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Synthesis, Crystal Structure, Antitumor Activity of Spiro-heterocyclic
Mono-carbonyl Analogues of Curcumin

Wu, Jianzhang” Weng, Bixia“ Qiu, Peihong” Cai, Zhijian™” Fan, Lei”

*,a,c

Ying, Shilong” Zhang, Xiuhua**?* Wu, Xiaoping Liang, Guang”
(“ Chemical Biology Research Center, College of Pharmaceutical Sciences, Wenzhou Medical Universtiy, Wenzhou 325035)
(* Department of Pharmacy, the First Affiliated Hospital of Wenzhou Medical University, Wenzhou 325000)
(® Institute of Tissue Transplantation and Immunology, Jinan University, Guangzhou 510632)

Abstract To discover novel lead compounds with good antitumor activity and low toxicity, 14 spiroheterocycle mono-car-
bonyl analogs of curcumin (MCACs) were synthesized by 1,3-dipolar cycloaddition reaction. The one-pot reaction was carried
out without catalyst, which showed the advantage of environmentally friendly. The structures of all compounds were charac-
terized by ESI-MS, ESI-HRMS and 'H NMR. The crystal structure of B6 was confirmed as monoclinic system by X-ray dif-
fraction, which indicated high region-selectivity and stereo-selectivity in the reaction of these compounds. All compounds
were screened for their abilities to inhibit the growth of human gastric cell SGC-7901, glioma cell U251, human large cell lung
cancer cell lines NCI-H460 by thiazolyl blue tetrazolium bromide (MTT) assay, and some of them showed good antitumor
activity. Among the active compounds, B1, B6, B7 and B11 exhibited strong antitumor efficacy on the three tumor cells and
low cytotoxicity against human liver cells HL-7702. Both compounds B1 and B7 can significantly induce the activation of
apoptosis related proteins cysteinyl aspartate specific proteinase (caspase3) and poly ADP-ribose polymerase (PARP), and
induce the apoptosis of tumor cell. The synthesized spiro heterocycles derived from MCACs in this study were novel antitu-
mor compounds, and these compounds appeared to possess good research prospect in the area of anti-tumor drugs.
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Figure 1 The crystal structure of B6
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Figure 2 The reaction mechanism of synthesizing spiro-heterocyclic MCACs
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SGC-7901 U251 H460 HL-7702
B1 3.7+0.2 6.310.1 172+1.6 24.1+1.0
B2 >60 >60 >60 —
B3 42.9+2.6 >60 >60 —
B4 >60 >60 >60 —
BS >60 >60 >60 —
B6 20.9+0.1 459+29 177203 51.9%6.2
B7 14.940.1 >60 18.6+13.9 46.6+1.8
B8 43.1+1.6 >60 >60 —
B9 274+04 >60 >60 —
B10 3.7%£0.5 >60 >60 —
B11 48+0.1 92%£09 192+6.1 337138
B13 24.6+2.1 >60 >60 —
B14 21.94+0.3 >60 >60 —
B15 18.3+0.2 >60 >60 —
EF24 65+08 4.5+6.7 6.0%+23 58+2.1
Curcumin 8.6+2.1 8.6+14 85+1.1 28.6+74
e ARBEATINE.
B1 B7 Cur
Com./(umol-L-1) 10 15 30 10 15 30 20 15 30 20
pro-RARP L;. o ‘. Sy —— ———

procaspase-s NN . e D - -
P i e e

B3 1L&% Bl Fl BT X SGC7901 7 caspase-3 Fil RARP i
T R

Figure 3 The effect of compounds B1 and B7 on the activation
of caspase-3 and RARP in SGC7901 cells

U, Rerm FE X IR B PR RIS AR P . BRI A
YR RAATUMRE AR T e A G R, A
& W) 8o B B BT R O I, (HE RS B,
B6, B7 A1 B11 KA HH B (0 ke 240 e Frg 41 el
PE, BG40 2 A A R 4l e s . &9 Bl
1 B7 ¥IREH W5 T ToAH S H [ Caspase3 Al RARP [1)
Rk, BT T . AT B RIS S PR B
L RBP BRI R RPN G Y, 1%KL
G W) AT BEAE R 1) AR 2Pt 7 T B A B I
B S, (RSB RISE . ¥ A ZALHI#E A
T it— 2.
3 ZEERS
3.1 XEE5RH

