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Synthesis, DNA Binding Properties and Bioactivity of Naphthalimide
Poly(ethylene imine) Conjugates
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Abstract A series of novel low molecular weight poly(ethylene imine) (diethylenetriamine, triethylenetetraamine and tetra-
ethylenepentamine) modified naphthalimide derivatives at 4 position as the DNA binding agents were designed and synthe-
sized. Their DNA binding properties were investigated by UV-Vis, fluorescence and circular dischroism (CD) spectroscopies
and thermal denaturation experiment. Furthermore, the anticancer activity was evaluated against different tumor cell lines
(human hepatocellular carcinoma Bel-7402, cells, human promyelocytic leukemia HL-60 cells, human lung cancer A549 cell,
human cervical carcinoma Hela cell). Compound NI1 exhibited potent anticancer activity against A549 cell line with ICsg
value of 3.16 pmol/L, which was better than the positive control drug (cisplatin).

Keywords naphthalimide; DNA binding; poly(ethylene imine); anticancer
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Figure 1 Structures of naphthalimide derivatives in clinical
trials

AR SR, 2R OISR A SR AT 7 7 40 Bt
fRe s, HapmdFi/ER S DNA MRS G, |2
JHF SR G 2k S0, ooy T 2R o 0%
FEAE (N = 985 =R« = AR VU &R DY 295 e
KGN B HATAD, MURAY DNA fEH MG
i FLARILT — 5@ PR i e L = 29 DU Jie vl 4
DNA G-PUBEPRLE A7, HX) Hela 41 s BEF 1S
PEIR ICso {4 7.8 umol/L. 3 HAF5 R I Lk
G NAT2 0 = LI VURE I 254K 258 R Vs 5
M), Piantanida 245 i T B 28 = Z975 VU R MR (VI 1 s
WA ZEY), ) Hep2, HeLa, MiaPaCa-2, SW620, MCF-7
F1 WI38 “5 41 i R4 IR TG 14 1) 1Cs0 (AT 5 pmol/L.
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Cushman 25 HRE T 2 41 22 e 16 4 (1 W3 WA S IR A2 A= 42,
A A A R U RE TG TR 1Cso fHAE 0.017~1
pmol/L 2 [a].

BT 2RV i R AN 2R 0 R R A A W) R R AIE,
ATV BT H 8 AR TR ORI (L
S = L VY R DY ZAs T ) 6 i 1R 2R I AT AR
W)l UV-Vis J6il . 566l 5 MR P 5
WAL T P E A AW 5 /N iR DNA (Ct-DNA) )
AT M (Scheme 1). 1T, i@k MTT RS T HGEH%)
Bel-7402, HL-60, A549 K1 Hela 41l Jitd (KA &N T o 5 1,
P& A S o 7@ e, Hoh — A6 =
B A NI X AS549 41 i (1) 1Cso {4 3.16 umol/L,
U PH P S RIS

10) O
g Q (a) Q (b)~ (@)
N —_—
O Br \NI O Br
o / o}
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\ /N N
W0 R N
/ 0o H n
(n+ 3) HClI
Ni1n=1
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NI3n=3

Reagents and condition: (a) Ethanol, N,N-dimethylethylenediamine,
reflux; (b) NH,CHx(CH,NHCH,),CH.NH, (n =1~ 3), TEA (10
equiv.), HOCH,CH,OCHjs, 120 C, 5 h; (c) DCM/MeOH, Boc;0, 0.5
h; (d) Ethanol, 6 mol/L HCI

Scheme 1

1 XIS
1.1 NES5RF

SGW X-4 % W Aua A, I TFRERIE; #
W 3t 4% 3% ('H NMR, "C NMR): RT-NMR Bruker
AVANCE 600 MHz(TMS & W #5); &5 4 #F i i
FTICR-MS (lonspec 7.0T); &4k nJ WG HEAFI A
KL UV-3600 (Shimadzu), A1 JEHDERE 10 mm, A
S-1700 #FAXFN T, 73 HT 44, 265 6B EETE: F-7000
(Hitachi), A1 JEHDERE 10 mm; B A : MOS-450
(BioLogic).

