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Abstract A series of novel purin-8-one derivatives were prepared with the starting materials of 2,4-dichloro-5-
nitropyrimidine and followed by multi-step reactions. The structures of all target compounds were identified by "H NMR, "*C
NMR and HRMS. The preliminary biological evaluations were performed using thiazolyl blue tetrazolium bromide (MTT)
method to test their antiproliferative activities against some tumor cell lines. The results suggested that some compounds ex-
hibited good anti-proliferative activities against tumor cell lines. Especially, four compounds showed similar or better inhibi-
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tory activities against Hela, MOLT-4 and K562 tumor cell lines compared with R-roscovitine.
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Reagents and conditions: (a) DIPEA, EtOAc, 0 °C~r.t., 6 h; (b) SnCl,, EtOAc, 50~60 °C, 2 h; (c) Phenyl chloroformate, NaHCO;, EtOAc,
H,0, 0 °C~r.t., 1 h, then 70 °C, 2 h; (d) TsOH, n-Butanol, microwave, 70 °C, 30 min (or reflux, 15~20 h); (e) K.CO;, DMF, r.t., 3 h; (f) HCI,

EtOAc, r.t., overnight
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Scheme 1 Synthetic route of the target compounds
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Table 1 The structure of the compounds

R3
/
R2 N
N
LT -0
N~ N7 N
H R!

Yk
Compd. R! R’ R®

6g i-Pr N(CHs), CH,COOH
6h i-Pr N(CHs;), Pr

6i i-Pr N(CHs), Allyl

6j i-Pr N(CHj;), Propargyl

6k i-Pr N(CHs;), Bn

61 Cyclopentyl N(CHj), CH,COOCH;
6m Cy N(CHs), CH,COOCH;
6n  Cyclopropyl N(CHj), CH,COOCH;
60 Ph N(CHs), CH,COOCH;
6p i-Pr Morpholino CH,COCH3;
6q i-Pr Morpholino CH,COOH
6r i-Pr 4-Boc-piperazin-1-yl ~ CH,CH,OH
7a  i-Pr Piperazin-1-yl H

7b  i-Pr Piperazin-1-yl CH,CH,0OH

1.2 BirtaYniniEmiegEE

FA 1% A Hela A1THCT116 fiR 4n f ik, A DY 3
AEMEIEMTT)ENNK T e Hbrfb 578 50 pmole
TR TR bR AN R RO BT . % AR A

Compd. R! R? R®
5a i-Pr OH H
5b i-Pr OCH; H
5c¢  Cyclopentyl OCH; H
5d i-Pr N(CHj), H
S5e Cyclopentyl  N(CHj;), H
5f Cy N(CH;), H
5¢ Cyclopropyl N(CHzj), H
5h Ph N(CHj3), H
5i i-Pr Morpholino H
5j i-Pr 4-Boc-piperazin-1-yl H
6a i-Pr OH CH,COOCH;
6b i-Pr OH CH,COCH;
6¢c i-Pr OCH; CH,COOCH;
6d Cyclopentyl OCH; CH,COOCH;
6e i-Pr N(CHj3), CH,COOCH;
6f i-Pr N(CHj), CH,COCH;
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Figure 1 Inhibitions of all the target compounds to Hela and HCT116 cell lines at 50 pmolsL ™'
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PLRERZONIERS R 11 HHIG R DU 25 R-Roscovitine
VEBRTEXT R, IR 22 KT 60%01 B b &4
(5a. 5h. 5j. 6h. 6i fll 6j), MiXILXF MOLT-4. Hela.
K562 F1 HCT116 VURE 8 4t Mok I Hu B i 5 1 (GR 2).
SERFRW, 1X 6 /N HARMLA YN H] Hela i3 40 FRAK F1 75
PE(ICso = 5~20 umoleL ") 24 B A1t T FH 4 X FE 24
R-Roscovitine (ICso=15.86 +0.42 pumoleL™"); L &%
5h. 6h. 6i 1 6j #lH| MOLT-4 i 21 f ik i1 v P (1C 0
=5~9 pumolsL ")l F-BH XTI 24 R-Roscovitine (ICs)=
17.7740.83 pumolsL "); k&4 Sh. 6h. 6i F1 6j il
K562 [958 241 M MR PO 95 12 (IC 50 = 12~48 pmoleL ™ ") 245k
It F BH P XF B8 245 R-Roscovitine (ICsy = 41.76 & 5.04

umoleL ™), {HIX NAME A%t HCT116 8 4H F bk 4
H3% M (ICso > 39 pmoleL ~ ") I A 1 f7 4 %} [ 24
R-Roscovitine (ICso=17.16+3.77 pmolsL™"). 1 E4]
oF AN [ b 98 20 ik 1 B4 BE VR B AT g, e AN T
MOLT-4 H1 Hela fit 722 48 M A 30 8 4 AT 7 e ik
R Mk K562 ATHCT116. 43#T e 145 f ] &N, 16 NE
W8Tl 11 N(O)DZL 5] A 2K (Sh), 75 N(7)47 5] N A %
(6h)~ i P9 FE(61) Bk T F2(6§) AT 2 E R AL A& R Pk
PRV .
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Table 2 Antiproliferative activities of representative compounds

1Cso"/(umoleL ")

Compd.