Esquire HCT )% Bk {X (Bruker Esquire); Bruker

micrOTOF-Q II Ji& % 1% (Bruker Daltonics); 600M
AVANCE I #0431 9= 4 (Bruker); Fisher-Johns %4 i} 7344
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FAY; Spectra Max M2 £ IjHgFE b1 (Molecular De-
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3-(4,5- = F IR e g -2)-2,5- ORI DU G IR R (MTT) B
K, ZHILILPUDMSO)E [ Sigma. & Wi BilgE
ﬂi%ﬁ PR H]). PVDF . 30% AN EERAH . %5
SelE gL tal. TEMED. JBUIEY 0. Tris 1 SDS MK
? Bio-rad & [& /2~ & ( L ¥, & E). pro-RARP .
pro-caspase-3. GAPDH —#i, P17 IgG-HRP, RIiFE
IgG-HRP HiiA#4)I4 H Santa Cruz “EH)H A 2 7 (Santa
Cruz, CA). A 40 Ml (SGC-7901) ) T~ [ it 74 1% 77
PIERTR O (L, . MR R BUR 4l L (U251) . AR
4 o i s 440 1k (NCT-H460) A1 A 48 s (HL-7702) 37 1
T ERE R B MR B, ).
3.2 ZWAHE
321 AR
W5 H L 2 Z I 12 (RIS WAL 20
mL LB, LA 40% NaOH fEALF, UK 4y
5~8 C S NIRE 3~5 h, TLC Wil 5z Wb fe. 4% S 45
W, A pH 2P, IAEREK, AU, #higs
B A BBV, K 5 SR SBR A
VR, RO SR 1,5- 55 He-1,4- )8 H-3-Hi 2k
MCACs [l i1tk A1, Ad, A5, A6, A7 35 AR
BTG O B S ARG, e SRS
Wi W22 SCHR[21]. AR AW G R AEE R Wi T
(3E,5E)-3,5- - (2- & 2K W F 56 )-1- £ FE Uk ¢ -4- i
(A2): RIEEHAR, P2 80%. mp. 111.4~113.87 C;
'H NMR (CDCl5) 6: 8.022 (s, 2H, ArCH=CX2), 7.449~
7.460 (m, 2H, Ar-H®X?2), 7.298~7.329 (m, 4H, Ar-H’> X
2, Ar-H*X2), 7.236~7.251 (m, 2H, Ar-H’ X2), 3.178 (s,
4H, NCH, X 2), 2.555 (q, J=7.2 Hz, 2H, NCH,), 0.985 (t,
J=17.2 Hz, 3H, CH3); ESI-MS m/z: 372.3 [M+H]".
(3E,5E)-3,5- — (4- i 7K W F 56 )-1- £ FE Uk g -4- i
(A3): WEHEARYAR, 77K 57.7%. mp. 139.0~140.5 C;
'H NMR (CDCls) 8: 7.791 (s, 2H, ArCH=C X2), 7.382
(dd, J=6.0, 7.8 Hz, 4H, Ar-H*>X2, Ar-H*X2), 7.121 (t,
J=84 Hz, 4H, Ar-H>X2, Ar-H>X?2), 3.820 (s, 4H,
CH,NCH,), 2.637 (q, J=7.2 Hz, 2H, NCH,), 1.072 (t, J=
7.2 Hz, 3H, CHs); ESI-MS m/z: 340.1 [M+H]".
(3E,5E)-3,5- - (2-1R 7K W Ff 56 )-1- H 5k DR 1 -4- il
(A8): WA, F7FK 85.4%. m.p. 144.2~146.0 C;
'H NMR (CDCls) 6: 7.987 (s, 2H, ArCH=C X2), 7.683
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(d, J=7.8 Hz, 2H, Ar-H*X2), 7.376 (t, J=7.8 Hz, 2H,
Ar-H>X2), 7.239~7.287 (m, 4H, Ar-H*X2, Ar-H*X2),
3.652 (s, 4H, CH,NCH,), 2.407 (s, 3H, NCH3); ESI-MS
m/z: 448.0 [M+H]".

(3E,5E)-3,5- (2,6~ — Fi 7K . H 35 )~ Y St 5 -4- 1
(A9): HKIEEEORIAK, % 80.46%. m.p. 244.9~246.3 C;
'H NMR (CDCl;) d: 7.578 (t, J=7.8 Hz, 2H, Ar-H*X2),
7.522 (s, 2H, ArCH=CX?2), 7.525 (t, J=7.8 Hz, 4H,
Ar-H* X2, Ar-H’X?2), 4.548 (s, 4H, CH,0OCH,); ESI-MS
m/z: 349.0 [M+H]".

(3E,5E)-3,5- - (4- 8 2K WPt ) DY &L Lk iR -4- i
(A10): T A, P23 52%. mp. 188.5~190.8 C; 'H
NMR (CDCls) d: 7.794 (s, 2H, ArCH=C X2), 7.307 (dd,
J=5.4, 8.4 Hz, 4H, Ar-H>X2, Ar-H°X2), 7.104~7.142
(m, 4H, Ar-H*X2, Ar-H>X2), 4.901 (d, J=1.8 Hz, 4H,
CH,OCHo,); ESI-MS m/z: 313.1 [M+H]".

