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FBUEE 3, 2-a] R IE T E YR & A A B B a1
kB oM ome E OFEM™ OANHC #HHW KEE’

(N EEAERRZ AL 18X 563003)
CHEZR L ERE BEEL 210009)

FWE DI ER S N R, #id Vilsmeier-Haack, Biginelli Al Knoevenagel 254 35 W B & i T 9 A& MR ERAR
BB IE[3,2-aBEERT A, FEFI IR, 'TH NMR, *C NMR, ESI-MS F1 HRMS Xf H ¥54b & 13647 T 4509 4E. HIPYH
SR G EEMTT)IENAR T B Ax7= 4% A6 51 B PC-3 41 e R AP HepG2 4R AR DL s, S b &R
T BRI AEYIE N, {5 Sb, Se, Sg M Si 4 PC-3 1M RIHT RS PR T-BH Ak X IR 25 530U R 0E, 1Cso 1233
°H29.98, 27.69, 26.36 F112.56 umol/L. #—BHIWF KM, WEY) Sifets15 S PC-3 4IIE T, JHH F IR E G2/M
.

KGRI WEMEFR[3,2-a]WENE; PUMIRTEYE; AUAIE TS, A0 A

Synthesis and Antiproliferative Activity of
Novel Thiazolo[3,2-a]pyrimidine Derivates

Zhang, Lei** Lin, Ya“ Wang, Jing™* Zhu, Xinling” Yao, Qiuli” Yao, Qizheng’
(“ School of Pharmacy, Zunyi Medical College, Zunyi 563003)
(* School of Pharmacy, China Pharmaceutical University, Nanjing 210009)

Abstract Nine novel thiazolo[3,2-a]pyrimidine derivatives with pyrazole substituent were synthesized from substituted phe-
nylhydrazines via Vilsmeier-Haack, Biginelli and Knoevenagel reactions and characterized by IR, 'H NMR, *C NMR,
ESI-MS and HRMS. The antiproliferative activities of target compounds against human prostate cancer PC-3 and human he-
patoma HepG2 cell lines were evaluated by methyl thiazolyl tetrazolium (MTT) assay. The results displayed that several com-
pounds showed moderate to potent antitumor activity. Particularly, compounds 5b, Se¢, Sg and 5i exhibited slightly stronger
antitumor activity than positive control 5-fluorouracil (5-FU) against PC-3 cells with 1Csy values of 29.98, 27.69, 26.36 and
12.56 umol/L. Moreover, the cellular mechanisms showed that compound Si could induce apoptosis and G2/M cell cycle arrest
of PC-3 cells.

Keywords thiazolo[3,2-a]pyrimidine; anticancer activity; cell apoptosis; cell cycle

A E I S — 28 HL LY Biginelli Y, R WEME I [3,2-a] M NE A& —JRA 2 Al LR AEYIE TR &
BALMAIENE, FTAEARI GBS, = SAEEY, et sulsit™. sums. o
S E I AN A — R B AR sk, A O gUET. RS P i s, IR,
WERR S22 T AT Z IR TE, R i — S MNATVR I — LM T3, 2-a] W e KA S BE ] Sa-
WERH AT AR A RS, IR T AEEE R R, R JREE Y SR k-2 2RI 2-C- R D- SR B -2,4-
KTV B RMENE S EY, Nilk—Sme HAEBERR S R spF) . BAh, WETUILR M, MEMEIE
Yo s it 1 AP S R A AE T g AT AR [3.2-a] W BEAT LMD RE U5 AT R Bel-2 FRGUH T8 A
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EE

(i Bel-2, Bel-xg M Mcl-D)M™ V85 & [H B R B
CDC25B 7 2 A o i Ra i 1

W 1R, TARNEE 5wk 4 Al K
LA a X Bel-2 DU T &R 1 HA B A S
P, %} Bel-xg, Bel-2 Al Mcl-1 =F0 & (A (4010 5 5 K 14
S35 1.64, 2.67 F1 1.05 umol/L; MILT 5 i IlAk &
) b %F Bel-x;, Bel-2 F1 Mcl-2& [ B A B 0 il 3 Pk,
ICso fH 53510 3.4, 3.1 A1 6.4 umol/L, HAMEAY) b fiehs
P 22 ot N b TR0 20 R (38 0, L o A B S 41
OVCAR-3 [14H ff 575 1 B 5 (1C 5o A 1.54 pmol/L); itk
4, Kolb Z5EU A % HMEME I [3,2-a ] W e KL B W RE S B
FNHI 8 A WL CDC25B (G, Hrp L& ¢ S
PR (Cs E4 4.5 pmol/L), AR AL E&4 ¢ AL 230
I BT 818 40 B LNCaP FI 4K (ICs {H A 3.4 umol/L).

B CARIE REM I (3,2-a] e R S W)
Figure 1 Reported thiazolo[3,2-a]pyrimidine derivatives
ML — M B AR 2 A E PR 253, AR
(R ST B MEPEAT AR B HUR 0L Pums P it
RO P R dP ] R PIgE i i 2 pR,
Arai SR ST AE ) d B SR ZU I TR BT HE RS
YRS % p38a MAP BARF TG E, 1Cs0 fH N 3 nmol/L; [F]H,
KL EPMIE T MM AT AEY) e T A B I
Aurora-A FJHIHH]FI(ICso {H9 0.16 pmol/L), H Xt A 45
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JEAIHE HCT116 FIAFLIRE M MCF-7 &on H 3K
YA EETE M, 1Cso 1553 312 0.39 F1 0.46 pmol/L.

