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Synthesis and Cytotoxic Activity of Imatinib Derivatives
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(“ Key Laboratory of Applied Organic, Heilongjiang University, Harbin 150080)
(®* Sinopharm A-Think Pharmaceuticals Co., Ltd., Changchun 130012)

Chen, Shijie” Gong, Xianfeng*

Abstract Fourteen derivatives of imatinib have been prepared by condensation of (L)-N-acylation amino acid with
N-(5-amino-2-methylphenyl)-4-(3-pyridyl)-2-pyrimidine amine (6), which was prepared from 3-acetyl-pyrimidin and
2-methyl-5-nitroaniline through the reactions of addition, condensation, cyclization and reduction, respectively. The structures
of all target compounds were characterized by IR, 'H NMR, "*C NMR and HRMS techniques. They were evaluated for cyto-
toxic activity against human Leukemia cells (K562), human non-small-cell-lung cancer cells lines (A549) and human hepato-
ma cell lines (HepG-2) by methyl thiazolyl tetrazolium (MTT) method. The results showed the cytotoxic activities of com-
pounds 7d, 7i, 7j, 7k, 71, Tn against human Leukemia cells (K562) and human non-small-cell-lung cancer cell lines (A549),

compounds 7a, 7d, 7e against human hepatoma cell lines (HepG-2) were comparable to those of imatinib.
Keywords imatinib derivatives; synthesis; methyl thiazolyl tetrazolium (MTT) assay
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ARSI Bty X, B BT R ALAIE
I PR A P R i /N R 2 S5 R 4k BRSO Il PR AT
TR %2 AR A AR I CML F¥948 H 10.5 J8 597 3
2R BE. Sawyers 2N IRE 291 ] CML &3 76 V-4
ZHEBRBIT 123 d &5, S BRI 4 RN
14.44%(FH b 21 1 5 E, 21 #ilZctk). FE st 5 & e
HiHEY), BFFREIT R “Me-too”sY, “Me-better” Z5¥) B
HENFAME. A TSR -2 R 5 NS B LB
PREER v, A5 BRI Itk SV R TE, Bz o
T 5 S R A0 X I R S M 2 (R 4 A s, AT
Teqr PR IE B R IR S ATP 454, MRERERI
B . A TAE S cmrigiE! ) b 3-Z Bk meng |
2-HEE-S-R SR oS IR JFRL, . HG k.
RS 2 S R (AR N-(2-F i -5- (3 2K 3 )-4-(3- Ntk e
B s g -2- J1Z (6), B 5 oK LR AR O- 2K IF = M-
N,N,N',N"- P4 F & i VU S50 00 B2 G (TBTUY (£ o ()44 6 5
(L)-N-FA-Z R E 153 14 MesAisEmr 58 e
RAIEBATAEY) Ta~Tn (Scheme 1). FX1X 14 4> HARIT
AEDIAT TN LA A0 (K 562) At 40 i (A 549)
N9 4 (Hep G-2) 74 4 M1 3% 1 TR

1 &HR510R

1.1 CKILRRAT
PLEAME S Ta KI6REEEE M NG, tbEY) Ta

CHs
H
CHs N__NH,
NH, NH,CN hig
- NH
HNO;
No, HNOs
NO, 3
1 o]

(0] X
(CH3)2NCH(OCH), ] | e
X _— = 7 3
| ) CHj N 'Tl/

f) '"H NMR H 6 10.04 HIIBERGR R A, 6 7.15~9.27 H
14 ADNTSIHREA, W0 1.80~2.20 P HILHLIE, 5
2.85 LA ANEIE, 6 4.67 HIL—NEVE, o T 45 AF
TEVUAN IR IR 6 18.1, 22.9, 38.3, 55.4; 21 NF5HAK 6
108.0, 116.1, 116.6, 124.3, 126.8, 127.6, 128.5, 129.6,
134.9, 148.7, 151.8, 159.9, 161.6, 162.1(#B%> 75 IR B Ak
MR ER), PABIZIRIED 6 169.7, 170.6. HAHMGIE
I 3450, 3289 cm ' AbA RIS T BH 1 B TR A
171E; 3029 cm™ ' NZEIR =CH 4R H R 154, 2969 cm ™!
SBT3 C—H (R4adRshfiel%, 1664 cm™ ' Ak
Ji R B AR BRI, 1645, 1602, 1578, 1532 ecm ' N
KN C=C W44k 3H Wi, & 5> P8 1% HRMS
(ESI-MS) calcd for CyH,7NO, [M+H]" 467.2190, found
467.2190, B FEIER. 24 'H NMR, “C NMR, IR,
HRMS 66184, AT PAZE 7 B L2504 (1 A k.
1.2 EEMMNKERSTR

K MTT 75552 14 4 HARL AP R s R 7%
N B ML AL (KS562) A AE/INH B fififes 4 il (A549)F1
P40 (HepG-2) A K HHMIEFH, 455 &80 R® Il
BESLHBNFIM &Y 7d, T4, T4, Tk, 71, T SN A I 4
(K 562) A1 A AR /N2 B Al e 40 B (A 549) 4 b 2B KA i/
F# R, R MSEIE BN A Ta, 7d, Te X AT
41l (HepG-2) I A AE K AMHIE FH 8RR 2).

