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Synthesis and antitumor activity evaluation of dual-target inhibitors
for tubulin and c-Src
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Abstract: Microtubule-targeting drugs play a significant role in the treatment of metastatic and drug-resistant
cancers. However, the emergence of resistance to microtubule-targeting drugs in clinical settings necessitates the
development of molecules with novel modes of action and mechanisms to overcome drug resistance. The multi-
target drug molecule strategy is an approach that has been developed in recent years to address complex diseases
and drug resistance issues. A series of compounds based on tirbanibulin with increased Fsp3 have been prepared,
which have been identified with 'H NMR, “C NMR and MS. The antiproliferative activities have been evaluated
against HeLa and HepG2 with MTT method. The effect on microtubule and cell cycle distribution of compound 22
has been evaluated with immunofluorescence and flow cytometry. IC,, of compound 22 against HeLa and HepG2
were 45 and 51 nmol-L". And it destroys microfilament and arrests cell cycle at G2/M. The SAR show that
pyridine moiety in tirbanibulin cannot be replaced with 2-imidazolidinone. Compound 22 was identified as a lead
in the further research.
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protein kinase/extracellular signal-regulated kinase, Src-
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Figure 1 Approved microtubules targeting drugs
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Figure 2  Strategy of compounds design
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Synthetic route of compounds 11a—11m. Reagents and conditions, a: 2-Bromoethanol, potassium carbonate, acetonitrile, 30 °C;

b: Di-tert-butyl decarbonate, triethylamine, tetrahydrofuran, 20 °C; c: Tributylphosphane, azodicarbonamide, azodicarbonamide, dry tetrahy-

drofuran/dry dichloromethane, 0—-20 °C; d: Hydrochloric acid in ethanol, 70 °C; e: 2-Chloroethyl isocyanate, dry tetrahydrofuran, 20 °C;

f: Dry tetrahydrofuran, sodium hydride, 20 °C; g: Tert-butyl bromoacetate, sodium hydride, dimethylformamide, 20 °C; h: Trifluoroacetic

acid, dichloromethane, 0-20 °C; i: Substituted benzylamine/aniline, O-(7-azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluoro-

phosphate, diisopropylethylamine, dimethylformamide, 40 °C
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Scheme 2 Synthetic route of compounds 19a and 19b. Reagents and conditions, a: Morpholine, potassium carbonate, dimethylformamide,

80 °C; b: Hydrogen, 10% palladium on carbon, methanol, 20 °C; c: 2-Chloroethyl isocyanate, dry tetrahydrofuran, 20 °C; d: Dry tetrahydro-

furan, sodium hydride, 20 °C; e: Substituted benzylamine, dichloromethane, 0 °C; f: Sodium hydride, dimethylformamide, 20 °C
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Scheme 3  Synthetic route of compound 22. Reagents and condi-
tions, a: Benzylamine, 1-hydroxybenzotriazole, 1-ethyl-3-(3-dimeth-
ylaminopropyl) carbodiimide hydrochloride, 4-dimethylaminopyri-
dine, dimethylformamide, 80 °C; b: 3-Methoxyphenylboronic acid,
2-(dicyclohexylphosphino)-2',4’,6'-triisopropylbiphenyl, tris (diben-

zylideneacetone) dipalladium, cesium fluoride, 90 °C

Table 1  [n vitro antitumor activity of compounds 11a-11m, 19a,

19b, 22 and tirbanibulin on HeLa and HepG2 cells

MTT assay ICSU/umol-L"

Compound
HeLa HepG2
1a-11j >50 > 50
11k 27.6 +0.9 32.1+04
111, 11m >50 >50
19a 14.8+0.8 94+04
19b >50 >50
22 0.045 +0.002 0.051 +0.001
Tirbanibulin 0.010 +0.001 0.03 +£0.03
PRI

4 a2 SEANEAERE

SFX R (H 5), A1 22 45 & 1 B
B A BORATAT 1, 45 4B AT 2 B R AT, 06 B
o a B 2R 0, 3 EL A0 15 A R RV I 4

Anti-f-tubulin-FITC-antibody

Hoechst33342

M4 GER . ke 38 5 Leu248. Ala250 & Lys352
FEE KAE ik iE B AR 5 Asn258 BRI T A
B OLM RS Leu255 5 Ne378 B /K EH « 5
A, AW 22 45 5 1F c-Sre IR E5 & X, I AR
WHIAHEAER . ik &9 22 L RIEnE 355 Phel171 72
T B r-n ERAEH, L&Y 22 G A R T 5
Alal181 48 FE AR TR EAR. %E, EaW
22 5 E H K o-Sre EHRIF ML G YER, R X
Wit — R EE PR A SRt = 5 A5
5 Zhip

IR SRS BB 1 M c-Sre RUER 55 25 ) B 1 e A bk
LAl b, AIE N Fsp3 f1 B R, & R I G P IF I
J o MR T It VR, WP IR TR A UG A ) IR R K
KF, I 2- K W bR ] AN 5 A 5 AR 2 JE A7 AR R e
WE G5 1, [F] I A bk 2 56 0V PR VA R K DTk . TE I
fili bR ARG W) 22 BA B I B g i vk, BE R T
RS KoK 41 i BH A AE G2/M AR K3, wTAE o B
TR — BRI 5L .

SHUrE

¥ B4 32 9% A% (Bruker Avance 11T 300 MHz, Hi -
Bruker 2 #); s = F 3E A (DMSO-d,) 31 AR &
{li (chloroform-d) Jy¥ 7], VY F B fi bi A N b 18 20 7%
JR A (Aglient 1260-6230, 35 [F 22 HE4E 2 F]); 45 554X
(X-4 3, BB FAER A R A A, 2 Gk
Y0 7> 3% R 4 (CytoFLEX, 3 [H Ul 57 & SR 45 2 &),
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Figure 3 Effects of compound 22 on microtubules assemble by immunofluorescence assay
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Figure 4 Effects of compound 22 on the cell cycle

Figure 5 Molecular docking of compound 22 with tubulin

(6KNZ) and c-Src (SrcH1). A: Molecular docking of compound 22
with tubulin (6KNZ); B: Binding mode of compound 22 with the
colchicine binding site of tubulin; C: Molecular docking of com-
pound 22 with tubulin (6KNZ) and c-Src (SrcH1); D: Binding

mode of compound 22 with the substrate binding region of c-Src

1 k=

1.1 BHHRUEYIN-Q-BFE)-2-3-4-Q-BWMZEE)
FE)-2-F BRI -1-5) Z B BR (112) BYHI&

111 2-MBMZE Q) W& Kk ka1,

100 120

Channels (FL2-A-PE-A)

