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Synthesis of isooxazole derivatives of ionone alkaloid and their antitumor metastasis
activities
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Abstract: Objective To design and synthesize the ionone alkaloid isoxazole derivative, and combine with activity screening, to find
new bioactive derivatives of ionone alkaloid. Methods (R)-ionone was prepared, and the isooxazole derivative of ionone alkaloid
were prepared after 11 steps of organic synthesis. The chemical structure of the target derivatives were characterized by nuclear
magnetic resonance spectroscopy and high resolution mass spectrometry. The antitumor metastatic activities of the derivatives were
screened by chemotactic migration of breast cancer cells. Results A total of 8 target derivatives were prepared. After screening for
anti-tumor metastasis activitys, compound 12c was found had the same activity as lon-31a, and was stronger than the positive control
compound PI3K inhibitor LY294002. Conclusion All the targetderivatives are new compounds, and the benzonitrile substituted
isoxazole compound 12c has significant anti-tumor metastasis activity.
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95 NPUMIR R 24 R ARt TR S A,
A BRI R AR SR AT SO R
() 24 9 % 3 ol R BT B L e R A v M R 4y
N A AR TR, A AR e A
GRS IR e s R A g,
SR B 22 A A RN IROR IR R ARG B AR . TR
FZE HIT R DA B A RS SR A, R TR
VGl RO RTS8 B RFIEED
R 31a (lon-31a) AR MPIINEE R
FEPERL REFSE DL lon-31a 95t AL A AT ATAE
BB, A R T A A e S R AT AR
Yo SRR IR — b 2 Ak 2 S5 RS U 5 L2 50
A P B, WARIE BT PR A5 2 R A i v,
CEkIRE R, @ISR — R E R R AT
W, RIS AL S AR AN 22 25} 24 e 4
B SR MR R, AR A TR
PEORIE, RINGEMH S AT AEDY, b
T 2310 B F I A S A S0 40
1 UHEFRG
11 IR

SHB-IITA 7E¥ /K2 H JA R W201 fHiRHG
By RIRAHBIEAE (LR ERMUE SRR
AT]D); DF-101S 4 A 3 C1E iR I #7045 41 2%
DZX-3 BRI H 2 T1§4; EYELA PSL-1810 AUKiR &
Pigk (M ERARARD; HERE R A
FHRER Y 275 SiFvE e ) 477, 4 A shBghati o
X (3£ [H Bio-Rad A=A BRA s AR B O (R
Eppendorf 2% ); 5% CO, 4l 7, FEH
Thermometer Scientific A%]; MTT, Sigma A #l;
Transwell #a1k./N=, Pierce Biochemicals 2] .
1.2 RFI54mAE

7 ES B I R ULBE -3 Bl CPISKD #1141 55
LY294002, jHiE a-4 %" == fi i &2 0 £ 99%, A F
IR 2 (MDA-MB-231) T E F [E Rl 2 B i
Y2, A3 RPMI 1640 15 9% 3E . A< SZ86 i FH 11
WAV N AR Sk TR R U A
Milli-Q AbEE AT 1S B 4K .
2 FEEER
21 B8k

FHER o-(R)-K D 2210 1 FALED 2 1%
J512: 2 25 AU R 2H B AR ) I T IO A R R
lon-31a &K LEMA, W& 2 &Rt &

RGN BE R EY 3, Z A WTEE eR
A NE N ERILEY 4. (LB 4 25N
LR RS B MFAL5 5, R % 5 4 Boc R4, XL
BRI AT A R S LR A etk & 8. 4k
G 8 SN NAF BB A 9. F3— 7,
DAERAR T H S A JEURE, 2199 20 S il 75 e ) 11
A& 9 5l 11 28 13- IR & Bl 4 B bx
P 120 AR LA 1.