/NI IR(Ct) DNA M Sigma-Aldrich 3%, Ct-DNA
TEREIRZE M YA (10 mmol/L, pH 7.4)"17E 260 F1 280 nm
Ab UV OGRS LAl A 1.8~1.9, KW DNA WA S HE
F. ©40 Ct-DNA 7E 260 nm 4 (%) BE R R ECh 6600
(moleL ™ Myeem ™', GHILKII 260 nm  Ab fr W i 5
Ct-DNA [ FE.
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RN

12 AR

G 1R SCBR[1 1] 07455 k.

&) NI, NI2, A1 NI3 (& bk 1 (1.4
mmol)#¥ T+ 20 mL & i B FIE A, INAAH Y (2 24
J&25(14 mmol)Fl 1 mL — Z %, Ny fRY R n#k(al 5 h,
TLC WIS, RNV TERUSE, SOV E 2], JlH
A B, R L ERE P S AR AE 20 mL A,
SEMFWIN 10 mL R BT BRI I RE(REAS 2500 Y
5/ equiv. [l Boc,O)A M, =il FHiHE 0.5 h. JEZH
R, RHL i AR A 3 B (VR V(LR 418 -
V(D=6 : 1], 193tk R B RIEARLE 10
mL ZF§EF 2 mL 6 mol/L () HCl J AR, %3 N
PR, AR B UTTEY). BRI B0
W CIEVER 3 IR, AT HRA R HAL A9,

N-(N,N- "3 2, Jli )-4- - 20 = [ Fk-1,8- 25 1k
Vi R TR ER(NIL): Bl 44, iD= 26 60%. m.p. 189~
190 “C; 'H NMR (D,0, 600 MHz) 6: 4.49 (s, 6H, CH;),
4.87~4.94 (m, 4H, CH,), 4.97~5.02 (m, 4H, CH,), 5.29
(t, J=6.6 Hz, 2H, CH,), 5.72 (t, J=6.6 Hz, 2H, CH,), 7.97
(d, J=8.4 Hz, 1H, Ph), 8.81 (t, J/=8.4 Hz, 1H, Ph) 9.26
(dd, J=8.4, 1.8 Hz, 1H, Ph), 9.41~9.42 (m, 2H, Ph); "*C
NMR (D,O, 150 MHz) &: 35.49, 39.00, 43.34, 43.49,
44.55, 46.24, 55.48, 10427, 104.47, 107.42, 119.78,
124.73, 128.48, 128.90, 131.43, 134.59, 150.38, 164.22,
165.21; HRMS calcd for CoH,7;NsO,Na [M+Na—4HCI]"
392.2062; found 392.2073.

N-(N,N-"F3E 2, e d)-4-= 205 DU e k- 1,8- 25
Vi R PR Eh(NT2): B EAlE 4k, PI2D =248 56%. m.p. 172~
173 “C; 'H NMR (D,0, 600 MHz) 6: 2.93 (s, 6H, CH),
3.31~3.36 (m, 6H, CH,), 3.41~3.46 (m, 6H, CH,), 3.76
(t, J=6.0 Hz, 2H, CH,), 4.22 (t, J=6.0 Hz, 2H, CH,), 6.47
(d, J=9.0 Hz, 1H, Ph), 7.32 (t, J=8.4 Hz, 1H, Ph), 7.78
(d, J=9.0 Hz, 1H, Ph), 7.94 (s, 1H, Ph), 7.96 (d, J=1.8
Hz, 1H, Ph); °C NMR (D,0, 150 MHz) J: 35.32, 39.03,
43.32, 43.43, 43.50, 44.62, 44.66, 46.41, 50.73, 104.48,
107.69, 119.67, 120.03, 124.80, 128.71, 128.97, 131.54,
134.69, 150.48, 164.47, 165.44; HRMS calcd for
C,H33NgO, [M+H—5HCI]" 413.2665; found 413.2678.