O,N
o)

B2 CHREMIME G
Figure 2 Reported pyrazole derivatives

HETE M I [3,2- ] W I RMINEL 1A 245 2 141 45 R B
—E IPURIE I, O 145 B35 E A R PR S AL
G, WRAEEET B2 K IL(FBDD) 75 %, JA1H
WE M I [3,2-a) WA g Y ZE AN ML M 2 A AT B, SRl T
G L e 5 4] (1 MR e 5 [3,2-a] W W R AT AR, IR A
MTT 00 B brAl & 000 N1 51 e 4 PC-3 A
JE MY HepG-2 2N EEVE. & AU 4R 0L Scheme 1.
1 EREE
1.1 BHRUEPINEms

DA E 52 2k 1 J9iEe R JEURLE, 78 T R/ T SN Tl
PEAR 2 e 2 R, 155 28 4R S B L1 3
FRE) AR IEL PR RER 2; 2 5 Vilsmeier-Haack 187 [ B AE %,
o ) fAc AL e R 3 3 7E S IR IR I EIL T 5 Al 2R &
fig BiK & A Biginelli fo 543 1) A (8] 44 — S 0E -2(1 H)-
Wil 4, REEE C—BET KU, ESR ORI
13 B mEMe IR B4k, PSS IR R AR R R A
Knoevenagel ¥, —5Hl15 BAstb &4 5, LRI H.
HAG B A4 IR, 'TH NMR, “C NMR,
ESI-MS #1 HRMS Hfiif.
1.2 ROMABEE N

PL 5-3PREENE(5-FU)AFETEZ), I MTT 3980 1
IE MR I 3,2-a | EIE T AE W) Sa~5i XF PC-3 A1 HepG2 4l
PRSI IS 1E. ALE W B0 2 B 1 B2 (ICs0) W
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— N
NHNH, N
Rl 2 N by
T HCI R
O
2

1

— /N\
S N
SN
Cl
3
_d_
Compd. R! R?
5a 4-F o
5b 3-Cl
0
5¢ 4-OCH, O\)kOH
5d 4F e
Se 3-Cl /\OQ o
O
sf 4-OCH, QkOH
5g 4-F o 0
o
Sh 3-Cl @( OH
si 4-OCH,4

Reagents and conditions: (a) Ethyl acetylacetate, NaOAc, AcOH,
reflux, 12 h. (b) POCls;, dry DMF, 0 °C, 0.5 h then 90~95 C, 1 h.
(c) Thiourea, ethyl acetylacetate, NH,SO;H, EtOH, reflux, 10 h. (d)
Chloroacetic acid, R,CHO, AcOH, Ac,0, NaOAc, reflux, 6 h.

B 1 HARH G

Scheme 1 The synthesis of target compounds

x 1. BRI PC-3 MR P s S
P, XF PC-3 4 riE e & 9 T HepG2 4iiffe. H it
W) 5b, 5¢, 5g Al 5i Xt PC-3 4HHAR PR R s TEAR T
5-FU (ICs5p=36.36 umol/L), ICso1E 75N 29.98, 27.69,
26.36 11 12.56 umol/L; tL&4) Se Al 5f %F PC-3 ZHHufk
P E HEREL 5-FU, 1Cso {508 40.36 Fil 46.84
umol/L. TEFTH BAML &+, RAENEY 5i X HepG2
S Hf A 2R T IR R B R s P, ICs [N 49.99
umol/L, % 5-Fu §5(ICsp=28.38 umol/L).

ARG RRE i P DA E SR B e, 24 R BUR
4 3-CL B 4-OCH; I}, A YX PC-3 2 i [ $ i 75 2
BT 4-F BH, Wtk &4 5b, Sc, Se F1 5i; Uik &)
Iy TR AR GBR v BUL T 2R IR AR AL BN A2 IV, 4k
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£ 1 B Sa~5i IRSMHIEEE TE

Table 1 Cytotoxic activities of 5a~5i in vitro
ICso"/(umoleL™")

Compd.

PC-3 HepG2
5a >50 >50
5b 29.98 >50
5¢ 27.69 >50
5d >50 >50
Se 40.36 >50
5f 46.84 >50
5g 26.36 >50
5h >50 >50
5i 12.56 49.99

5-FU 36.36 28.38

© 2015 Chinese Chemical Society & SIOC, CAS

“RBAER 3 VT (7SR A

GYRE PC-3 g HEEGR, (HUnR AR IR BT
RN HLARN A AR, (&P T 25 B
%, Wtk-54) Se A 5f.
1.3 L&Y 5i Xt PC-3 4RA AT RIS

PC-3 ZH 4 5i (2.5, 5 A1 10 pmol/L)YEFH 72 h J&, H
Annexin-V FITC/PI M GERT I, 25 R 57w PC-3 40
TR 5518 16.55%, 32.14%F1 49.28%, 11 % & 2H 441 it (1)
PHT- %N 8.46%, W3, LIRS REW, (LAWY 5ifehE
AT PC-3 4T,
1.4 L&Y 5i Xt PC-3 4RpfE HARY 520

PC-3 ZH 4 5i (2.5, 5 A1 10 pmol/LYYEFH 72 h &, H
PI BYey A, 25 S 5 /s 20 B R A o0 A R AR R 3 AR Ak
S5x ML, Gl 4R E b, G2/M A i B 2%
Whn, S JHApG I B2 R, UL EGREIR Si BT
PC-3 4151 & G2/M HABH A, WA 4.