22 FEZEPETHNERK

WEY 3 ME K HEULEY 2 (41 g, 211
mmol, 1 eq.), MINEE _AFIHEM, REHKIK
TN 3-8 % (2.65 mL, 23.2 mmol, 1.1 eq.) HOBt
(3.14g, 23.2mmol, 1.1eq.). EDCI (4.45¢g, 23.2
mmol, 1.1eq.) M=% (7.3 mL, 52.8 mmol, 2.5
eq.), IR TFHEEE 12 h, TLC 3 Wl 2 S 52 e
UM\ 5% EEFR . 1A NaHCOs ¥ 7R AN AN
KA, SHFAVEA TG, IR IR,
2R AT 03 A7 Wk (PE) - BSB2 2. B8 (EA) (25 ¢
1~10 : 1) M Emiky), 7% 73.5%.
'H-NMR (400 MHz, CDCI3): 6 7.21(m, 1H, Ar-H),
7.00 (m, 1H, Ar-H), 6.90 (m, 2H, Ar-H), 6.68
(dd, J=15.2Hz, 9.6 Hz, 1H, 7-H), 5.86 (d,
J=152Hz, 1H, 8-H), 543 (s, 1H, 4-H), 4.38
(d, J=5.6 Hz, 2H, Ar-CH,), 2.20 (d, J=9.6 Hz,
1H, 6-H), 1.99 (brs, 2H, 3-H), 1.54 (s, 3H,
13-H), 1.43 (m, 1H, 2-H), 1.16 (m, 1H, 2-H),
0.89 (s, 3H, 12-H), 0.82 (s, 3H, 11-H). *C-NMR
(100 MHz, CDCl3): §166.2 (9-C), 162.9 (d,
J=244.7Hz, Ar-C), 1457 (7-C), 1412 (d, J=
6.9 Hz, Ar-C), 132.2 (5-C), 130.0 (d, J=8.2 Hz,
Ar-C), 1245 (8-C), 123.1 (d, J=2.8 Hz, Ar-C),
122.3 (4-C), 114.4 (d, J=21.6Hz, Ar-C), 114.1
(d, J=20.9 Hz, Ar-C), 53.8 (6-C), 42.9 (Ar-CH,),
32.4 (2-C), 31.2 (1-C), 27.7 (12-C), 26.8 (11-C),
23.0 (3-C), 229 (13-C).

FH b 4 896 % FREX 3 g &4 3, FH 40 mL THF
AR, NN 15 mL F e BB AW, 2% BAEAER, B
Sk 3 AR R AR, =i FHERE 8 h, TLC
T W SR SE R e A P S 2 R - SR
CHJERT AR e 2T, BB IETHEI K
FHIE WD, WEEIEWR, WRAETHIE 4, LR
AT —20 N
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a-NaOCIl, EtOH,0 ‘C tort b-3-fluorobenzylamine, triethylaming, HOBt, EDCI, CH,Cly, rt  c-raney-Ni, Hp, THF, rt  d-LiAlH,;, THF, 0 C to rt

e-(Boc),0, KHCO3, CH.Cly, it f-CrOs, 3,5-dimethylprazole, CH,Clp, =20 'C  g-TFA, CH,Cl,, 0 C tort h-brominated alkanes, K,COs, acetone, reflux

i- hydroxylamine hydrochloride, acetonitrile, rt  j-N-chlorosuccinimide, DMF, rt  k-triethylamine, CH,Cl,, rt

wEm R1 R, WE R1 Rz
10-12a H F 10-12¢ H OCHs
10-12b H cl 10-12f H NO,
10-12¢ H CN 10-12g F H
10-12d H CHs 10-12h H CH(CHa);

1 BiHRtEYnE kg
Fig. 1 Synthetic route of target compounds

A 5 AR FREULEY) 4 5 3.16 g, H

40 mL Jo/K THF ¥%fi#, 780 CFZEIA LiAlH,
(593 mg, 15.62 mmol), #% R /SERFHE 4k 3
U, FiREPE 24 h, TLC il W5 I & B 5E . /£ 0 °C
T80 4 mol/L NaOH 7K & ¥ K 34 43 1)
LiAIH,, DI URTE A B VA i+t 30 min,
N EA ZEH, SIFANUEITHE, D8I R4S AH
5, LRI T &M

FHLA 6 M sk FREUE A 5 M 5.6 g, I
100 mL S B fE, M KHCO; (4.84 g, 29.03
mmol), 70 C NG T & F i ik
i —HUT W (1059, 21.29 mmol), Eigm#tH: 12 h,
TLC i W s N 5E il IMNKAEEL, &HFAHLE
T4, eIk 6, ERAbI i~ 5
SV

WA T HI6 i FREX=4A40ES (117 g, 1155
mmol, 10.0 eq.), A 120 mL DCM ¥%fi#, f£—20 C
FEHE 10 min J5, N 3,5- AR (11.25g,

115.5 mmol, 10.0 eq.), #kZE4E+EE 10 min, 22187
IEfRT DCM HR &9 6 F i 459, k8t
5h, TLC (i Il S R 58 e S W iR Rk A (1%
PE -EA (10 :1~5: 1) WehiaithE s iRy,

P2 57.3%. 'H-NMR (400 MHz, CDCly): §7.28
(m, 1H, Ar-H), 7.07 (m, 2H, Ar-H), 6.94 (m,
1H, Ar-H), 5.80 (s, 1H, 4-H), 3.79 (s, 2H,

Ar-CH,), 2.63 (t, J=6.8 Hz, 2H, 9-H), 2.36 (d,
J=17.2Hz, 1H, 2-H), 2.01 (d, J=17.2Hz, 1H,
2-H), 1.97 (s, 3H, 13-H), 1.86 (t, J=5.2 Hz,
1H, 6-H), 1.74 (m, 1H, 7-H), 1.60 (m, 2H,