(3E,5E)-3,5- . (4-F2 5L -3- H A 2 2R I H I )~ U &tk
W-4-M(A1L): BEZRER R, 772 53.03%. m.p. 196.8~
198.7 °C; '"H NMR (DMSO-dq) J: 9.680 (s, 2H, OH X 2),
7.600 (s, 2H, ArCH=CX?2), 7.020 (s, 2H, Ar-H>X?2),
6.889 (d, J=8.4 Hz, 2H, Ar-H®X2), 6.870 (d, J=8.4 Hz,
2H, Ar-H*X2), 4.909 (s, 4H, CH,OCH,), 3.828 (d, J=8.4
Hz, 3H, OCHs); ESI-MS m/z: 369.3 [M+H]".

(32,52)-3,5- — (2- & K W F 35 )~ DY &1 WE g -4- ]
(A13): RFHORAK, 773 49.8%. m.p. 128.7~130.8 C;
'H NMR (CDCl3) d: 7.694 (s, 2H, ArCH=CH X2), 7.594
(d, J=9.0 Hz, 2H, Ar-H*X2), 7.460 (t, J=9.6 Hz, 2H,
Ar-H® X 2), 7.442~7.458 (m, 2H, Ar-H*X2), 7.442~
7.458 (m, 2H, Ar-H®X2), 3.858 (s, 4H, SCH, X 2);
ESI-MS m/z: 361.2 [M+H]".

(3Z,57)-3,5-(2-( =55 ) A V. 1 358 )~ DU & I i -4
i(A14): JRTLERAR, 77K 55.74%. mp. 133.5~135.7
‘C; '"H NMR (CDCly) d: 7.909 (s, 2H, ArCH=CX?2),
7.745 (d, J=7.8 Hz, 2H, Ar-H>X2), 7.582 (t, J=7.8 Hz,
2H, Ar-H’X2), 7.472 (t, J=7.8 Hz, 2H, Ar-H*X2), 7.313
(d, J=7.8 Hz, 2H, Ar-H*X2), 7.261 (s, 4H, CH,SCH.,);
ESI-MS m/z: 429.1 [M+H]".

(3Z,52)-3,5- - (2- L % 7. Y )— DU &0 1B i -4- i
(A15): WA, 775 59.0%. m.p. 167.2~170.9 °C; 'H
NMR (CDCl5) 6: 7.800 (s, 2H, ArCH=C X 2), 7.655 (dd,
J=12, 7.8 Hz, 2H, Ar-H’X2), 7.351 (dt, J=1.2, 7.8 Hz,
2H, Ar-H>X2), 7.273 (dd, J=1.2, 7.8 Hz, 2H, Ar-H® X 2),
7.224 (dt, J=1.2, 7.8 Hz, 2H, Ar-H*X2), 3.729 (s, 4H,
SCH, X 2); ESI-MS m/z: 451.0 [M+H]".

A RS BRI 1101 ER
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RN EE ARG, w05 S 4, 152
PRILIRIE MCACs 4. RIEEE W

1- F R —4-(2- 502K 3k ) L s — (W 2.3 Mg gk ] )— -
[3.3'-1'- A HE-5"-[(2- 52 W F L TR g -4'- 1l (B1): 25 (4
WA, 7% 50.5%. mp. 191.3~1942 ‘C; 'H NMR
(CDCly) 6: 7.995 (d, J=7.8 Hz, 1H, Ar-H*"), 7.698 (s, 1H,
ArCH=C), 7.302~7.371 (m, 3H, Ar-H, Ar-H®, Ar-H®),
7.117 ~7.263 (m, 5H, Ar-H’, Ar-H’, Ar-H*, Ar-H’,
Ar-H"), 6.958~6.984 (m, 2H, Ar-H*', Ar-H®"), 6.672 (d,
J=6.0 Hz, 1H, Ar-H?*), 5.150 (t, J=8.4 Hz, 1H, 4-CH),
3.996 (t, J=9.0 Hz, 2H, 6'-CH,), 3.489 (t, J=7.8 Hz, 2H,
2'-CH,), 3.231 (d, J=15.0 Hz, 2H, 5-CH,), 2.151 (s, 3H,
1-N-CHj3), 1.853 (d, J=11.4 Hz, 2H, 1'"NCH,), 1.113 (q,
J=72 Hz, 2H, 1'NCCH,), 0.650 (t, J=7.2 Hz, 3H,
1'"NCCCHs); ESI-MS m/z: 560.0 [M+H]"; HRMS calcd
for C3,H3,CLN;O, [M+H]" 560.1872, found 560.1867.