MOLT-4 Hela K562 HCT116

Sa 54.29+534 10.88+1.81 >80 >50

Sh 7.66+0.84 543+1.22 11.85+£2.45 >50

5j 56.52+4.22 11.74£1.72 >80 >50

6h 8.94+2.14 15.20+1.37 18.03t4.12 39.38+10.01

6i 8.25+1.63 19.55+1.14 23.51%1.52 >50

6j 526+1.27 18.79+1.47 47.81£5.32 >50
R-Roscovitine 17.77£0.83 15.86+0.42 41.76 £5.04 17.16+3.77

¢ =N E BT Y .
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Hela 400G B 2APHIER. Hd stk H s &4) Sh,
6h. 6i il 6j FfI Hela. MOLT-4 FI1 K562 JifvJ83 21 Jf #k )
TP AE 2B FBHMEXT RE 25 R-Roscovitine. _IRZE RN
A J W TR BN NS SRR 2SR Ak TR ) SR

3 XE
3.1 UES5HF

RY-1 ¥ AL CREER GG AX 2% 3 A 7l); Bruker-
300MHz # Bruker-400MHz %R HEAL; Agilent
6520 7= HE LT 55 FL B )% B4 ; Thermo Varioskan
Flash 27K 2 DIREREAR{Y; Thermo Forma3111 B! —%
A BRAE IR % 72 46 ; Olympus CKX31 XX H 31 & B /s,

B SR 56 A BT AR X8 R T B 1 4 b Al A 2
AR, 2R 97%~99%, RAALEEMH. A&
PR L REAH B (T L5 40 A MOLT-4. A\ & 2098 4 g
Hela. HIMBEAINE K562, A&5imf@diil HCT116 Mg
R 7 RPMI1640 15777 (35 [E Hyclone A #]); 10% (fAFH
SBONG A L% (35 H Hyclone A#]); 2.5 goL ™' & A
(Z£[E Gibco A A); FHM:XT M2 R-Roscovitine W H
MedChemExpress (MCE)H [E 73 /A #].

32 KEMMERK
3.2.1 4k 3a~3e 494 A%

a7k 3a~3e 27 AH G SCRR[13]4115.

NP2 U -4,5- e Ba), I, 7
84%. m.p. 93~95 ‘C; 'H NMR (400 MHz, CDCl;) o:
7.58 (s, 1H), 5.03 (d, J=6.8 Hz, 1H), 4.38~4.27 (m, 1H),
3.01 (brs, 2H), 1.26 (d, J=6.5 Hz, 6H).

N-IR R HE-2- G IE-4,5- % (3b): SO E AR, 77
95%. m.p. 126~128 ‘C; '"H NMR (400 MHz, DMSO-d¢)
S: 7.36 (s, 1H), 6.65 (d, J=6.6 Hz, 1H), 4.94 (s, 2H),
4.29~4.19 (m, 1H), 2.02~1.91 (m, 2H), 1.75~1.63 (m,
2H), 1.63~1.51 (m, 2H), 1.51~1.39 (m, 2H).

N-FR B FE-2-G0E -4, 5- — i (3c): WA E AR, 77
K 98%. mp. 142~ 144°C; 'H NMR (400 MHz,
DMSO-dy) 6: 7.37 (s, 1H), 6.59 (d, J=7.4 Hz, 1H), 4.65
(br s, 2H), 3.90~3.76 (m, 1H), 1.97~1.85 (m, 2H),
1.79~1.69 (m, 2H), 1.66~1.56 (m, 1H), 1.40~1.10 (m,
SH).

N-IR PG5 -2- A 0 -4,5- — 1% (3d): T4 (kG B v
&, R, HEMT T 2R M.

N ZE 2SI -4.5- — i (3e): (0 [ 4, o o
20%. m.p. 136~137°C; "H NMR (400 MHz, DMSO-d;) o:
8.63 (s, 1H), 7.74~7.58 (m, 3H), 7.36 (t, J=7.9 Hz, 2H),
7.07 (t, J=7.4 Hz, 1H), 5.31 (s, 2H).
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3.2.2  WIAl4Kk da~de 894 A%

HrE & 4a~4e (16 S 2 AH G SCHR13].

9- S N E-2-5(-7,9- (-8 H-NE M4 8- (4a), (o
B, 773 46%. m.p. 244~246 C; 'H NMR (400 MHz,
DMSO-ds) d: 11.56 (br s, 1H), 8.12 (s, 1H), 4.63~4.49
(m, 1H), 1.47 (d, J=6.9 Hz, 6H).

9-I K FE-2-5(-7,9- & -8H-"E N4 8- (4b): F7 th [
1K, 72Z 51%. m.p. 242~244 C; '"H NMR (400 MHz,
DMSO-ds) 6: 11.60 (s, 1H), 8.12 (s, 1H), 4.77~4.62 (m,
1H), 2.16~2.04 (m, 2H), 1.97~1.85 (m, 4H), 1.69~1.57
(m, 2H).

9-FF B FE-2-5-7,9- A -8H-NE M 8- (4c): K H{h
4K, 7% 60%. m.p.>260 C; 'H NMR (400 MHz,
DMSO-dg) 6: 11.59 (s, 1H), 8.12 (s, 1H), 4.23~4.06 (m,
1H), 2.27~2.08 (m, 2H), 1.90~1.60 (m, 5H), 1.45~1.28
(m, 2H), 1.27~1.12 (m, 1H).

9-IATH E-2-5(-7,9- & -8H-"EI4 8- (4d): 45 [
&, 7% 28%. m.p.>250 C; 'H NMR (400 MHz,
DMSO-ds) 6: 11.54 (s, 1H), 8.09 (s, 1H), 2.95~2.88 (m,
1H), 1.06~0.94 (m, 4H).

9- I HE2-5(-7,9- S-S H-MEM 8- (4e): ¥R 4L (1 [H
&, PFHE 49%. m.p.>250 C; '"H NMR (400 MHz,
DMSO-ds) 6: 11.99 (s, 1H), 8.26 (s, 1H), 7.63~7.54 (m,
4H), 7.52~7.46 (m, 1H).