0.48 mL, 5.6 mmol). Z i§ (20 mL).2-% Z. i (0.48 mL,
6.7 mmol, 1.2 equiv)-BXERET (1.0 g, 7.3 mmol, 1.3 equiv)
MIRFENZ 50 mL BB . 30 °Co& 1 FHiFE 18 h,
TLC M I s B (RS €2), AR5 e 2 56 4, il 308 i sk 26178,
AR, A E M (200~300 H 5, DCM: MeOH =
10:1), 321 0.51 g LA, 7227 69.5%. 'HNMR
(300 MHz, chloroform-d) é,;: 3.61 (t, J = 4.5 Hz, 4H),
3.53 (t,J = 5.4 Hz, 2H), 3.27 (s, 1H), 2.43 (t, J = 5.4 Hz,
2H), 2.40 (t, J = 4.5 Hz, 4H).

1.1.2  4-FRERPEERBST B2Bs 4) HI& K42
FEFERY (th&2,2.00 g, 18.3 mmol). PUZLIF (20 mL).
= Z W% (12.2 mL, 87.8 mmol, 4.8 equiv) 1K X N &
50 mL B JERBe . B, K ZBRER BT B [(Boc),0,
4.80 g, 22.0 mmol, 1.2 equiv] ¥ T 5 mL = Z &, it
{EL R 7 TR S G218 2 i 2 S SO, =R BEEE 6 h,
TLC Ma Ml [ 8, 5 [ 56 4%, Uk 2808, 78 Va7, 2
#r (200~300 H A, PECEA =3:1), 35 3.45 g L
&, 7% #% N 90.1%. 'H NMR (300 MHz, methanol-d,)
8,: 7.17 (d, J = 8.4 Hz, 2H), 6.72 (d, J = 2.1 Hz, 1H),
6.69 (d, J=2.1 Hz, 1H), 4.93 (s, 1H), 1.48 (s, 9H).

1.1.3  4-Q-MBk 2 5 5 BE BRI T B2 85 (5) A9
% Kb iE A4k 4 (2.00 g, 9.60 mmol). Tt K PY &k IR
(20 mL)~ F [a] 44 2 (2.30 g, 17.3 mmol, 1.8 equiv). = ]
JEBE (TBUP, 7.20 mL, 28.8 mmol, 3.0 equiv) IR E
100 mL [l I BE IR . B S, K 48 % — H Bt (TMAD,
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4.90 g, 28.7 mmol, 3.0 equiv) ¥4 T 2%F 30 mL LK ~&
FR ot (1) 1B S VRO - v, U B S R, 0 °CAR R TR R
$F 30 min, 2218 5] RN 2 R SO, Wi E B E
T BEHE 2 h, TLC B S B2, 5 OB 56 42, 980T 2518, 25
HIEF, FEEHT (200~300 H R, PE:EA=1:1), 15
F2.8 g TR, %~ 91.0%. 'HNMR (300 MHz,
chloroform-d) d,;: 7.23 (s, 2H), 6.85 (d, J = 2.1 Hz, 1H),
6.82 (d, J = 2.1 Hz, 1H), 4.07 (t, J = 5.7 Hz, 2H), 3.7
(t, J = 4.8 Hz, 4H), 2.78 (t, J = 5.7 Hz, 2H), 2.56 (t, J =
4.8 Hz, 4H), 1.50 (s, 9H).

1.1.4  4-Q-F3Z S E) R L ERERED (6) HUHIE K
8445 (1.0 g, 3.1 mmol) # A% 25 mL [F R eifi . B
JE N 10 mL £ R 2 BEV W, 70 °CHiEE 1 h, TLC MW %
NE, RN 5E A, PR ZE TR AT B PR Y R aliAk, HE
TR —#,

1.1.5  1-2-8.Z £)-3-4-Q-Bi Z F &) E)F (7) 1
#HE BhmEiEe (1.0 g 4.5 mmol). It /K MY & Wk R
(20 mL)- 5 £ 7 FHBRES (0.43 mL, 5.0 mmol, 1.1 equiv)
= Z# (1.2 mL, 9.0 mmol, 2.0 equiv) & X % N\ &
50 mL [ B, IR HE 4 h, TLC il & B, £F
N 5E 4, TNk 75 1845 51 0.55 g At [ Ak, P25 0h
37.2%. HAEHRNT —H,

1.1.6  1-(4-2-MB Mk Z, & ) 75 E5 ) DK 14 ik -2- 7 (8) AV
% B a4E 7 (0.50 g, 1.7 mmol). ¢ 7K PG & 5k i
(10 mL) A% 25 mL BB+ . BEJE, Zi2f A
4 (0.14 g, 3.4 mmol, 2.0 equiv) N N, = iR
$£2 h, TLC B S B2, 5 JROB. 56 4, I80T 2518, 28 I
A, ¥ EHT (200~300 HEER:, DCM:MeOH = 10:1), 13
F0.31 g A A, 735K 62.6%. "HNMR (300 MHz,
chloroform-d) é,;: 7.40 (d, J = 9.0 Hz, 2H), 6.88 (d, J =
9.0 Hz, 2H), 5.42 (s, 1H), 4.08 (t, J = 5.7 Hz, 2H), 3.88 (t,
J=17.2Hz,2H),3.73 (t, J=4.8 Hz, 4H),3.54 (t,/ = 8.4 Hz,
2H), 2.78 (t, J = 5.7 Hz, 2H), 2.56 (t, J = 4.5 Hz, 4H).
117 2-(3-(4-Q2-FEMk & E &) R H)-2-F A RRILME-1-£5)
BT BE (9) BOHIE KPR 48 (1.1 g, 3.8 mmol).
DMF (20 mL)- ¥ Z BT g (0.8 mL, 5.7 mmol, 1.5 equiv)
RN Z S0 mL FERH . BEJS, S8 0.15 ¢,
3.8 mmol, 1.0 equiv) ZZ1EMA RN, ZiRHEE4h,
TLC i 5 B2, i 56 4%, N S0 e 5 7K 3L,
A LA FH JC /K B R B 15, 4t 08 5 VR 2818, 28 I
A, ¥ ZHT (200~300 HFEKE, DCM:MeOH =20:1), 13
F/0.78 g A A, 7235 K 50.6%. "HNMR (300 MHz,
chloroform-d) d,;: 7.23 (s, 2H), 6.85 (d, J = 2.1 Hz, 1H),
6.82 (d, J=2.1 Hz, 1H), 4.07 (t, J= 5.7 Hz, 2H), 3.73 (t,
J = 4.8 Hz, 4H), 2.78 (t, J = 5.8 Hz, 2H), 2.62~2.51 (t,