1- FF R -4-(2- SR ) Mk gt — (B8 2.3 Mg Pk ] )— R -
[3.3]-1'- Z.%-5'-[(2- & 7K) W FH JE W e -4'- [ (B2): ¥ 3%
ORAR, 7% 44.2%. mp. 236.7~239.2 ‘C; 'H NMR
(CDCly) 6: 7.987 (d, J=6.6 Hz, 1H, Ar-H*"), 7.697 (s, 1H,
ArCH=C), 7.303~7.371 (m, 3H, Ar-H’, Ar-H®, Ar-H®),
7.136~7.199 (m, 5H, Ar-H’, Ar-H", Ar-H*, Ar-H’,
Ar-H%), 6.960~6.985 (m, 2H, Ar-H*, Ar-H®"), 6.665 (s,
1H, Ar-H%), 5.153 (s, 1H, 4-CH), 4.006 (s, 2H, 6'-CH,),
3.502 (s, 2H, 2'-CH,), 3.211 (d, J=14.4 Hz, 2H, 5-CH,),
2.210~2.250 (m, 2H, 1'-"NCH,), 2.167 (s, 3H, 1-NCHj),
0.708 (t, J=6.6 Hz, 3H, 1'"NCCHs); ESI-MS m/z: 546.3
[M+H]"; HRMS caled for Cy;H3;CLN;O, [M+H]"
546.1715, found 546.1714.

1= F S -4-(4- 6 2% 2 ) L gt —( B (2.3 M| Pk ] )— 3 -
[3.3']-1'- & KE-5'-[(4- 3 ) 0 1 IR g -4'- P (B3): 4
WA, P& 76.5%. mp. 217.6~218.8 ‘C; 'H NMR
(CDCLy) 6: 7.351 (q, J=8.4 Hz, 2H, Ar-H?, Ar-H®), 7.223
(q, J=8.4 Hz, 2H, ArCH=C, Ar-H®), 7.135~7.190 (m,
4H, Ar-H®, Ar-H’, Ar-H”, Ar-H®"), 7.096 (s, 1H, Ar-H"),
7.006~7.033 (m, 1H, Ar-H*"), 6.850 (d, J=4.2 Hz, 2H,
Ar-H®, Ar-H), 6.585 (d, J=7.8 Hz, 1H, Ar-H*"), 4.620 (q,
J=7.2 Hz, 1H, 4-CH), 3.757 (t, J=9.0 Hz, 2H, 6'-CH,),
3.230 (q, J=8.4 Hz, 2H, 2'-CH,), 2.905~3.125 (m, 2H,
5-CH,), 2.067~2.257 (m, 2H, 1'"NCH,), 1.959 (s, 3H,
1-NCHj3), 0.757 (t, J=7.2 Hz, 3H, 1'-NCCH,); ESI-MS
m/z: 514.1 [M+H]"; HRMS calcd for Cs;H;0F,N;30, [M+
H]" 514.2306, found 514.2289.

1- FH S -4-(2- R 2R 5 ) L s — (MR 2.3 g Wk P )— -
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[3.3]-1'- ZE-5'-[(2- R 2K) . FH JE DR I -4'- i (B4): V& 3%
ik, P2 F 76.5%. mp. 213.8~218.7 ‘C; '"H NMR
(CDCLy) 0: 8.078 (d, J=7.8 Hz, 1H, Ar-H), 7.695 (s, 1H,
ArCH=C), 7.586 (d, J=8.4 Hz, 1H, Ar-H"), 7.555 (d,
J=17.8 Hz, 1H, Ar-H%, 7.382 (t, J=7.2 Hz, 1H, Ar-H"),
7.221 (t, J=7.8 Hz, 1H, Ar-H®"), 7.107~7.178 (m, 4H,
Ar-H*, Ar-H®, Ar-H®, Ar-H°), 7.013 (t, J=7.8 Hz, 1H,
Ar-H®), 6.966 (d, J=7.2 Hz, 1H, Ar-H""), 6.702 (d, J=7.2
Hz, 1H, Ar-H*), 5.103 (t, J=8.4 Hz, 1H, 4-CH), 3.978 (t,
J=9.0 Hz, 2H, 6-CH,), 3.538 (t, J=8.4 Hz, 2H, 2'-CH,),
3.216 (d, J=15.0 Hz, 2H, 2'-CH,), 2.214~2.270 (m, 2H,
1'-"NCH,), 2.160 (s, 3H, 1-NCHj), 0.720 (t, J=7.2 Hz, 3H,
1'"NCCH3); ESI-MS m/z: 636.1 [M+H]"; HRMS calcd
for C3,H3oBr,N;0, [M+H]" 636.0684, found 636.0717.