N-(N,N- " F 3 2, Jli 3)-4- DY 2.9 i Fs-1,8- 25 1%
P JfE PR Eh(NI3): Bl 44, Pi2b =2 58%. m.p. 140~
141 “C; 'H NMR (D,0, 600 MHz) 6: 2.97 (s, 6H, CH;),
3.50~3.34 (m, 16 H, CH,), 3.82 (t, J=6.0 Hz, 2H, CH,),
430 (t, J=6.0 Hz, 2H, CH,), 6.58 (d, J=8.4 Hz, 1H, Ph),
7.43 (t, J=8.4Hz, 1H, Ph), 7.90 (d, J/=8.4 Hz, 1H, Ph),
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8.07 (d, J=1.8 Hz, 1H, Ph), 8.08 (s, 1H, Ph); °C NMR
(D,O, 150 MHz) J: 30.32, 35.33, 35.59, 39.10, 43.50,
43.69, 43.78, 43.85, 44.69, 46.42, 55.78, 104.61, 107.92,
119.89, 120.29, 124.96, 128.95, 129.07, 131.72, 134.89,
150.62, 164.71, 165.66; HRMS caled for C,sH3sN;0,
[M+H—6HCI]" 456.3087; found 456.3104.
1.3 YHREEMENE

B ITE AL S VDV A IR SR 2 vy b, HL
TERSFREE AR B BT TR . TRt MTT 2530 5 %5 41 B
IREPE. WSCEE T HO AN My, R A0 MRk i, P
96 FLITELEE R0 (BEFL 10* ANIHR), 37 C FAESH
5% CO, MHEAHIEE 24 h. L&YW BIEEA L
R IEAE 1077~10"* mol/L, ¥4 % IRRT LA Ay
FHPEX R GR a2 G BR A H]). BiFRIELE 37 CHH 5%
CO, FIEAE RS 48 h. & WS, % MTT Lt 7
(Sigma)# (20 uL, 5 mg/uL) I EIfGE—NFLH. Ki9% 4
h J&, 11 DMSO ¥4 i o 1 06 €45 & i g br A A
570 nm 3K AR A FLIOE B EE(OD). AR A2
(1 — ODyreared/ODeontror) X 100% 54z KA il %, P 5%
1Cso fH.
2 ZR5HE
21 BHAE

FRYESCHRR[ 11 HOE 73, DL 4-38-1,8-Z8 1 Jy Js R,
BRI RS NN-—F 3 £ 1 S N A e Ak 1,
HETT 400 R 5 T2 Bk s = . = DAY 2,
I TR IUARAS B 2 Fe U AT A9, T2 e etk
GUIRIEAEE K, METor B, P EYIAR S5,
HAZ5id i Boc,O KN, AT Boc (R 1) 2 it A4,
1A E 6 mol/L HCI Fll £ TR A5 v P B i PR 4 5645 21
H AL A4 NIL~NI3, {b & Y)45 /%4 NMR fl MS 25:3%
fiE.
22 5 DNABEEITAMR

A UV-Vis Jeilt, Z860% . 18 Ak A ik
SCEGHEGY T BT & b &) NIT~NI3 5 Ct-DNA [F#4
TA.
2.2.1 UV-Vis i

FEWE IR 2 P W(10 mmol/L, pH 7.4, 50 mmol/L
NaClh)H, i UV-Vis il T & itk &4 NI~
NI3 5 Ct-DNA (51T 0. WK 2 Fios, (b &4 NI~
NI3 FIW RIS R C-DNA ¥ R4 I if 32 i B,
I HA KRR R A2 T W 20 AS . X B Ry ik 2 W
1bE) NI1~NI3 75 4 DNA i A7k A2 DNA 58 5E
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B2 25 C FAEBMRIEMEE(10 mmol/L, pH 7.4, 50 mmol/L NaCl)T %5 Ct-DNA(#i 3k J7 [1]: NI1 F1 NI3 o' Ct-DNA [ /5 484k,
U R 0~169 pmol/L, NI2 H Ct-DNA I3 B AZ AL 4 0~ 112 pmol/L)FIINA, B 1.0 X 107° mol/L L& NI (a), NI2 (b)
FINI3 () UV-Vis il

Figure 2 UV-Vis spectral changes of compound NI1 (a), NI2 (b) and NI3 (c) at the concentration of 1.0 X 10> mol/L upon addition of
Ct-DNA (arrow: 0~169 pumol/L for NI1 and NI3, 0~112 pmol/L for NI2) in phosphate buffer (10 mmol/L, pH 7.4) containing 50

mmol/L NaCl at 25 ‘C
Inset: the fitting plots of the binding constants for NI1~NI3 with Ct-DNA obtained at the maximum absorption band