J=4.8 Hz, 4H), 1.50 (s, 9H).
1.1.8  2-(3-(4-(2-P5 Mk Z S £) - £)-2- F A R me itk -1-
E)ZER (10) B9%I& K E 4K 9 (0.46 g, 1.1 mmol).
TEM L (16 mL) N E 50 mL [ R BEM . AEVKIS
M N8 K 16 mL =5 BRI RN, G E
FEim P 6 h, TLC WM, 7 M58 4, 2 IO
S AR IR I8 72518, 75 A, AR E T (200~300 H
T, DCM:MeOH = 5:1), 13 5 0.26 g (4 ta [ 4, ;=%
N 68.4%. 'H NMR (300 MHz, DMSO-d,) 6,;: 7.44 (d,
J=9.0 Hz, 2H), 6.92 (d, J = 9.0 Hz, 2H), 4.03 (d, J =
3.6 Hz, 2H), 3.80 (t, J = 4.2 Hz, 2H), 3.67 (s, 2H), 3.57
(t, J=4.5 Hz, 4H), 3.51 (t, J = 7.8 Hz, 2H), 2.66 (t, J =
5.7 Hz, 2H), 2.45 (t, J = 4.8 Hz, 4H).
1.1.9  N-Q-#F£E)-2-(3-(4-2-M Mk 2 | &) K £)-2-
S PKMEMR-1-B) Z Bt iR (112) BOFIE K iE k10
(0.10 g, 0.29 mmol) 2- % ¥ & (0.04 mL, 0.3 mmol,
1.2 equiv). 2-(7-% 44 % 3 = % ME)-N,N,N,'N'- VT F 5 fig
N BEEREE (HATU, 0.13 g, 0.3 mmol, 1.2 equiv). . &
3 2. % (DIPEA, 0.1 mL, 0.6 mmol, 2.0 equiv) % T
2 mL DMF 1, 40 °CHtPEZ14 ho TLC MMM, £ )%
PESEA fa, N & B 5K, ZH A UM oK iR
PR A T 155 ik i S Dok R 28 TR, 2K AR, B JE AT (200~
300 H R, DCM:MeOH = 10: 1), 1331 0.042 g [ {1 [
A, 7= %N 30.6%. HPLC 41 [%:98.75%, & fi: 153.1~
154.7 °C . 'H NMR (300 MHz, DMSO-d,) d,;: 8.57 (t,
J=6.0 Hz, 1H), 7.47 (d, J = 9.0 Hz, 2H), 7.37~7.28 (m,
2H), 7.19 (d, J = 7.5 Hz, 1H), 7.15 (dd, J = 5.1, 2.7 Hz,
1H), 6.93 (d, J = 9.0 Hz, 2H), 4.35 (d, J = 5.7 Hz, 2H),
4.05 (t, J= 5.7 Hz, 2H), 3.87 (s, 2H), 3.79 (t, J= 8.1 Hz,
2H), 3.58 (t, J = 4.5 Hz, 4H), 3.51 (t, J = 8.1 Hz, 2H),
2.67 (t,J=5.7 Hz, 2H), 2.46 (t, J= 4.5 Hz, 4H); "C NMR
(75 MHz, DMSO-d,) d.: 169.00, 162.10, 158.86, 158.06,
154.06, 134.55, 129.99, 129.93,129.43, 129.32, 126.46,
126.27, 124.82, 124.78, 119.02, 115.66, 115.38, 115.04,
66.66, 65.99, 57.58, 54.13, 47.17, 42.82, 42.75, 36.33,
36.27, HRMS (ESI) m/z: Caled. for C,H,,FN,O,Na'
[M+Na]" 479.206 50, found 479.208 96.
1.2 N-G-85%H)-2-G-@-Q-BmZ EE) % E)2-§
R BKRIEIE-1-55) Z BE A% (11b) RO &

SR (9) B H 3-SR AR 2-S R ik A, HoAth P
PR R A2l 7 v A S ads) 1, 4531 0.048 g A [E A, 772
H36.7%. HPLC 4liJ%¥: 99.63%, 14 fi: 154.4~155.5°C.
'H NMR (300 MHz, DMSO-d,) J,;: 8.60 (t, J = 6.0 Hz,
1H), 7.48 (d, J = 9.0 Hz, 2H), 7.38 (q, J = 7.8 Hz, 1H),
7.10 (q, J = 7.8 Hz, 3H), 6.93 (d, J = 9.0 Hz, 2H), 4.33
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(d, J= 6.0 Hz, 2H), 4.05 (t, J = 5.7 Hz, 2H), 3.88 (s, 2H),
3.80 (t, J = 8.1 Hz, 2H), 3.58 (t, J = 4.5 Hz, 4H), 3.52 (t,
J=7.8Hz 2H),2.67 (t,J=5.7Hz, 2H), 2.47 (t,J=4.8 Hz,
4H); "C NMR (75 MHz, DMSO-d,) .: 169.05, 164.33,
161.10, 158.07, 154.06, 142.98, 142.89, 134.55, 130.74,
130.63, 123.60, 123.57, 118.99, 115.04, 114.41, 114.12,
113.84, 66.66, 65.98, 57.58, 54.14, 47.28, 42.82, 41.99,
41.96; HRMS (ESI) m/z: Caled. for C,H,,FN,ONa'
[M+Na]": 479.206 50, found 479.208 70.
1.3 N-(4-JFE)-2-G3-(4-Q-BM Z aE) K H)-2-F
BRI -1-55) 2 BERZ (11c) B