323  HiR S 4 5a~5) 696 &

HrhlEA 4a (021 g, 1 mmol). & FEFKE(0.16 g,
1.5 mmol) FIXt FH AR (0.52 g, 3 mmol)iE &, IIAIET
i 20 mL, % 170 “C v 30 min(EI0#EIA 15~20
h). SN SERUG, M RAEEEE, A R
NaHCO;(#J 50 mL)REIZ i+ 15 min it 3€, JE0HE IS
JE Ml AT R AT B A 13 B AL A 9-F TR
F2-(4- PR FE I FE)-7,9- A -8H-"E 14 8-l (5a), {7
B 0.07 g, % 25%. m.p. 244~246 “C; 'H NMR (400
MHz, DMSO-dg) 6: 10.80 (s, 1H), 8.92 (s, 1H), 8.88 (s,
1H), 7.86 (s, 1H), 7.46 (d, J=8.9 Hz, 2H), 6.66 (d, J=8.9
Hz, 2H), 4.57~4.49 (m, 1H), 1.48 (d, J=6.9 Hz, 6H); "°C
NMR (100 MHz, DMSO-d;) d: 155.6, 153.2, 152.1, 151.1,
134.1, 133.4, 120.7, 115.3, 114.7, 44.1, 20.2; HRMS
(AP-ESI) calcd for C4HsNsO, [M—|—H]+: 286.1299, found
286.1295.

LT AL EH) Sb~5) &S Sa & B E,
5j 5 AL B AR S Sa A

9- S T Jik-2-(4- F AU R B 2k )-7,9- & -8 H-PEE 4 -8-
fiil(5b): A EEAK, P2 31%. mp. 262~264 C; 'H
NMR (400 MHz, DMSO-d) d: 11.06 (s, 1H), 9.39 (s, 1H),

Chin. J. Org. Chem. 2017, 37, 1479~1486
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7.91 (s, 1H), 7.58 (d, J=9.0 Hz, 2H), 6.89 (d, J=9.0 Hz,
2H), 4.60~4.49 (m, 1H), 3.73 (s, 3H), 1.49 (d, J=6.9 Hz,
6H); “C NMR (100 MHz, DMSO-dy) J: 153.7, 153.3,
152.2, 151.0, 132.7, 130.2, 120.1, 114.0, 113.2, 54.6, 43.3,
19.1; HRMS (AP-ESI) caled for C,sH;sNsO, [M+H]":
300.14554, found 300.1454.

9-If [ Hk-2-(4- FH A R 2 0k )-7,9- — S(-8 H-ME % -8-
il (5¢): Bk, 773 64%. mp. 259~260 C; 'H
NMR (400 MHz, DMSO-dj) 0: 10.87 (s, 1H), 9.01 (s, 1H),
7.90 (s, 1H), 7.60 (d, J=9.1 Hz, 2H), 6.84 (d, J=9.1 Hz,
2H), 4.73~4.61 (m, 1H), 3.71 (s, 3H), 2.26~2.13 (m,
2H), 2.00~1.83 (m, 4H), 1.69~1.55 (m, 2H); °C NMR
(100 MHz, DMSO-dg) J: 155.4, 154.1, 153.4, 151.1, 134.9,
134.2, 120.3, 115.0, 114.1, 55.6, 52.3, 29.2, 24.9; HRMS
(AP-ESI) calcd for C;H,NsO, [M+H]": 326.1612, found
326.1607.

9- 57 P J-2-(4-(N,N- — 1 2 i ) R 58 )-7,9- —&-
SH-WENS -8-Ji (5d): A (4, =% 54%. m.p. 262~
264 °C; 'H NMR (400 MHz, DMSO-d) : 10.79 (s, 1H),
8.85 (s, 1H), 7.86 (s, 1H), 7.52 (d, J=8.9 Hz, 2H), 6.70 (d,
J=8.9 Hz, 2H), 4.61~4.48 (m, 1H), 2.82 (s, 6H), 1.50 (d,
J=6.9 Hz, 6H); *C NMR (100 MHz, DMSO-dj) J: 155.7,
153.2, 151.1, 146.2, 1342, 132.0, 120.4, 114.6, 113.6,
44.1, 41.4, 20.3; HRMS (AP-ESI) calcd for Ci¢H,NsO
[M+H]": 313.1771, found 313.1770.

9-FF ¥ 3 -2-(4-(V,N- — F& 3 ) R FE)-7,9- A -
SH-VE W5 8- (Se): ¥ 4% (B [H 4k, /%% 23%. m.p.>
280 ‘C; 'H NMR (400 MHz, DMSO-d) &: 10.82 (s, 1H),
8.83 (s, 1H), 7.87 (s, 1H), 7.50 (d, J=9.0 Hz, 2H), 6.68 (d,
J=9.0 Hz, 2H), 4.72~4.60 (m, 1H), 2.82 (s, 6H), 2.28~
2.11 (m, 2H), 2.00~1.81 (m, 4H), 1.70~1.54 (m, 2H); "*C
NMR (100 MHz, DMSO-dy) J; 155.7, 153.4, 151.1, 146.2,
134.4, 131.9, 120.5, 114.6, 113.5, 52.3, 41.4, 29.2, 25.0;
HRMS (AP-ESI) caled for C;sH»NsO [M + H] ' :
339.1928, found 339.1923.