2 i

AL ABUR A BRI S0 R k), @i 25 < —H
B O, PUE. ERG AT 9 AN I )
WE I [ 3,2-a | WEE SRATAEND. RSN TR S T 45 R R,
HARF=% PC-3 4H M AT ok rI T aEys v, ok
BV EIAHENE AR TR X I 25 SR, Horh b A
W) 5i (35 T e, 1Cs fH N 12.56 umol/L. #E— 25 HIHE A
SRR ILICRE A WIFES PC-3 AT, JHFHHA
PC-3 457 G2/M #1. H Rk — 5 i g5 /L At
WK B RN A IEAE 3R T
3 Sy
3.1 X5

& m ) Mel-TEMP ¥ s A e IR BETH R & IE);

ZLANETEACA Nicolet Impact 410 #(KBr J& F); i
A Agilent 1100 LC/DAD/MSD HU(ESI-MS)#1 Agilent
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Bl R &R
5 Control :&_) 2.5 pmol/L
> = .
= °
- 60 T
Oo Al e cé i e
7100 10" 102 103 10% 10° 10" 102 10% 10* 2 40
annexin V FTTC-H annexin V FTTC-H %
kel
L 5 umol/L " 10 pmol/L § a4
Q 2 <
2 = 0.
N Control 2.5 5 10
= T Cl(mmol-L")
© oo LA k=)
10° 10" 102 10% 10* 100 10" 102 10% 104
annexin V FTTC-H annexin V FTTC-H
B3 thadn sixt PC-3 4 TSR0
Figure 3 Effects of compound 5i on the apoptosis of PC-3 cells
5 Control - 2.5 pmol/L
o 4 o 4
N N
581 581
€84 Egd
Zz - Zz -
B4 B1 80+
B ) - G1(%)
© T prevey o1 - S (%)
0 20 40 60 80 100 0 20 40 60 80 100 60+ - G2(%)
Channels (FL,-H) Channels (FLo-H) 2
12}
o 40-
o 5 pmol/L o 10 pmol/L Q
o o
£ o R 20-
g3 £83
€ o )
3¢ 2¢ 0-
o P O 3,998 $.0 00
© 2 o°& " o°°\ v o°‘$ v
o o ¥ .1 -1
0 20 40 60 80 100 0 20 40 60 80 100 ClHimalL™)

Channels (FL,-H)

Channels (FL,-H)

B4 uE siox PC-3 4 A s
Figure 4 Effects of compound 5i on the PC-3 cells cycle

Accurate-Mass-Q-TOF-MS 6520 Y(HRMS); #Z% i 3EHRIX
A Bruke Avance 300 4 fl Agilent-NMR-vnmrs 400 %!
(CDCl; 5t DMSO-ds A7, TMS HWHR). #=EHTR
A B 5 Bpilere e T A EGR o aal,
K T 8 R VR AL B

32 ZWHE

3.2.1  3-F AR 1-(BAX R HL)-2-wikmd ok -5-BF (22~ 2¢) B9
AR,

H4 0.2 mol HUARIR I ER R £5, 25.24 mL (0.2 mol) Z 1
IR ZHEAN 16.4 g (0.22 mol) ZERANIIAE] 50 mL Z./%
o N R R BRSO 12 h, TLC MR s B se 4, A E1E
500
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I, WEIE, BEUHHUKETRR TS 3 R, BHRBIAK
W BEEE, fhE, EDRFHKYE 3 IR, KOG 1R, M
mmH MR TR - V(CEE)=2 ¢ 1 Eghi 3 Ik, 3+
i 2a~2c.

3-F I 1-(4- 5 2R 3 )-2- ML PR bR -5- il (2a): - 1 R0 4,
FEH T0%. m.p. 151~152 COCHMERY: 148~149 C);
'H NMR (CDCls, 300 MHz) d: 2.19 (s, 3H, CH3), 3.42 (s,
2H), 7.17 (t, J=8.8 Hz, 2H, ArH), 7.83 (t, J=6.8 Hz, 2H,
ArH); ESI-MS m/z: 193.1 [M+H]".

3- 13- AR AL )-2- ML B -5 - (2b): - 1 R 1k,
FEER 65%. mp. 127 CCOCHRED: 127~127.5 C); 'H
NMR (CDCls;, 300 MHz) §: 2.20 (s, 3H, CHj), 3.43 (s,

Chin. J. Org. Chem. 2015, 35, 497~504
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2H), 7.12 (d, J=7.9 Hz, 1H, ArH), 7.30 (t, J/=8.2 Hz, 1H,
ArH), 7.81 (d, J=8.2 Hz, 1H, ArH), 7.93 (s, 1H, ArH);
ESI-MS m/z: 209.0 [M+H]".