4 CHs
N _N
T |
NaOH - Ho, Ni |
y I NO, rt.
N 5

N CH;
2 4 R2
y CHs No: R
N H \[(\H
S JER. 0
| N L-N-TiAk- Z IE R
7
TBTU, DIEA
2 NH,
N 7a~7n
6 7a: R' = CH3CO, R? = PhCH,; 7b: R' = CH3CH,CO, R? = PhCHy;

7c: R' = (CH3);COCO, R? = PhCH,; 7d: R' = CH4CO, R2 = H;

7e: R' = CH;CO, R? = (CH3),CH,CH; 7f: R! = PhCO, R? = PhCHy;

7g: R" = PhCH,CO, R? = PhCH,; 7h: R' = p-CH3CgH,CO, R? = PhCHy;
7i: R'=PhCH,CO, R? = H; 7j: R'=PhCO, R? = CHj;

7k: R'=PhCH,CO, R? = CHg; 7I: R' = p-CH3CgH,CO, R? = CHg;

7m: R'=PhCH,CO, R? = (CH5;),CH; 7n: R' = p-CH;CgH,CO, R2=H

B 1

Scheme 1 Synthetic routes of target compounds 7a~7n
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2 ARSI N K562, A549 A HepG-2 41 i (141 i
5 1 (c=150 pmol/L)

Table 2 Inhibitory activity of target compounds against K562,
AS549 and HEPG-2 cell growth in vitro (¢=150 pmol/L)

2 /%
Compound
K562 A549 HepG-2
7a 20.5 18.1 56.8
7b 28.2 17.4 23.0
Tc 28.8 19.2 17.2
7d 66.3 59.0 49.2
Te 13.5 16.3 56.5
7t 232 13.2 27.8
7g 27.5 17.5 26.9
7h 23.9 13.9 25.3
7i 60.2 60.1 28.4
7j 64.3 61.3 27.1
7k 61.2 61.5 26.1
7 63.3 59.3 17.8
7m 28.9 18.9 27.1
n 62.0 58.6 19.4
Imatinib 61.7 61.2 50.6
2 #Hig

ZRP L E REIERATAEY Ta~Tn XA A MR
J(K562)~ A 3E /N4 i fil 968 20 i (A 549) A0 A AT Jee 40 i
(HepG-2)A KA — e FRERMMGIER. Hhih&w
7a,7d, 7e, 7i, 7j, 7k, 71, Tn FIFNHIEH S X S
JE PRI ARV 1 A 2 B .

3 IS
3.1 UESHF

IAMETECH Spectrum One(BALEIE F); Bhigd:
PR HEAL A Avance I11400 (TMS N 4%, CDCl,y B
DMSO-ds N ¥ 5); & 4> #% 1 3% X 4 micrOTOF-Q
1110203; X-4 BIHCE AU A0l e A IR T R AR IE);
FFIL)-N-BEAC IR (ALE 99%, it TR A
PR 2\, B 5 e sk B (] 24— 0 I 25 PR A ] 42
by, Fofthfb 25370 A0 SRS 2 Al sl 43 B 4.

1.2 LWk
1.2.1 2-% 35-5-54 ORI A BR 2 (3) 89 6 A%

W 2- A JE-5- R L ZE (40 g, 0.26 mol) AT EAL i 2(22.0
g, 0.55 mol)¥ T 200 mL S A EEH, i, hn#az| 80 C,
F UL FEERN 35 mL iR, ke, 4EFribiE e
1 h, A5 T 80 CHLIEMA 15 mL IR, HH 4
FRUCIR GRS, 2 h, B PR A VIR EIE] 60 C, 1B
TN 65%HIMRAEZ(20 mL, 0.28 mol), HiiHk, HIRAZ
PR, A EEE, g REERK, TERE~
P)(60.0 g, 89%), m.p. 222~224 °C(SCHLE!: m.p.
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219~226 C).
122 3-=F A H-1-(3-mog 25)-2-79 M- 1-BR (4) 89 & A%

H 3- ZEFEMEIE (50 g, 0.42 mol) Al N,N-— F 5 FR gk
Jiie — H 45 15(74.0 g, 0.64mol) T AT 200 mL — FE
o SRR, INFAEIR 6 h, e ZETE R S N N-
P e — FR R 4 e 5, TR B A F A I RE RV L V=5
1) FE &5 F 158 35 €6 [l 44(66.0 g, 90%), m.p. 65~67 ‘C(3L
BN mop. 66~67 °C).