1- P KL -4-(3,4- PV AR 5 2R Y L s — (R [ 2.3 M| PO il )~
PR-[3.3-1"- & HE-5"-[(3,4- H AU 0 4% 0 G TR g -4 7l
(B5): FEEOHER, PPF 72.2%. mp. 187.1~188.8 C;
'H NMR (CDCLy) d: 7.105 (s, 1H, ArCH=C), 6.988~
7.027 (m, 2H, Ar-H’, Ar-H%), 6.916 (d, J=8.4 Hz, 1H,
Ar-H%), 6.870 (d, J=7.8 Hz, 1H, Ar-H?), 6.833 (d, J=7.2
Hz, 2H, Ar-H?, Ar-H®), 6.800 (d, J/=8.4 Hz, 1H, Ar-H’),
6.742 (t, J=8.4 Hz, 2H, Ar-H*, Ar-H*"), 6.593 (d, J=7.8
Hz, 1H, Ar-H™), 4.527 (q, J=7.2 Hz, 1H, 4-CH), 3.715 (s,
12H, 3-OCH;, 4'-OCH;, 3"-OCHj, 4"-OCH;), 3.302 (d,
J=15.0 Hz, 2H, 6'-CH,), 3.184 (t, J=7.8 Hz, 2H, 2'-CH,),
2.884 (q, J=8.4 Hz, 2H, 5-CH,), 2.078~2.256 (m, 2H,
1'"NCH,), 1.941 (s, 3H, 1-NCHj), 0.774 (t, J=7.2 Hz, 3H,
1'"NCCHj;); ESI-MS m/z: 598.2 [M+H]"; HRMS calcd
for C35sH4eN30 [M+H]" 598.2917, found 598.2916.

1- FF 3R —4-(2- 60 2R ik ) ML 1 — (O [2. 3] Mg Mgk i )— -
[3.37-1'- I JE-5'-[(2- 960 ) 7 Y 6 Wk e -4'- i (B6): % it
ik, P2 F 65.6%. mp. 198.8~201.8 ‘C; '"H NMR
(CDCLy) §: 7.667 (t, J=7.8 Hz, 1H, ArCH=C), 7.380 (q,
J=6.6 Hz, H, Ar-H"), 7.321 (q, J=6.6 Hz, H, Ar-H""),
7.045~7.253 (m, 8H, Ar-H>, Ar-H>, Ar-H®, Ar-H®, Ar-H”,
Ar-H?, Ar-H”, Ar-H®"), 6.839 (t, J=7.8 Hz, 2H, Ar-H*,
Ar-H™), 4.820 (t, J=7.2 Hz, 1H, 4-CH), 3.230-3.876 (m,
2H, 6'-CH,), 3.091 (d, J=15.0 Hz, 2H, 2'-CH,), 3.021 (t,
J=14.4 Hz, 2H, 5-CH,), 1.959 (s, 3H, 1-NCHj3), 1.901 (s,
3H, 1'-NCCH3); ESI-MS m/z: 500.1 [M+H]"; HRMS
caled for CiHxFoN;O, [M + H]' 5002150, found
500.2145.

1- 3 -4-(2- S0 OR 256 ) Lk s — (W 2. 3] W] Pk ] )— -
[3.37-1'- F HE-5'-[(2- 50K W FH R Wk I -4'- i (B7): ¥ 3%
A, PP 69.4%. m.p. 222.0~224.8 ‘C; 'H NMR
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(CDCly) 6: 7.965 (d, J=7.8 Hz, 1H, Ar-H*"), 7.635 (s, 1H,
ArCH=C), 7.349 (dd, J=7.2, 4.2 Hz, 2H, Ar-H®, Ar-H?),
7.316 (t, J=7.2 Hz, 1H, Ar-H%), 7,120~7.264 (m, 5H,
Ar-H’, Ar-H*, Ar-H”', Ar-H', Ar-H%), 6.982 (t, J=7.2 Hz,
1H, Ar-H"), 6.931 (d, J=7.8 Hz, 1H, Ar-H®), 6.690 (d,
J=17.2 Hz, 1H, Ar-H®), 5.147 (t, J=8.4 Hz, 1H, 4-CH),
3.987 (t, J=9.0 Hz, 1H, 5-CH,), 3.510 (t, J=8.4 Hz, 1H,
5-CH,), 3.136 (d, J=15.0 Hz, 1H, 6'-CH,), 3.000 (d, J=
10.8 Hz, 1H, 2'-CH,), 2.951 (d, J=15.0 Hz, 1H, 6'-CH,),
2.166 (s, 3H, 1-NCH3), 1.951 (s, 3H, 1'-"NCHj3), 1.830 (d,
J=10.8 Hz, 1H, 2'-CH,); ESI-MS m/z: 532.0 [M+H]";
HRMS caled for C3H,sCLN;O, [M+H]" 532.1559,
found 532.1539.

