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Design, synthesis and of antitumor activity study of coumarin
derivatives bearing benzothiazole or benzene moiety

MA Jun-jie®, NI Xin, HUANG Kun, WANG Yu

(School of Medicine, Huagiao University, Quanzhou 362000, China)

Abstract: Based on coumarin core structure as the procaspase-3 activator 1541 from our previous study,
twelve coumarin derivatives bearing benzothiazole or benzene moiety were designed and synthesized. Target
compounds were evaluated for in vitro antitumor activity against a procaspase-3 overexpressing cancer cell line
(human histiocytic lymphoma cell, U937) and a procaspase-3 no-expression cancer cell line (human breast adeno-
carcinoma cell, MCF-7) to rule out off-target effects. The results revealed that coumarin derivatives bearing benzo-
thiazole showed more potent inhibition activity and selectivity against procaspase-3 over-expressing cancer cell
line (U937) than procaspase-3 low-sensitive cancer cell line (MCF-7). Caspase-3 activity evaluation showed that
coumarin derivatives bearing benzothiazole showed remarkable caspase-3 activation activity, among them,
compound 5f displayed the strongest activity with 93% degree. Flow cytometric assay revealed that compound 5f
could inhibit proliferation of tumor cells by inducing apoptosis. Procaspase-3 activity assay showed that compound
5f showed strong procaspase-3 activation activity.
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Scheme 1  Synthetic route of target compounds. Reagents and conditions: (i) Acetonitrile, amine, rt, 3 h; (ii) 80% hydrazine monohydrate,
FeCl, - H,0, activated carbon, ethanol, 65 ‘C to 78 ‘C, 5 h; (iii) Br,, NH,SCN, HOAc, 10 C to rt, 4-6 h; (iv) H,0, 100 C, 1 h; (v) DIPEA,
HATU, DMF, rt

B 3a~3c £ It i Ak s B 7 B bR 4k & %) 5a~51. H R K 1 N ZE 24 it vk LR 400 i Ak (U937) Al procas-
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Table 1  Antitumor activities for target compounds. # The values were an average of three separate determinations and standard deviations
were shown; ® Selectivity is expressed as a ratio of MCF-7/U937.
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o R,
R4 ICy,? fumol - L*
Compd. R, Ar &-N Selectivity®
R U937 MCF-7
N /
5a -OH < ]@; N 243+06 >40 >1.6
S ~ \
! X
5b -OCH, -g{s £ N 186+0.4 >40 >2.2
N N2
5 -OH -548@;\ W 14.4+0.7 >40 >2.8
0! A
5d -OCH, I e N 12.8+0.7 >40 >3.2
N
5e -OH < 1@;\ 4N 12.6 0.9 >40 >3.1
S
N
5f -OCH, -548@;\ W 98+05 >40 >4.1
/
59 -OH K+ + >40 >40 —
/
5h -OCH, K+ L8 >40 >40 —
5i -OH O W >40 40 -
5j -OCH, %@%— %NC >40 >40 —
5k -OH K)F W — >40 40 —
51 -OCH, K)r W - >40 >40 —
PAC-1 (Phase T ) 6.0%05 >40 >6.7
1541 4803 53+05 11

1541B 6.3+0.4 7.3+0.5 1.2
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Table 2 Caspase-3 activation activity of target compounds. # The

values were an average of three separate determinations and stan-
dard deviations were shown; °ND: Not determined

Caspase-3° Caspase-3°
Compd. (% activation at Compd. (% activation at
30 umol -LY) 30 umol - L)

DMSO 71 5h <20

5a NDP 5i <20

5b ND 5 <20

5¢c 59+5 5k <20

5d 65+ 4 51 <20

5e 71+8 PAC-1 100+ 4

5f 93+3 1541 106 £5

59 <20
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ANNEXIN-V-FITC ANNEXIN-V-FITC ANNEXIN-V-FITC
Control 5f4.9 pmol-L' 24 h 59.8 pmol-L' 24 h
10° y 10*
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10° 3 10° 5
=10 =10
10' 4 10" 4
"E_ Fit :'} 40,
wed . . : o L . 25,94
10° 100 10° 10 10* 10 10 10° 10 10*