9- 3 O Jk -2-(4-(N,N- — 2 ik ) R 2 56 )-7,9- — &L-
SH-WE WA 8- i (5f): ¥ 4k 0 [l &, 7% & 56%. m.p.>
250 ‘C; '"H NMR (400 MHz, DMSO-dy) &: 10.82 (s, 1H),
8.88 (s, 1H), 7.87 (s, 1H), 7.54 (d, J=9.0 Hz, 2H), 6.69 (d,
J=9.1 Hz, 2H), 4.20~4.05 (m, 1H), 2.82 (s, 6H), 2.39~
2.25 (m, 2H), 1.91~1.79 (m, 2H), 1.77~1.64 (m, 3H),
1.43~1.28 (m, 2H), 1.28~1.16 (m, 1H); >C NMR (100
MHz, DMSO-dg) 6: 155.5, 153.4, 1512, 146.1, 134.3,
132.0, 120.4, 114.8, 113.5, 51.6, 41.4, 29.7, 25.9, 25.5;
HRMS (AP-ESI) caled for C;oH»sNsO [M + H] ' :
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353.2084, found 353.2091.

9-FF T 2 -2-(4-(NV,N- — F & ) R 3E)-7,9- —A-
SH-VE W 8- (Sg): ¥ 4t L [H 1k, /=% 42%. mp.>
250 ‘C; "H NMR (400 MHz, DMSO-d) §: 10.73 (s, 1H),
8.88 (s, 1H), 7.83 (s, 1H), 7.57 (d, J=9.1 Hz, 2H), 6.69 (d,
J=9.1 Hz, 2H), 2.93~2.86 (m, 1H), 2.82 (s, 6H), 1.11~
1.05 (m, 2H), 1.01~0.92 (m, 2H); *C NMR (100 MHz,
DMSO-dg) d: 155.9, 154.0, 152.2, 146.1, 134.0, 132.1,
120.3, 114.5, 113.6, 41.4, 22.5, 5.8; HRMS (AP-ESI) calcd
for C1¢H oNgO [M+H]": 311.1615, found 311.1614.

9- R Fk-2-(4-(N,N- — H & ) R & 5)-7,9- —&-8H-
WENS-8-B(Sh): AR [EAR, =% 43%. mp.>250 C;
'H NMR (400 MHz, DMSO-d) 6: 11.10 (s, 1H), 8.91 (s,
1H), 7.99 (s, 1H), 7.65 (d, J=7.4 Hz, 2H), 7.55 (t, J=7.8
Hz, 2H), 7.49 (d, J=9.0 Hz, 2H), 7.43 (t, J=7.4 Hz, 1H),
6.64 (d, J=9.1 Hz, 2H), 2.80 (s, 6H); *C NMR (100 MHz,
DMSO-dg) d: 156.0, 152.8, 151.4, 146.2, 134.9, 133.5,
131.8, 129.3, 128.1, 127.0, 120.5, 114.9, 113.5, 41.4;
HRMS (AP-ESI) caled for CHisNeO [M + H] ' :
347.1615, found 347.1610.

9- 57 T 2 -2-(4- My Wk 3 2R 1 0 )-7,9- — & -8 H- M WA -8~
i (5i): AR, P2 42%. mp.>270 C; 'H NMR
(400 MHz, DMSO-d;) J: 10.83 (s, 1H), 8.99 (s, 1H), 7.89
(s, 1H), 7.59 (d, J=9.1 Hz, 2H), 6.87 (d, J=9.1 Hz, 2H),
4.61~4.48 (m, 1H), 3.86~3.62 (m, 4H), 3.14~2.91 (m,
4H), 1.50 (d, J=6.9 Hz, 6H); °C NMR (100 MHz,
DMSO-dg) d: 155.4, 153.2, 151.1, 146.0, 134.3, 134.2,
119.8, 1162, 114.8, 66.7, 49.9, 44.1, 20.2; HRMS
(AP-ESI) calcd for C,sH,3N¢O, [M+H]": 355.1877, found
355.1871.

4-(4-((9- 57 TH F:-8- 5 FE-8,9- & -TH-MEI4 2 JE)
S R IE)IRIE-1- R FE BT BR(SHA R 12 Bk IR
N SERG R, ZEBRIEEH. N 20 mL &R, B
BOC-& i (0.44 g, 2 mmol)f] & FHe¥A R 10 mL 2218
WA, FWRBFE 1 h ZSEARER, @A Eraith 5
B3 B AR =9 5j, AEE, F=3% 32%. mp. 241~
243 °C; '"H NMR (400 MHz, DMSO-d) : 10.84 (s, 1H),
9.01 (s, 1H), 7.89 (s, 1H), 7.59 (d, J=9.0 Hz, 2H), 6.89 (d,
J=9.0 Hz, 2H), 4.61~4.49 (m, 1H), 3.52~3.38 (m, 4H),
3.04~2.93 (m, 4H), 1.50 (d, J=6.9 Hz, 6H), 1.42 (s, 9H);
C NMR (100 MHz, DMSO-d;) o: 155.4, 154.3, 153.2,
151.1, 145.8, 134.7, 134.1, 119.7, 117.3, 114.9, 79.4, 50.0,
44.1, 28.5, 20.2; HRMS (AP-ESI) calcd for Cp3H;,N;05
[M+H]": 454.2561, found 454.2563.
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3.2.4  HARMLAY 6a~6r 895 5%

B A4 5a (0.29 g, 1 mmol)¥ET 20 mL — FHFEH
Bk b, 1A i KoCOs (0.28 g, 2 mmol). =i 444
T, MRS RS 2-IR O FEE0.18 g, 1.2
mmol) ) — H R FEZ 10 mL, N 3~4 h. RN5EHEE,
R R IIANL) 120 mL 7K, 7 44, 8. DR
FEEMT AL S R A 2-(9- 7 A 2k-2-(4- B2 FE R B 0 )-8-
W36 -8,9- A -TH-VEWA 7-38) 2.1 F K (6a), T €4 [ 44
0.17 g, 7% 48%. m.p. 188~190 ‘C; 'H NMR (400
MHz, DMSO-dg) d: 9.03 (s, 1H), 8.97 (s, 1H), 8.09 (s, 1H),
7.46 (d, J=8.8 Hz, 2H), 6.68 (d, J=8.8 Hz, 2H), 4.70 (s,
2H), 4.63~4.52 (m, 1H), 3.71 (s, 3H), 1.50 (d, J=6.9 Hz,
6H); °C NMR (100 MHz, DMSO-dy) J: 168.9, 156.1,
152.4, 152.3, 150.0, 134.8, 133.1, 120.9, 115.7, 115.3,
52.8, 449, 424, 20.2; HRMS (AP-ESI) calcd for
C17H0N504 [M+H]": 358.1510, found 358.1510.

