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In vitro and in vivo activity of novel platinum(II) complexes with naphthalene 
imide derivatives inhibiting human non-small cell lung cancer cells

Guo-Bao Huang a,1, Shan Chen b,1, Qi-Pin Qin a,d,*, Jin-Rong Luo a, Ming-Xiong Tan a,*, Zhen-Feng 
Wang a, Bi-Qun Zou c,* and Hong Liang d,*

Four new Pt(II) complexes, [Pt(La)]Cl (1), [Pt(Lb)]Cl (2), [Pt(Lc)]Cl (3) and [Pt(Ld)]Cl (04) with the naphthalene imide 
derivatives La–Ld as ligands were designed and prepared. MTT assay indicated that 1−4 exhibited proliferation inhibiting 
activity against human non-small cell lung cancer (NCI-H460) cells, especially 1−3 showed superior activity (IC50= 0.10–
8.56 μM) comparing with cisplatin (IC50= 12.01 ± 1.03 μM). Various experiments showed that 3 as a telomerase inhibitor 
induced NCI-H460 cell apoptosis via inhibition of the telomerase and dysfunction of mitochondria. In vivo evaluation 
results suggested that 03 could significantly inhibit the growth of tumor cells in NCI-H460 tumor-bearing mice and the 
tumor growth inhibition rate (TGI) reached 40.7%. These results demonstrated that 3 is a telomerase inhibitor and a 
promising anti-cancer agent. 

Introduction
Cisplatin and its derivatives, including oxaliplatin, nedaplatin, 
carboplatin, heptaplatin, and lobaplatin, are the most frequently 
used anti-tumor compounds or complexes1–11. Unfortunately, 
some cancer cells frequently develop resistance to cisplatin and 
its derivatives11–20, in the course of treatment. Consequently, 
there are intensive efforts to design new compounds that can 
overcome drug resistance11–29. The investigated compounds 
include 3-(2′-benzimidazolyl) coumarin Pt(II) complexes28, 
peripheral benzodiazepine receptors Pt(II) complexes29, 
aqueous arsenous acid Pt(II) anti-cancer complexes10, and 
mitochondrion-targeted Pt(II) complex3. Recently, luminescent 
platinum(II) complex [Pt(C^N^Npyr)(C^NR)]+ (HC^N^Npyr=2-
phenyl-6-(1H-yrazol-3-yl)-pyridine))23, trans,trans,trans-
[PtCl2(OH)2(isopropylamine)(methylamine) complex9, 
cis,cis,trans-diamminedichloridodisuccinatoplatinum(IV)-
peptide bioconjugates4, 1,2-bis[2-methyl-5-(4-pyr-idyl)-3-
thienyl]-perfluorocyclopentene Pt(II) complex22, PtIV 
prodrugs25, germinal bisphosphonate moieties Pt(II) 
compounds26, and Pt(II)-Gd(III) complex with the 
[{Pt(NH3)2Cl}2GdL](NO3)2

24 are also investigated.

Moreover, it has been reported that naphthalene and its 
derivatives exert their anti-cancer activities via photoinduced 
DNA damage, Topoisomerase I/II inhibition, G-quadruplex 
DNA (G4-DNA) binding, and/or related mechanisms30,31. In 
addition, a series of colorimetric probes for metal ions based on 
naphthalene derivatives have been reported32–40. However, 
platinum(II) complexes with the naphthalene imide derivatives 
La−Ld as ligands have yet to be reported, and the detailed in 
vitro and in vivo anticancer mechanisms of these Pt(II) 
complexes remain unexplored.

In this work, we synthesized and evaluated four new Pt(II) 
complexes,  [Pt(La)]Cl (1), [Pt(Lb)]Cl (2), [Pt(Lc)]Cl (3) and 
[Pt(Ld)]Cl (4) with the naphthalene imide derivatives La−Ld as 
ligands. The effects of these Pt(II) complexes with naphthalene 
imide derivatives on cell apoptosis were evaluated.

Results and discussion

Synthesis

Four naphthalene imide derivatives including La, Lb, Lc and Ld 
were first prepared via the synthetic routes shown in Scheme 1, 
starting from 3-hydroxy-1,8-naphthalic anhydride. 
Subsequently, [Pt(La)]Cl (1), [Pt(Lb)]Cl (2), [Pt(Lc)]Cl (3) and 
[Pt(Ld)]Cl (4) complexes were obtained by the reaction of 
La−Ld ligands with cis-Pt(DMSO)2Cl2 at 1:1 ratio in 30.0 mL 
CH3CN at 80 C for 6.0 h (Scheme 1). The structures of 1−4 
and their La−Ld ligands were characterized with NMR, IR 
spectroscopy, ESI-MS, and elemental analysis (Figs. S1−S31). 
The coordination geometry of Pt(II) atom in 1−4 can be 
described as a four-coordinated (N^N^N-ligand) square planar 
geometry.
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Scheme 1. Synthetic routes for naphthalene imide derivatives 
La−Ld and their complexes 1−4.