ANNEXIN-V-FITC
5f4.9 pmol-L' 48 h

ANNEXIN-V-FITC
5f9.8 ymol-L' 48 h

Figure 2 Apoptosis in U937 cells by the treatment with 5f. U937 cells were incubated with different concentrations of 5f for 24 h and 48 h

and the cells were stained with annexin V-FITC and PI, followed by flow cytometry analysis
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7.64%; 9.8 umol - L 8.75%) FNHGHAF T (4.9 umol - L
9.56%; 9.8 umol - L™ 17.29%) 1 LL 71 # b 2% (3 5% i 4
(3.27%; 4.88%) i 1 B R AT, W, 21k &4 5f
YEFI U937 41 48 h &, - BT T (4.9 pmol - L 8.63%);
9.8 umol L 14.36%) A i 1 ¥ T (4.9 pmol L
18.41%; 9.8 umol - L 25.94%) 1) LAl AH X T 15 H 24 h
SRR 5 e S/ T e R B S R <o o =T
Sz gk R, Ak AW 5F RENE 2 1E S IR 41 i
T, I HICVE T 5 A 52 R AR 0 e A0 i [ A A 2 o
2.4 Procaspase-3HUELW A T —E T EZ RS
& W AR R BE A, 30k SO R B 1 Ak & 4 5, DA
PAC-1 11541 4 FH 4 X FE 24, Il X L %) procaspase-3 &%
EI OS2 2R 3R B, A G T BH R X R 2
PAC-1 [(100+1.3)%] 1 1541 [(108.1+4.6)%], 1k & ¥ 5f
£ 10 pmol - LV BE T, R Bt B U uE 15 H,
5N 68.4%%1.7%.
3 N

AL 2 7% procaspase-3 Wi 7] 1541 5 H1) 1) 2544,
SEG AT IATT TO A, BTh B R 1 12 1 IR I i R
B B SLERAT AN, RSB R S PR R ik — R A
TR EME B A ERATAEY, BTN procaspase-3
1 2 IA RN 2H 2R 41 PR bk 298 At B bk (W937) (1 410 il
P A% % M 50 T procaspase-3 1% 22 34 19\ 7L ik Je 41
F R (MCF-7), Horfr, (&4 ST Ui v P o . 10—
AW 7T R A, 1k &4 5F AT DL 3 0T caspase-3,
75 5 R A M T, [F N, A S 5E R I TR I
procaspase-3 Hi i 1, W HE A I £E ¥ procaspase-3 ¥
WE, AR — B AL AR TS — R T R
procaspase-3 G /il B A — & s T B XM S E A .

S0 BT A 7R B 7R B R T T 43 A Al
G e P & 0% AR 1% SR A Bruker ARX-400 (Bruker
Bioscience, Billerica, MA, USA) #% fif $£ & A I 72 ; 1%
Sy BT R P Agilent 1100 PO 2% KT8 5 356 A 5 #5
53 W I 3 % F] Agilent Accurate-Mass Q-TOF 6530 il
S8 A S RE R (200~300 H) N3 Sl T
725 BRAA R B B AL, BT R R R B
1 HEMNER
1.1 4-BURFEERE (la~1c) AR KX R R
(10.8 g, 0.05 mol) I A ZE 50 mL Z i, =i F k.
TN/ F 2 9% 20 mL, =38 OB 3 h, OV 58 HE S,
IR, & B 25 EL (100 mLx3), JE7K Na,SO, T
BHL)Z, WRAG15 1% v (L A B ([l 14 la~1c.