1.2.3  N-(2-F A-5-7 2 R 30 )-4-(3-mbme A ) og -2- I
(5)89 & A%,

W3- F R - 13- T E 56 )-2- T M- 1-1H (44.0 g,
0.25 mol) f¢ 2-F1 5:-5-FH FER AN R £(56.0 g, 0.22 mol)
%1 150 mL DMF H, $iiE, & I NaOH 7K % (8.8
g NaOH ¥ T 20 mL /KHY), %5, In#E] 140~145 C
N8 h, #HIFIR0 C, LM TLK, fidE, HRA
B, JIE, PR ESSSIRE O KGL0 ¢
80%). m.p. 196~198 C(CHAE!": 195~198 C).

1.2.4  N-(2-F &&-5- 2 AR A )-4-(3-mewe A g g -2- I
(6) 49 & A%,

N-(2- F FE-5- i 9 S 358 ) -4 (3- M e 258 ) s g -2- 1% (30.0
g, 0.098 mol)¥& T~ 1 L VU R 1, B 15 g #rikl i Je
B ORISR RS 12 h, E, WRIEKYE, OREE
SE AR B M2 5 (24.6 g, 90.3%). m.p. 139~140 C(X
BRE!: 138~140 C); 'H NMR (400 MHz, CDCl;) o:
9.27 (s, 1H), 8.73~8.72 (d, J=4 Hz, 1H), 8.53~8.41 (d,
J=4 Hz, 1H), 8.37~8.34 (m, 1H), 7.62 (s, 1H), 7.45~
7.41 (m, 1H), 7.16~7.14 (d, J=8.0 Hz, 1H), 7.07~6.86
(m, 2H), 6.44~6.41 (m, 1H), 2.29~2.19 (s, 3H); IR (KBr)
v: 3442.6, 3309.0, 3207.4, 1587.9, 1567.9, 1528.0, 1443.3,
1403.1,1194. 8,793.3 cm .

1.2.5 7 H%RAKBRIT A Ta~Tn 695 5%

1] 100 mL PYSOHE A N & F5E(50 mL), VKRR
2 0 Cla, WIKIAN N-(2-H J-5-F FL 45 )-4-(3-ntk e
)M IE -2-1%(2.20 g, 0.008 mol) Fl(L)-N-k b & 3 iR
(0.01 mol), #HiFE 10 min JGIMA O-ZKFF =Me-N,N,N',N'"-
DY BR R DY A BR S (TBTU, 3.60 g, 0.012 mol) &% N,N-
T RNE ZFE(DIEA, 1.40 g, 0.012 mol), [EK4HEE
fil, IR0 CHERE 30 min, UK, BHTERRKR
R, A B E T, TLC PRS2 RO 58 B 71
VORI @ MR CER) =1 2~1 1 5]. $hUE, JEPHH
20 mL M1 Na,CO; VA BEMs, B4 FEE LR LB
D3~1 1 5)E g, ARIFDE R R

[(2S)-2- LBRGHE]-N- {4- 1 J-3-[[4-(3-MENE )-2-TEIE ]
RIEVRE R BE L (Ta): R OEE, 775 79.6%.
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m.p. 267.5~268 C, [a]s —34.3 (¢ 1, CH;OH); 'H
NMR (400 MHz, DMSO-dj) 0: 10.04 (s, 1H), 9.27 (s, 1H),
8.93 (s, 1H), 8.74~8.66 (m, 1H), 8.49 (dd, J=22.4, 6.6
Hz, 2H), 8.25 (d, J=8.2 Hz, 1H), 7.92 (d, J=1.9 Hz, 1H),
7.53 (dd, J=8.0, 4.8 Hz, 1H), 7.44 (d, J=5.2 Hz, 1H),
7.35~7.10 (m, 7H), 4.66 (td, J=9.2, 5.3 Hz, 1H), 3.03
(dd, J=13.7, 5.0 Hz, 1H), 2.85 (dd, J=13.7, 9.5 Hz, 1H),
2.20 (s, 3H), 1.80 (s, 3H); *C NMR (100 MHz, DMSO-d;)
9: 170.6, 169.7, 162.0, 161.5, 159.9, 151.8, 148.6, 138.3,
137.3, 134.9, 132.6, 130.5, 129.6, 128.5, 127.6, 126.7,
124.2,116.5, 116.1, 108.0, 55.3, 38.2, 22.8, 18.0; IR (KBr)
v: 3703, 3450, 3289, 1645, 1532, 1454, 1396, 798, 701,
566 cm'; HRMS (ESI-MS) calcd for CyH,NgO, [M—+
H]" 467.2190, found 467.2190.

