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Synthesis, Biological Activitity and Fluorescence Spectroscopy of
Naphthalimide-polyamine Conjugates
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Abstract Nine novel naphthalimide-polyamine conjugates were synthesized and their structures were confirmed by elemen-
tal analysis, "H NMR, >C NMR and MS techniques. Their antitumor activities in vitro using MTT [3-(4,5-dimethylthiazol-
2-y1)-2,5-diphenyltetrazolium bromide] assay were assessed on leukemia cells (K562), human breast cancer cells (MB-231)
and human hepatoma cells (7721). The results showed that most of them exhibited antitumor activities. Especially, compound
5a was better than amonafide which has been in phase III clinical trials. Fluorescence data revealed that the fluorescence
quenching of herring sperm DNA-EB complex by compound 5a was a static quenching type and naphthalimide-polyamine

conjugates intercalate into the DNA base pairs.

Keywords naphthalimide; polyamine conjugates; synthesis; antitumor activity; fluorescence spectroscopy
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FATTHT I T AR R L2 R -2 g A AT R
FIPUMRTE T X DNA A AR, JERENS 5 g
T, (B IEEAT X DNA(ELHS DNA-EB & 44)
b IRV - 2 e A FH 5 1RSI 5 e v MLl B A AR
ARG, [R) I AESCHR[ 14T 0Tt A B 3,6- Al
= 2R N JHe AT A A0 A A6 5 o R R A &0l 17 10 0 2R
FORMETE. RAE e ah BRI G T G 6 A
3,6- AR ZEME Y i - — S5 W)(Scheme 1)1 3 ANZ%
PV fie—— e 28 5 WD AE P IR 9 AN BT (R 25 I 0 fre— 22 e 4 5
Y)(Scheme 2), FHREAT T AW PEVEAN R b 15 2
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K2C03/Kl

0
N
H ::iN/\M/\Br
o
6

H2N\/\N/ o) |
A0S L
(1) CracN N/\Mﬁ\u/\/ 2 HCI
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Scheme 2

K8 6 0.8~1.3. MHEY 9a~9c TLHIEGIN, It
DA PR R 5 W SCER[9]—#F, —MHIAE 6 7.0~8.0
200, A& Sa~5f IO0EE L BV e &R T ARE 7
T Sl —BIE HBAE 0 4.0 A4 =g, 2R
2 E SRR FAIER 5 AN FEEME 5 06— B H B o
3.05~3.35 ZIAl, hZEE, TR HIE {5 5 g —
W IAE 6 1.70~2.26 2 7], 42 HIE, thEPA, N
W R H AR EL A5 9a~9c [ I14ERR 9a ] CONH,
5 NCH, 5 5§ EE KL Hgsh, A4 9b~9e M5
5 e Vi R A N JE (5 S 0 — M R IRAE 6
3.80 LA =G, £ 6 3.50~3.70 Z Al P4 NCH,
% B, AR LAY 9a~9c 766 3.0 £4HH 1A
NCH, ¥ = H g, BHEZRL, (5% 9a~9¢Ed3.0 /&
FAT A F I Ll
FEsfb &1 BC NMR H, 35 LA 6 165
oA, AEY) 9a~9¢ 15 IME S — i R IAE 6 118~
136 2 [A) JF-R I EE A FRPE, H5SCRR[9IAHLE, s
W) Sa~5f M TAHFE T NBUE - RS BEAR I ¥ 07 BRI s T
Wﬁ%%@%aw.%ﬁ%&~ﬁ5ﬁﬂ%ﬁﬁ¥ﬁﬁ
I L 145 5 %ﬁﬁf&mﬁ%{%F%E%@
ﬂ“i%i@nﬁ%ﬁ@msAEW%mﬁ g, —
ﬁm&aw~%zm,5AR¥TNEME$%mﬁ%
— M BLAE 6 22~25 Z I AERVEE AN, Law
Sa~5f X FINERIE T HREEH L ZER. thaw
9a~9c M4 H L5 Ik I il Z20 i~ A 3% 1) I RS (1) 4 U
~&$Wf5w~ﬁ B PR L T 3 SRR A
FE 3 AN H LG SR 2 A HSE M5 S, Horppy
ANFIL G S UEAE 6 43 7245, BRI 2 5 5UR T
ASFHIE, EATE S I 6 20~20 Z A%
FIVERIN; A 9a~9¢ X BIFIL A Sa~5f ()X
Bl —FE, RIS FIEEH 2
TCEMNTME R B R B G &fa—Ei
7K, X5 SRR A BRI K M BEA 0%, HZmKE
IEJG, JToE & IR ZE T N (0.4%).
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MR

JFE o 1 B FIE RPN M+H—nHCl (n=2 5% 3).