BREE (9) 20 H 4-90F AR 2-9F ik ob, HopthP
PR R AR AL T R SE ] 1, 4551 0.038 g [ [ ik, ;=3
N29.1%. HPLC4JE: 99.35%, 1% : 163.3~164.5 °C.
'H NMR (300 MHz, DMSO-d,) J,;: 8.57 (t, J = 6.0 Hz,
1H), 7.48 (d, J = 9.0 Hz, 2H), 7.31 (q, J = 5.7 Hz, 2H),
7.19~7.12 (m, 2H), 6.93 (d, J= 9.0 Hz, 2H), 4.29 (d, J =
6.0 Hz, 2H), 4.05 (t, J = 5.7 Hz, 2H), 3.86 (s, 2H), 3.79
(t, J= 7.8 Hz, 2H), 3.58 (t, J = 4.5 Hz, 4H), 3.50 (t, J =
7.8 Hz, 2H), 2.67 (t, J = 5.7 Hz, 2H), 2.47 (t, J = 4.8 Hz,
4H); "C NMR (75 MHz, DMSO-d,) J.: 168.87, 163.25,
160.04, 158.05, 154.05, 136.08, 136.04, 134.55, 129.69,
129.59, 118.99, 115.61, 115.33, 115.04, 66.66, 65.97,
57.58, 54.13, 47.26, 42.81, 42.77, 41.77; HRMS (ESI)
m/z: Caled. for C,,H,,FN,O,Na" [M+Na] " 479.206 50,
found 479.208 28.
1.4 N-G-85%H)-2-3-4-Q-BMz &)X £)-2-F
R KREME-1-55) ZBE R (11d) BYHI &

BREE (9) 2 H 3-SR AR 2-3 R ik ob, Hopth B
BRI A4 77 A S 9] 1, 1531 0.035 g I (a8 44, 7= 2
N25.9%. HPLC 4l 98.19%, ¥ £:109.7~111.9 °C.
'H NMR (300 MHz, DMSO-d,) d,;: 8.62 (t, J = 6.0 Hz,
1H), 7.48 (d, J = 8.7 Hz, 2H), 7.35 (d, J = 9.9 Hz, 3H),
7.24 (d, J=17.2 Hz, 1H), 6.93 (d, J= 8.7 Hz, 2H), 4.32 (d,
J = 6.0 Hz, 2H), 4.05 (t, J = 5.7 Hz, 2H), 3.88 (s, 2H),
3.79 (t, J = 8.1 Hz, 2H), 3.59 (t, J = 4.5 Hz, 4H), 3.52 (t,
J=8.1Hz, 2H),2.68 (t,J=5.7 Hz, 2H), 2.48 (t,J=4.8 Hz,
4H); "C NMR (75 MHz, DMSO-d,) .: 169.06, 158.05,
154.02, 142.50, 134.53, 133.46, 130.65, 127.47, 127.21,
126.31, 118.96, 115.01, 66.63, 65.90, 57.56, 54.11, 47.27,
42.81, 41.93; HRMS (ESI) m/z: Calcd. for C,,H,,CIN,O,Na”
[M+Na]" 495.176 95, found 495.178 89.
1.5 N-4-85FH)-2-G-@-Q-BHZz E&H)EH)-2-§
RmKmEmE-1-5) ZBERZ (11e) BOHI &

KR 55 (9) 0 FH 4- SR B AR ER 2- 90 A, ot

A BR AR AU T R SLh ) 1, 455 0.045 g F T 44, 7~

'H NMR (300 MHz, DMSO-d,) J,;: 8.61 (t, J = 6.0 Hz,
1H), 7.47 (d, J = 8.7 Hz, 2H), 7.39 (d, J = 8.1 Hz, 2H),
7.29 (d, J = 8.1 Hz, 2H), 6.93 (d, J = 8.7 Hz, 2H), 4.29
(d, J = 6.0 Hz, 2H), 4.05 (t, J = 5.7 Hz, 2H), 3.86 (s,
2H), 3.79 (t, J = 7.8 Hz, 2H), 3.59 (t, J = 4.5 Hz, 4H),
3.50 (t, J= 6.9 Hz, 2H), 2.70 (t, J = 5.7 Hz, 2H), 2.51 (s,
4H); ®C NMR (75 MHz, DMSO-d,) 6. 168.96, 158.04,
154.01, 138.95, 134.54, 131.79, 129.53, 128.70, 118.97,
115.02, 66.58, 65.85, 57.53, 54.08, 47.25, 42.78, 41.81;
HRMS (ESI) m/z: Caled. for C,,H,,CIN,O,Na" [M+Na]"
495.176 95, found 495.178 98.

1.6 N-G-BFEH)-2-3-@-Q-lBMZ S H) %k E)2-§
R RRemE-1-55) ZEBEREZ (110) B9 &

BREE (9) 0 H 3-9R R B AR B 2- R e 4b, oA
R R B A Ty v R SE A 1, 43 £ 0.047 g 1 T A,
73RN 31.8%. HPLC 41 & 1 99.23%, 44 A1 166.6~
168.4 °C.. 'H NMR (300 MHz, DMSO-d,) d,;: 8.60 (t,
J=6.0 Hz, 1H), 7.50 (dd, J = 15.3, 8.4 Hz, 4H), 7.23 (d,
J = 8.4 Hz, 2H), 6.93 (d, J = 9.0 Hz, 2H), 4.27 (d, J =
6.0 Hz, 2H), 4.05 (t, J = 5.7 Hz, 2H), 3.86 (s, 2H), 3.79
(t, J = 8.1 Hz, 2H), 3.58 (t, J = 4.5 Hz, 4H), 3.50 (t, J =
8.1 Hz, 2H), 2.67 (t, J = 5.7 Hz, 2H), 2.47 (t, J = 4.5 Hz,
4H); "C NMR (75 MHz, DMSO-d,) J.: 168.95, 158.03,
153.93, 139.39, 134.61, 131.61, 129.92, 120.25, 118.97,
115.06, 66.35, 65.61, 57.37, 53.93, 47.25, 42.78, 42.21,
41.87, HRMS (ESI) m/z: Caled. for C,H,,BrN,0O,Na’
[M+Na]" 541.126 44, found 541.128 09.

1.7 N-Q-FEFE)-2-3-4-Q-BMZ & &) & £H)-2-
SRR -1-55) 2 BE Bz (11g) RO

BREE (9) 20 T 2- B BRI AR B 2-9 R ik A, H
fib 35 B8 Je 38 4 7 75 [R] S 4 1, £3 #1 0.035 ¢ 1 ]
1, 7238 27.1%. HPLC 40)%: 99.00%, 4 ri: 130.9~
132.7 °C - 'H NMR (300 MHz, DMSO-d,) 6, 8.42
(t, J = 5.7 Hz, 1H), 7.48 (d, J = 9.0 Hz, 2H), 7.18 (q,
J = 8.7 Hz, 4H), 6.93 (d, J = 9.0 Hz, 2H), 4.28 (d, J =
5.7 Hz, 2H), 4.06 (t, J = 5.7 Hz, 2H), 3.87 (s, 2H), 3.79
(t, J = 7.8 Hz, 2H), 3.59 (t, J = 4.5 Hz, 4H), 3.52 (t, J =
8.1 Hz, 2H), 2.70 (t, J = 5.7 Hz, 2H), 2.49 (t, J = 4.8 Hz,
4H), 2.28 (s, 3H); °C NMR (75 MHz, DMSO-d,) d..:
168.68, 158.06, 154.01, 137.32, 136.05, 134.56, 130.37,
128.02, 127.36, 126.22, 118.96, 115.02, 65.92, 57.57,
54.12, 47.09, 42.79, 19.13; HRMS (ESI) m/z: Calcd. for
C,;H,,N,0,Na’ [M+Na]' 475.231 58, found 475.233 43
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1.8 N-4-FFEFE)2-3-4-Q-BHZ & &) K H)-2-
S BRREME-1-25) ZBE B (11h) 895 &