[(2S)-2- TR B i 55 ]- V- {4- F BL-3- [ [4-(3- ML IE ) -2- T g |
FAEARE KABLZ(Tb): AR R, 773 77.1%. m.p.
220.5~222 C; [als —35.6 (¢ 0.5, CH;0H); 'H NMR
(400 MHz, DMSO-dg) 0: 10.03 (s, 1H), 9.26 (d, J=1.7 Hz,
1H), 8.92 (s, 1H), 8.69 (dd, J=4.8, 1.6 Hz, 1H), 8.48 (dd,
J=20.6, 6.6 Hz, 2H), 8.13 (d, J=8.3 Hz, 1H), 7.92 (d, J=
1.8 Hz, 1H), 7.53 (dd, J=7.9, 4.8 Hz, 1H), 7.43 (d, J=5.2
Hz, 1H), 7.34~7.11 (m, 7H), 4.76~4.58 (m, 1H), 3.14~
2.76 (m, 2H), 2.20 (s, 3H), 2.13~1.98 (m, 2H), 0.90 (t,
J=17.6 Hz, 3H); *C NMR (100 MHz, DMSO-d;) d: 173.4,
170.6, 162.0, 161.5, 159.9, 151.84, 148.6, 138.3, 137.3,
134.8, 132.6, 130.5, 129.6, 128.5, 127.6, 126.7, 124.2,
116.6, 116.1, 108.0, 55.1, 38.3, 28.6, 18.0, 10.1; IR (KBr)
v: 3699, 3289, 2972, 1670, 1643, 1583, 1528, 1454, 1402,
797, 697 cm”'; HRMS (ESI-MS) calcd for C,gHNgO,
[M+H]" 481.2347, found 481.2347.

[(28)-2- U T 4 Bk 256 Jiig & 1-N- {4- H & -3-[[4-(3- it
WE )-2- W5 WE |28 R 2k ) R It % (Te): B R, =%
76.9%. m.p. 205.7 ~ 2069 C:; [al5b — 33.5 (¢ 1,
CH;OH); 'H NMR (400 MHz, DMSO-dj) d: 9.97 (s, 1H),
9.27 (d, J=1.8 Hz, 1H), 8.94 (s, 1H), 8.70 (d, J=4.7 Hz,
1H), 8.50 (dd, J=15.8, 6.6 Hz, 2H), 7.93 (s, 1H), 7.61~
7.00 (m, 10H), 4.34 (s, 1H), 3.09~2.74 (m, 2H), 2.21 (s,
3H), 1.28 (d, J=31.2 Hz, 9H); “C NMR (100 MHz,
DMSO-dy) d: 171.0, 162.0, 161.5, 159.9, 155.8, 151.8,
148.6, 138.4, 137.3, 134.9, 132.6, 130.6, 129.7, 128.4,
127.5, 126.7, 124.2, 116.4, 116.0, 108.0, 78.5, 57.0, 38.0,
28.6, 18.0; IR (KBr) v: 3693, 3337, 2980, 1698, 1573,
1452, 1410, 1163, 1029, 707, 605 cm™'; HRMS (ESI-MS)
caled for C3;Hy;NgO; [M + H] © 525.2609, found
525.2606.