LN LAY 6b~e6r (15 S 6a & HUARE], H
6g Fll 6q )5 A HEFE 5 6a FIANIA]. & R BT A G 4K
Y RX WIFPSARR, Hrbdl# stk &4 6b. 6f. 6p
HERY, HREREY 6c~6e. 6g. 6i~60. 6q-
6r 15 AR EACA, 6h F i) 45 U F AL A7

7-(2-5A 0 JE TN 2L )-9- 5 TN 2k -2-(4- PR DR = 3 )-7,9-
T -8H-VEW 8- (6b): [ AL [E &, FFE 36%. m.p.
130~133 C; "H NMR (400 MHz, DMSO-dj) d: 9.00 (s,
1H), 8.96 (s, 1H), 7.96 (s, 1H), 7.46 (d, J=8.9 Hz, 2H),
6.67 (d, J=8.9 Hz, 2H), 4.77 (s, 2H), 4.63~4.51 (m, 1H),
2.22 (s, 3H), 1.50 (d, J=6.9 Hz, 6H); *C NMR (100 MHz,
DMSO-dg) d: 202.7, 156.0, 152.4, 152.2, 149.9, 134.6,
133.2, 120.8, 116.0, 115.3, 50.5, 44.8, 27.4, 20.3; HRMS
(AP-ESI) calcd for C;7H»0NsO; [M—|—H]+: 342.1561, found
342.1569.

2-(9- 57 TN 2R -2-(4- TP AR BE R A 2 )-8- S I 26 -8,9- —
H-TH-TEWS7-35) 28 i liG(6c): 1R G EIA, P25 46%.
m.p. 128~130 C; 'H NMR (400 MHz, DMSO-d;) o
9.18 (s, 1H), 8.12 (s, 1H), 7.62 (d, J=9.1 Hz, 2H), 6.86 (d,
J=9.1 Hz, 2H), 4.71 (s, 2H), 4.66~4.54 (m, 1H), 3.76~
3.66 (m, 6H), 1.51 (d, J=6.9 Hz, 6H); “C NMR (100
MHz, DMSO-ds) d: 168.9, 155.9, 154.2, 152.4, 150.0,
134.8, 134.7 , 120.3, 115.9, 114.2, 55.6, 52.8, 44.9, 42.4,
20.2; HRMS (AP-ESI) caled for CigHy,N504 [M+H]+:
372.1666, found 372.1661.

2-(9-34 I3 = -2-(4- HH 48 i O R )-8- B I -8,9-
A-TH-VEW -7-38) Z TR R (6d): (I ELE R, P73 74%.
m.p. 175~177 “C; 'H NMR (400 MHz, DMSO-d;) o
9.15 (s, 1H), 8.13 (s, 1H), 7.60 (d, J=9.1 Hz, 2H), 6.85 (d,
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J=9.1 Hz, 2H), 4.77~4.65 (m, 3H), 3.72 (s, 3H), 3.71 (s,
3H), 2.26~2.10 (m, 2H), 2.00~1.86 (m, 4H), 1.70~1.56
(m, 2H); *C NMR (100 MHz, DMSO-d;) J: 168.9, 155.9,
1543, 152.6, 150.0, 134.9, 134.6, 120.5, 116.0, 114.1,
55.6, 53.0, 52.8, 42.5, 29.3, 24.9; HRMS (AP-ESI) calcd
for CooH,4NsO, [M+H]": 398.1823, found 398.1824.

2-(9-57 TN 2-2-(4-(N,N-— H B8 ) R B Ak ) - 8- AL I k-
8,9- A -TH-NEWS-7-J5) 2. T8 T I (6e): [ ELlE] 44, 722
49%. m.p. 130~132 ‘C; '"H NMR (400 MHz, DMSO-dq)
5: 8.99 (s, 1H), 8.08 (s, 1H), 7.52 (d, J=9.1 Hz, 2H), 6.70
(d, J=9.1 Hz, 2H), 4.69 (s, 2H), 4.64~4.53 (m, 1H), 3.71
(s, 3H), 2.83 (s, 6H), 1.51 (d, J=6.9 Hz, 6H); *C NMR
(100 MHz, DMSO-d) 6 168.9, 156.2, 152.4, 150.1, 146.3,
134.9, 131.7, 120.5, 115.6, 113.6, 52.8, 44.9, 42.4, 41.3,
20.3; HRMS (AP-ESI) caled for CoHysNgO; [M+H]':
385.1983, found 385.1975.

7-(2-58 0. 3 7R 5 )-9- 57 7 3 -2-(4-(V,N- - F g 3t ) o
R H)-7.9- " -SH-VEVA 8- (6f): ¥k ¥ [ A, PR
34%. m.p. 166~168 ‘C; "H NMR (400 MHz, DMSO-dq)
J: 8.96 (s, 1H), 7.96 (s, 1H), 7.52 (d, J=8.9 Hz, 2H), 6.70
(d, J=8.9 Hz, 2H), 4.77 (s, 2H), 4.63~4.52 (m, 1H), 2.82
(s, 6H), 2.21 (s, 3H), 1.51 (d, J=6.9 Hz, 6H); *C NMR
(100 MHz, DMSO-d) 6: 202.6, 156.0, 152.5, 150.0, 146.2,
134.7, 131.8, 120.4, 115.9, 113.6, 50.5, 44.8, 41.3, 27.4,
20.3; HRMS (AP-ESI) caled for CoHysNgO, [M+H]':
369.2034, found 369.2035.