8-H), 1.47 (s, 9H, (CHy) 3), 1.43 (m, 1H, 7-H),
1.05 (s, 3H, 11-H), 1.02 (s, 3H, 12-H). *C-NMR
(100 MHz, CDCly) :6199.2 (3-C), 165.5 (5-C),
163.0 (d, J=244.4Hz, Ar-C), 156.5 (CO), 1385
(d, J=6.9 Hz, Ar-C), 129.9 (d, J=8.1 Hz, Ar-C),
125.2 (4-C), 123.7 (d, J=2.2 Hz, Ar-C), 1149
(d, J=21.1 Hz, Ar-C), 113.9 (d, J=21.0 Hz,
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Ar-C), 79.8 (C), 65.3 (Ar-CH,), 51.0 (6-C),
47.2 (2-C), 47.1 (9-C), 36.3 (1-C), 30.6 (12-C),
28.7(7-C), 28.4((CH3)3), 27.4(8-C), 27.1(11-C),
246 (13-C).

WwEY 8 Mk MIULEY 7 (23 g, 5.7
mmol, 1.0 eq.), IINEE S HF i, 2T 0 C
N, N TFA (1.27 mL, 17.1 mmol, 3.0 eq.),
FWBEFE S h, TLC i I B TE R [ e B H
I NaCOz ¥R, i pH {28, & F AL
3K, EHANEFFTIE, IR wkgaE o iRy,
FE# 92.3%. 'H-NMR (400 MHz, CDCly): 67.27
(m, 1H, Ar-H), 7.07 (m, 2H, Ar-H), 6.94 (m,
1H, Ar-H), 580 (s, 1H, 4-H), 3.79 (s, 2H,
Ar-CH,), 2.63 (t, J=7.2Hz, 2H, 9-H), 2.36 (d,
J=17.2Hz, 1H, 2-H), 2.01 (d, J=17.2Hz, 1H,
2-H), 1.97 (s, 3H, 13-H), 1.86 (t, J=5.2 Hz,
2H, 9-H), 1.74 (m, 2H, 7-H), 1.60 (m, 2H,
8-H), 1.44 (m, 2H, 7-H), 1.05 (s, 3H, 12-H),
1.01 (s, 3H, 11-H). ¥*C-NMR (100 MHz, CDCly):
§199.3 (3-C), 165.6 (5-C), 163.0 (d, J=244.4 Hz,
Ar-C), 1425 (d, J=6.9Hz, Ar-C), 129.9 (d,
J=8.2Hz, Ar-C), 125.1 (4-C), 123.7 (d, J=2.2
Hz, Ar-C), 1149 (d, J=21.1 Hz, Ar-C), 1139
(d,J=21.2 Hz, Ar-C), 53.3(d, J=1.4 Hz, Ar-CH2),
51.1 (6-C), 49.5 (9-C), 47.1 (2-C), 36.3 (1-C),
29.7 (12-C), 28.7 (7-C), 27.8 (8-C), 27.1 (11-C),
24.7 (13-C).

WEY 9 A R: FREULEY) 8 (1.0 eq) T
KA, SR AR SR, IAATEK KCOs
(3.0 eq.). VR (3.0 eq.), 50 CHit#k, TLC {4
Tl I s 5 e TR)SOBEHOINAN 1 mol/L NaOH 7K
WHEE 1h, H EA ZEEL, G IFAVUAEIETE, I8
ik 4EEH . PE - EA (101 1~8: 1) 15y
WY, 7720 84.3%. *H-NMR (400 MHz, CDCly):
§7.27 (m, *H, Ar-H), 7.09 (m, 2H, Ar-H), 6.93
(m, 1H, Ar-H), 5.80 (s, 1H, 4-H), 4.16 (q,
J=7.0Hz, 2H, OCH,), 3.77 (s, 2H, Ar-CH,),
3.31 (s, 2H, Ar-CH,), 2.63 (t, J=6.8Hz, 2H,
9-H), 2.35 (d, J=17.4Hz, 1H, 2-H), 2.01 (d,
J=17.4Hz, 1H, 2-H), 1.95 (d, J=1.0Hz, 3H,
13-H), 1.84 (t, J=5.2Hz, 1H, 6-H), 1.72 (m,
1H, 7-H), 1.55 (m, 2H, 8-H), 1.43 (m, 1H,
7-H), 1.27 (t, J=7.0 Hz, 3H, CH3), 1.04 (s,

3H, 11-H), 1.00 (s, 3H, 12-H). “C-NMR (100
MHz, CDCl3): §199.1 (3-C), 177.1 (CO), 165.4
(5-C), 163.0 (d, J=244.2 Hz, Ar-C), 142.0 (d,
J=6.8Hz, Ar-C), 129.8 (d, J=8.1Hz, Ar-C),
125.1 (4-C), 124.3 (d, J=2.6 Hz, Ar-C), 1155
(d, J=21.2 Hz, Ar-C), 114.0 (d, J=21.1 Hz,
Ar-C), 60.3(OCH,), 58.0 (Ar-CH,), 54.5 (N-CH,),
54.2 (9-C), 51.1 (6-C), 47.2 (2-C), 36.3 (1-C),
28.8 (12-C), 27.7 (7-C), 275 (8-C), 27.1 (11-C),
24.7 (13-C), 14.3 (CHy). HR-ESI MS m/z 390.242 8
[M+H]", calcd for C,sH3sFNOs, 390.244 4.