M LA By, v LAIE TG B 9 AN st &4
S5 K 5 T 25 AR A
1.2 RSN E S

B HAsb &4, KA MTT 3R i A0
e, RFHEA AL T T T R R G B B 2 ) 2R R Y
(Amonafide), 45 MR 1. RFPTHEEE LA VIR
I35 10X 1078, 30X 107 moleL ™" Iy 5% fiftJeg 4 Jfa 0
i, F0 B, oS P g i w1

1 LG 5a~5f T 9a~9f KRS E ML

Table 1 Biological activities of compounds 5a~5f and 9a~9f

Inhibition rate/%
Compd. 7721 MB231 K562

A¢ B  A¢ B? A? B?
5a 382 654 469 51.0 458 694
5b 17.6 308 423 504 326 565
5¢ 206 365 417 447 339  36.1
5d 0 0 443 446 319 335
5e 0 0 4.6 503 313 503
5f 325 613 403 456 288 313
9a 0 0 490 28.6 288 435
9 0 0 280 344 295 445
9 0 0 0.05 33.6 353 493

Amonafide 203 59.6 123 204 17.5 452

“A:c=10X10 ®molL ', *B: ¢=30X 10 mol-L ".

R 1 AT LUGE H, ZZ8ARRRT 3 R 40 i B A 1 5
(R IEFErE, X N LI 40 B (MB-23 1) G PR, X
1955 41 B (K S62) A 4 M (772 )35 PR 4F . H bk &
W) S 7 R A DN e 4 e g e e e e R B .
AW Sa X AT B 0 e 4 B LA A A B i R v Pk,
PLT4b T T B ARG B B IR 0] #2454 Amonafide; Sb
Hl5e %F 7721 §EMER 22, (HXF K562 Fl MB-231 Ef5—5&
FUREE; AW Sc Al 5d % MB-231 4 — &35k, H
X K562 M1 7721 WG TER 2, AW SEXF 7721 R MB-231
PR, (HX K562 TR ZE. (&Y 9a~9¢ UK
K562 A HHIE ], {H%F MB-231 $HI1E 422, %F 7721
SR T
1.3 WRALIEHAR
1.3.1 3% RF Ko H) b

NTRNFELZ B G DNA fERITESL, EH
1h&W) 5a Stk DNA fEH]. {H B TRS 5L H A Rk
HPER, S8 3,6- A2 G- —Re B A &
P g, MM EE DNA 5 3,6- hgHE-ZE Y
SIEAEWE RO KIS KRR A DNA 5
WAL CEEEB)E N E AW, HIREH WAL 600 nm /ity
Ab LI B PO, Mg S RE I BB S SRIG R AN
NG, 5EZM 1) EB 4355 DNA ERISEH i,
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A Z T EB B Bk, TP A 5 KIS 1t
Jit, HATEY) 5a 5 DNA-EB E-SWHE, 455 WKl
1.

ME 1 TR, M A Sa INARA RS,
FIRRTEICE K. PR RAE IR KHUHIAS [F] 1 53k 3
BV RAEAR K. AWAEY) 5a 55 DNA-EB 1EA 5]
DT KHLE], 42545 DNA 45 G0 5 e g,

140—-
120—-
100—-
80—-

60 - 13

Relative fluorescence

40

20 4

0

I S e S e e L
550 600 650 700 750 800

Wavelength/nm

Bl 1 5 sa Sk ok DNA-EB 1 9¢ 618l
Figure 1 Fluorescence spectroscopy of compound 5a with her-
ring sperm DNA-EB
Numbers 1~13 indicated the 5a concentration of 0.0, 4X 10 ¢, 8 X107,
12X10°°, 24X107°°, 36X10°¢, 48X10°¢, 60X10°°, 72X10°¢, 84X
10°% 96X10°%, 108X 10 ¢ and 120X 10 ¢ moleL ', respectively. DNA
and EB applied was 13.7X107° and 15.7X 10 ® molsL "', respectively.
Scan condition: EX=510 nm, EM=520~800 nm; Slits of both EX and
EM were 5 nm.