2-(9- 5 TN 2-2-(4-(N,N-— H ) R B ik ) - 8- AL IV k-
8.9- A -TH-VEW-7-25) 2.8 (6g): 1% Fik PR RN 5E ),
f] [ BiAA RPN 5 mol/L A AAN 4 mL, =E Mk
3~4 h. FARFINAIK 80 mL, FEH 6 mol/L EhFERIH
pH=5~6, HriilElfk, ity JEUh@EHE 4tk ip1S
HErL &Y. g, 755 63%. mp. 244~246 C;
'H NMR (400 MHz, DMSO-dg) 6: 13.17 (br s, 1H), 8.98
(s, 1H), 8.08 (s, 1H), 7.52 (d, J=8.3 Hz, 2H), 6.71 (d, J=
8.3 Hz, 2H), 4.68~4.44 (m, 3H), 2.83 (s, 6H), 1.51 (d, J=
6.9 Hz, 6H); *C NMR (100 MHz, DMSO-d,) J: 169.8,
156.0, 152.5, 150.0, 146.2, 134.7, 131.9, 120.5, 115.8,
113.6, 44.8, 42.5, 41.3, 20.3; HRMS (AP-ESI) calcd for
CsHy3NgO5 [M+H] " 371.1826, found 371.1857.

7- P9 3 -9- 5 75 B -2-(4-(NV,N- — H 5 ) K 3k )-7,9-
TR -8H-WE A 8- T (6h): [T L[ A, FF R 62%. mup.
114~116 “C; 'H NMR (400 MHz, DMSO-d;) J: 8.93 (s,
1H), 8.10 (s, 1H), 7.53 (d, J=9.0 Hz, 2H), 6.70 (d, J=8.7
Hz, 2H), 4.65~4.51 (m, 1H), 3.73 (t, J=7.0 Hz, 2H), 2.83
(s, 6H), 1.73~1.60 (m, 2H), 1.50 (d, J=6.9 Hz, 6H), 0.86
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(t, J=7.4 Hz, 3H); “C NMR (100 MHz, DMSO-d;) o:
155.9, 152.3, 150.0, 146.2, 134.1, 131.9, 120.4, 115.7,
113.6, 44.7, 42.6, 41.3, 21.7, 20.3, 11.5; HRMS (AP-ESI)
calcd for C;9H,7NsO [M—|—H]+: 355.2241, found 355.2228.

7- 45 75 FE -0- 5 FE 2-(4-(WN- R B R R
$5)-7,9- S-S H-MEM 8-l (6i): IR AE A, FFE 62%.
m.p. 140~142 “C; '"H NMR (400 MHz, DMSO-d;) o
8.97 (s, 1H), 7.98 (s, 1H), 7.54 (d, J=9.0 Hz, 2H), 6.70 (d,
J=8.5 Hz, 2H), 5.98~5.83 (m, 1H), 5.26~5.13 (m, 2H),
4.66~4.53 (m, 1H), 4.40 (d, J=5.3 Hz, 2H), 2.82 (s, 6H),
1.51 (d, J=6.9 Hz, 6H); °C NMR (100 MHz, DMSO-d;)
5: 156.0, 152.0, 150.1, 146.2, 134.3, 132.8, 131.8, 120.4,
117.9, 1154, 113.5, 44.8, 432, 413, 20.3; HRMS
(AP-ESI) calcd for C;9H,sNqO [M+H]+: 353.2084, found
353.2082.

7- e Y FE -9- 7 P FE -2-(4-(VN- R F) TR
5)-7,9- & -8H-MEA-8-il(6j): R TE AL, FER 61%.
m.p. 144~146 C; 'H NMR (400 MHz, DMSO-d,) J:
9.01 (s, 1H), 8.10 (s, 1H), 7.52 (d, J=9.0 Hz, 2H), 6.70 (d,
J=9.1 Hz, 2H), 4.65 (d, J=2.4 Hz, 2H), 4.62~4.53 (m,
1H), 3.40 (t, J=2.4 Hz, 1H), 2.83 (s, 6H), 1.50 (d, J=6.9
Hz, 6H); °C NMR (100 MHz, DMSO-dj) J: 156.2, 151.6,
150.2, 146.3, 134.6, 131.6, 120.6, 114.6, 113.5, 78.3, 76.0,
449, 413, 30.6, 20.2; HRMS (AP-ESI) caled for
C1oH23NgO [M+H] " 351.1928, found 351.1932.

7- N F-9- 5 T HE-2-(4-(NV,N- — H 4 36 K JE)-7,9-
T -8H-WE S 8- (6k): [ AL A4, FFE 55%. mup.
150~152 °C; "H NMR (400 MHz, DMSO-dj) 6: 8.95 (s,
1H), 7.94 (s, 1H), 7.50 (d, J=8.3 Hz, 2H), 7.41~7.23 (m,
5H), 6.69 (d, J=7.3 Hz, 2H), 4.98 (s, 2H), 4.65~4.56 (m,
1H), 2.82 (s, 6H), 1.52 (d, J=6.9 Hz, 6H); *C NMR (100
MHz, DMSO-dg) 6: 156.1, 152.4, 150.2, 146.3, 137.0,
1343, 131.7, 129.2, 128.1, 128.1, 120.5, 115.3, 113.5,
449, 444, 413, 203; HRMS (AP-ESI) caled for
Ca3Hy NGO [M+H] ' 403.2241, found 403.2239.