WEY 1la~11h HR4ESCE" > m: 4
SIFREUL A 10a~10h (1.0 eq), HUE R DMF ¥
fils 43 3 I N-EARHEHIEE WAL [E 14 (1.0 eq),
IFRG 3 min, SIRIEEE 12 h, IABSER 2B R R
IR, MR SRR AR, To/KBREREE T sl vk e
BEARNOZ, e e A S5 M 5 SCHRARIE AT -
23 BREIRNER

FREE A9 9 (1.0 eq.) FIAHN [y Al 11a~
11h (3.0eq.) TR, M S P LM,
Im=c¢. & (5.0 eq.), Fifk FiHE, TLC Gl
RISERG, W4iTE HARr=4) 12a~12h .

&Y 12a: FOMARY, 7% N 74.3%.
'H-NMR (400 MHz, CDCly): 5 7.80(m, 2H, Ar-H),
7.30 (m, 1H, Ar-H), 7.14 (m, 4H, Ar-H), 6.97
(m, 1H, Ar-H), 6.40 (s, 1H, CH), 5.82 (s,
1H, 4-H), 3.81 (s, 2H, Ar-CH,), 3.66 (s, 2H,
Ar-CH,), 2.54 (t, J=6.8 Hz, 2H, 9-H), 2.36 (d,
J=17.2Hz, 1H, 2-H), 2.03 (d, J=17.2Hz, 1H,
2-H), 1.96 (d, J=0.6Hz, 3H, 13-H), 1.84 (t,
J=5.2Hz, 1H, 6-H), 1.72 (m, 1H, 7-H), 161
(m, 2H, 8-H), 1.42 (m, 1H, 7-H), 1.04 (s,
3H, 11-H), 1.00 (s, 3H, 12-H). “C-NMR (100
MHz, CDCl3): §199.4 (3-C), 170.6 (Ar-C), 165.5
(5-C), 163.8 (d, J=248.5Hz, Ar-C), 163.0 (d,
J=244.4Hz, Ar-C), 161.4 (C), 1415 (d, J=7.0
Hz, Ar-C), 130.0 (d, J=8.1 Hz, Ar-C), 1287
(d, J=8.3 Hz, Ar-C), 125.2 (d, J=3.7 Hz, Ar-C),
125.1 (4-C), 124.2 (d, J=2.6 Hz, Ar-C), 116.1
(d, J=21.8 Hz, Ar-C), 115.4 (d, J=21.2 Hz,
Ar-C), 114.3 (d, J=21.1 Hz, Ar-C), 101.2 (CH),
58.0 (Ar-CH,), 54.1 (9-C), 51.0 (6-C), 484
(Ar-CH,), 47.1 (2-C), 36.3 (1-C), 28.8 (12-C),
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27.8 (7-C), 27.2 (8-C), 27.1 (11-C), 24.8 (13-C).
HR-ESI MS m/z 479.248 9 [M+H]", calcd for
CaoH33F2N,0,, 479.251 0.

&Y 12b: BEMRY, %A 75.2%.
'H-NMR (400 MHz, CDCl5): § 7.80(m, 2H, Ar-H),
7.30 (m, 1H, Ar-H), 7.14 (m, 4H, Ar-H), 6.97
(m, 1H, Ar-H), 6.40 (s, 1H, CH), 5.82 (s,
1H, 4-H), 3.81 (s, 2H, Ar-CH,), 3.66 (s, 2H,
Ar-CH,), 2.54 (t, J=6.8 Hz, 2H, 9-H), 2.36 (d,
J=17.2Hz, 1H, 2-H), 2.03 (d, J=17.2Hz, 1H,
2-H), 1.96 (d, J=0.6Hz, 3H, 13-H), 1.84 (,
J=5.2Hz, 1H, 6-H), 1.72 (m, 1H, 7-H), 161
(m, 2H, 8H), 1.42 (m, 1H, 7-H), 1.04 (s,
3H, 11-H), 1.01 (s, 3H, 12-H). “C-NMR (100
MHz, CDCl3): §199.4 (3-C), 170.6 (Ar-C), 165.5
(5-C), 163.8 (d, J=2485Hz, Ar-C), 163.0 (d,
J=2444Hz, Ar-C), 161.4 (C), 1415 (d, J=7.0
Hz, Ar-C), 130.0 (d, J=8.1 Hz, Ar-C), 128.7
(d, J=8.3Hz, Ar-C), 125.2 (d, J=3.7 Hz, Ar-C),
125.1 (4-C), 124.2 (d, J=2.6 Hz, Ar-C), 116.1
(d, J=21.8 Hz, Ar-C), 1154 (d, J=21.2 Hz,
Ar-C), 114.3 (d, J=21.1 Hz, Ar-C), 101.2 (CH),
58.0 (Ar-CH,), 54.1 (9-C), 51.0 (6-C), 484
(Ar-CH,), 47.1 (2-C), 36.3 (1-C), 34.1 (CH),
28.8 (12-C), 27.8 (7-C), 27.2 (8-C), 27.1 (11-C),
24.8 (13-C). HR-ESI MS m/z 495.219 8 [M+H]",
calcd for CogH33CIFN,O,, 495.221 5,