&Y DNA-EB E&YME R I8h &7 KR
We 7154 5a 55 DNA-EB & &Y 3550 1 2 [AIAiE
WHT R AN B RE. XA TR Stern-Volmer
JiFERIAT A, RO

FyF=14Ksycs, ()
b Fy M1F 23 314 EB-DNA FIAL &4 5a 4 FH A (194
RIS, Key AR ER, MR RAGY) Sa (1
KR, cs, AW Sa IR, LLEYF X} cs,/EE, AT
DAASHIZ54)11) Stern-Volmer J# K k! ™1 &5 5L 2.
A9 5a 55 DNA-EB SZA W01 (A 1 Ko it s e
TALEY) 5a 5 DNA-EB & &4 12 A4S B> 18] 1,
Wb B T B — e S+ 2681, 8
TR IS IS, XA L FE &M Lineweaver-Burk
RURHOT R BT HER W, 7R

_ _ _ —1
(F—L) "=+ Ky (L) ' ()

Horh, I I: 43 90 M Ak 590 5a N\ DNA-EB & &4
JERICIRIE, Kg AR IGE KIS RTEEYE
B, BT AR A K FE T DNA-EB R 54915
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L) Sa (0055 & SUNEE BIPATIR O AOG R, DA(TE —
L) R0 G R, 349 5) Lineweaver-Burk SUE%
Hﬂzjé[”]
3.0+
281 298 K

2.6 303K
2.4
22] 310K
2.0
1.8
1.6
1.4]
1.2
1.04

FJF

T T T T T T T T
0.00000 0.00004 0.00008 0.00012

¢, /(mol L")

B 2 (&Y Sa Hiffaf DNA-EB /EA RIS FEHM
Stern-Volmer K [ 2k £ 4025 K]

Figure 2 Stern-Volmer fit linear plot of fluorescence quenching
of herring sperm DNA-EB by compound Sa at different tempera-
tures

MRS 5ILE 25, 30, 37 CHRIERAGILAEY) 5a 5
DNA-EB &&W1E I 5O 6 Kes, 73nIiit 3 A
[V R ¥ Stern-Volmer H1ZEA1 Lineweaver-Burk X{f%]
Hoh e, SRJGx LI B BT LA, BIAS Key AN
Kip I, 45305 2.

R2 LAY 5a SRS DNA /E K H £
Table 2 Quenching constants of the interaction between com-
pound 5a and herring sperm DNA

T/K  Ksy/(Lemol ')  K,/(Lemol ")

Kip/(Lsmol ™)

298 1.106 X 10* 1.106 X 10" 6.670 X 10*
303 1.020 X 10* 1.076 X 10" 5.090 X 10*
310 7.502 X 10° 7.502 X 10" 3.598 X 10*

— R YE, IR EKEMNT Ky H— /N T
2.000X 10" Lemol '™ fHZE 2 ) K, i KT
2.000X 10" Lemol ', IXAJ LAKIL HIWHE % DNA-EB
(98 K 7 KON AR K. 48 SCHR[ 2014 18 i 5 T s 14
KA FYECRE, M8 R A A3 A K ) vl se e,
RRFBVER, W Koy N BEWE TR, [H i
ST+ ks S B A Y AR T T R, AT 980N e &

WA BENE; W SRR FRSTE K, W Kyp B AT
M IR/, 2 I Ksy Bl BRI THs 2o,
FUIFE N DNA-EB [F¥ K 5 AL AE K, Kip bl
A5 T T R, X e gk B — 2D 3R WRE A R
DNA-EB %68 K7 RO TSR K, B0 U TR
L DNA 45 & i i 417,
132 fb&-#5 DNA 2465 XA 2
TSR RR, POsmE S KRN/ &
LR 75 F2: log[(Fo— F)/F]=log K-+nlog[Q], H:r' Fyfll F
S EAL A YN DNA-EB 1A & 5 J5 (9 G001, K A
50 5a 55 DNA 456550, n 45500 4L, (0124
G Sa [RAE. B DU b 5 2, L log[(Fo—
F)/FA log[QUER, SR J5 0 S50 50l AT e L&,
BB R ] Sk 410 59 Sa 5 DNA 73 T INAEA
AL NS &AL K Fgs G005 n, 450 0L3K 3 F
K 3.
1.6—: 298 K
1.4 303K
1.2
1.0
08
064

04
0.2

0.0-: /

-0.2

310K

log(F-FIF)

56545250 48-46-44-42-40-38 -36
log[Q]
B3 AR R log[(Fo— F)/FIX log[ Q14 M3 4]
Figure 3 Fit linear plot of log[(Fy—F)/F] vs log[Q] at different
temperatures

FIHLL R A5 &) 5a 55 DNA-EB H A1
FHRI B 2 g 3825 IS AR AR RARAS R AT E
RERAG MEUE, [

In(K+/K})=(1/T,— 1/Ty)AH/R 3)

AG=—RTIn K=AH—TAS 4)
Hod, R WML TS, K NEG L il Ar
WASKIS, IAEAH WLLEAE R — AN EL, 45 R 3.