4-(ZHRRE)RE-HER (la) RE AT, UK

N 85%. 'H NMR (400 MHz, CDCl,) 6 8.18 (d, J =
8.6 Hz, 2H), 7.52 (d, J = 8.6 Hz, 2H), 3.55 (s, 2H), 2.28
(s, 6H); MS (ESI) m/z 180.5 [M+H]*.

4-(ZZRRE)RE-FHER (1b) R AL, 1L
N 82%. H NMR (400 MHz, CDCI3) § 8.17 (d, J =
8.6 Hz, 2H), 7.56 (d, J = 8.6 Hz, 2H), 3.69 (s, 2H), 2.57
(9, J = 7.2 Hz, 4H), 1.07 (t, J = 7.2 Hz, 6H); MS (ESI)
m/z 208.4 [M+H]*.

4-(4-FAEIRVEE) A E-FHER (1o) #O[E A, 1

K 62%. mp 53~55 C; *H NMR (400 MHz, CDCl,)
58.22 (d, J = 8.6 Hz, 2H), 7.77 (d, J = 8.6 Hz, 2H), 3.92
(s, 2H), 3.11 (m, 2H), 2.38 (m, 2H), 1.73 (m, 2H), 1.57
(m, 3H), 0.98 (d, J = 6.2 Hz, 3H); MS (ESI) m/z 235.5
[M+H]".
12 4-BURKFE B (2a~2c) &R ¥ la~1c (0.05
mol) Jil A\ & 100 mL 90% Z. %, ¢ $F 7+ 2 60 C,
NS K & =& L (2.8 g, 0.001 mol) F1i& 4 %
(0.18 g, 0.015 mol), &£ 70 'C T, /K & B (25 g,
0.5 mol), ¥ 5, [N 5 he [N 58 5, A GhE, ik
GEDET, AN /K 200 mL, —&CH B2 A EL (100 mLx37K),
T7K Na,SO, T A HUZ, ¥R 451570 (it ok (4 £ il 44
2a~2C.

A-(ZHBERERE)E (2) LEBIE, WX
78%. 'H NMR (400 MHz, CDCl,) ¢ 7.07 (d, J = 8.4
Hz, 2H), 6.63 (d, J = 8.4 Hz, 2H), 3.63 (s, 2H), 3.32 (s,
2H), 2.21 (s, 6H); MS (ESI) m/z 150.6 [M+H]*.

A-(ZZ R EBRE)E R 2b) LBk, X
74%. 'H NMR (400 MHz, CDCl,) § 7.13 (d, J = 8.4
Hz, 2H), 6.66 (d, J = 8.4 Hz, 2H), 3.63 (s, 2H), 3.50 (s,
2H), 2.53 (q, J = 7.2 Hz, 4H), 1.06 (t, J = 7.2 Hz, 6H);
MS (ESI) m/z 178.6 [M+H]".

4-(4-FRENRIERE R E) KL (2¢) TLEMAE, Wi
83%. 'H NMR (400 MHz, CDCIl,) § 7.08 (d, J = 8.1
Hz, 2H), 6.63 (d, J = 8.1 Hz, 2H), 3.60 (s, 2H), 3.38 (m,
2H), 2.84 (m, 2H), 1.89 (m, 2H), 1.58 (m, 2H), 1.32 (m,
1H), 1.29~1.19 (m, 2H), 0.90 (d, J = 6.2 Hz, 3H); MS
(ESI) m/z 204.5 [M+H]*.

1.3 2-|E-6-BUKEHEM (3a~3c) AR F2a~
2¢ (0.05 mol) A1 it B AR 4% (19.03 g, 0.25 mol) i A\ =
50 mL VKBS R, =IESHEFE0.5 h, FFiR 4 10 CLLF, £
FRIR FEAR T 10 °C, 2212 10 I 21 1 UK S R VA R (2.82
mL, 0.055 mol), J# 5, 10 C i 5 ho SN 58 5, I
iR 7K 500 mL, Z /K i pH £ 9, #r Y [EAA, 4k 4k HE 1 h,
843 25 5 [l 4 3a~3c.
2-FE-6-(CZHRERE)KHEW 3a) HEOH
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A&, W % 65%. mp 141~143 C; 'H NMR (400 MHz,
DMSO-d,) 6 9.51 (s, 2H), 7.99 (d, J = 1.2 Hz, 1H), 7.61
(dd, J = 8.4, 1.2 Hz, 1H), 7.55 (d, J = 8.4 Hz, 1H), 4.32
(d, J = 4.8 Hz, 2H), 2.70 (d, J = 4.8 Hz, 6H); MS (ESI)
m/z 208.4 [M+H]".