3- I 1-(4- PP AR R IR 5 ) - 2- I M k-5 (2¢): 1 £
R, 773% 67%. mp. 127~128 COCHREP?: 124~
126 “C); '"HNMR (CDCls, 300 MHz) d: 2.17 (s, 3H, CHj),
3.39 (s, 2H), 3.80 (s, 3H, OCHj3), 6.89 (d, J=9.0 Hz, 2H,
ArH), 7.71 (d, J=9.0 Hz, 2H, ArH); ESI-MS m/z: 205.1
M+ H]".

322 5-3-3-F A -1-(BAXR AR )ted-4- F B5(3a~3c)
EORES Y

7E 250 mL =i, A 23 mL (0.3 mmol)JE/K
DMF, VK12 —10 CF, &8N 64 mL (0.7
mol) = &S, M5, 0 CRHEEE 1 h, FERRFIA 0.1
mol 2a~2¢, ZEFHRZE MR, BIRE 90~95 CHA,
PR N 1 h, AEERER, ZEHN 600 mL K/KIEE
Y, BikE, SR, JEUPKEER B, BT ERA R
(] 44 3a~3c.

5-50-3- - 1-(4- TR 32 ) L -4 FPT S (32) ) - 33
E AR, 773 67%. '"H NMR (CDCls, 300 MHz) ¢: 2.54
(s, 3H, CH3), 7.17~7.25 (m, 2H, ArH), 7.49~7.55 (m,
2H, ArH), 9.97 (s, 1H, CHO); ESI-MS m/z: 239.1 [M+
H]'.

5-5-3- F BE-1-(3- G 2k M e -4- R (3b)P: 3%
O E AR, 722 70%. '"H NMR (CDCls, 300 MHz) 6: 2.54 (s,
3H, CH3), 7.44~7.51 (m, 3H, ArH), 7.60 (s, 1H, ArH),
9.98 (s, 1H, CHO); ESI-MS m/z: 255.1 [M~+H]".

5-50-3- B - 1-(4- FY 4 O 8 ) I P -4 P RS (30)2:
REOEE, 7% 69%. '"H NMR (CDCl;, 300 MHz) o:
2.53 (s, 3H, CH,), 3.87 (s, 3H, OCHj3), 7.00~7.02 (d, J=
8.0 Hz, 2H, ArH), 7.42~7.45 (d, J=8.0 Hz, 2H, ArH),
9.95 (s, 1H, CHO); ESI-MS m/z: 251.1 [M+H]".

323 4[5-F-3-F A -1-(RARR A )-abek-4- K 1-5-F
B CBE-6-F A -3,4- = R #5221 H)-#LER (4a~4dc) 19
AR

% 75.4 mmol 3a~3c, 11.4 mL (90.48 mmol)Z.fit 2
K 2.1, 8.6 g (114 mmol)fi iR A1 5.85 g (60.32 mmol)&
FEMERRIMAF] 50 mL L, Ny R4 B M 10 h,
TLC M 5e4s)a, WA, fhiE, JEUHHIK Rk
3K, WEF, 133 Efk 4da~4c.

4-[5-50-3- FF B - 1-(4- AR JR ) - ML e -4-BE1-5- iR &
Fig-6- F 33 4- — S 0E -2 (1 H)-Fifil (4a): (644,
% 54%M mp. 235~236 ‘C; 'H NMR (DMSO-d, 300
MHz) 6: 1.09 (t, J=7.0 Hz, 3H, OCH,CHs), 2.19 (s, 3H,
CH3), 2.27 (s, 3H, CHj), 3.99~4.09 (m, 2H, OCH,CH,),

Chin. J. Org. Chem. 2015, 35, 497~504
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5.28 (s, 1H, CH), 7.35~7.40 (m, 2H, ArH), 7.51~7.56
(m, 2H, ArH), 9.45 (s, 1H, NH), 10.35 (s, 1H, NH);
ESI-MS m/z: 409.2 [M+H]".

4-[5-5(-3- F JE-1-(3- R JE )b e -4- B2 1-5-F R &
W5 -6- F 3E-3 4- — A5 0E-2(1H)-Ti B (4b): [ 44k,
# 48%. m.p. 195~196 C; 'H NMR (DMSO-d;, 300
MHz) d: 1.07 (t, J=7.0 Hz, 3H, OCH,CH3), 2.21 (s, 3H,
CH3), 2.27 (s, 3H, CH3), 3.97~4.05 (m, 2H, OCH,CHj,),
5.29 (s, 1H, CH), 7.49~7.60 (m, 4H, , ArH), 9.45 (s, 1H,
NH), 10.38 (s, 1H, NH); ESI-MS m/z: 425.1 [M+H]".