R 3ITEARAH<0, WIFRIIAE 5L DNA 1456 2 0%

R3 AW 5a LR DNA fEARRE M EH IS & B2 55

Table 3 Binding constants and thermodynamic parameters of the interaction between compound 5a and herring sperm DNA at different

temperatures
T/K K/(kJemol™") n AG/(kJsmol™") AH/(kJsmol™") AS/(kJemol ") R*
298 1.019 X 10° 0.91 —28.571 —166.845 —0.464 0.9725
303 3.354 X 10* 0.83 —26.251 —166.845 —0.464 0.9669
310 2.686 X 10° 0.63 —20.351 —166.845 —0.464 0.9755

“ Correlation cocefficient.
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[¥). H1 Ross S8R G W (KN AL K507 L/ oy
G5 SR 2 A T AT R AT 45 5 028 i
IKAE R 3 AT # R E N AH> 0 FIAS™>0; S B a1
A ) T I N AH<0 RIAS<<0; AR 2L
PR N AH<0. 255383 a0, titnl
FIWFE AL DNA (45 G2 S PR BBt 7, i He
I T R & 0 2R DU BEAN i A JH 0 28 2. Take-
naka SFCUISUR I, SRR 29405 DNA R
A I EFHE, BT DR BRI S DNA 1
g 7 AT,

HH LRI HEWT, FFGE DNA A E AR I R 2 T8
IR RIE IR R, MFEdh S DNA AHEAEAIN, FF
A IF T 2SR S5 4 N DNA 1R RUIB e 45 44 (IR Xof 2.
), HAHELAR ] D 288 SR i A .

2 Zig

HIT 9 ANZERLREATEY), JF4aL 'TH NMR, PC
NMR, MS, JC#E 55 45 A,

RSN ST B I B 22 500 S o il i
A A MEIER. U A G Sa, HUEiEEL
40T T I R R BG B B 24590 = 25 HE 4 (Amonafide).

DNA-EB 525 W iecfiT £ Sa fEHTRES L 1986
VK, Gl ERAE =P R N i &4 Sa HififEfn
¥ DNA-EB AH ELAE FH B8 A K H B S TS KR 4L,
HIENAY) 5a S0k DNA-EB 15 1 1958 65 K AL
N AR, B LR = FASEEEE R 4k &) 5a
LjfifE £tk DNA-EB AH BAE FH 98 G55, 18T
ANFERELEE N IS, S B RS i
SRR EE ST =S, e &) Sa St
Fi DNA 145677 R4S, Wi ire i ik~ i
ZEINGE RN DNA TR XU TiE 45 14 I e 0t 2 [a], - HAH
AR IR B N A BN AR, I R A B 8 05
13 [ 3R Bl i A
3 KEEH
3.1 XE5IKH

Bruker AV-400 B k%l 34k (35 [H); Esquire 3000
H LC-MS A% (4 [H); Vario EL TIT %50 2 /014 (1
[¥); Unicam UV 500 %4366 T F-7000 FL Spec-
trophotometer( H 4A%); X-6 55 W A0E A E 4.

1,8-25 " HIRIT. 1,8-28 — FHEE P & Cre 1L Ak T
AR AT, BZEARFRLI E AW, 4 "H NMR
ZERIRIN); RERZ(300~400 H, 75 SiErErEe T ),
AR A A T o dral, RAOEGE—D b,
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32 BRUEYENSEMRIE
32.1 3,6-—AHA-1,8- A= FEAEF 494 %

7£ 250 mL = B N 100 mmol (19.80 g) ¥
1,8-25 - HIREF (1) 100 mL iKERIR(98%), it
fift, 0 CZEN& W N 11.4 mL IRIHE 65%~68%15 50 mL
R (98%) AL il 11T VR IR, W52 0 "CIRY 2.5 h, #R
JETHE A 50 CHkE: N 1 h, RNV EHRG, AEIE %0,
HTRK B, dhdE, AKyEZRrE, TR, VKSR HE A5 4,
T, kR E A 2, P53 93.5%. mp. 204.6~
206.1 ‘C; '"H NMR (CDCls, 400 MHz) &: 9.81 (d, J=2.0
Hz, 2H, ArH), 9.08 (d, J=2.0 Hz, 2H, ArH).
322 B MgES R,

ARG VY i 3 42 2% SCRR[25 13047 A B
323 3,6-—AA-ABLT - Z R EW 5 698 MR

BARYIVU%E 3 1 mmol 5 3,6- - fiFFE-1,8 25 - HR
If 0.9 mmol fEJo/K ZEEHHA 3.5 h, Rl L FEHEAT #E
JEHT, 158 iRy 4.