PO B PR |2 (R ZN ot Y e N (RS SR I E AR SN
WA R S 56 R, 19 3L A 9 NTL~NI3 5 Ct-DNA
(IR, A2k 1.82X10°, 1.70X 10° A1 5.02 X 10°
L/mol. S5 45 5L 3¢ W 3R 205 e B 1 5 | N it ot 3 3ol 184
INEHES DNA B8 JE J 2 0] () i AH ELVE O i 3 i
T 5 DNA 14 & he .
222 AkKE

TEME IR 2 M ¥ (10 mmol/L, pH 7.4, 50 mmol/L
NaClyHf, TR 98 6 il wiot 7 B &tk &% NI1~NI3
5 Ct-DNA M EAEH. Wk 3 fioR, LA 24 =R
VY 205 FUREAE o ONE% ¥4k 240 NI R NI3 (1926 650 5 £F
I Ct-DNA (125 —Fr BOZ WA, [mIN R, 4k
M Ct-DNA FIIIAN, 26un s KI5, H-rhbt
HRAEER X RN SR TR AT N, Bk
AT BN T (AR EL AR P AR Q4 SR R T R 7
I Ct-DNA I, 1b44) NI1 AT NI3 26 ik A\ 21 B o
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[ — ik 29T DNA MG AR A ik
—. WK 4 PR, BT 22 ERNEREEM Ct-DNA
IR O 4E 247 nm A B IL— AT Cotton RN, 7E
277 nm HHFHEFE O HERUH I— /N ER Cotton RV,
B Ct-DNA J& LIAT TR HE M B M7 /el e Atk &
Y NI1~NI3 Ji7, 7£ 277 nm 4L 1E ) Cotton AN 3G 55, %
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B3 25 CTRIEBEMRZEMYE(10 mmol/L, pH 7.4, 50 mmol/L NaCl)ffi# Ct-DNA(%i 77 i]: NI1 F1 NI3 1 Ct-DNA HIik 48 1k
Y4 0~169 umol/L, NI2 H Ct-DNA [ FEAZALTE R 0~ 112 pmol/L)IMIAN, A 1.0X 107> mol/L [ALA 4 NI (a), NI2 (b)

1 NI3 ()26 i

Figure 3 Fluorescence spectral changes of compound NI1 (a), NI2 (b) and NI3 (c) at the concentration of 1.0X 10~ mol/L upon addi-
tion of Ct-DNA (arrow: 0~169 pumol/L for NI1 and NI3, 0~112 umol/L for NI2) in phosphate buffer (10 mmol/L, pH 7.4) containing

50 mmol/L NaCl at 25 C

Inset: the fluorescence changes for NI1~NI3 with Ct-DNA obtained at the maximum fluorescence band

nm) T REAE WS B — 95 A R R —afF Y, &
LAY NIT~NI3 2 LLE KA FAT T DNA B ExT
(1)Kl 77 77 20tk N DNA ). 4 320~360 nm 4b i T+
A5 DNA MRS GAE =4 T IEMH R A5y, X
PG AL AFAE T B RS REAT A5 DNA 2 T EAEH
o, PR AR RN AT e S 2R 2 e R M KCRE A A T Y
DNA fif R 5 1 1) A AR EL AR P A o7,

2.2.4 DNA & # 3 MAF R,

PARVE SIS R AL S DNA AERT I 5 — M
BN TT. BT AN DNA - [P0 e 25 44 h T &b 45 &
R AR T AR AR . ndat, TR T
SUBE, VRIS TR MERRAE D, A RS T R S . AL
BE DNA 73 T3 2K - HOUUZTie 45 Fa) B 12l P55 A At el
FE(Tw). WR—Ar FHEEA 3 DNA b, T, il fig e kAR
1R,
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16 &) NI1~NI3 %F Ct-DNA fiE B EE 1) 5% Wi 4
5 f1ZF 1 fizn. Ct-DNA 1) T {H M 67.94 C, InALH
) NI1~NI3 J5, DNA [FIfif B8 R AR B AR, T,
53 5 i3 79.71, 80.96 F1 80.95 C. DNA FiL&4)
FRVAH ELAE A A il 2 0 6 n T 117, 13.02 AT 13.01
C. Hrh, b5 NIL A DNA IR AN, iX
5 UV-Vis Sl il ih £k ) 45 552 — 20w,