4-[5-50-3- H B - 1-(4- F AR R R ) - E k-4 L ]-5-
P& 2. 16-6- F 5:-3,4- SR NE-2(1LH)- i B (4e): 1 E a4,
FEE 57%. m.p. 248~250 °‘C; '"H NMR (DMSO-d, 300
MHz) d: 1.09 (t, J=7.0 Hz, 3H, OCH,CHj3), 2.18 (s, 3H,
CH;), 2.27 (s, 3H, CH3), 3.81 (s, 3H, OCHj3), 3.93~4.09
(m, 2H, OCH,CHj3), 5.27 (s, 1H, CH), 7.05~7.08 (d, J=
8.8 Hz, 2H, ArH), 7.35~7.38 (d, J=8.8 Hz, 2H, ArH),
9.44 (s, 1H, NH), 10.35 (s, 1H, NH); ESI-MS m/z: 421.2
[M+H]".
324 BARLAS Y 2-[4-(6-(T A HBG)-5-(5-R-3-F
H (R A ) 4- 0 )-3- AAX-T7-F A R ek S
[3,2-a]"% " -2(5H)- I &) F &) R AL ]8R (Sa~5i) 89
B

# Ak 4a~d4e (2 mmol). FIEERZESEIL 2R
mmol). 7 22 (2.2 mmol)Fl Z FREH(2 mmol)II A F] 7 mL
LR CTEBHR VARV : V=41 3), No &4 F I
J% 6 h, TLC Y5l s B sE 4, W, BAUKKIBE Y,
TFE, HhE, VEURKYE 3 K, T, FREEZ S, H3E
FRF=4) Sa~5i.

2-[4-((6-( LA IR BB )-5-(5- 5 -3- F I - 1-(4-FL A 3 )~
ML P -4 ) -3 AR -7- Y S - W P 3,20 ) M E -2(S H)- V.
R H I IR AL 4R (Sa): AR, %K 65%. m.p.
151~152 ‘C; '"H NMR (DMSO-dq, 300 MHz) ¢: 1.15 (t,
J=6.9 Hz, 3H, OCH,CHj3), 2.29 (s, 3H, CH3), 2.37 (s, 3H,
CH;), 4.09~4.13 (m, 2H, OCH,CH;), 4.78 (s, 2H,
OCH,CO), 6.08 (s, 1H, CH), 7.07 (d, J=8.6 Hz, 2H,
ArH), 7.35 (d, J=8.7 Hz, 2H, ArH), 7.51~7.58 (m, 4H,
ArH), 7.79 (s, 1H, CH=); *C NMR (DMSO-d;, 75 MHz)
0: 12.72, 14.51, 22.90, 46.88, 60.64, 65.05, 105.52, 115.96,
116.41, 116.71, 117.02, 117.51, 126.23, 126.82, 127.62,
127.74, 132.51, 133.28, 134.24, 148.99, 152.18, 155.93,
160.17, 160.25, 163.51, 164.90, 165.41, 170.19; IR (KBr)
v: 3663, 3545, 3138, 2979, 2920, 2330, 2365, 1761, 1702,
1587, 1549, 1504, 1366, 1328, 1307, 1233, 1151, 1065
em'; ESI-MS m/z: 609.1 [M—H] ; HRMS calcd for
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CaoHosCIFN,O¢S [M+H]" 611.1162, found 611.1163.

2-[4-((6-( & 5Lk iR )-5-(5- -3 F L -1-(3- U R 5 )-
ML A -4 )-3- 5 AR -7- Y S~ WE W 3,20 ) M I -2(S H))- VI
F)H ) RKEI) 2 BR(5b): EOEA, PF 71%. mp.
164~165 ‘C; '"H NMR (DMSO-ds, 300 MHz) 8: 1.15 (t,
J=17.1 Hz, 3H, OCH,CHj3), 2.31 (s, 3H, CH3), 2.37 (s, 3H,
CH;), 4.08 ~4.16 (m, 2H, OCH,CH;), 491 (s, 1H,
OCH,CO), 6.08 (s, 1H, CH), 7.10 (d, J=8.7 Hz, 2H,
ArH), 7.49~7.61 (m, 6H, ArH), 7.79 (s, 1H, CH=); "*C
NMR (DMSO-ds, 75 MHz) d: 12.72, 14.51, 22.91, 46.86,
60.66, 65.11, 105.45, 116.03, 117.23, 118.06, 123.78,
124.96, 126.49, 126.86, 128.75, 131.33, 132.50, 133.19,
133.85, 139.00, 149.57, 152.27, 155.90, 159.93, 164.89,
165.38, 169.23; IR (KBr) v: 3504, 2991, 2914, 2849, 1773,
1708, 1595, 1556, 1511, 1376, 1265, 1324, 1303, 1263,
1233, 1215, 1160, 1079 cm™'; ESI-MS m/z: 625.1 [M—
H] ; HRMS caled for C,oHpsCLN,OS [M + H] *
627.0866, found 627.0865.