4a: "% 41.67%. '"H NMR (CDCl;, 400 MHz) 6
9.44 (d, J=2.0 Hz, 2H, ArH), 9.34 (d, J=2.0 Hz, 2H,
ArH), 5.24 (br s, 1H, NHCO), 4.23 (t, J=7.2 Hz, 2H,
CONCH,), 3.08~3.34 (m, 10H, NCH,), 1.61~2.17 (m,
6H, CH,), 1.43 (s, 27H, Boc-H); ESI-MS m/z: 781.3 (M+
Na)".

4b: 7% 46.04%. 'H NMR (CDCl;, 400 MHz) 6
9.44 (d, J=2.0 Hz, 2H, ArH), 9.33 (d, J=2.0 Hz, 2H,
ArH), 5.29 (br s, 1H, NHCO), 4.24 (t, J=7.2 Hz, 2H,
CONCH,), 3.08~3.25 (m, 10H, NCH,), 1.42~1.77 (m,
35H, CH,, Boc-H); ESI-MS m/z: 795.4 (M+Na) .

4c: H 46.11%. 'H NMR (CDCl, 400 MHz) o:
9.45 (d, J=2.0 Hz, 2H, ArH), 9.34 (d, J=2.0 Hz, 2H,
ArH), 5.25 (br s, 1H, NHCO), 4.22 (t, J=6.8 Hz, 2H,
CONCH,), 3.09~3.33 (m, 10H, NCH,), 1.42~1.64 (m,
35H, CH,, Boc-H); ESI-MS m/z: 795.8 (M+Na)".

4d: 7&K 66.47%. '"H NMR (CDCl;, 400 MHz) 6
9.44 (d, J=2.0 Hz, 2H, ArH), 9.33 (d, J=2.0 Hz, 2H,
ArH), 5.28 (br s, 1H, NHCO), 4.24 (t, J=6.8 Hz, 2H,
CONCH,), 3.08~3.22 (m, 10H, NCH,), 1.42~1.74 (m,
37H, CH,, Boc-H); ESI-MS m/z: 809.3 (M+Na) .

4e: P7H 46.04%. 'H NMR (CDCl;, 400 MHz) o:
9.46 (d, J=1.6 Hz, 2H, ArH), 9.33 (d, J=1.6 Hz, 2H,
ArH), 4.58 (brs, 1H, NHCO), 4.24 (t, J=8.0 Hz, 2H,
CONCH,), 3.10~3.33 (m, 10H, NCH,), 1.34~1.94 (m,
37H, CH,, Boc-H); ESI-MS m/z: 809.5 (M+Na)".

4f: 7% 55.56%. "H NMR (CDCls, 400 MHz) J: 9.45
(d, J=2.0 Hz, 2H, ArH), 8.34 (d, J=2.0 Hz, 2H, ArH),

Chin. J. Org. Chem. 2013, 33, 1514~1521
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4.61 (br s, 1H, NHCO), 4.24 (t, J=7.2 Hz, 2H, CONCH,),
3.10~3.22 (m, 10H, NCH,), 1.42~1.71 (m, 39H, CH,,
Boc-H); ESI-MS m/z: 823.6 (M+Na)".

iRk 4 BTG R O, AHIE 0 C, 25l
WIS 4 mol/L PRI LW, HART 2 =0,
b 2 AT KR AR AR i, g, T EZETEK SR
W3R, TS K AEE A S s

3,6- Aif k- 2-{3-[3-B-R N AL WA IE NI} -1 H-
RIS 1,32H)- il =R (5a): 7% 53.99%.
m.p. 240.6~241.9 °‘C; '"H NMR (D,0, 400 MHz) J: 9.30
(d, J=2.0 Hz, 2H, ArH), 9.03 (d, J=2.0 Hz, 2H, ArH),
4.24 (t, J=6.8 Hz, 2H, CONCH,), 3.13~3.31 (m, 10H,
NCH,), 2.10~2.26 (m, 6H, CH,); >C NMR (D,0) §:
162.97, 140.94, 131.74, 131.53, 130.51, 126.92, 123.97,
45.56, 44.77, 44.09, 44.02, 38.21, 36.58, 24.28, 23.78,
22.75; ESI-MS m/z: 459.2 (M+H—3HCI)". Anal. calcd
for CpHeClsNgOe#6.0H,0: C 37. 31, H 6.11, N 12.43;
found C 37.00, H 6.33, N 12.34.