-8 E-6-(CCRERE)XHER 3b) HEME
1A, Wt 2 88%. mp 136~138 ‘C; 'H NMR (400 MHz,
DMSO-d,) 6 7.55 (s, 1H), 7.37 (s, 2H), 7.26 (d, J = 8.4
Hz, 1H), 7.14 (dd, J = 8.4, 1.2 Hz, 1H), 3.52 (s, 2H),
2.45 (q, J = 7.2 Hz, 4H), 0.97 (t, J = 7.2 Hz, 6H); MS
(ESI) m/z 236.5 [M+H]*.

2-FE-6-(4-FEIREEFE)RHEMW 3c) #

o [ 44, U # 85%. mp 201~203 C; 'H NMR (400
MHz, DMSO-d,) 6 7.75 (s, 1H), 7.65 (s, 2H), 7.38 (d,
J = 8.0 Hz, 1H), 7.30 (d, J = 8.0 Hz, 1H), 4.22 (s, 2H),
3.33 (m, 2H), 2.77 (m, 2H), 1.77 (m, 2H), 1.56 (m, 1H),
1.29 (m, 2H), 0.90 (d, J = 5.4 Hz, 3H); MS (ESI) m/z
262.5 [M+H]*.
14 8-HKEBFEER-3-HER (4a.4b) AR K 3-HUfR
2-F2 K % (0.05 mol) 1% [K % (8.65 g, 0.06 mol)
JENZE 100 mL 7K, FHIE %2 90 C B2 he WA
K1, $hJE4T 8 AE 14 4a.4b.

8-REBT E-3-1F4 (da) O K WK 75%.
mp 292~293 °C ; 'H NMR (400 MHz, DMSO -d,) ¢
10.35 (s, 1H), 8.68 (s, 1H), 7.35~7.29 (m, 1H), 7.24~
7.18 (m, 2H).

S-HEEFTIZTR-3-RMR (4b) Ak, Irx

77 %. mp 210~213 C; *H NMR (400 MHz, DMSO-
dg) 0 8.71 (s, 1H), 7.46~7.43 (m, 1H), 7.43~7.39 (m,
1H), 7.37~7.30 (m, 1H), 3.93 (s, 3H).
1.5 BiRk&4 (5a~5l) AR K 4a~4b (0.1
mmol). HATU (45.6 mg, 0.12 mmol) F1 DIPEA (33 pL,
0.2 mmol) 43 H AN ZE 5 mL DMF 1, = iR #4405 h
J&, I 2a~2c 8% 3a~3c (0.15 mmol), % i < i 18 h
J&, IINVKIK 30 mL, A [ AR BT i, = 4k 2L i 4 1 h,
81T B [ 4, HH b SR A S e I AR R AT A
itk 7y B AF 4l (5a~5l).

N-[6-(Z ARz Z- B &) K H [d] g -2- B ]-8- 2 E -
BT R-3-FEtER (5a) % B (K, 3 35 %. mp
248~250 °C; 'H NMR (400 MHz, DMSO-d;) & 9.01 (s,
1H), 8.17 (d, J = 1.2 Hz, 1H), 7.92 (d, J = 8.4 Hz, 1H),
7.60 (dd, J = 8.4, 1.6 Hz, 1H), 7.50~7.45 (m, 1H), 7.32
(d, J = 4.4 Hz, 2H), 4.38 (s, 2H), 2.76 (s, 6H); C NMR
(101 MHz, DMSO-d,) ¢ 161.38, 160.79, 158.59, 150.04,
149.70, 145.14, 143.25, 132.60, 129.69, 126.70, 126.05,

125.19, 121.70, 121.60, 121.05, 119.76, 117.89, 60.29,
42.37; HR-MS (ESI) m/z for C,H,,N,0,S [M-H] ",
Calcd: 395.093 98, Found: 394.086 50.