BREE (9) 0 A 4-F BRI AR B 2- 9 R e ok,
fih 20 B8 % i 4l 7 v IR S it 49 1, 159 £ 0.039 g 1 [
1K, P23 N 30.2%. HPLC 4iJE: 99.83%, 1% 55 165.2~
167.1 °C. 'H NMR (300 MHz, DMSO-d,, 6,;: 8.54 (t,
J = 6.0 Hz, 1H), 7.47 (d, J = 9.0 Hz, 2H), 7.15 (q, J =
8.4 Hz, 4H), 6.93 (d, J = 8.7 Hz, 2H), 425 (d, J =
6.0 Hz, 2H), 4.05 (t, J = 5.7 Hz, 2H), 3.85 (s, 2H), 3.78
(t, J= 8.1 Hz, 2H), 3.58 (t, J = 4.5 Hz, 4H), 3.49 (t, J =
8.1 Hz, 2H), 2.67 (t, J = 5.7 Hz, 2H), 2.47 (t, J = 4.8 Hz,
4H), 2.28 (s, 3H); "C NMR (75 MHz, DMSO-d,) J:
168.72, 158.03, 154.01, 136.80, 136.30, 134.54, 129.30,
127.68, 118.95, 115.00, 66.65, 65.90, 57.57, 54.13,
4720, 42.77, 42.73, 42.20, 21.14; HRMS (ESI) m/z:
Caled. for C,;H,,N,O,Na" [M+Na] " 475.231 58, found
475.233 39,

1.9 N-Q-REEFTE)-2-3-(4-Q-BMH 2 aE) K £)-
2-SE A PKLIHE-1-B) ZEEAZ (110) B9 &

RS (9) P 2- A BRI AT 2-9 R L AE,
HoAth 25 98 Je 2 4l 7 i (R S g 1, 1531 0.036 g 1 [
1A, P23 N 26.9%. HPLC 4 fE: 99.25%, 14 fi: 123.8~
125.4 °C. 'H NMR (300 MHz, DMSO-d,) J,;: 8.38 (t,
J = 6.0 Hz, 1H), 7.48 (d, J = 8.4 Hz, 2H), 7.25 (t, J =
7.8 Hz, 1H), 7.18 (d, J= 7.5 Hz, 1H), 6.98 (d, J= 8.1 Hz,
1H), 6.93 (q, J = 6.9 Hz, 3H), 4.27 (d, J = 5.7 Hz, 2H),
4.06 (t, J = 5.7 Hz, 2H), 3.88 (s, 2H), 3.81 (s, 3H), 3.78
(d, J = 8.7 Hz, 2H), 3.59 (t, J = 4.8 Hz, 4H), 3.52 (d,
J = 8.1 Hz, 2H), 2.70 (t, J = 5.7 Hz, 2H), 2.51 (s, 4H);
C NMR (75 MHz, DMSO-d,) J,.: 168.86, 158.08, 157.07,
154.00, 134.60, 128.53, 128.07, 127.05, 120.59, 118.99,
115.04, 110.90, 66.56, 65.84, 57.51, 55.76, 54.07, 47.16,
42.81, 42.75, 37.57; HRMS (ESI) m/z: Calcd. for
C,.H,,N,0.Na" [M+Na]" 491.226 49, found 491.228 69.
1.10 N-4-FAFETFTE)-2-3-4-Q-Bm Z F &) K H)-
2-SF A BRI -1-25) ZBERE (1)) BOHI &=

B 28 (9) b H 4- AR B e AR 2- R ik Ab,
HoAth 20 BR J 42 4 5 v [R) S it ) 1, 153 0.038 g [ [
R, 2% 28.4%, HPLC 4lJE: 98.78%, 4 ri: 149.3~
151.3°C. 'HNMR (300 MHz, DMSO-d,) J,,: 8.53 (t,J =
6.0 Hz, 1H), 7.47 (d, J= 8.7 Hz, 2H), 7.20 (d, J = 8.4 Hz,
2H), 6.91 (q, J = 8.7 Hz, 4H), 4.23 (d, J = 6.0 Hz, 2H),
4.04 (t,J= 5.7 Hz, 2H), 3.84 (s, 2H), 3.78 (t, J= 8.1 Hz,
2H), 3.73 (s, 3H), 3.58 (t, J = 4.5 Hz, 4H), 3.49 (t, J =
8.1 Hz, 2H), 2.67 (t, J = 5.7 Hz, 2H), 2.46 (t, J=4.5 Hz,

4H); "C NMR (75 MHz, DMSO-d,) J.: 168.65, 158.67,
158.04, 154.01, 134.54, 131.78, 129.04, 118.96, 115.00,
114.14, 66.65, 65.90, 57.57, 55.51, 54.13, 47.20, 42.77,
42.73, 41.91; HRMS (ESI) m/z: Caled. for C,;H,,N,O,Na"
[M+Na]" 491.226 49, found 491.228 53.

111 N-£-2-(3-(4-2-MB M 2 | E) K H)-2-F Rk
M ME-1-85) 2 B B (11k) B9 &

B 28 (9) 20 FH AR B AR 2- 980 R e o, JLAth 20 IR
JeAEAE T 15 R S 1, 152 0.045 g H G A, =20k
33.3%. HPLC 21 & : 99.12%, ¥ /5: 150.5~151.3 °C.
'H NMR (300 MHz, DMSO-d,) J,;: 8.56 (t, J = 6.0 Hz,
1H), 7.49 (d, J = 9.0 Hz, 2H), 7.36~7.22 (m, 5H), 6.95
(d, J=9.0 Hz, 2H), 4.31 (d, J = 5.7 Hz, 2H), 4.12 (t, J =
5.7 Hz, 2H), 3.87 (s, 2H), 3.80 (t, J = 7.8 Hz, 2H), 3.65
(t,J = 4.8 Hz, 4H), 3.51 (t, J= 7.8 Hz, 2H), 2.89 (s, 2H),
2.68 (s, 4H); "C NMR (75 MHz, DMSO-d,) 6.: 168.81,
158.05, 153.81, 139.83, 134.76, 128.76, 127.66, 127.26,
119.01, 115.15, 65.95, 57.11, 53.67, 47.22, 42.82, 42.75,
42.47, HRMS (ESI) m/z: Calcd. for C,,H,N,O,Na" [M+
Na]" 461.215 93, found 461.218 32.