1- FF R -4 (2- 2R ) L 1 — (MR 2.3 Mg Wogk ] )— -
[3.37-1'- H JE-5'-[(2- YR 2K 7. Y 56 Wk e -4'- il (B8): &% 3%
AR, 77F 67.2%. mp. 2252~227.5 ‘C; 'H NMR
(CDCl3) 0: 8.036 (d, J=7.2 Hz, 1H, Ar-H*), 7.612 (s, 1H,
ArCH=C), 7.531~7.557 (m, 2H, Ar-H*', Ar-H%), 7.363
(t, J=7.2 Hz, 1H, Ar-H%), 7.193 (t, J=7.8 Hz, 1H,
Ar-H”"), 7.090 ~7.159 (m, 4H, Ar-H’, Ar-H*, Ar-H’,
Ar-H®), 6.996 (t, J=7.8 Hz, 1H, Ar-H®"), 6.926 (d, J=7.2
Hz, 1H, Ar-H""), 6.690 (d, J=7.2 Hz, 1H, Ar-H%), 5.077 (t,
J=8.4 Hz, 1H, 4-CH), 3.932 (t, J=8.4 Hz, 2H, 6'-CH,),
3.530 (t, J=8.4 Hz, 2H, 2'-CH,), 3.110 (d, J=15 Hz, 2H,
5-CH,), 2.140 (s, 3H, 1-NCHj3), 1.938 (s, 3H, 1'-NCH3);
ESI-MS m/z: 621.8 [M + H] '; HRMS caled for
C30HosBrN;0, [M+H]" 622.0528, found 622.0500.

1-F 42,6 G R L ) ML I — (MR [2. 3] Mo o i ) — R -
[3.3']-5"-[(2,6- — %) 0. FH 5L DU SntL i -4'- i (B9): 7% B¢
K, 77F 62.2%. mp. 213.6~214.5 ‘C; 'H NMR
(DMSO) ¢: 7.365~7.455 (m, 2H, Ar-H*, Ar-H”), 7.058~
7.130 (m, 5H, Ar-H®, Ar-H’, Ar-H*, Ar-H*, Ar-H"), 6.901
(t, J=7.8 Hz, 1H, Ar-H"), 6.870 (d, /=72 Hz, 1H,
Ar-H”"), 6.794 (s, 1H, ArCH=C), 6.642 (d, J=7.8 Hz,
1H, Ar-H*"), 5.049 (t, J=7.2 Hz, 1H, 4-CH), 4.781 (d, J=
12.0 Hz, 1H, 2'-CH,), 4.196~4.229 (m, 1H, 5-CH,), 4.143
(d, J=15.6 Hz, 1H, 6'-CH,), 3.762 (d, J=15.0 Hz, 1H,
6'-CH,), 3.207 (d, J=12.0 Hz, 1H, 2'-CH,), 3.135 (t, J=
7.2 Hz, 1H, 5-CH,), 1.997 (s, 3H, 1-NCH3); ESI-MS m/z:
523.1 [M+H]"; HRMS calcd for C,0H»3F,N,05 [M+H]"
523.1645, found 523.1628.

1- FF R -4 (4- 50 5 ) MLk gt — (B8 2.3 Mg Pk ] )— R -
[3.3']-5'-[(4- 38U A%) M. Y k] DY S0k g -4'- Wi (B10): ¥4 5 €1
fm ik, % 59.8%. mp. 206.8~209.0 C; 'H NMR
(DMSO-dg) 0: 7.365~7.389 (m, 2H, Ar-H”, Ar-H®),
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7.125~7.190 (m, 7H, Ar-H®, Ar-H’, Ar-H?, Ar-H®, Ar-H®,
Ar-H>, ArCH=C), 7.605 (dd, J=7.8, 1.8 Hz, 1H, Ar-H""),
6.903 (t, J=7.8 Hz, 1H, Ar-H"), 6.887 (d, J/=6.0 Hz, 1H,
Ar-H), 6.629 (d, J=7.8 Hz, 1H, Ar-H*"), 4.638 (t, J=7.8
Hz, 1H, 4-CH), 4.413 (dd, J=15.0, 1.8 Hz, 1H, 2'-CH,),
4241 (d, J=12.0 Hz, 1H, 6'-CH,), 3.994 (d, J=15.0 Hz,
1H, 2'-CH,), 3.777 (t, J=9.6 Hz, 1H, 5-CH5), 3.290 (t, J=
8.4 Hz, 1H, 5-CH,), 2.844 (d, J=12.6 Hz, 1H, 6'-CH,),
2.000 (s, 3H, 1-NCH3); ESI-MS m/z: 487.1 [M+H]";
HRMS calcd for CooH,sFoN,O5 [M+H]™ 487.1833, found
487.1815.