EY 12c: FEMRY, F=%K 75.6%.
'H-NMR (400 MHz, CDCly): 6 7.96 (d, J=8.4 Hz,
2H, Ar-H), 7.77 (d, J=8.4Hz, 2H, Ar-H), 7.30
(m, 1H, Ar-H), 7.12 (m, 2H, Ar-H), 6.98 (m,
1H, Ar-H), 6.47 (s, 1H, CH), 5.82 (s, 1H, 4-H),
3.83 (s, 2H, Ar-CH,), 3.66 (s, 2H, Ar-CH,),
2.54 (t, J=6.8 Hz, 2H, 9-H), 2.36 (d, J=17.2 Hz,
1H, 2-H), 2.03 (d, J=17.2Hz, 1H, 2-H), 1.96
(d, J=1.0Hz, 3H, 13-H), 1.85 (t, J=5.2 Hz,
1H, 6-H), 1.72 (m, 1H, 7-H), 1.61 (m, 2H,
8-H), 1.42 (m, 1H, 7-H), 1.05 (s, 3H, 11-H),
1.01 (s, 3H, 12-H). *C-NMR (100 MHz, CDCl,):
5199.3 (3-C), 171.6 (C), 165.4 (5-C), 163.0 (d,
J=244.4 Hz, Ar-C), 160.8 (Ar-C), 1414 (d, J=
6.9 Hz, Ar-C), 132.8 (Ar-C), 130.0 (d, J=8.3 Hz,
Ar-C), 1274 (ArC), 1252 (4-C), 1241 (d, J=

2.0 Hz, Ar-C), 118.3 (CN), 115.4 (d, J=21.5 Hz,
Ar-C), 114.3 (d, J=20.7 Hz, Ar-C), 113.6 (Ar-C),
101.2 (CH), 58.0 C(Ar-CH,), 54.2(9-C), 51.0 (6-C),
48.5 (Ar-CH,), 47.1 (2-C), 36.3 (1-C), 34.1 (CH),
28.8 (12-C), 27.9 (7-C), 27.3 (8-C), 27.1 (11-C),
24.8 (13-C). HR-ESI MS m/z 486.252 3 [M+H]",
calcd for C3yH33FN3O,, 486.255 7,

&Y 12d: EEWIRY), F=FEN 76.3%.
'H-NMR (400 MHz, CDCl3): 6 7.00 (d, J=8.0 Hz,
2H, Ar-H), 7.29 (m, 3H, Ar-H), 7.12 (m, 2H,
Ar-H), 6.96 (m, 1H, Ar-H), 6.41 (s, 1H, CH),
5.81 (s, 1H, 4-H), 3.79 (s, 2H, Ar-CH,), 3.65
(s, 2H, Ar-CH,), 253 (t, J=7.0Hz, 2H, 9-H),
2.40 (s, 3H, CH3), 2.36 (d, J=17.6 Hz, 1H,
2-H), 2.02 (d, J=17.6Hz, 1H, 2-H), 1.95 (s,
3H, 13-H), 1.84 (t, J=5.2Hz, 1H, 6-H), 1.72
(m, 1H, 7-H), 1.61 (m, 2H, 8-H), 1.42 (m,
1H, 7-H), 1.04 (s, 3H, 11-H), 1.00 (s, 3H,
12-H). ®*C-NMR (100 MHz, CDCly): § 199.4(3-C),
170.2 (Ar-C), 165.5 (5-C), 163.0 (d, J=244.3 Hz,
Ar-C), 162.2 (C), 1416 (d, J=7.0Hz, ArC),
140.2 (Ar-C), 129.9 (d, J=8.1Hz, Ar-C), 129.6
(Ar-C), 126.6 (Ar-C), 126.1 (Ar-C), 125.1 (4-C),
124.2 (d, J=2.5Hz, Ar-C), 115.4 (d, J=21.3 Hz,
Ar-C), 114.2 (d, J=21.1Hz, Ar-C), 101.2 (CH),
58.0 (Ar-CH,), 54.0 (9-C), 51.0 (6-C), 484
(Ar-CH,), 47.1 (2-C), 36.3 (1-C), 28.7 (12-C),
27.7 (7-C), 27.2 (8-C), 27.1 (11-C), 24.7 (13-C),
21.4 (CH3). HR-ESI MS m/z 475.274 5 [M+H]",
calcd for CaoH36FN,O,, 475.276 1.