N-[6-(= ER B £ A ) FR H [d]"Eme-2- K )-8-FH &
E- BT Z-3-BERE (5b) kO [ A, I 41%.
mp 214~216 ‘C; *H NMR (400 MHz, DMSO-d,) 6 9.04
(s, 1H), 8.22 (s, 1H), 7.88 (d, J = 8.4 Hz, 1H), 7.67 (dd,
J = 8.4, 1.4 Hz, 1H), 7.61~7.56 (m, 1H), 7.52 (d, J =
7.2 Hz, 1H), 7.44 (t, J = 8.0 Hz, 1H), 4.36 (s, 2H), 3.97
(s, 3H), 2.72 (s, 6H); 3C NMR (101 MHz, DMSO-d,) &
161.24, 160.52, 158.42, 149.77, 149.56, 146.89, 143.92,
132.50, 129.76, 126.93, 125.99, 125.15, 122.06, 121.50,
119.34,118.27,117.60, 60.03, 56.84, 42.16; HR-MS (ESI)
m/z for C,H,N,0,S [M+H]*, Calcd: 409.109 63, Found:
410.116 84.

N-[6-(= Z B & B &) K H [d]nEmk-2-K]-8- 12 & -
BFEE R-3-FBEAE (5¢) R A&, W 45%. mp
189~191 °C; *H NMR (400 MHz, DMSO-d,) & 9.00 (s,
1H), 7.97 (s, 1H), 7.75 (d, J = 8.4 Hz, 1H), 7.49~7.45
(m, 1H), 7.45~7.41 (m, 1H), 7.31 (s, 1H), 7.30 (s, 1H),
3.68 (s, 2H), 2.58~2.51 (m, 4H), 1.02 (t, J = 7.2 Hz,
6H); *C NMR (101 MHz, DMSO-d,) ¢ 161.01, 160.85,
156.99, 149.90, 148.01, 145.15, 143.24, 132.27, 127.77,
125.98, 122.00, 121.62, 120.99, 120.94, 119.79, 117.92,
57.18, 46.59, 11.94; MS (ESI) m/z 422.54 [M-H] .

N-[6-(= Z B £ B &) K H [d]"Eme-2- K]-8-F &
RE-BEE-3-HERE (5d) vk O K, UK 46%.
mp 171~173 °C; *H NMR (400 MHz, DMSO-d,) & 9.02
(s, 1H), 8.20 (s, 1H), 7.98~7.85 (m, 1H), 7.65~7.53
(m, 2H), 7.53~7.47 (m, 1H), 7.46~7.37 (m, 1H), 4.41
(s, 2H), 3.97 (s, 3H), 3.12 (d, J = 7.0 Hz, 4H), 1.26 (t,
J = 7.0 Hz, 6H); MS (ESI) m/z 436.61 [M-H] .