112 N-(KE)-2-(3-(4-(2-MBM Z & £ K £)-2-F KK
Mak-1-5) Z Bt Bz (111) Bl &

BREE (9) 22 b FH 2R AR 2- 980 e b, HoAth 42 4%
KA ali ik R Sl 1, 195 0.033 g [t [l A, =50k
27.2%. HPLC 4% : 99.65%, J& s5: 165.1~167.0 °C.,
'H NMR (300 MHz, DMSO-d,) §,: 10.11 (s, 1H), 7.61
(d, J=8.1 Hz, 2H), 7.48 (d, J = 8.7 Hz, 2H), 7.32 (t, J =
7.8 Hz, 2H), 7.06 (t, J = 7.5 Hz, 1H), 6.93 (d, J = 8.4 Hz,
2H), 4.07 (t, J = 7.2 Hz, 2H), 4.03 (s, 2H), 3.82 (t, J =
7.8 Hz, 2H), 3.60 (s, 2H), 3.58 (t, J = 4.8 Hz, 2H), 3.57
(t, J = 4.2 Hz, 4H) 2.68 (t, J = 6.0 Hz, 2H), 2.47 (t, J =
4.8 Hz, 4H); "C NMR (75 MHz, DMSO-d,) 6.: 167.66,
158.19, 154.07, 139.24, 134.51, 129.22, 123.83, 119.71,
119.05, 115.04, 66.63, 65.93, 57.56, 54.11, 47.44, 42.89,
42.70; HRMS (ESI) m/z: Caled. for C,;H,,N,O,Na" [M+
Na]" 447.200 28, found 447.202 02.

113 N-(HIE-4-5)-2-(3-(4-(2-MB Mk Z F &) %k £)-2-
SR BKIEIE-1-2) ZELBZ (11m) 8951

BR2E (9) 20 A 4- S At we AR 2- 90 R ik ok,
120 B S $ 4l 75 32 A S5 1, 1551 0.038 g 1 EulE 4k,
P22 0N 31.1%. HPLC 41 i : 90.60%, 1 &i: 149.6~
150.7 °C.. 'H NMR (300 MHz, DMSO-d,) J,;: 10.62 (s,
1H), 8.33 (d, J = 3.6 Hz, 1H), 8.05 (d, J = 8.4 Hz, 1H),
7.78 (t,J = 6.9 Hz, 1H), 7.47 (d, J= 9.0 Hz, 2H), 7.11 (t,
J = 6.0 Hz, 1H), 6.92 (d, J = 9.0 Hz, 2H), 4.11 (s, 2H),
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4.05 (t, J = 5.7 Hz, 2H), 3.81 (t, J = 7.8 Hz, 2H), 3.58 (t,
J = 4.8 Hz, 2H), 3.56 (t, J = 6.6 Hz, 4H), 2.67 (t, J =
5.7 Hz, 2H), 2.46 (t, J = 4.6 Hz, 4H); °C NMR (75 MHz,
DMSO-d,) d.: 169.03, 158.18, 154.08, 150.86, 145.82,
134.44, 119.09, 115.04, 113.72, 66.52, 65.80, 57.48,
54.04, 47.55, 42.93, 42.69; HRMS (ESI) m/z: Caled. for
C,,H,)N,O,Na' [M+Na]" 448.195 53, found 448.197 98
1.14  N-TF E-2-(3-(3- & -4- M2 Wk 7K ) -2- | (X e
Mik-1-£5) ZEEBZ (19a) BOHI&

1141 4-Q-F-4-THEXE)BME (13) FI&  H13,4-
TR K (LA 12, 2.00 g, 12.6 mmol). DMF
(20 mL). "5k (1.20 mL, 13.8 mmol, 1.1 equiv)- fif BZ &
(3.50 g, 25.2 mmol, 2.0 equiv) K XN E 50 mL [H i
Bt . B, 80 °C& 4 T4+ 6 h, TLC il & Iz,
Fr N SE 4 Ja, NN & H bt 57K, 2280 A HUHA T
KR R B, e 08 S ek R 2K T, AR IR R, AR BT
(200~300 H L, PECEA = 5:1), 15 3] 2.52 g o o [#]
A, 72 %5 88.7%. 'H NMR (300 MHz, chloroform-d)
d,: 7.97 (dd, J = 9.0, 2.7 Hz, 1H), 7.88 (dd, J = 13.2,
2.7 Hz, 1H), 6.91 (t, J= 8.7 Hz, 1H), 3.86 (t, J = 4.8 Hz,
4H), 3.27 (t,J = 4.8 Hz, 4H).

1.14.2  3-F-4-BMEREE (14) HEIE A rhiEk13
(1.0 g, 4.4 mmol) ¥ A\ % 25 mL [B)ELEIEH, I 10 mL
H VA, J5 K 10% 4% (0.09 g, 0.88 mmol, 0.2 equiv)
AR MR N, AR ERTR, R HEL 4 h.
TLC Wl S S, 15 5 S 56 42 I, 5 B S s 6 ik e
4t 0 RS - 8, DR 2R, 28 VA A, AR E AT (200~
300 HEERR, PECEA =3:1), £3£]0.70 g ¥4 o [& 44, 7=
#780.7%. 'HNMR (300 MHz, chloroform-d) 6,;: 6.79
(t,J=8.7 Hz, 1H), 6.45~6.38 (m, 2H), 3.85 (t, J=4.5 Hz,
4H), 3.57 (s, 2H), 2.96 (t, J = 4.8 Hz, 4H).