1- FF L -4-(3- PPV 4 ik -4- 2 2R 6 ) bl s — (R 2.3 W5
IR )~ 1 -[3.3']-5'-[(3- FH AR i -4- 8 5k ) I F 1 DU &t
M -4'-f(B11): BEERGR, P72 55.0%. m.p. 144~148
‘C; 'H NMR (CDCl3) d: 7.590 (brs, 1H, 1"-NH), 7.058~
7.112 (m, 3H, ArCH=C, Ar-H’, Ar-H%), 6.936 (t, J=7.8
Hz, 1H, Ar-H), 6.876 (t, J=7.2 Hz, 1H, Ar-H”), 6.819~
6.837 (m, 2H, Ar-H*, Ar-H®), 6.670 (d, 1H, Ar-H*"), 6551
(s, 1H, Ar-H%), 6.535 (d, J=9.0 Hz, 1H, Ar-H®"), 5.864 (s,
1H, Ar-H"), 5.586 (s, 1H, 4-CH), 4.438 (d, J=12.6 Hz,
1H, 6-CH,), 4.376 (dd, J=2.4, 15.0 Hz, 1H, 2'-CH,),
4204 (d, J=14.4 Hz, 1H, 5-CH,), 3.902 (s, 3H, Ar-3-
OCH,), 3.837 (s, 3H, Ar-3"-OCH;); ESI-MS m/z: 543.2
[M+H]"; HRMS caled for C;HyN,O; [M+H]"
543.2131, found 543.2108.

1- F R -4-(2- UK ) WL 1 — (R [2. 3] Mg Vg ] )— % -
[3.3']-5'-[(2- 5 A) W F AL 1 DY S WE R -4'- [ (B13): VR Tt
FEIR AR, 772 88.8%. m.p. 213.4~215.9 'C; 'H NMR
(CDCLy) 6: 7.944 (d, J=7.8 Hz, 1H, Ar-H"), 7.833 (brs,
1H, 1"-NH), 7.542 (s, 1H, ArCH=C), 7.367 (t, J=7.2,
2H, Ar-H®, Ar-H®), 7.327 (t, J=7.2 Hz, 1H, Ar-H%),
7.191 ~7264 (m, 5H, Ar-H*, Ar-H>, Ar-H>, Ar-H’,
Ar-H%), 7.035 (t, J=7.2 Hz, 1H, Ar-H®"), 6.960 (d, J=7.8
Hz, 1H, Ar-H""), 6.800 (d, J=7.8 Hz, 1H, Ar-H*), 5.178 (t,
J=9.0 Hz, 1H, 4-CH), 4.056~4.071 (m, 1H, 6'-CH,),
3.505~3.539 (m, 1H, 2'-CH,), 3.434 (dd, J=6.0, 14.4 Hz,
1H, 5-CH,), 2.199 (s, 3H, 1'-"NCH;); ESI-MS m/z: 534.9
[IM+H]"; HRMS caled for CyH,sClLN,0,S [M+H]"
535.1014, found 535.0992.

1- FF - 4-(2- == G0 PP A L g — (R [ 2.3 195 PR i ) —
R -[3.3-5"-[(2- = 6 F 3 2R W7 B ] DY & 1 R -4'- il
(B14): WRBRYAR, 775 48.0%. m.p. 228.1~230.2 C;
'H NMR (CDCl3) 6: 8.404 (d, J=7.8 Hz, 1H, Ar-H),
7.610~7.661 (m, 3H, ArCH=C, Ar-H”', Ar-H"), 7.584 (s,
1H, Ar-H"), 7.434 (t, J=7.8 Hz, 1H, Ar-H®), 7.367 (t, J=
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7.8 Hz, 2H, Ar-H’, Ar-H®), 7.263 (t, J=9.6 Hz, 1H,
Ar-H*), 7.218 (d, J=7.2 Hz, 1H, Ar-H%), 7.038 (t, J=7.8
Hz, 1H, Ar-H®"), 6.902 (d, J=7.2 Hz, 1H, Ar-H""), 6.840
(d, J=7.8 Hz, 1H, Ar-H%), 5.147 (t, J=4.0 Hz, 1H, 4-CH),
3.932 (t, J=8.4 Hz, 2H, 6'-CH,), 3.648 (t, J=8.4 Hz, 2H,
2'-CH,), 3.197 (d, J=13.8 Hz, 1H, 5-CH,), 2.192 (s, 3H,
1'-NCH,); ESI-MS m/z: 603.0 [M+H]"; HRMS calcd for
C3HysFeN,0,8 [M+H]" 603.1541, found 603.1512.