3,6- hHAE-2-{4-[3-(3- N & 3L N2 ] T ) -1H-
I S EEMR-1,3H)- B = kB2 $h(5b): 77 F 58.69%.
m.p. 249.5~251.1 “C; '"H NMR (D,0, 400 MHz) ¢: 9.20
(d, J=2.0 Hz, 2H, ArH), 8.85 (d, J=2.0 Hz, 2H, ArH),
4.06 (t, J=6.4 Hz, 2H, CONCH,), 3.12~3.27 (m, 10H,
NCH,), 2.09~2.24 (m, 4H, CH,), 1.80~1.92 (m, 4H,
CH,); ®C NMR (D,0) d: 162.54, 146.87, 130.50, 131.31,
131.40, 126.85, 123.96, 47.44, 44.78, 44.73, 44.51, 40.32,
36.60, 24.25, 23.79, 23.26, 22.77; ESI-MS m/z: 473.2
(M+H—3HCI)". Anal. caled for C,3H33C13N¢Og#0.8H,0:
C 44.37,H5.38, N 14.11; found C 44.54, H 5.35, N 13.74.

3,6- _AiH3E-2-(3-[4-B-A N &KL | 2 LN KL} -1H-
I FEI-1,3QH)- i = R Eh(5e): FEF 50.42%.
m.p. 242.0~243.6 ‘C; '"H NMR (D,0, 400 MHz) J: 9.30
(d, J=2.0 Hz, 2H, ArH), 9.11 (d, J=2.0 Hz, 2H, ArH),
429 (t, J=6.8 Hz, 2H, CONCH,), 3.17~3.32 (m, 10H,
NCH,), 2.14~2.21 (m, 4H, CH,), 1.90~1.92 (m, 4H,
CH,); *C NMR (D,0) 6: 163.07, 147.03, 131.81, 131.61,
130.58, 126.89, 124.03, 47.12, 47.08, 45.42, 44.64, 38.00,
36.66, 24.31, 23.82, 22.89 (2C); ESI-MS m/z: 473.2 (M+
H—3HCI)". Anal. caled for C,,H33ClNOge1.30H,0: C
43.65, H 5.60, N 13.88; found C 43.90, H 5.75, N 13.54.

3,6- hHHE-2-{4-[4-(3- N &) T 2] T 35 -1H-
IS EER-1,3QH)- B = ih B2 $h(5d): 77 F 42.13%.
m.p. 250.1~251.9 °C; 'H NMR (D,0, 400 MHz) : 9.25
(d, J=2.0 Hz, 2H, ArH), 8.89 (d, J=2.0 Hz, 2H, ArH),
4.10 (t, J=6.8 Hz, 2H, CONCH,), 3.15~3.25 (m, 10H,
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NCH,), 2.14~2.18 (m, 2H, CH,), 1.83~1.88 (m, 8H,
CH,); *C NMR (D,0) d: 162.54, 146.89, 131.52, 131.33,
130.42, 126.65, 123.99, 47.29, 47.14, 46.96, 44.63, 40.30,
36.65, 24.30, 23.82, 23.29, 22.90 (2C); ESI-MS m/z: 487.2
(M+H—3HCI)". Anal. calcd for Co3H3sC1;N¢O60.7H,0:
C 45.40, H 5.70, N 13.81; found C 45.70, H 5.63, N 13.49.

3,6- hHHE-2-{3-[4-(4-% T &) T AN -1H-
I SEER-1,3QH)- i = R Eh (Se): 7 F 41.34%.
m.p. 234.1~236.0 “C; '"H NMR (D,0, 400 MHz) 6: 9.30
(d, J=2.0 Hz, 2H, ArH), 9.02 (d, J=2.0 Hz, 2H, ArH),
426 (t, J=6.8 Hz, 2H, CONCH,), 3.09~3.31 (m, 10H,
NCH,), 2.22~2.25 (m, 2H, CH,), 1.82~1.90 (m, 8H,
CH,); "C NMR (D,0) J: 162.93, 146.95, 131.73, 131.52,
130.52, 126.90, 123.99, 47.01, 47.07, 46.97, 45.42, 38.90,
38.10, 24.31, 24.00, 22.92, 22.90, 22.83; ESI-MS m/z:
4872 (M+H—3HCI)". Anal. caled for C,3H;5C15N¢Oqe
0.5H,0: C 45.53, H 5.68, N 13.85; found C 45.57, H 5.86,
N 13.49.