[2- 2 T Jiie 5 1-N- {4- B 5 -3-[[4-(3- L b )-2- M g 1 =

2380 http://sioc-journal.cn/
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FEPR I H & W (7d): H g, 2 79.8%. mup.
212~213.5 ‘C; '"H NMR (400 MHz, DMSO-d;) &: 9.88
(s, 1H), 9.26 (d, J=1.9 Hz, 1H), 8.92 (s, 1H), 8.70 (dd,
J=438, 1.5 Hz, 1H), 8.47 (ddd, J=9.8, 8.0, 3.5 Hz, 2H),
8.18 (t, J=5.7 Hz, 1H), 7.88 (d, J=1.6 Hz, 1H), 7.54 (dd,
J=8.0, 4.8 Hz, 1H), 7.43 (d, J=5.2 Hz, 1H), 7.30 (dd, J=
8.2, 1.9 Hz, 1H), 7.16 (d, J=8.3 Hz, 1H), 3.86 (d, J=5.8
Hz, 2H), 2.20 (s, 3H), 1.89 (s, 3H); *C NMR (100 MHz,
DMSO-dg) d: 170.1, 168.1, 162.0, 161.5, 159.9, 151.8,
148.6, 138.3, 137.3, 134.9, 132.6, 130.6, 127.4, 124.3,
116.4, 115.9, 108.0, 43.2, 22.9, 18.0; IR (KBr) v: 3433,
3196, 2905, 1698, 1655, 1557, 1452, 1239, 1311, 1023,
790, 705, 589 cm'; HRMS (ESI-MS) calced for CaoHy-
N¢O, [M+H]" 377.1721, found 377.1717.

[(25)-2- L.k e 55 )-N- {4- HH 5E-3-[[4-(3- ML IE )-2- W5 g |
SRR IE ) R (Te): RE KR, FEEE 84.7%. mup.
207.5~209 C; [a]b —35.7 (¢ 0.8, CH;0H); 'H NMR
(400 MHz, DMSO-d;) d: 10.01 (s, 1H), 9.26 (s, 1H), 8.94
(s, 1H), 8.70 (d, J=4.2 Hz, 1H), 8.48 (dd, J=22.1, 6.5 Hz,
2H), 8.11 (d, J=7.9 Hz, 1H), 7.94 (s, 1H), 7.52 (dd, J=
7.7, 5.0 Hz, 1H), 7.43 (d, J=5.1 Hz, 1H), 7.32 (d, J=8.0
Hz, 1H), 7.15 (d, J=8.2 Hz, 1H), 4.45 (dd, J=14.8, 8.1
Hz, 1H), 2.19 (s, 3H), 1.86 (s, 3H), 1.72~1.41 (m, 3H),
0.90 (dd, J=16.7, 6.4 Hz, 6H); *C NMR (100 MHz,
DMSO-dg) o: 171.6, 169.7, 162.0, 161.5, 159.9, 151.8,
148.6, 138.2, 137.4, 134.8, 132.6, 130.5, 127.5, 124.2,
116.5, 116.1, 108.0, 52.3, 41.4, 24.8, 23.4, 22.8, 22.2, 18.0;
IR (KBr) v: 3445, 3249, 2924, 1649, 1633, 1417, 1299,
891, 804, 633, 483 cm '; HRMS (ESI-MS) calcd for
CasH2oNgO, [M+H]" 433.2347, found 433.2345.

[(2.8)-2- 7 F [k e 3k 1-N- { 4- FF k-3 [[4-(3-PH i ) -2- 1%
WE R R AR RN BERZ (7D): F B R, 7R 76.2%.
m.p. 258~259.5 C; [a]y —34.5 (¢ 1, CH;0H); 'H
NMR (400 MHz, DMSO-d;) 6: 10.18 (s, 1H), 9.27 (d, J=
1.9 Hz, 1H), 8.94 (s, 1H), 8.81~8.60 (m, 2H), 8.57~8.27
(m, 2H), 7.99 (d, J=1.9 Hz, 1H), 7.93~7.76 (m, 2H),
7.60~7.38 (m, 7H), 7.36~7.23 (m, 3H), 7.23~7.11 (m,
2H), 4.87 (td, J=9.6, 5.0 Hz, 1H), 3.26~2.97 (m, 2H),
2.22 (s, 3H); *C NMR (100 MHz, DMSO-d;) d: 170.7,
166.9, 162.0, 161.5, 159.9, 151.8, 148.6, 138.6, 138.3,
137.3, 134.9, 134.4, 132.6, 131.8, 130.6, 129.7, 128.6,
127.9, 127.5, 126.7, 124.2, 116.5, 116.0, 108.0, 56.3, 37.7,
18.0; IR (KBr) v: 3432, 3295, 2924, 1668, 1637, 1584,
1529, 1399, 801, 698, 567 cm™'; HRMS (ESI-MS) calcd
for C3,H0N4O, [M+H]"529.2347, found 529.2337.