1.14.3 1-Q-8Z%)-3-G-F-4-EERE)R 15 89
B BRA Ak 14 B 3rb a1k 6, 454 D IR R R )
47 [ 45

1.14.4  1-(3-F-4- P Ik B 2K B R ik -2- i) (16) AY il
& BRHT AR S Bk 7, #AE PR E a4 8
il 4

1.145 N-FTE2-RZEBR (18a)HIHI & K F %
(2.00 mL, 18.7 mmol). — & ¥ #& (20 mL). K,CO,
(5.20 g, 37.4 mmol, 2.0 equiv) KK AN E 50 mL [ JiE
Feirh, RS E#H2S, 760 °C4&4F M2 30 min.
BHR ATRIR (1.6 mL, 18.7 mmol, 1.0 equiv) 3 8 JE i
TR 9218 0 N S SLI R OB HRE B RE 4 h, TLC
W2 N7, AR5 JONE 56 4 e, JONEVROEAT il s 7518, 7%
HE I, A E BT (200~300 H A, PECEA =5:1), 15

F]2.80 g FI A, 77 % 4 65.7%. "HNMR (300 MHz,
DMSO-d,) d,: 8.77 (s, 1H), 7.30 (dq, J = 14.7, 7.8 Hz,
5H), 4.31 (d, J = 6.0 Hz, 2H), 3.92 (s, 2H).
1.14.6  N-F E-2-(3-(3- F-4- 15 ik 7% 2)-2- 514X DR 1
Wk-1-) Z Bt Bz (19a) BY&I & F h[E 4K 16 (0.10 g,
0.40 mmol). 7 [A] f£& 18a (0.14 g, 0.60 mmol, 1.5 equiv)
% T 4 mL DMF 1, SR FE . % S48 (0.03 g,
0.8 mmol, 2.0 equiv) ZEME M A R P, EiRHFELA
6 ho TLC mUAR WM SN, #5584 5, ke 5
AKIEAT ZEHL, A HUAE A JE K B R B T 5 98 5 98 IE
RN, AW, A E T (200~300 H EE i, DCM:
MeOH = 20: 1), 33 0.042 g [t [E 44, 77 %~ 25.9%.
HPLC 4[i J&F: 96.70%, ¥ ri: 155.8~157.0 °C. 'H NMR
(300 MHz, DMSO-d,) d,;: 8.62 (t, J = 6.0 Hz, 1H), 7.63
(dd, J = 15.6, 2.5 Hz, 1H), 7.36~7.23 (m, 5H), 7.18 (d,
J = 8.7 Hz, 1H), 7.01 (t, J = 9.3 Hz, 1H), 433 (d, J =
6.0 Hz, 2H), 3.90 (s, 2H), 3.79 (t, J = 6.9 Hz, 2H), 3.74
(t, J = 4.5 Hz, 4H), 3.52 (t, J = 8.7 Hz, 2H), 2.94 (t, J =
4.5 Hz, 4H); "C NMR (75 MHz, DMSO-d,) 6.: 168.67,
157.72, 156.86, 153.64, 139.79, 136.5, 134.5, 128.77,
127.66, 127.28, 119.57, 112.92, 105.84, 66.69, 51.35,
51.32, 47.05, 42.53, 42.47; HRMS (ESI) m/z: Calcd. for
C,,H,;FN,O,Na’ [M+Na]" 435.180 29, found 435.182 29.
1.15 N-G-55F£)-2-3-(3-F-4-ME Ik K £)-2-F 4e pE
MLTH-1-55) 2 Bt Bz (19b) B9 &

B FH A ] 44 18b AR B A ] 44 18a 71, o Ath 20 3R K&
P4 T71E A 19a, 153 0.046 g O E K, 77N 27.7%.
HPLC 4 % : 96.75%, #% 50 115.8~117.0 °C. 'H NMR
(300 MHz, DMSO-d,) d,: 8.63 (t, J = 6.3 Hz, 1H), 7.60
(dd, J = 16.5, 2.4 Hz, 1H), 7.40~7.30 (m, 3H), 7.23 (d,
J =72 Hz, 1H), 7.18 (d, J = 9.0 Hz, 1H), 7.02 (t, J =
9.6 Hz, 1H), 4.31 (d, J = 6.0 Hz, 2H), 3.88 (s, 2H), 3.80
(t, J = 8.1 Hz, 2H), 3.73 (t, J = 4.5 Hz, 4H), 3.53 (t, J =
7.8 Hz, 2H), 2.94 (t, J = 4.5 Hz, 4H); *C NMR (75 MHz,
DMSO-d,) d.: 168.89, 157.73, 156.85, 153.64, 142.46,
136.58, 136.44, 134.54, 134.42, 133.47, 130.66, 127.46,
127.22, 126.31, 119.63, 119.57, 112.97, 112.93, 106.04,
105.69, 66.68, 51.35, 51.32, 47.08, 42.62, 42.56, 41.92;
HRMS (ESI) m/z: Caled. for C,,H,,CIFN,O,Na’" [M+
Na]" 469.141 32, found 469.142 60.
1.16 N-FE-2-5-G-BEREFE)MIE-2-K) OBt Az
(22) B9
1.16.1 N-FE-2-(5-RMLIE-2-E) CBERZ (21) HIHI&
H 2-(S-IRMEIE-2-J5) 2% (R [A44 20, 1.00 g, 4.63 mmol).
% (1.50 mL, 13.9 mmol, 3.0 equiv). 1-35 3 2 3 = 14
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(0.810 g, 6.02 mmol, 1.3 equiv). 1-Z, 3 -(3- = FI BL 5 J
PR B TG 30 i b R & (1.03 g, 6.9 mmol, 1.5 equiv).
4- " FE FE AL E (0.17 g, 1.4 mmol, 0.3 equiv) Kk #%
A% 50 mL B+ . /5, I 20 mL DMF % fif,
80 °CA M FHiHE 12 h, TLC MW S B, £5 [ M. 58 42, TN
AN ZE b 5 KA, A B J6 K B R BT, 4l
I8 5 U 250, 2 R, AR JE BT (200~300 H HERR,
PE:EA = 1:1), 3%/ 1.00 g (4 (@ E £, 7# % N 70.9%.
'H NMR (300 MHz, DMSO-d,) 6,;: 8.62 (s, 1H), 8.14 (s,
1H), 8.00 (d, J = 8.4 Hz, 1H), 7.37~7.25 (m, 6H), 4.30
(t,J=5.7 Hz, 2H), 3.69 (s, 2H).
1.16.2 N-FE-2-5-G-F R EFE)MLIE-2-5) Z Bt iz
(22) B9HIF B IE4A 21 (0.10 g, 0.33 mmol). 3-F 4
FEIRBIER (0.051 g, 0.39 mmol, 1.2 equiv)<2- - FF CLIE -
2',4',6"- = IR (0.031 g, 0.06 mmol, 0.2 equiv)+
= (=W N E) — 4% (0.030 g, 0.03 mmol,
0.1 equiv) . LHE (0.25 g, 1.7 mmol, 5.0 equiv) f& K
ANZE25mL BJRER . BEJE A4 mL 1,4- %53
51 mLKEM, ZAE TS, #BE, 90 °Chn#di
12 h, TLC Ml [ 57, #5 J B2 56 4%, TN & H b5 K 2
B, A6 HUAH I JE /KB R AN T 458, ik 5 0 72518, 28
W, HEEHT (200~300 H iR, PECEA = 1:1), 15 2|
0.036 g Al {4, 7= %5 33.0%. HPLC 4l : 99.40%,
I 5.0 94.8~96.5 °C. 'H NMR (300 MHz, chloroform-d)
J,:8.76 (s, 1H), 7.88 (d, /= 8.1 Hz, 1H), 7.81 (s, 1H), 7.41
(q,J=7.8 Hz, 2H), 7.32~7.28 (m, 5H), 7.17 (d,J="7.8 Hz,
1H), 7.12 (s, 1H), 6.99 (d, J = 8.4 Hz, 1H), 4.52 (d, J =
5.7 Hz, 2H), 3.90 (s, 3H), 3.87 (s, 2H); "C NMR (75 MHz,
chloroform-d) d.: 169.29, 160.20, 154.53, 147.59, 138.80,
138.43, 135.58, 135.03, 130.24, 128.65, 127.60, 127.33,
124.04,119.50, 113.44, 112.96, 55.40, 44.98, 43.57; HRMS
(ESI) m/z: Caled. for C,;H,)N,0,H" [M+H]" 333.159 84,
found 333.159 57.
2 AIEEMIEN RS R L
2.1 B EInEE TN