3,6- A -2-{4-[4-(4-F T H ) T A T & IH-
AT FEERR-1,3-2H)- ] = R R ER (5F): 77 R 42.62%.
m.p. 242.4~244.1 ‘C; '"H NMR (D,0, 400 MHz) J: 9.22
(d, J=2.0 Hz, 2H, ArH), 8.87 (d, J=2.0 Hz, 2H, ArH),
4.05 (t, J=7.2 Hz, 2H, CONCH,), 3.03~3.21 (m, 10H,
NCH,), 1.77~1.83 (m, 12H, CH,); *C NMR (D,0) 4:
162.50, 146.81, 131.45, 131.26, 130.35, 126.58, 123.92,
47.19, 46.93, 46.90 (2C), 40.26, 38.78, 24.20, 23.91,
23.22, 22.85 (2C), 22.77; ESI-MS m/z: 501.3 (M+H—
3HCI)". Anal. caled for Co4Hs; ClsNgOg2.0H,0: C 44.76,
H 5.79, N 13.05; found C 44.61, H 6.01, N 13.00.

3.2.4  FIA4R Ta~Tc &A%

AR Ta~Tc %27 SCHR[26]1E4T & k.
325 RABIR- IS 9 6%

A5 8 0.88 g (10 mmol)i T 50 mL ZJEH,
TC/KBRFERER 2.07 g (15 mmol), =iEHEEE 15 min, THEE
45 °C, 7y 3 it 5 mmol HItL&H Ta~Tc, IR 45
C, RN 10~12 h. [ 2, FIRPH 30 mL S6%
fit, 30 mLX3 Na,CO; 10%FI/KE sk, &2
KB R AN T, W S, B R ) R IR AT 43 s 2 4l
oy AR AT BRI &Y 8. B EIHeIRIE A
Y) 8 WG R I, WEIE 0 °C, /5N 4 mol/L
HRRI ORERWOE R, AR R =R, HHEdREA K
AR, U8, HEATKOERG 3 R, THA
A AL A ) 9a~9¢l),

2-{3-[-2(= ek Q) N AL - L H-2R 9 ) S s k-
1,3Q2H)- i — i £h(9a): =% 52.36%. m.p. 270.9~
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272.3 °C; '"HNMR (D,0, 400 MHz) §: 7.52 (d, J=8.0 Hz,
2H, ArH), 7.48 (d, J=7.2 Hz, 2H, ArH), 7.11 (t, J=7.6
Hz, 2H, ArH), 3.53~3.63 (m, 6H, CONCH,, 2 X NCH;),
3.14 (t, J=7.2 Hz, 2H, NCH,), 2.98 (s, 6H, 2XCHj),
1.82~1.90 (m, 2H, CH,); “"C NMR (D,0) J: 161.94,
132.71, 128.70, 127.67, 124.46, 123.32, 116.94, 50.22,
43.79, 41.22 (2C), 39.65, 34.94, 21.96; ESI-MS m/z: 326.2
(M+H—2HCI)". Anal. caled for C;oH,sC1,N30,00.5H,0:
C 56.02, H 6.43, N 10.32; found C 55.83, H 6.12, N 10.23.

2-{4-[-2( = PRk 2R IE) T I TH-2K It ) 5 s k-
1,3QH)- i — R £h9b): =% 46.17%. m.p. 246.6~
248.0 ‘C; 'H NMR (D,0, 400 MHz) ¢: 8.11 (d, J=6.0 Hz,
2H, ArH), 8.09 (d, J=6.0 Hz, 2H, ArH), 7.01 (t, J=8.0
Hz, 2H, ArH), 3.92 (t, J=6.4 Hz, 2H, CONCH,), 3.55~
3.58 (m, 4H, NCH,), 3.26 (t, J=7.2 Hz, 2H, NCH,), 3.02
(s, 6H, 2X CH3), 2.07~2.15 (m, 4H, CH,); “C NMR
(D,0) J: 164.43, 135.16, 131.43, 130.93, 127.36, 126.74,
120.71, 52.03, 47.88, 43.51 (2C), 41.81, 39.60, 24.05,
23.55; ESI-MS m/z: 340.3 (M+H—2HCI)". Anal. calcd
for CyHp,CLN;0,+0.15H,0: C 57.88, H 6.63, N 10.12;
found C 57.48, H 6.28, N 9.78.