[(28)-2-7 2.1k JHt 3 |- N- {4- F JE -3 [[4-(3-PH B ) -2-1%
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WER LRI IR B IZ (Te): R ERER, PR 87.1%.
m.p. 234.5~235 C; [alh —33.8 (¢ 1, CH;0H); 'H
NMR (400 MHz, DMSO-d) 0: 10.07 (s, 1H), 9.27 (s, 1H),
8.93 (s, 1H), 8.69 (d, /=4.8 Hz, 1H), 8.58~8.39 (m, 3H),
7.91 (s, 1H), 7.58~7.41 (m, 2H), 7.35~7.04 (m, 12H),
4.69 (td, J=9.2, 5.1 Hz, 1H), 3.57~3.34 (m, 2H), 2.20 (s,
2H), 1.24 (s, 3H); °C NMR (100 MHz, DMSO-d;) o:
170.5, 162.0, 161.5, 159.9, 151.7, 148.6, 138.3, 138.0,
137.2, 136.7, 134.9, 132.7, 130.6, 129.7, 129.4, 128.5,
127.6, 126.7, 124.3, 116.5, 116.1, 108.0, 55.3, 42.3, 38.4,
18.0; IR (KBr) v: 3429, 3297, 3025, 1630, 1581, 1454,
1394, 1084, 796, 701, 572 cm”'; HRMS (ESI-MS) calcd
for C33H3NO, [M+H]" 543.2503, found 543.2505.

[(28)-2-f H1 2K H Bk Ji B 1-N-{4- F Bk -3-[[4-(3- it
WE )-2- 5 g 2 i | R ik R IR JIZ (Th): IR B LR oK, 7
K 755%. mp. 235~2363 C; [alh —333 (c 1,
CH;0H); '"H NMR (400 MHz, DMSO-d) d: 10.18 (s, 1H),
9.27 (d, J=1.8 Hz, 1H), 8.94 (s, 1H), 8.70~8.59 (m, 2 H),
8.48 (dd, J=10.2, 8.0 Hz, 2H), 7.99 (s, 1H), 7.75 (d, J=
8.2 Hz, 2H), 7.54~7.38 (m, 4H), 7.36~7.13 (m, 7H), 4.86
(dd, J=8.9, 5.4 Hz, 1H), 3.24~3.04 (m, 2H), 2.35 (s, 3H),
2.22 (s, 3H); *C NMR (100 MHz, DMSO-d;) d: 170.8,
166.8, 162.0, 161.5, 159.9, 151.8, 148.6, 141.7, 138.7,
138.3, 137.4, 134.9, 132.6, 131.6, 130.6, 129.7, 129.1,
128.5, 127.9, 124.2, 116.4, 116.0, 107.9, 56.2, 37.7, 21.4,
18.0; IR (KBr) v: 3448, 3285, 3031, 1670, 1632, 1530,
1504, 885, 704, 666, 572 cm'; HRMS (ESI-MS) calcd for
C33H3 NGO, [M+H]" 543.2503, found 543.2501.

[2-7K B8 )-N- {4- F 5 -3-[[4-(3-ML i ) -2- M g | 2
BIRE H & W% (71): A BaiE, 723 78.8%. m.p.
239~240.5 ‘C; '"H NMR (400 MHz, DMSO-dg) J: 9.91
(s, 1H), 9.26 (d, J=1.7 Hz, 1H), 8.92 (s, 1H), 8.69 (dd,
J=4.8, 1.6 Hz, 1H), 8.47 (dd, J=8.0, 3.5 Hz, 2H), 8.36 (t,
J=5.7Hz, 1H), 7.88 (d, J=1.7 Hz, 1H), 7.53 (dd, J=17.5,
4.8 Hz, 1H), 7.43 (d, J=5.2 Hz, 1H), 7.35~7.13 (m, 7H),
391 (d, J=5.8 Hz, 2H), 3.52 (s, 2H), 2.20 (s, 3H); °C
NMR (100 MHz, DMSO-dg) d: 171.0, 167.9, 162.1, 161.5,
159.9, 151.8, 148.6, 138.3, 137.3, 136.7, 134.9, 132.6,
130.6, 129.5, 128.6, 127.5, 126.7, 124.3, 116.3, 115.9,
108.0, 43.2, 42.5, 18.0; IR (KBr) v: 3267, 3056, 2984,
1697, 1654, 1534, 1409, 1244, 1021, 821, 703, 645 cm ™ ';
HRMS (ESI-MS) caled for CysHasNgO, [M + H] ©
453.2034, found 453.2026.