1- FH S -4-(2- R 2R 5 ) L s — (MR 2.3 g WUk P )— -
[3.3'-5'-[(2- LK) W Ik ] DY & i I -4'- T (B1S): 11 (A7)
K, P7H 57.6%. m.p. 236.2~238.3 'C; 'H NMR (CDCl;)
5: 7.983 (d, J=6.6 Hz, 1H, Ar-H®), 7.679 (d, J=7.8 Hz,
1H, Ar-H"), 7.627 (d, J=7.2 Hz, 1H, Ar-H®), 7.475 (t, J=
15.0 Hz, 1H, ArCH=C), 7.337 (q, J=7.2 Hz, 2H, Ar-H’,
Ar-H™), 7.280 (q, J=7.8 Hz, 1H, Ar-H®), 7.194~7.241
(m, 2H, Ar-H®, Ar-H%), 7.063 (d, J=7.2 Hz, 1H, Ar-H"),
6.940~6.986 (m, 2H, Ar-H", Ar-H®"), 6.780 (d, J=7.8
Hz, 1H, Ar-H*), 4.932 (t, J=7.2 Hz, 1H, 4-CH), 3.435~
3.828 (m, 2H, 6'-CH,), 2.704 (q, J=14.4 Hz, 2H, 2'-CH,),
2.183 (d, J=14.4 Hz, 2H, 5-CH,), 1.951 (s, 3H, 1-NCHj3);
ESI-MS m/z: 624.8 [M+H]+; HRMS caled for CyHjs-
Br,N,0,S [M+H]" 624.9983, found 624.9953.

322 FELATH

SIS FINT Be EEL S, SRR
IREAA. 7E 293 K R Bruker SMARTAPEXII X Hf £k
FE AT E B6 [ H AR, AT AR A A 2R,
7t Mo Ka ¥2:(1=0.71073 A)F, LL p-0 F1H7 K, 1
2.2°0<<O<25.4°WLAEATHE A (SMART F2/7).

3.2.3 MTT &t fm iR 78 30 ) & 1k o F- 539 %)
R

N K 4 i i i 4n e Bk (NCIH460) A1 A JH- 411 i
(HL-7702) it ] 56 A 85 F2 3L 0 & 10% iR 7 i 3 1)
RPMI-1640 #5577 5E. N HFEAM(SGC-7901). #Le)k it
IR 20 ML (U25 1) BT S8 A RR R 20 & 10% Jif 4 1l i (1)
DMEM = B85 783, O B0 A A 1 40 o 28 g 2 1 i
WS AGIE, HAH DY B 200 B A 2, A 96 fL
B, FEFL 100 pL, 4000 M40 H/FL, 37 CIERIEFE, WikE
Ji, RO R FRAE, BFLINA 1 uL DMSO % it 254
VAR, AREERRFR 72 h. BESLINN 5 mg/mL i) MTT 20 pL,
ERFRA P RIE 4 h, 5 EW, &SLIN 100 uL DMSO
HRIK LES, 10 min JFLEEARC EADNE OD (490
nm){E. W LA INZI 21 DMSO 414 75 X,
LN TER J, B2 E 5 AMRBERREE(0.096,
0.48,2.4, 12, 60 pmol/L), T 3 KL%, Kk 3 NMRAL.
THEARRAZJP AR BE T )40 M A= A7 402, 1 Graphpad
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prism 5 FUE A MR- 29I B 2k, VAN A A7
PHANHIAR S (1Cs).
3.2.4 & # %.JZFPiE(Western Blotting)
OGO AR KN B s i e SGC-7901 #2F+ 6 4L
B (3.0 X 10° AN/IL)H, b 7 W B 1T 7% I, S s 7R 5
BN DMSO #2115, 15 5 24 hJm, BSR40 i
BEEA. B EREREAY 80 pg, M 10%5E N
Bk el e vk oy 25 J5, FRHLFE E) PVDF I L. KR &R
)i 1) PVDF B 5% 4= 954 41 90 min 5, FH
pro-RARP. pro-caspase-3 J¢ GAPDH (%5 51— Pt %l
WE 2h 5, 4 CHFE R, 15 BRI S Al pic 1)
THUAREEE 1 h, BB S (Bio-rad)
M BECL WM =0 H 1~2 min, WA RAE RS
4.
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