2-(9-FK [ FE-2-(4-(N,N-— & J6) R Ik )-8- S W -
8,9- “&-TH-MEWS-7-38) TR W R (61): Il i, 7=
43%. m.p. 150~152 °C; "H NMR (400 MHz, DMSO-d;)
J: 8.98 (s, 1H), 8.09 (s, 1H), 7.50 (d, J=9.0 Hz, 2H), 6.69
(d, J=9.1 Hz, 2H), 4.77~4.65 (m, 3H), 3.71 (s, 3H), 2.83
(s, 6H), 2.26~2.11 (m, 2H), 2.00~1.85 (m, 4H), 1.70~
1.56 (m, 2H); °C NMR (100 MHz, DMSO-d;) J: 169.0,
156.2, 152.6, 150.0, 146.4, 135.0, 131.6, 120.7, 115.6,
113.5, 52.9, 52.8, 42.5, 41.3, 29.3, 25.0; HRMS (AP-ESI)
caled for C,;HyNgO; [M + H] "1 411.2139, found
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411.2133.

2-(9-FF L 3E-2-(4-(N,N-— & ) R 1 Ik )-8- S W -
8,9- ~ & -TH-NEW-7-55) TR W R (6m): K I (4 [l 44, 7=
#E 40%. mp. 150 ~152 C; 'H NMR (400 MHz,
DMSO-d) J: 8.99 (s, 1H), 8.08 (s, 1H), 7.53 (d, J=9.0
Hz, 2H), 6.70 (d, J=9.0 Hz, 2H), 4.69 (s, 2H), 4.22~4.10
(m, 1H), 3.70 (s, 3H), 2.83 (s, 6H), 2.38~2.24 (m, 2H),
1.91~1.80 (m, 2H), 1.78~1.66 (m, 3H), 1.44~1.30 (m,
2H), 1.29~1.16 (m, 1H); >C NMR (100 MHz, DMSO-d;)
5: 168.9, 156.2, 152.5, 150.1, 146.3, 134.9, 131.7, 120.6,
115.6, 113.5, 52.8, 52.4, 42.5, 41.3, 29.8, 25.9, 25.4;
HRMS (AP-ESI) caled for C,H,NsO; [M + H] " :
425.2296, found 425.2299.

2-(9-FR TR 3E-2-(4-(N,N-— F & 3 R 1 Ik )-8- S D -
8,9- “A-TH-WEW-7-58) LR Wl (6m): [ A 4, 7=
8%. m.p. 164~166 ‘C; 'H NMR (400 MHz, DMSO-d) o:
9.03 (s, 1H), 8.06 (s, 1H), 7.56 (d, J=9.1 Hz, 2H), 6.70 (d,
J=9.1 Hz, 2H), 4.67 (s, 2H), 3.70 (s, 3H), 3.00~2.93 (m,
1H), 2.82 (s, 6H), 1.11~1.05 (m, 2H), 1.05~0.97 (m,
2H): *C NMR (100 MHz, DMSO-d;) J: 168.9, 156.4,
153.3, 151.1, 146.2, 134.7, 131.8, 120.5, 115.4, 113.6,
52.8, 42.4, 41.3, 22.8, 5.8; HRMS (AP-ESI) calcd for
C1oH3NgO5 [M+H]": 383.1826, found 383.1826.

2-(9- 7R i -2-(4-(N,N- — F G 01k ) 2 2 ik )-8- 4 . 2k -
8,9- “&-TH-NEWS-7-55) .12 W R (60): B (il 44, 772
71%. m.p. 170~172 °C; "H NMR (400 MHz, DMSO-d;)
8:9.05 (s, 1H), 8.22 (s, 1H), 7.67 (d, J=8.2 Hz, 2H), 7.58
(t, J=7.8 Hz, 2H), 7.52~7.41 (m, 3H), 6.65 (d, J=9.1
Hz, 2H), 4.80 (s, 2H), 3.74 (s, 3H), 2.81 (s, 6H); °C NMR
(100 MHz, DMSO-d) 0: 168.9, 156.5, 152.1, 150.2, 146.3,
135.6, 133.2, 131.5, 129.5, 128.5, 126.8, 120.6, 115.7,
113.5, 52.9, 42.7, 41.3; HRMS (AP-ESI) caled for
C2HyNgO; [M+H]': 419.1826, found 419.1821.

7-(2- 5 W 5 T 25 )-9- 5 N 3 -2-(4- N Ik A R
H£)-7,9- & -8H-TEM4 8- (6p): HEE, FEEK 49%.
m.p. 201~203 “C; '"H NMR (400 MHz, DMSO-d;) o
9.10 (s, 1H), 7.99 (s, 1H), 7.58 (d, J=9.0 Hz, 2H), 6.88 (d,
J=9.1 Hz, 2H), 4.78 (s, 2H), 4.64~4.53 (m, 1H), 3.81~
3.66 (m, 4H), 3.10~2.93 (m, 4H), 2.22 (s, 3H), 1.51 (d,
J=6.9 Hz, 6H); *C NMR (100 MHz, DMSO-d;) &: 202.6,
155.8, 152.5, 149.9, 146.1, 134.6, 134.2, 119.9, 116.2,
116.1, 66.7, 50.5, 49.9, 44.8, 27.4, 20.3; HRMS (AP-ESI)
caled for C;HyNgO; [M + H] . 411.2139, found
411.2140.