[(28)-2- 7% P BB e 95 )- V- {4- H 35 -3- [ [4-(3-PHL i )-2- 1
ME R R B (7)) AR, PR 76.1%.
m.p. 206.0~207.5 C; [a]5 +13.8 (¢ 1, CH;OH); 'H
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NMR (400 MHz, DMSO-dg) 6: 10.02 (s, 1H), 9.26 (s, 1H),
8.94 (s, 1H), 8.64 (dd, J=14.6, 5.5 Hz, 2H), 8.48 (dd, J=
19.4, 6.4 Hz, 2H), 8.02~7.87 (m, 3H), 7.59~7.39 (m,
5H), 7.31 (d, J=8.0 Hz, 1H), 7.16 (d, J=8.3 Hz, 1H),
4.73~4.54 (m, 1H), 2.20 (s, 3H), 1.45 (d, J=7.1 Hz, 3H);
C NMR (100 MHz, DMSO-d) 6: 171.7, 166.7, 162.0,
161.5, 159.9, 151.7, 148.6, 138.3, 137.5, 134.9, 134.4,
132.6, 131.7, 130.5, 128.6, 128.0, 127.3, 124.2, 116.4,
115.9, 108.0, 50.3, 18.3, 18.0; IR (KBr) v: 3440, 3302,
2983, 1668, 1634, 1582, 1529, 1397, 1010, 792, 662, 619
cm '; HRMS (ESI-MS) caled for CyHosNgO, [M+H]"
453.2034, found 453.2034.

[(28)-2- 4% 2, Tk fii 2 1-N-{ FR 2 -3-[[4-(3- L Big )-2- 1%
BEVR I PRI A WEZ (Tk): IR E B AR, 2R 75.0%.
m.p. 237~2383 C; [a]y +13.6 (¢ 1, CH;0H); 'H
NMR (400 MHz, DMSO-dj) J: 9.96 (s, 1H), 9.26 (d, J=
1.7 Hz, 1H), 8.94 (s, 1H), 8.69 (dd, J=4.8, 1.6 Hz, 1H),
8.51 (d, J=5.1 Hz, 1H), 8.48~8.43 (m, 1H), 8.39 (d,
J=7.3 Hz, 1H), 7.92 (d, J=1.8 Hz, 1H), 7.51 (dd, J=17.9,
4.9 Hz, 1H), 7.43 (d, J=5.2 Hz, 1H), 7.27 (d, J=4.4 Hz,
5H), 7.23~7.13 (m, 2H), 4.43 (p, J=7.0 Hz, 1H), 3.49 (s,
2H), 2.19 (s, 3H), 1.31 (d, J=4.0 Hz, 3H); °C NMR (100
MHz, DMSO-ds) o: 171.5, 70.4, 162.0, 161.5, 159.9,
151.8, 148.6, 138.3, 137.4, 136.8, 134.8, 132.6, 130.6,
129.5, 128.6, 127.5, 126.7, 1242, 116.4, 115.9, 108.0,
49.5,42.3, 18.8, 18.0; IR (KBr) v: 3440, 3303, 2983, 1668,
1634, 1582, 1529, 1387, 1023, 791, 691, 662, 586 cm ';
HRMS (ESI-MS) caled for C,;H»N,O, [M + H] *
467.2190, found 467.2183.

[(28)-2- % Y 2% F I i 356 1-N- {4- H S -3-[[4-(3- it
WE )-2- 1 g | 22 B ) R 5k} AT R 2 (70): R B koK, 77 2
70%. m.p. 240~241.5 C; [a]f +14.2 (c 1, CH;OH); 'H
NMR (400 MHz, DMSO-dj) 6: 10.01 (s, 1H), 9.26 (s, 1H),
8.94 (s, 1H), 8.66 (d, J=4.5 Hz, 1H), 8.52 (t, J=6.8 Hz,
2H), 8.46 (d, J=8.0 Hz, 1H), 7.98 (s, 1H), 7.84 (d, J=8.0
Hz, 2H), 7.49 (dd, J=7.8, 4.8 Hz, 1H), 7.42 (d, J=5.1
Hz, 1H), 7.29 (dd, J=14.1, 8.2 Hz, 3H), 7.16 (d, J=8.3
Hz, 1H), 4.68~4.55 (m, 1H), 2.36 (s, 3H), 2.20 (s, 3H),
1.44 (d, J=7.1 Hz, 3H); *C NMR (100 MHz, DMSO-d;)
5: 171.8, 166.6, 162.0, 161.5, 159.9, 151.7, 148.6, 141.6,
138.3, 137.5, 134.9, 132.6, 131.6, 130.5, 129.1, 128.0,
127.3,124.2,116.4, 115.9, 108.0, 50.3, 21.4, 18.3, 18.0; IR
(KBr) v: 3407, 3286, 3203, 2922, 1691, 1633, 1571, 1490,
1074, 971, 882, 757, 582 cm™'; HRMS (ESI-MS) calcd for
CoHy NGO, [M~+H]" 467.2190, found 467.2188.