2-[4-((6-( &SRR )-5-(5-F-3- H B - 1-(4- A R K
FE )~ ML e -4 3 )-3- AH AR -7- H 3 — 1 e I [3,2-a] 1K I -
2(5H)- 0 56 ) 1 38 ) R 4 L ) 2R (Se): 3 (o [l 4k, 7= %
74%. m.p. 152~155 °C; '"H NMR (DMSO-d,, 300 MHz)
5: 1.15 (t, J=6.9 Hz, 3H, OCH,CHj3), 2.27 (s, 3H, CH;),
2.36 (s, 3H, CH3), 3.79 (s, 3H, OCH3), 4.05~4.16 (m, 2H,
OCH,CH;), 4.78 (s, 1H, OCH,CO), 491 (s, IH,
OCH,CO), 6.07 (s, 1H, CH), 7.02~7.13 (m, 4H, ArH),
735 (d, J=8.8 Hz, 2H, ArH), 7.55 (d, J=8.6 Hz, 2H,
ArH), 7.79 (s, 1H, CH=); *C NMR (DMSO-d;, 75 MHz)
5: 12.71, 14.50, 22.86, 46.95, 55.93, 60.61, 65.08, 105.67,
114.73, 115.97, 116.98, 117.07, 126.26, 126.51, 126.71,
126.93, 130.90, 132.50, 133.25, 148.42, 152.02, 155.86,
159.49, 159.92, 160.17, 164.89, 165.43, 170.15; IR (KBr)
v: 3588, 3158, 2979, 2931, 2837, 2555, 2335, 1764, 1705,
1590, 1552, 1504, 1363, 1304, 1257, 1236, 1157, 1077,
1054, 998 cm™'; ESI-MS m/z: 621.1 [M—H] ; HRMS
caled for CsH,sCIN,O,S [M -+ H]" 623.1362, found
623.1370.

2-[4-((6-( LA IR B )-5-(5- 5 -3- F I - 1-(4-F A 2 )~
ML e -4 )-3- 5 AR -7- Y R~ WE W I3, 2-a ) M I -2(S H))- VI
B )-3- 2 R EHFE ) 2B (5d): O E A, EE
71%. m.p. 165~167 ‘C; "H NMR (DMSO-d,, 300 MHz)
8: 1.15 (t, J=7.0 Hz, 3H, OCH,CH;), 1.36 (t, J=6.9 Hz,
3H, OCH,CHj3), 2.29 (s, 3H, CH3), 2.36 (s, 3H, CHj),
4.06 ~ 4.15 (m, 4H, 2 X OCH,CH;), 491 (s, 2H,
OCH,CO0), 6.08 (s, 1H, CH), 7.02 (t, J=8.4 Hz, 1H, ArH),
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7.14~7.21 (m, 2H, ArH), 7.35 (t, J=8.8 Hz, 2H, ArH),
7.51~7.56 (m, 2H, ArH), 7.78 (s, 1H, CH=); *C NMR
(DMSO-ds, 100 MHz) §: 12.73, 14.51, 15.02, 22.89, 46.84,
52.35, 60.64, 64.43, 65.30, 105.48, 114.07, 114.99, 116.45,
116.69, 117.38, 117.49, 123.92, 126.80, 127.65, 127.75,
133.58, 134.25, 148.65, 148.98, 149.75, 152.19, 155.91,
160.65, 164.81, 165.39, 169.35; IR (KBr) v: 3734, 3415,
3120, 2997, 2938, 2873, 2365, 1755, 1714, 1699, 1555,
1507, 1366, 1304, 1236, 1201, 1163, 1142, 1077 cm ',
ESI-MS m/z: 653.1 [M—H] ; HRMS calcd for C3;H,Cl-
FN,O-S [M+H]" 655.1424, found 655.1427.

2-[4-((6-( A Mg )-5-(5- 5 -3- FH 2L -1-3-F K 2 )~
ML P -4 ) -3 AR -7- Y S - W A 3,20 ) M E -2(S H)- .
FYFE)-3- A IR A I LR (Se): T EE, P2
66%. m.p. 181~183 ‘C; '"H NMR (DMSO-d,, 300 MHz)
d: 1.15 (t, J=7.0 Hz, 3H, OCH,CHj3), 1.36 (t, J=6.8 Hz,
3H, OCH,CH3), 2.31 (s, 3H, CHj), 2.37 (s, 3H, CH,),
4.06 ~ 4.16 (m, 4H, 2 X OCH,CH;), 5.14 (s, 2H,
OCH,CO), 6.08 (s, 1H, CH), 7.02 (t, J=8.8 Hz, 1H, ArH),
7.14 (d, J=8.4 Hz, 1H, ArH), 7.20 (s, 1H, ArH), 7.48~
7.57 (m, 3H, ArH), 7.61 (s, 1H, ArH), 7.77 (s, 1H, CH=);
BC NMR (DMSO-dg, 75 MHz) o: 12.69, 14.47, 15.01,
22.77, 46.84, 60.67, 64.50, 65.44, 105.37, 114.20, 115.09,
117.25, 118.02, 123.71, 124.02, 124.91, 126.83, 128.71,
131.29, 113.84, 138.97, 148.67, 149.58, 149.87, 152.09,
156.02, 164.75, 165.29, 169.28, 170.16; IR (KBr) v: 3557,
3410, 3126, 2991, 2920, 2849, 2330, 2176, 1733, 1712,
1592, 1544, 1369, 1308, 1255, 1234, 1162, 1145, 1067,
992 cm™'; ESI-MS m/z: 669.0 [M—H]™; HRMS calcd for
C3HyCLN4O;S [M+H]" 671.1129, found 671.1133.