2-(9- 7 A 2k -2-(4- L b I O 2 Ak )-8- A K i -8,9- —
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H-THVEW-7- 58 L (6q): MNZ&IESHAEY) 6g IIAH
. REOEAAR, P25 9%. m.p.>260 ‘C; 'H NMR (400
MHz, DMSO-dg) 6: 13.14 (br s, 1H), 9.10 (s, 1H), 8.10 (s,
1H), 7.59 (d, J=9.0 Hz, 2H), 6.88 (d, J=9.0 Hz, 2H),
4.67~4.50 (m, 3H), 3.79~3.66 (m, 4H), 3.08~2.96 (m,
4H), 1.51 (d, J=6.9 Hz, 6H); “C NMR (100 MHz,
DMSO-ds) d: 169.8, 155.8, 152.5, 150.0, 146.1, 134.6,
134.1, 119.9, 116.2,116.0, 66.7, 49.9, 44.9, 42.5, 20.3;
HRMS (AP-ESI) caled for C,H,sNeO, [M + H] ' :
413.1932, found 413.1928.

4-(4-((7-(2- ¥ 55 )-9- 7 T4 H: -8- 41 . ik -8,9- &~
TH-WE WS -2 ) S 5 R HR ) IR - 1- R TR B T P (6r): A
WA, P23 64.8%. mp. 221~222 ‘C; '"H NMR (400
MHz, DMSO-d;) 5: 9.08 (s, 1H), 8.09 (s, 1H), 7.60 (d, J=
9.0 Hz, 2H), 6.90 (d, J=9.0 Hz, 2H), 4.91 (t, J=5.6 Hz,
1H), 4.65~4.52 (m, 1H), 3.82 (t, J=5.2 Hz, 2H), 3.69~
3.59 (m, 2H), 3.52~3.40 (m, 4H), 3.05~2.92 (m, 4H),
1.51 (d, J=6.9 Hz, 6H), 1.42 (s, 9H); *C NMR (100 MHz,
DMSO-dg) d: 155.5, 154.3, 152.4, 149.9, 145.9, 134.6,
134.5, 119.7, 117.3, 116.6, 79.4, 59.4, 50.0, 44.6, 44.1,
28.5, 20.3; HRMS (AP-ESI) calcd for CosHioN;04 [M+
H]': 498.2823, found 498.2828.
3.2.5 HARLA4 Ta f= Tb 696 m%

FALEY) 55 (0.45 g, 1 mmol)Hin A HCI fHF1 Z.
TR OBE R 10 mL, %, SRR RN EE, o
JEENTE HFRP“ W 9-57 A Fk-2-(4-(WR MR- 1-3E) A8 54 3k)-7,9-
A -8H-MENS 8- TR £ (7a), AEA 023 g FER
59%. m.p.>260 ‘C; '"H NMR (400 MHz, DMSO-d;) o:
11.50 (s, 1H), 10.27 (s, 1H), 9.23 (s, 2H), 7.96 (s, 1H),
7.48 (d, J=8.9 Hz, 2H), 7.05 (d, J=8.9 Hz, 2H), 4.58~
4.48 (m, 1H), 3.44~3.29 (m, 4H), 3.29~3.12 (m, 4H),
1.47 (d, J=6.9 Hz, 6H); *C NMR (100 MHz, DMSO-d;)
5: 155.0, 153.4, 150.8, 146.9, 130.4, 122.8, 122.1, 117.4,
115.5, 46.3, 45.3, 42.8, 20.0; HRMS (AP-ESI) calcd for
C1sHasCIN,O [M+H]": 354.2017, found 354.2041.

7-(2- 3 2. 35)-9- 5 15 F -2-(4-(UR & -1- 36 ) A 4 )-
7,9- & -8H-VE WS 8- $ IR £ (7b): & (A 1k, K
53.8%. m.p.>260 ‘C;'H NMR (400 MHz, DMSO-d;) o:
10.20 (s, 1H), 9.44 (s, 2H), 8.20 (s, 1H), 7.50 (d, J=8.9
Hz, 2H), 7.05 (d, J=8.9 Hz, 2H), 4.62~4.54 (m, 1H),
3.92~3.77 (m, 2H), 3.73~3.57 (m, 2H), 3.43~3.31 (m,
4H), 3.30~3.10 (m, 4H), 1.49 (d, J=6.8 Hz, 6H); "*C
NMR (100 MHz, DMSO-d;) d: 154.0, 153.4, 150.6, 147.8,
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129.3, 124.0, 121.7, 117.5, 117.3, 58.8, 46.4, 46.2, 44.4,
43.1, 19.6; HRMS (AP-ESI) calcd for CyoHysCIN,O, [M+
H]": 398.2299, found 398.2290.

3.3 MEIEMSCIE

X 30 AN HAREAYIR A DY S A MR (MTT) %
DU T8 E AT AR e e 83 24 15 5 % . 3 B P e g 4
¥k A MOLT-4. Hela. K562 A1 HCT116.

BAF X B K I R e, B 10% (ML
BOMEA: ML ) RPMI1640 3% 5% 70 1 5 41 il 3L (MOLT-4
N 10° cellemL ™' MILNIE; K562 %A 5% 10°
cellemL ™" [RZH B WiEELN D Hela AT HCT116 45/
2.5 gemL ™" [JRER BN AL G B EE Y 4X10* cellemL ™
AR, Hefl T+ 96 FLEEFRMRH, 37 C. 5% CO, %%
T NEFE 6~8 h i, IR B Antb &4, dkalis
748 h, SRJFEEFLINA 20 uL MTT (5 mgemL "), k59
4h JEFEWR, EFLIA 200 uL DMSO, 37 CIHIR
PRFE 15 min, K& 570 nm AL OD 1H, HHEI0H] =
I ICso 1H.

4 Bh #f ¥} (Supporting Information) JT 5 . & ¥ 1)
'"H-NMR. “C-NMR #1 HRMS . X £ehti}ay bl b
AT /35 (http://sioc-journal. en/) | R %K.
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