 4 0) B 245 ) LY 2940020101,
x2 BUAYIX MDA-MB-231 TR0
Table 2 Effect of each compound on migration of MDA-
MB-231 cells

&Y 1Cso/(umol- L™ | A4 ICso/(umol-L™1)
2a >20.00 4a 17.33
2b 19.03 4b 5.83
2c >20.00 4c >20.00
2d >20.00 4d 1.59
2e 2.89 LY294002 1.18
2f 18.13 11g 1.04
29 >20.00
3 i

AT T L JEER T DA Al e TR R
B SR A R RSN EMEART A, H s
Y 2e. 4b F1 4d RABGRAGTILIRE MRS
P, RUFZIRA A VIHTM IR F AL I PE AT 21
APiER, SRR TR 2R M S it 8
B ATAT (o AT T LA A R D SO B RT )28 A
AEVATEY), R, SRR, R
PER S RIRTFIEIR, NS ROP BT HETAS
5L, FTORFFA AR, A AR 5 A

o BRITEA R ZAAET YA — & HIBRIE,
WAL INERR R, RGBT B
[l & T2MA T MR TR, SR

M EHZ KRR AT 77 BN, (e EWiETE

TR BRI TR BRI, (& Pis T .

XArge R E Y E R 7 ) R SR . AT

FOAE BT B AT DU FE A2 AT A0 5 A R A A AT

W, IR 2SI T R AR A T AR

MBEFR AL AEARELEANZFR
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