WEY 12e: BAMRY, 7% A 75.8%.
'H-NMR (400 MHz, CDCly): 6 7.74 (d, J=8.0 Hz,
2H, Ar-H), 7.29 (m, 1H, Ar-H), 7.3 (d, J=
8.0 Hz, 2H, Ar-H), 6.96 (m, 3H, Ar-H), 6.38
(s, 1H, CH), 581 (s, 1H, 4-H), 3.85 (s, 3H,
OCH3), 3.79 (s, 2H, Ar-CH,), 3.65 (s, 2H,
Ar-CH,), 2.53 (t, J=6.8Hz, 2H, 9-H), 2.36 (d,
J=17.2Hz, 1H, 2-H), 2.02 (d, J=17.2 Hz, 1H,
2-H), 1.95 (s, 3H, 13-H), 1.84 (t, J=5.4 Hz,
1H, 6-H), 1.72 (m, 1H, 7-H), 1.61 (m, 2H,
8-H), 1.42 (m, 1H, 7-H), 1.04 (s, 3H, 11-H),
1.00 (s, 3H, 12-H). *C-NMR (100 MHz, CDCl3):
5199.4 (3-C), 170.2 (Ar-C), 165.6 (5-C), 163.0
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(d, J=244.3 Hz, Ar-C), 161.9 (C), 161.0 (Ar-C),
141.6 (d, J=6.9Hz, Ar-C), 140.2 (Ar-C), 129.9
(d, J=8.3Hz, Ar-C), 128.2 (Ar-C), 125.1 (4-C),
124.2 (d, J=2.4Hz, Ar-C), 121.5 (Ar-C), 115.4
(d, J=21.3Hz, Ar-C), 114.3 (Ar-C), 114.2 (d,
J=21.1Hz, Ar-C), 101.1 (CH), 58.0 (Ar-CH,),
55.4(0OCH3), 54.1(9-C), 51.0(6-C), 48.4(Ar-CH,),
47.1 (2-C), 36.3 (1-C), 28.8 (12-C), 27.8 (7-C),
27.2 (8-C), 27.1 (11-C), 24.8 (13-C). HR-ESI MS
m/z 491.267 9 [M+H]", calcd for CsH3sFN,Os3,
491.271 0.

&Y 12f: sEOMPRY), 77ERN 71.4%.
'H-NMR (400 MHz, CDCl,): 6 8.34 (d, J=8.8 Hz,
2H, Ar-H), 7.99 (d, J=8.8Hz, 2H, Ar-H), 7.31
(m, 1H, Ar-H), 7.12 (m, 2H, Ar-H), 6.96 (m,
1H, Ar-H), 6.51 (s, 1H, CH), 5.83 (s, 1H, 4-H),
3.84 (s, 2H, Ar-CH,), 3.67 (s, 2H, Ar-CH,),
2.56 (t, J=6.8 Hz, 2H, 9-H), 2.36 (d, J=17.2 Hz,
1H, 2-H), 2.03 (d, J=17.2Hz, 1H, 2-H), 1.96
(s, 3H, 13-H), 1.86 (t, J=5.2Hz, 1H, 6-H),
1.72 (m, 1H, 7-H)>, 1.62 (m, 2H, 8-H), 143
(m, 1H, 7-H), 1.05 (s, 3H, 11-H)>, 1.01 (s,
3H, 12-H). *C-NMR (100 MHz, CDCls): §199.3
(3-C), 171.8 (Ar-C), 165.4 (5-C), 163.1 (d, J=
244.4 Hz, Ar-C), 160.5 (Ar-C), 148.7 (Ar-C),
141.3 (d, J=6.9Hz, Ar-C), 135.1 (Ar-C), 130.0
(d, J=8.1 Hz, Ar-C), 127.7 (Ar-C), 125.2 (4-C),
124.3 (Ar-C), 1241 (d, J=2.4Hz, Ar-C), 115.4
(d, J=21.2 Hz, Ar-C), 1144 (d, J=21.1 Hz,
Ar-C), 101.4 (CH), 58.0 (Ar-CH,), 54.3 (9-C),
51.0 (6-C), 48.5 (Ar-CH,), 47.1(2-C), 36.3 (1-C),
28.8 (12-C), 27.8 (7-C), 27.2 (8-C), 27.1 (11-C),
24.8 (13-C) . HR-ESI MS m/z 506.243 3 [M+H]",
calcd for CogH33FN3O4, 506.245 5,