2-[4-((6-( & AP R )-5-(5- 5 -3- F Fk-1-(4- A Bk o
BE ) bt e -4 FE )-3- S AR -7- B - I S [3,2-a] T I -
2(5H)-TVJ) H J)-3- S L 2R A R | 4R (51): 3 E 4,
FEE 62%. m.p. 191~193 ‘C; '"H NMR (DMSO-d;, 300
MHz) d: 1.15 (t, J=7.0 Hz, 3H, OCH,CH3), 1.36 (t, J=
6.9 Hz, 3H, OCH,CHj3), 2.27 (s, 3H, CHs), 2.36 (s, 3H,
CH;), 3.79 (s, 3H, OCH,), 4.06~4.17 (m, 4H, 2 X
OCH,CHj3), 4.91 (s, 2H, OCH,CO), 6.06 (s, 1H, CH), 7.02
(t, J=8.5 Hz, 3H, ArH), 7.13~7.21 (m, 2H, ArH), 7.35
(d, J=8.9 Hz, 2H, ArH), 7.77 (s, 1H, CH=); C NMR
(DMSO-ds, 100 MHz) §: 12.71, 14.48, 15.02, 22.74, 46.89,
52.35, 55.90, 60.64, 64.42, 65.31, 105.58, 114.05, 114.69,
114.98, 116.91, 117.25, 123.95, 126.70, 126.77, 126.93,
130.83, 133.74, 148.41, 148.64, 149.78, 151.83, 156.00,
159.45, 164.75, 165.35, 169.33, 170.22; IR (KBr) v: 3675,
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3439, 3120, 2985, 2932, 2336, 2218, 1731, 1705, 1658,
1584, 1560, 1515, 1393, 1301, 1357, 1163, 1124, 1062,
998 cm ™ '; ESI-MS m/z: 665.1 [M—H]"; HRMS calcd for
C3,H3,CIN,OS [M+H]" 667.1624, found 667.1630.

2-[2-((6-( LA IR TG )-5-(5- 5 -3- H 2 - 1-(4-F A 2 ) -
M -4 3 )-3- S AR - 7- Y 1 1 3 [ 3,2-a] W 0 -2(S H)- F.
R H IR R AR R (Sg): wmEEAAE, % 63%. m.p.
174~175 “C; 'H NMR (DMSO-d, 300 MHz) J: 1.15 (t,
J=17.0 Hz, 3H, OCH,CHj3), 2.29 (s, 3H, CH3), 2.37 (s, 3H,
CHs), 4.06 ~4.17 (m, 2H, OCH,CH;), 4.98 (s, 2H,
OCH,CO), 6.08 (s, 1H, CH), 7.04~7.18 (m, 2H, ArH),
7.35 (t, J=8.7 Hz, 2H, ArH), 7.44~7.50 (m, 2H, ArH),
7.53~7.58 (m, 2H, ArH), 8.05 (s, 1H, CH=); *C NMR
(DMSO-d,, 100 MHz) 0: 12.73, 14.51, 22.88, 46.89, 52.41,
60.66, 65.34, 105.66, 113.44, 116.44, 116.67, 117.35,
120.37, 122.15, 12231, 126.84, 127.68, 129.20, 132.97,
134.26, 148.98, 152.04, 155.88, 156.86, 160.65, 164.86,
165.38, 169.27, 170.14; IR (KBr) v: 3545, 3410, 3120,
2926, 2849, 1764, 1705, 1625, 1593, 1552, 1513, 1372,
1328, 1304, 1233, 1157, 1133, 1077 cm™'; ESI-MS m/z:
609.4 [M—H]; HRMS calcd for CrHysCIFN,O¢S [M+
H]" 611.1162, found 611.1159.

2-[2-((6-( Z A BT )-5-(5- 54-3- H FE - 1-(3- S R Jk ) -
M -4 35 )-3- S AR - 7- Y 1 1 - [ 3,2-a] W i -2(S H)- IF.
FH I REIL) 2R (Sh): A, 2 73%. mp.
174~175 C; '"H NMR (DMSO-d, 300 MHz) : 1.15 (t,
J=17.0 Hz, 3H, OCH,CHj3), 2.32 (s, 3H, CH3), 2.37 (s, 3H,
CHs), 4.06 ~4.17 (m, 2H, OCH,CH;), 4.86 (s, 1H,
OCH,CO), 4.98 (s, 1H, OCH,CO), 6.08 (s, 1H, CH),
7.05~7.18 (m, 2H, ArH), 7.44~7.57 (m, 5H, ArH), 7.62
(s, 1H, ArH), 8.06 (s, 1H, CH=); *C NMR (DMSO-d,
100 MHz) §: 12.75, 14.51, 22.89, 46.84, 52.41, 60.69,
65.21, 105.54, 113.44, 117.90, 122.32, 123.86, 125.02,
127.78, 128.77, 129.20, 131.33, 132.98, 133.82, 138.96,
149.53, 152.14, 155.95, 156.86, 157.03, 164.89, 165.36,
169.27, 170.15; IR (KBr) v: 3404, 2967, 2926, 2342, 2117,
1734, 1702, 1594, 1547, 1483, 1448, 1367, 1307, 1231,
1161, 1133, 1060, 1009 cm™'; ESI-MS m/z: 625.4 [M—
H] ; HRMS caled for C,oHpsCLN,OS [M + H] *
627.0866, found 627.0868.