1 Ct-DNA FIIAALEY) NIT~NI3 (] T, Ml AT,
Table 1 Average T, and AT, for Ct-DNA in the absence and
presence of NI1~NI3

Compd. T/ C AT,/ C

Ct-DNA 67.94 0
NI1 79.71 11.77
NI2 80.96 13.02
NI3 80.95 13.01

© 2012 Chinese Chemical Society & SIOC, CAS
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B I — il

Figure 4 CD spectra of Ct-DNA (5.0X 107> mol/L) in the ab-

sence and presence of NI1~NI3 (2.0X 10~° mol/L) in phosphate
buffer (10 mmol/L, pH 7.4) containing 50 mmol/L NaCl at 25 C

2.3 {KSMRABMETE SR

A MTT 20000 5E T4 &% NI1T~NI3 %)
Bel-7402, HL-60, A549 F11 Hela 41 Ji ()44 SN 47e b 57 1% 1k,
LA UGV A BEPE X R, 45 a3k 2 Fios

S AR LR, 6T Bel-7402 £ HL-60 40 Jfikk, %E
KR O BE, Hoan etk IR/, = m DY s
M4 &4 NI2 B S b (i osii v, 2810, X1 AS49
FI Hela 41 fubk, 2R LIGRSREMM10 -S4 NI1~NI3 (1)
TEEBE A R I 2 R R, I, o =%
Bt &Y NIL ST AS49 FIIER 1Cs A 3.16
umol/L, &f - BH kX 41, &5 4 iRtk &S
DNA 731 I EAT R I . s — TR B 1) 28 195 WP fi
&% NI X Ct-DNA HER§S M4 & Re ), HRoR T
IR U AR )

1.0
Ct-DNA 7
081 NIl 4
Ct-DNA+ s
§ 7\;’,
£ ! Pe:
= 0.6 | i y/)
2 ' £
< 7
% o04- /g
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[ /7
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B 5 7EBRSEMm(1 mmol/L, pH 7.4, 5 mmol/L NaCl)H
Ct-DNA (5.0X 10° mol/L)FI A E K 5.0X10° mol/L Ffk
) NI, NI2 A1 NI3 f¥) DNA #Az PR il 26

Figure 5 DNA melting curves for Ct-DNA (5.0X 107> mol/L)
in the absence and presence of NI1, NI2 and NI3 with concentra-
tion of 5.0X 10~® mol/L in phosphate buffer (1 mmol/L, pH 7.4)
containing 5 mmol/L NaCl

3 it

H T HEUR D TR ORI O = —
LR VY RERDY 295 Tl I -7 48 1 A 25 I W i fr A=
W), TS NMR Al MS F£14E. @it UV-Vis
Jeitk . PO [ AR AR M SIS T BT Ak
&5 Ct-DNA MGAT . 4R R EY) NI~
NI3 /£ DNA iR A7 5 Ct-DNA B4 AR
I HAF9T T4 &%} Bel-7402, HL-60, A549 FII Hela %%
NIRRT IR e, 4545 DNA 2 TGt
TR, M = RBMirA4 NI 5 DNA 431 H
HEFMG AR, MR T i AL iR
W, X A549 diJfLIK ICs {54 3.16 pmol/L, %f1-FH
PEX L

K2 LAY NIL~NI3 [F40 i 751 2o
Table 2 Cytotoxicity data for NI1~NI3

ICso/(umoleL ™"

Compd.
Bel-7402 HL-60 A549 Hela
NI1 11.51+0.17 18.58+0.21 3.16%0.050 11.61+0.22
NI2 11.2540.20 16.9910.18 13.08+0.29 50.14+1.80
NI3 14.201+0.22 19.0410.28 20.48+0.20 109.38+2.88
Cisplatin 8.12+0.15 2.8940.020 6.68+0.14 7.67+0.080
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