N-[6-(4-FA Bk 0E £ R B5) 7 H [d] g -2- B )-8-#2
E-BET=-3-FBEEE (5e) W (4 [ 4, Ui F 55%.
mp 241~243 °C; *H NMR (400 MHz, DMSO-d,) 6 9.00
(s, 1H), 7.94 (s, 1H), 7.75 (d, J = 8.4 Hz, 1H), 7.47
(t, J = 4.8 Hz, 1H), 7.41 (dd, J = 8.4, 1.6 Hz, 1H), 7.31
(s, 1H), 7.30 (s, 1H), 3.57 (s, 2H), 2.87~2.73 (m, 2H),
2.04~1.90 (m, 2H), 1.64~1.51 (m, 2H), 1.39~1.29
(m, 1H), 1.19~1.10 (m, 2H), 0.89 (d, J = 6.4 Hz, 3H);
3C NMR (101 MHz, DMSO-dy) ¢ 161.04, 160.84,
157.32, 157.06, 149.90, 148.07, 145.14, 144.49, 143.25,
140.05, 132.26, 129.11, 127.98, 127.17, 125.99, 123.99,
122.26, 121.62, 121.24, 121.00, 120.93, 119.79, 118.69,
117.95, 62.72, 53.70, 34.32, 30.70, 22.27; HR-MS (ESI)
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m/z for C,,H,;N,0,S [M—H]", Calcd: 449.140 93, Found:
448.133 28.

N-[6-(4-FR E Uk U £ B £) 75 F [d] e nk-2- K ]-8-F
SE-BIR-3-BEA 6f) kE Ok, U6l %.
mp 225~227 C; *H NMR (400 MHz, DMSO-d,) ¢ 8.87
(s, 1H), 7.61~7.51 (m, 3H), 7.49~7.43 (m, 2H), 7.43~
7.37 (m, 1H), 4.16 (s, 2H), 3.96 (s, 3H), 3.30~3.17 (m,
2H), 2.93~2.75 (m, 2H), 1.83~1.67 (m, 2H), 1.63~
1.51 (m, 1H), 1.51~1.32 (m, 2H), 0.90 (d, J = 5.4 Hz,
3H); HR-MS (ESI) for CxH,N,0,S [M+H]*, Calcd:
463.552 00, Found: 465.213 22,

N-[4-(Z R E R E) K E]-8- 2 &-F T R-3-Ft
BZ (50) % ¥ [E A, K 48%. mp 228~236 C;
'H NMR (400 MHz, DMSO-d) & 8.86 (s, 1H), 7.68 (d,
J = 8.4 Hz, 2H), 7.42 (dd, J = 6.4, 2.8 Hz, 1H), 7.30 (d,
J = 8.4 Hz, 2H), 7.27 (d, J = 4.2 Hz, 1H), 7.26 (s, 1H),
3.38 (s, 2H), 2.16 (s, 6H); 3C NMR (101 MHz, DMSO-
d;) & 160.92, 160.27, 148.33, 145.07, 143.03, 137.24,
135.15, 129.88, 125.73, 120.81, 120.53, 120.11, 119.92,
63.29, 45.29; HR-MS (ESI) m/z for C,4H4N,O, [M-H]",
Calcd: 338.126 66, Found: 337.119 23.

N-[4-(ZHRERE) X E]-8-RFERE-FER-3-F
Bt A% (5h) R B (A 44, U2 49%. mp 197~199 C;
'H NMR (400 MHz, DMSO-d) & 8.86 (s, 1H), 7.68 (d,
J = 8.4 Hz, 2H), 7.42 (dd, J = 6.4, 2.8 Hz, 1H), 7.30 (d,
J = 8.4 Hz, 2H), 7.27 (d, J = 4.2 Hz, 1H), 7.26 (s, 1H),
3.38 (s, 2H), 2.16 (s, 6H); °C NMR (101 MHz, DMSO-d;)
6160.68, 160.18, 148.03, 146.81, 143.66, 137.16, 135.44,
129.81, 125.71, 121.66, 120.57, 120.13, 119.55, 116.71,
63.39, 56.74, 45.39; HR-MS (ESI) m/z for C,H,N,O,
[M+H]*, Calcd: 352.142 31, Found: 353.149 31,

N-[4-(Z Z R E R E) K £]-8-12 &-F T R-3-FEt
BZ (5i) ¥k ¥ 8 4k, IR 57%. mp 256~258 C ;
'H NMR (400 MHz, DMSO-d,) & 8.85 (s, 1H), 7.78 (d,
J = 8.4 Hz, 2H), 7.72~7.56 (m, 2H), 7.43~7.34 (m,
2H), 7.26 (t, J = 8.0 Hz, 1H), 4.17 (s, 2H), 2.95 (s, 4H),
1.23 (s, 6H); HR-MS (ESI) m/z for C,H,,N,0, [M-H]",
Calcd: 366.157 96, Found: 365.150 55.