K H MTT AV BT & i B Ar il &40 HeLa F
HepG2 # Ff il 83 41 PR i 2B KA HIE T . 1528, 14
TR U KR A e R T 96 AL, B T 37 °CH &
5% —EAAER IR FRAE TR E 24 h, K5 AL
WAL APk FH PR R 2G4k 220 6 72 he B 5E
Be 5L (B AR TIN50 uL MTT %W, BT 37 °C
MR AR EEME H 3.5 he B A FRIENMMTTIR G,
FLIMA 100 pL DMSO ¥ ¥4, #& % 10 min. {5 A B bR 1%
M€ 55 A FLAE 490 nm &b (16 B (OD) fH . R A
S (1) VIS ey 248 L 8 41 1) 26

2 (%) = (OD = OD ., )/(OD p = OD .,
x100% (1)

H A1, OD 4~ OD .y« OD o, 73 Bl A5 HE AT L 5256
YRS ARG FE M
22 M BRUEDHERSHIER

K FH 495 5% 6 SE RO AL S ) 22 XU TE A 1
SN . 3% HAL 0o $0 A K B ) HepG2 41 A, F5FLINA
90 uL 7RI (W& 413 500 N4 T 96 FLb H, 3E4
96 fLH B T 37 °C H. % 5% — A AL BRI 3 4 h i &
24 he Z ARSI 10 pLANFEARE (0.1.0.2 pmol-L™)
B A5 Ak A0 16 AN B 0.1 pumol- L7 F9 BH 44 o) 18 28 Bk 7k
g, BT H 4 E 24 he WE G, BRI,
PBS ¥t 3 3, £F L1090 pL & 58 3.7% 1 2 5 F S i
W, BT 4 °CUKAE B 5E 20 min. [#5E 52 48, ZE4F AL hn
A 0.1% [¥] Triton-X 100 ¥ ¥ (10 L), & T 4 °CUKFH
P 15 min. W EVAWR, PBS ¥k 3 i, AEFLINA 2% BSA
TR (90 pL), 4k SET8CE T 37 cCHLAE TR 1 1 he WRE
BSA ¥, PBS ¥t 2 3, &AL 30 uL $2 57 i & 4 1)
B-tubulin —#H1 I T 4 CCUKFHEE G F 6 ho PBS Ut 3 i,
FEFLII 30 L 48 Fi A & 4F 1) FITC FRic 1 2 1% 1gG
LREIE ZHIAE 37 CCIE A H 2 h. PBS Pk 3 ik,
FUIN 90 ul $2 A0 Bc B 47 1 20 ug-mL™" ) Hoechst33342
TV, TCETE 37 °CHEFE TF I F 15 min, TE 4ek, PBS
W 3, 7E {5 B 9O R WS R A T TS,
HIRIC
2.3 TN B S YIxt 4ahe B AR 1E A

8 AL X6 B A K T ) HeLa 20 ff1, $2¢ 18 4538 1Y 2H
% BE I ST B 6 FLAR 1, o 6 FLARE T 37 °C H. &
5% E AT IR FRAA T E 24 he BILIMAANFHK
FEMIAR AL &9, A 25 A IR, 4k 826 6 FLIRE T
37 °CH. & 5% Ak 3G 7 A h 4k 8207 5 24 he iR
FERTA 4, B0 (1 500 r-min”, 20 min), & E I,
JHN 300 pL 4 °CT4 1 h (¥ PBS ¥ W1, 7 FH B i Ae ¥
EP & S UM 4l RT3 50 . 4 i IR B E 18
B N\ 10 mL (=20 °C i 6 h) [ 75% £ F% [ 52,
T -20 °CH M N w & . [ 2 f5 LA 1 500 romin”
20 10 min, WE FIE W, MAZ) 1 mL /4 (1) PBS %
W, B0 (1500 r-min, 10 min). WE & W, £ EP
e N B G ) 4 14 300 pl Ye g (B E T 4 °C
UKFEH), Z JETE 4 °CUKFEHBELIFE 1 h, FRIRE O,
FEEYeRl, I 0.5 mL PBS VAR, T E 40, b6 S H
300 H M5t 8, 9 4 B A DA A3 1 7 vE AE TE
oA H 4518 .
3 SFXE

K o F 5t AL & 0 22 SR (1 45 A A
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Ao K Discovery Studio 4, EIMEEASEHE
JE A MR I A 25 ) 6KINZ % SCHR w3 sk ] 9050 2 A 3R
310 c-Src 5 & EL e A bR I = 445 F4™, K FH BR AR X
il £ & 1 K BCAR 5> 1. R H CDOCKER J7 %34T 73 1
X%

YE& TTHK: ARHR TS 01 DTS B8 Wit 5 B 0 SE IR S0t L 45 R
i 58S 180 B 0TI > S A5 R M, SR 5
BT B BR SR S T BT RS
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