2-{5-[-2( - H Ik B I ) RIE - LH-FE I ) 5 1 I -
1,3QH)- i — R Eh(9¢): 5% 45.21%. m.p. 259.1~
260.6 ‘C; 'H NMR (D,0, 400 MHz) 6: 7.96 (d, J=8.0 Hz,
2H, ArH), 7.50 (d, J=7.6 Hz, 2H, ArH), 7.11 (t, J=7.2
Hz, 2H, ArH), 3.81 (t, J=6.8 Hz, 2H, CONCH,), 3.64~
3.69 (m, 4H, NCH,), 3.26 (t, J=7.2 Hz, 2H, NCH,), 3.12
(s, 6H, 2X CHj), 1.86~1.92 (m, 2H, CH,), 1.54~1.63 (m,
2H, CH,), 1.47~1.52 (m, 2H, CH,); *C NMR (D,0) ¢:
166.11, 136.93, 133.20, 132.83 129.27, 128.60, 122.70,
54.69, 50.13, 45.54 (2C), 43.80, 41.97, 29.14, 27.58,
25.67; ESI-MS m/z: 354.3 (M+H—2HCI)". Anal. calcd
for CyHyCLN30,01.2H,0: C 56.30, H 7.06, N 9.38;
found C 56.02, H 6.71, N 9.30.

3.3 {RIMRARIEIE M

h T HEGRRINNE YU, KA MTT
[3-(4,5- F FEIEME2)-2, 5 — 2R FE PO UM #5175k 47
WA TiiE, XA Amonafide.

IS IR A A BCETE AN, AN 10%/N -1
i, 2 mmol/L L-432 2, 100 U/mL 7% %, 50 pg/mL 4
% 2 mmol/L ZHEMEEFRW, 137 C, 5% CO, ¥
B E.

A M REEI B 2 T EDO B8 AR KU N LI 4 i
(MB-231) 1 T i 40 B (7721), 5 %240 o %k 5 X 10°
AN/mL, T 96 LIRS AE I BRI A, 24 h fF A 2
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© 2013 Chinese Chemical Society & SIOC, CAS

IR FE IR, FRL 48 ho i MTT %, 4L 100 pL;
76 37 CHMUF THFAATIE 4 h, BrE MTT B,
B AREFLGH M 544 150 uL DMSO ¥, K562( 1 135 41
) 4 X 10° A~/mL A0 96 FLEFFRMC, N CANHK S 1)
FESW, it 48 hoin MTT %W, &L 10 puL (10
mg/mL); & 37 C&AFTIFME TG 4 h, BRE
MTT %, R BEALA A 10%0K) SDS( T ik
FRAM)ZEW 100 uL W B, LLESA WFESh 4. X
P INFE SO AT AL (A REIRIE, LAl ), 7EREFs
BCEME R 570 nm ARG EME, AR5 BRI
A TSN AR i (41 .

Feteg e o A KA (%) =(OD 45e—OD s55:)/(OD sie—
OD ¢) X 100%

34 WK EFEMR

Tris-HCl 2% Py WIC ) FRE = 58 P L U W e
(Tris) 12.11 g, FHZEIE/KFRE 42 800~900 mL, J 20%[%)
IR KHOA T pH="7.4, LA Tris-HCl ZE3¥% 1000
mL.

1EW) Sa LT RIS, H Tris-HCL
DEIPVRIC BOAR R 2.0 X 10™* mol/L [{I%5¥% 50 mL.

i £ kG DNA VAR FRIBUEE RS DNA 15.8 mg
F Tris-HC1 28 Ac il ek 5 4 22.82X107° molsL ™'
% 50 mL.

TR CEERWIC A TR AL ZFE(EB) 3 mg, H]
Tris-HCl ZZ i FL il k€ 1.57X 107> moleL ™ [l
W 50 mL.

filf 1k DNA 0.3 mL, EB 22/ 0.5 mL 73515
0.0, 0.1,0.2,0.3,0.6,09, 1.2, 1.5, 1.8,2.1, 2.7, 3.0 mL &,
G Sa RS, ARG A Tris-HCL 22 1P i e
25 mL, $£5). FE 0.5 h BT, e NHELEE
53904 25, 30, 37 °C. FEdhH Sa WREZ554: 0.0, 4X
1076 8X10°° 12X10°° 24X 107 36X10°°, 48X 10°°,
60X 107° 72X 10°° 84X10°°% 96X10 % 108X 10 °,
120X 10°° moleL ™', DNA Al EB #KJF /354 13.7X10°°
F115.7X107° molsL™".

Z4E 25 CHlsE, AW 5a fE/KP SRS KT 80
mg/mL, {HHECHRP 18 Amonafide i T-7K.
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