&Y 129 FEORY, 7% 75.7%. 7~
5 71.6%. "H-NMR (400 MHz, CDCl3): 67.57
(m, 2H, Ar-H), 7.46 (m, 1H, Ar-H), 7.32 (m,
1H, Ar-H), 7.15 (m, 3H, Ar-H), 6.99 (m, 1H,
Ar-H), 6.44 (s, 1H, CH), 5.84 (s, 1H, 4-H),
3.83 (s, 2H, Ar-CH,), 3.68 (s, 2H, Ar-CH,),
2.56 (t, J=6.8 Hz, 2H, 9-H), 2.38 (d, J=17.2 Hz,
1H, 2-H), 2.05 (d, J=17.2Hz, 1H, 2-H), 1.98
(d, J=0.6Hz, 3H, 13-H), 1.87 (t, J=5.2 Hz,

1H, 6-H), 1.74 (m, 1H, 7-H), 1.63 (m, 2H,

8-H), 1.44 (m, 1H, 7-H), 1.07 (s, 3H, 11-H),
1.03 (s, 3H, 12-H). *C-NMR (100 MHz, CDCly):
5199.4 (3-C), 170.9 (Ar-C), 165.4 (5-C), 163.1
(d, J=2445Hz, Ar-C), 163.0 (d, J=245.3 Hz,
Ar-C), 161.4 (C), 1415 (d, J=7.0Hz, Ar-C),
131.1 (d, J=8.6 Hz, Ar-C), 130.6 (d, J=8.2 Hz,
Ar-C), 129.9 (d, J=7.9Hz, Ar-C), 125.2 (4-C),
124.2 (d, J=2.6 Hz, Ar-C), 122.5 (d, J=2.5Hz,
Ar-C), 117.0 (d, J=21.4Hz, Ar-C), 1154 (d,

J=21.2Hz, Ar-C), 114.3 (d, J=21.0 Hz, Ar-C),
113.8 (d, J=23.0 Hz, Ar-C), 101.3 (CH), 58.0
(Ar-CH,), 54.1 (9-C), 51.0 (6-C), 48.4 (Ar-CH,),
47.1 (2-C), 36.3 (1-C), 29.7 (12-C), 28.8 (7-C),
27.8 (8-C), 27.2 (11-C), 24.8 (13-C). HR-ESIMS
m/z 479.247 4 [M+H]", calcd for CyHssF,N,0,,

479.251 0.

&Y 12h: FORY, 7% N 73.6%.
'H-NMR (400 MHz, CDCl3): 6 7.73 (d, J=8.0 Hz,
2H, Ar-H), 7.32 (d, J=8.0 Hz, 2H, Ar-H), 7.28
(m, 1H, Ar-H), 7.12 (m, 2H, Ar-H), 6.96 (m,
1H, Ar-H), 6.41 (s, 1H, CH), 5.83 (s, 1H, 4-H),
3.80 (s, 2H, Ar-CH,), 3.65 (s, 2H, Ar-CH,),
2.95 (m, 1H, CH), 2.53 (t, J=6.8 Hz, 2H, 9-H),
2.36 (d, J=17.2Hz, 1H, 2-H), 2.02 (d, J=17.2
Hz, 1H, 2-H), 195 (s, 3H, 13-H), 184 (t, J=
5.2 Hz, 1H, 6-H), 1.72 (m, 1H, 7-H), 1.61 (m,
2H, 8-H), 1.43 (m, 1H, 7-H), 1.28 (d, J=6.8
Hz, 6H, (CHs),), 1.04 (s, 3H, 11-H), 1.00 (s,
3H, 12-H). *C-NMR (100 MHz, CDCl3): ¢ 199.4
(3-C), 170.2 (Ar-C), 165.6 (5-C), 163.0 (d, J=
2443 Hz, Ar-C), 162.2 (C), 151.1 (Ar-C), 1416
(d, J=6.8 Hz, Ar-C), 129.9 (d, J=8.1 Hz, Ar-C),
127.1 (Ar-C), 126.8 (Ar-C), 126.5 (Ar-C), 125.1
(4-C), 1242 (d, J=25Hz, Ar-C), 115.4 (d,
J=21.4Hz, Ar-C), 114.2 (d, J=21.0 Hz, Ar-C),
101.3(CH), 58.0 (Ar-CH,), 54.0(9-C), 51.0 (6-C),
48.4 (Ar-CH,), 47.2 (2-C), 36.3 (1-C), 34.1 (CH),
28.8 (12-C), 27.7 (7-C), 27.2 (8-C), 27.1 (11-C),
24.8 (13-C), 23.9 ((CHy),). HR-ESI MS m/z 503.304 4
[M-+H]*, calcd for Co7HssFN,0,, 503.307 4.