2-[2-((6-( &SRR TR )-5-(5-F-3- H B - 1-(4- A K
FE )~ ML e -4 3 )-3- S AR -7- H 3 — 1 e I [3,2-a] 1K I -
2(5H)- 0 ) F 5L ) R S B ) O R (5i): 3 T [l 4k, 7= %
64%. m.p. 162~164 °C; '"H NMR (DMSO-ds, 300 MHz)
5: 1.15 (t, J=7.0 Hz, 3H, OCH,CHa), 2.27 (s, 3H, CH,),
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2.36 (s, 3H, CH3), 3.80 (s, 3H, OCHj3), 4.07~4.17 (m, 2H,
OCH,CHj3), 4.98 (s, 2H, OCH,CO), 6.07 (s, 1H, CH),
7.02~7.18 (m, 4H, ArH), 7.37~7.50 (m, 4H, ArH), 8.05
(s, 1H, ArH); C NMR (DMSO-ds, 100 MHz) 6: 12.73,
14.50, 22.86, 46.94, 52.41, 55.91, 60.64, 65.35, 105.79,
113.44, 114.69, 116.82, 120.39, 122.05, 122.17, 122.31,
126.72, 127.75, 129.20, 130.86, 132.95, 148.40, 151.89,
155.82, 156.86, 159.46, 164.85, 165.41, 169.27, 179.16; IR
(KBr) v: 3392, 3126, 2955, 2926, 2837, 2336, 1731, 1707,
1590, 1548, 1515, 1481, 1440, 1384, 1369, 1322, 1304,
1255, 1230, 1201, 1164, 1133, 1080 cm '; ESI-MS m/z:
621.4 [M—H] ; HRMS calcd for C;,H,sCIN4O,S [M+
H]" 623.1362, found 623.1366.

32,5 HUAVIG &K

DL S-30RERE (5-FU) A PH M2, SR F O HR S A3 2
EEMTT)IE JFEENAR H brfb &9 KT 5 igE PC-3 4H
MR HepG-2 UM RSML PR TG PE. b THa %L
AR, BHEIRE N 3.5 X 10*4A/mL 4R E
M, 96 FLANMEES FEAR P AEFLIIN 100 pL 4R (L
3.5X10° NIHR), FEEB MR R E T 37 C, 5%
CO, K5 FRA TS5 24 h. HE SRR A 2T
WRE, LI 100 pL FHRIE 25(50 pmol/L)R; 772,
[ s B ST S xR, BRI ZE, 96 FLAH M3 IR AR B
T37 C, 5% CO, KiFeArh 597 72 h. LM 20 pL
MTT (5 mg/mL), TERFRAAGRLLIGTE 4 hy LR IR,
IO 150 pL — H T AK(DMSO) ¥ i, 18%2] 10
min. BEHRCEEHEEFLAY OD {H(A=490 nm), & H
R, R AR T

P R (%) = (1 — 4 24 RO B AR/ 25 1 RO B
18) X 100%.

50 pmol/L MR KT 50%MIFE S, FHr ik Bk
FEHEAT AT, B AR UL S LA 0.78125, 1.5625, 3.125,
6.25, 12.5, 25, 50, 100 pmol/L WK FEMNA 96 FLAR 1, 535
72 h, K. 5645 B R SPSS17.0 #AF 5 1Cs, 1H.
3.2.6 Annexin-V FITC/PI 34 ik 4 ) 4@ it )8 =

BAEECE K WIM PC-3 g AL A BN FLAR R,
WH, FrAifuibeE s, MRy B EIMAMNIEA S
Bragdt, R SESL BT IR A, 290ER 72 h 5, H
0.25%EME(A 7 EDTA)HALICSEATN; F PBS Pk
L 2 YR 2000 r/min, 5 min)iC4E 52X 10° 4HHE; A
500 pL ] Binding Buffer 7741, MMA 5 pL Annexin
V-FITC J&%1J5, AN 5 pL Propidium lodide, ¥E%]; =
T WG M 5~15 min; f 5 H 240 AR
(Ex=488 nm; E,=530 nm)4H g8 T 11E oL, SEEEE 3
e
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3.2.7 Pl 33k 4a i B 2R

BAEEUE KM PC-3 U AL BRI B S LB A,
UCH, Frgifitee f5, MRS58 EIMAAN K EH 5
Rrgedek, [RIAS &L A ERT IR AL Z5901EH 72 h )5, H
0.25%JRBF(A S EDTA)HAIER 4/, F PBS Jeikdi
J 1 (S0 2000 r/min, 5 min)YSC&E 5X 10° 400 4% 1)
BN B R BON 70% 2B 5E 2 h, 4 CIRAT,
o hi H PBS Y22 AW, AN 100 pL RNase A 37 “C7K
30 min; F 0N 400 pL PIYL (IR 2], 4 C il 30 min;
e EAURI, 10 BOR I 488 nm ALZL 15 . SLER
HE 3K

48 B4k} (Supporting Information) fT & AL & W1
'H NMR, C NMR, ESI-MS, HRMS &, iXsbftplar
LA B MAS T1) 9 3385 (http://sioc-journal.cn/)_E R %K.
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