N-[4-(ZZRRERE)KE]-8-REE-FTH-3-F
Bt A% (5)) vk ¥t [l 4, 1% 51%. mp 241~243 C;
'H NMR (400 MHz, DMSO-d) & 8.90 (s, 1H), 7.85 (d,
J = 8.4 Hz, 2H), 7.58~7.53 (m, 3H), 7.49 (dd, J = 8.4,
1.2 Hz, 1H), 7.45~7.39 (m, 1H), 4.30 (d, J = 5.2 Hz,
2H), 3.97 (s, 3H), 3.19~2.96 (m, 4H), 1.24 (t, J = 7.2 Hz,
6H); 3C NMR (101 MHz, DMSO-d,) 6 160.60, 160.58,

148.28, 146.83, 143.71, 139.40, 132.34, 128.28, 125.76,
121.70, 120.55, 120.40, 119.48, 116.85, 112.63, 56.74,
55.01, 46.37, 8.92; HR-MS (ESI) m/z for C,,H,,N,O,
[M+H]*, Calcd: 380.173 61, Found: 381.180 49.

N-[4-(4-FREIRIEE A &) K &)-8- B E-BE &-3-
FAmtBZ (5k) R s 1A, Y2 49%. mp 210~212 °C;
IH NMR (400 MHz, DMSO-d;) § 8.98 (s, 1H), 7.87~
7.82 (m, 1H), 7.80 (d, J = 7.0 Hz, 2H), 7.58 (t, J = 8.0
Hz, 1H), 7.48 (d, J = 7.0 Hz, 2H), 7.29~7.26 (m, 1H),
4.13 (s, 2H), 3.26~3.17 (m, 2H), 2.86~2.66 (m, 2H),
1.81~1.71 (m, 2H), 1.57 (s, 1H), 1.38~1.23 (m, 2H),
0.92 (d, J = 6.4 Hz, 3H); MS (ESI) m/z 393.68 [M+H]*.

N-[4-(4-FREIRIE R A E) K E]-8-FER-FEE-
3-EAEERE (B1) & B[ A, U2 57%. mp 171~
173 “C; *H NMR (400 MHz, DMSO-d,) J 8.90 (s, 1H),
7.84 (d, J = 8.4 Hz, 2H), 7.58~7.54 (m, 1H), 7.51 (d,
J = 8.4 Hz, 2H), 7.48 (s, 1H), 7.45~7.38 (m, 1H), 4.26
(s, 2H), 3.97 (s, 3H), 3.39~3.34 (m, 2H), 3.01~2.81 (m,
2H), 1.89~1.70 (m, 3H), 1.69~1.52 (m, 2H), 1.37~
1.21 (m, 2H), 0.92 (d, J = 6.4 Hz, 3H); *C NMR (101
MHz, DMSO - d;) ¢ 160.62, 160.58, 148.27, 146.84,
143.72, 139.49, 132.67, 125.78, 121.71, 120.48, 119.49,
116.89, 59.33, 56.77, 52.12, 31.28, 28.58, 21.53; MS
(ESI) m/z 407.60 [M+H]*.
2 CCK-8#u g E 4 mlik