2.4 RSN ELAR BB EE RS TR
241 MTT EEREYENE A 0.25%(1) ik
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ARG AL L MDA-MB-231 40, FHEHEA
B AUS, FHZ 10% FBS 1 RPMI 1640 5351
by, KA N AR R IRETIR S, TR
TIRIEE Y 1X10%mL, SRJE I 2 B R R R
SRR AT 96 fLAnfuRE R, AL
BN 180 pL B. T 96 FLEIEF K40 s E AE
37 ‘C. 5% CO, [FI54H WE5 7% 24 h J5 InZG. AN
FERE 5 MEAL, FIAHBFARACAE 550 nm Kl
BEHMBIEE (A HE, IHEBHRFIE,
SPSS 11.5 AL BHAE , THE S AR A KA &, Wk
1, BALEWITE 50 pmol/L LU R K B R gi i &
ARIGIR=1— A AEITEAHAH

x1 BHEYAZERE MDA-MB-231 4Hp4E K AIHIF
1ER
Table 1 Inhibitory effects of the compounds on growth of
human breast cancer MDA-MB-231 cells

FBENHIRE (1ICs), WH 2, 12b~12f ¥ ERH!
AR MDA TR ER, Kk
¥y 12¢ TR S-S lon-31a Y, ¥IET
LY294002.

TR %6 = 1 — (A R i A B PO 0 B 75 118 R 16
B P20 B T 3 A0 HLE R DR TP PR e m

=2 HUAYIXT MDA-MB-231 fRA#A1LIZEN ICs
Table 2 1Cs, value of each compound on chemotaxis of
MDA-MB-231 cell

A KA #E 1%

waEm - - -

10 pmol'L™* 50 pmol'L™* 100 pmol-L™*
lon-31a -4.19 21.92 27.83
12a 2.78 16.23 53.77
12b 7.59 19.77 35.11
12¢ 4.17 12.44 34.60
12d -0.67 11.05 37.15
12e 8.11 17.42 46.37
12f -3.92 14.39 39.21
129 1.99 15.08 4731
12h 9.85 20.78 56.77

2.4.2  Transwell &iLER L LAGIMLTE RPMI
1640 577 3EF1 48 h 572 4R A 1H 55 775644 450 pL -
450 uL WZHL, FE00 10% FBS (100 pL) JR2I1EAT
W 40 Transwell = IIAA R ACEEL 259,

BMEEMIRE BN NE L. 730 0.25 %IE
BEw AL, F RPMI 1640 K553 (5 10% FBS) %4
IEVHAIRE AR T E LS, BRI T =,

FERFMA 100 pL E=H . BT 37 C. 5% CO;
FIERE N 77 FRRE 9% 6 h Ja FH TRl = rp R %
R AR, 4% R RERE E 15 min. 4555
Jeto BT RS T . TEARMRERRE T,

BEAT T B RS TR G, LY294002 1E 9 BH T
SR A, g, AN FLIEEL 3 NPLEF 4y
ATHEL BCPIME, 2 NEALEECTIE R A
R TR AL An K. SPSS 11.5 AbFRELHE, A

&Y 1Cs/(umol-L Y WEH) ICso/(umol-L™Y)
12a >20 12f 10.250
12b 10.960 12¢ >20
12¢ 0.201 12h >20
12d 6.959 lon-31a 0.175
12e 3.118 LY294002 1.180
3 itig

S5 T e A S — ot 435 A A5 1 1D DL 2% IR 5 4
B, & mEmb S RA DA bk, B
B PUREERR . PU/MR. SRS L s R,
U1 Poma ZE0SHR I8 (135 # 3% S ITERRAT AR W 76 SL IR
Yl MCF-7 AN 24 P-gp 2 A M HETG BB H R 47
(K1t 2 25 255 F . Bargiotti 2525 & 1) ST
ZERARAL AW AT HSPOO S G 4 , o /N i it
JeE 21 NCI-H460 Y 1Cs0 152 18 nmol/L, Xt iR 4
Mo A431 (1) 1Cso 1A E] 1.6 nmol/L, X JE ]
B4R STO HJ ICso 355 2.2 nmol/L. Kaffy %%
X B A PR I R IR =) comberastatin A-4 #EAT
SERALIT R B, comberastatin A-4 1] 5 IREME AT
AW R

ARG A BRI 8 AT SR B 24 W A A R
frEH 5 A HAT G R b ER ()
12b~12f), BAG K E R IEMEAL 59 12¢ R
R R, LT PISK #0151 LY294002. #&/R
725 B 22 i A W el S T e S 5T 2 W b R RS AT
5& LA KBS R . MR R AT R, S
FREUIE R2 S him e A — e R . A ELEUAR
B AR S, BRI R2 ARFHE RS 5 B
MR R2 B/ Cnd R T BRI &) 122) 5%
THEARERN (tb&¥ 129), EWA BAEE; 4
BUAREE R2 BRI Can s IR BRI AL &4 12h),
WEVDABRAE . RA LI R2 ARG
B, AP A B B AS (R F8 BE I 40 8 e 2 0
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