[(28)-2-7 2.1k JHt 3 |- N- {4- F JE -3 [[4-(3-PH B ) -2-1%
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BIHE

WE I I S B (Tm): IR OHR, PR 75.7%.
m.p. 223.5~224 C; [a]p +27.6 (¢ 0.6, CH;O0H); 'H
NMR (400 MHz, DMSO-dj) d: 10.04 (s, 1H), 9.26 (s, 1H),
8.94 (s, 1H), 8.69 (d, J=3.8 Hz, 1H), 8.48 (dd, J=24.4,
6.5 Hz, 2H), 8.26 (d, J=8.7 Hz, 1H), 7.94 (s, 1H), 7.53~
739 (m, 2H), 7.28 (d, J=4.2 Hz, 5H), 7.22~7.12 (m,
2H), 4.30 (t, J=8.0 Hz, 1H), 3.54 (dd, J=36.9, 13.8 Hz,
2H), 2.19 (s, 3H), 2.02 (dd, J=12.0, 4.0 Hz, 1H), 0.89 (d,
J=5.9 Hz, 6H); *C NMR (100 MHz, DMSO-dj) J: 170.7,
170.5, 162.0, 161.5, 159.9, 151.8, 148.6, 138.3, 137.1,
134.8, 132.6, 130.6, 129.4, 128.6, 127.5, 126.7, 124.2,
116.4, 116.0, 108.0, 59.0, 42.4, 31.3, 19.6, 18.9, 18.0; IR
(KBr) v: 3450, 3251, 2970, 2926, 1677, 1642, 1604, 1583,
1444, 1236, 789, 709, 621 cm'; HRMS (ESI-MS) calcd
for CooH3N4O, [M+H]" 495.2503, found 495.2494

[2- 5% FEY R PR I 2 3 |- V- {4 FF R -3 [ [4-(3- P i )-2-
BE R R H & B L (Tn): A BSE, 72K 73.8%.
m.p. 245.5~247 ‘C; '"H NMR (400 MHz, DMSO-d;) §:
10.00 (s, 1H), 9.26 (s, 1H), 8.92 (s, 1H), 8.71 (d, J=29.7
Hz, 2H), 8.50 (d, J=12.5 Hz, 2H), 8.14~7.74 (m, 3H),
7.35 (dd, J=89.7, 43.5 Hz, 6H), 4.07 (s, 2H), 2.29 (d, J=
60.4 Hz, 6H); *C NMR (100 MHz, DMSO-d,) o: 168.1,
167.0, 162.1, 161.5, 159.8, 151.7, 148.5, 141.7, 138.3,
137.4, 134.9, 132.6, 131.7, 130.6, 129.3, 127.8, 127.3,
124.3, 116.3, 115.9, 108.0, 43.7, 21.4, 18.0; IR (KBr) v:
3349, 3279, 3050, 2921, 1706, 1637, 1529, 1494, 1426,
1229, 878, 748, 587 cm '; HRMS (ESI-MS) calcd for
C,6HasNgO, [M+H]"453.2034, found 453.2033.
1.3 ImMAERAmAREIEMESCIE

X R 14 MBS Ta~Tn BHT T RSN RRTE
PR, SR DY PR 348 S0 SR (MT T fl 2 g S o7 L v
T2 HxF N A L0 4R (K 562) . A ZH A (A549). BT
Je 20 B (HepG-2) AR AN B A . HUAL T3 Bl A K etk
SR —H, TN 0.25 w5 A B R0
1, (ENGEEANIBL TR, THEL, MR 2 X 10°~4X 10 44
fu/mL (B, BMT 96 FLIR L, 180 uL/fL, EfHIE
CO, B FRF 3 24 h, W, A Z L &1
DMSO &, 20 pL/AL, FIIAESEIRSECN 10% 1)1
TEEEFRIN 80 uL, H5FE 48 h, ¥ MTT A 96 LR, 20
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uL/fL, B FRFE RN 4 h. W EIEW, 1N DMSO,
150 uL/AL, “PHIRR EARAE 5 min. IR S 2 A6 A%
TEP AN 540 nm Kb E BEFLIROGAE(OD {H), THEXT
S i 34 5 PR PR . DA ROIAIRAEBA X B, DU
JE R PRVEXS IR, TSR R A 2 ] 2 (%) = (2
R % o B E — 45 25 WO BEAE )/ 2 ROk BEE X
100%. H Ar b AP0 Ah B 1 s G0 IR 5 400 1) 35 2 S 56
BTEREFE .

$#H BI#1 kL (Supporting Information) X% 7a~7n Ji
T MREILIREGE . BRUE AN ZL AN E . X AR AT DL A
e WASFI 4 3ifi (http://sioc-journal.cn/) | N %K.
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