Frill 1L &9 1% H DMSO Bhi, {3 R B =
ANTE] B B, Al . DMSO 294 J& 3 /T 0.01%. 7
96 FL AR F4 F AL 5x 10% ™ 2 Jitd 432 b 241 i U937 F1 MCF-7,
% 12 h 5, Je I NS R B I R AL A4, 1 25 2%
WRE N 2.4.8.16.32 140 umol - L1, 418 725 W
DMSO ¥ £ /N T 0.01%, =% [ 5 B 21 A i 2549 A & 55
FEW, B IRIE A R IR %A 3 E AL,
24 h Ji5, oK F 48 f vk 2ol R & (CCK-8) Ml & U937
MCF-7 (1) 40 M % 77, 7] & — LB hin A CCK-8 ¥ i
10 L, 37 CHEHE 2 h, K H 4= B 3h B Ax Ok W &5 £L 450
nm AL RO IRO B2 o AR IR O PR A T SR ) 2 AR A 410
R AV IC, 1H
3 Caspase-3 &M MR

U-937 &7 4 ity 55 77 ££ Jo 6y 21 1) RPMI-1640 58 4>
BE 77 (50 000 4 fi/£L) H, K5 100 pl U937 4 il & %
T3 Rl By 96 LR, 2R 5 £ 37 °C .5% CO, 5%
FRTREFR15 he LA (12 MEEW) PAC-1/1DMSO)
a3 A F 8% 7% FE T AR 2 £ 249K (60 umol - L, 3%
DMSO), [ 7] P e 96 FLAR Hooxt B2 L H I A AL &4
50 ub, AN GV E 6 IRER . M5 —H 96 FLIK



TRASEE: E IR B B A

AT B & SR . 521

B N 50 L BT BE 4H B 2 A IR R A i TE VR g% v
W, K B bR A, B BE 2 min 52 U 6 50 JE (ex. 400
nm, em. 505 nm), FFEEEEEL 1 h, #13 F K caspase-3 i
H1, ZAE A A P RS BE 22 1T U937 41 i f caspase ¥ 17
B 96 LA TE 37 C.5% CO, ¥ 85 F, k4 F
15 h, Z J5 NN 50 pl X Y) fig 48 i 2 A~ e Ok 4 g 3%
PEZZ PR, (A REBERR 2 min 2000 638 (ex. 400 nm,
em. 505 nm), FFEEEEEL 1 h, 982510 & WAL B2 R4
) caspase ¥ /7, F 4T AL S V)AL R 16 hiNF S 4 A
[ caspase 7% /1, LA FH 4 XJ & PAC-1 (1) caspase i /1 N
100%, # 2 3K AL S DA T PAC-1 IS % H
Irtte
4 SRNApATIN

) A5 FL 422 Fh U937 41 i T 6 FL AR (35 B X 1
G, 2 AN 2 AN I [A] (1 S 56 20, 3515 B 3 AN P AT 8K
45), 37 'C \5% CO, &5 7= 561, A B AL In AAS [R1 R B
M4 A 5F, 43 AIAE FH 24 h 148 h 5 402, FH PBS %k
BEH P V% (250> 1000 r-mint, 5 min) Y58 5x10° 41
Ji, i\ 500 uL ) Binding Buffer £ 7 40, i1 A5 pL
Annexin V-FITC & 2] J&, I A 5 pL Propidium lodide,
TRAT, IR VB L N 5~15 min, F A =X 40 AR
20 AR T R O
5 Procaspase-3 B & 4 ik

Procaspase-3 &1 H JIiJ 3K T R&D Systems 2 ],
Procaspase-3 & 1 il A % i 20 mmol - L* Tris. 300
mmol - L'* NaCl.5 mmol - L Dithiothreitol. 5% Sucrose
A1 0.05% CHAPS 2H Ji% 1) 2% ¥ i (pH 8.0) 1, &
W JE 4 100 nmol - L. 43 5l m A Ak & ¥ 5f . DMSO
1 PAC-1, &9 % 910 pmol - L. 37 CHEHE 4 h ), i
A 20 umol - L't Ac-DEVD-AFC, 5 min J&, 2% I i b AX
B HUHUA B 400 nm A 505 nm Ab (2¢Ol i
JE, AR T A (FcompoundFomso)/(Feac1Fomso) X100 T
AV HIBOE 2
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