Stability of 1−4 in Tris-HCl buffer

The stability of 1−4 (4.0 × 10–5 M) in 10 mM Tris-HCl buffer 
(pH 7.35, containing 2% DMSO) was determined using ESI-
MS assays.40–55 At t = 0 h, the four Pt(II) complexes showed 
base peaks at m/z = 773.0 (1, [M-Cl]+), 801.1 (2, [M-Cl]+), 
786.2 (3, [M-Cl]+) and 753.1 (4, [M-Cl]+), respectively. After 
48-h incubation, these peaks of the four Pt(II) complexes were 
minimally perturbed (Figs. S20−S23), demonstrating that 1−4 
(4.0 × 10–5 M) were stable in Tris-HCl buffer.

In vitro cytotoxicity 

The cytotoxicity of the naphthalene imide derivatives La−Ld 
and their Pt(II) complexes 1−4 against human non-small cell 
lung cancer (NCI-H460) cells, hepatoma cancer (BEL-7402) 
cells, cervical carcinoma tumor (HeLa) cells, ovarian cancer 
(SK-OV-3) cells and normal hepatocyte (HL-7702) cells was 
evaluated by MTT assay with cis-Pt(DMSO)2Cl2 and cisplatin 
as positive control. For all tested tumor cells, the cytotoxic 
activities of 1−4 were higher than that of the naphthalene imide 
derivatives La−Ld and cis-Pt(DMSO)2Cl2, suggesting the 
synergistic effect upon the combination of Pt(II) with La−Ld 
ligands. And the in vitro cytotoxicity were in the following 
order: 3 > 1 > 2 > cisplatin > 4 > La > Lb > Lc > Ld > cis-
Pt(DMSO)2Cl2. In addition, the Pt(II) complexes 1−3 showed 
low IC50 values (5.81 ± 0.36 μM for 1, 8.56 ± 1.01μM for 2, 
and 0.10 ± 0.15 μM for 3) on NCI-H460 cancer cells, which 
indicated they were 3.5−150.3 times more cytotoxic than the 
naphthalene imide derivatives La−Ld ligands, and 1.4−120.1 
times more cytotoxic than cisplatin (IC50= 12.01 ± 1.03 μM). 
Importantly, 3 has remarkably anti-cancer activity against NCI-
H460 cells and its anti-cancer activity against NCI-H460 cell 
line was higher than or close to previous reports complexes.32–40 
Compared with HL-7702 normal cells, the IC50 values of 1−4 
toward the NCI-H-460 cells was enhanced by 3.2−650.3 times, 
suggesting the selectivity of 1−4 on NCI-H460 cells.

Table 1. IC50
a (µM) values of the naphthalene imide derivatives La−Ld and 1−4 against the five tested human cells.

Compounds NCI-H460 BEL-7402 HeLa SK-OV-3 HL-7702

La 29.61 ± 0.74 22.15 ± 1.22 18.39 ± 0.29 15.11 ± 0.34 30.24 ± 0.82

1 5.81 ± 0.36 5.88 ± 1.06 10.94 ± 1.78 6.05 ± 0.57 62.14 ± 1.57

Lb 30.11 ± 1.53 25.01 ± 1.09 19.32 ± 0.18 17.64 ± 1.09 32.09 ± 1.06

2 8.56 ± 1.01 10.51 ± 1.03 17.03 ± 1.11 9.33 ± 1.36 59.33 ± 0.35

Lc 15.33 ± 1.44 20.15 ± 0.93 16.33 ± 0.75 12.03 ± 1.02 28.66 ± 1.06

3 0.10 ± 0.15 3.56 ± 1.69 7.03 ± 1.52 1.99 ± 0.33 65.03 ± 1.05

Ld 31.59 ± 1.82 27.17 ± 1.37 20.74 ± 1.64 25.33 ± 1.29 35.02 ± 1.97

4 18.87 ± 1.26 20.33 ± 0.45 25.10 ± 1.03 19.02 ± 1.14 60.02 ± 1.02

cis-Pt(DMSO)2Cl2 >150 >150 >150 >150 >150

cisplatin b 12.01 ± 1.03 14.06 ± 1.58 15.59 ± 0.24 16.14 ± 1.09 17.88 ± 1.01

a IC50 values was the compound/complex concentration effective in inhibiting 50% of the cell growth measured by the MTT assay at 24.0 h, 
which were presented as the mean ± SD (standard deviation of the mean value) from six independent assays. b 1.0 mM Cisplatin was 
dissolved in 0.154 M NaCl50–56.

Complex 3 inhibited telomerase via down-regulating the hTERT 
and c-myc proteins

Recent studies demonstrated that telomerase is present in the 
majority (85-90%) of tumor cells57–63, which is restricted by the 
level of hTERT and c-myc proteins57–65. Thus, to confirm 
whether 3 (0.10 μM) and 4 (18.87 μM) exerted their anti-tumor 

activities through telomerase inhibition, their mechanisms of 
actions were evaluated by a modified TRAP assay in NCI-
H460 cells. Complex 3 showed potent inhibitory activity (IR= 
53.60%) against telomerase at 0.10 µM (Fig. 1A), higher than 
that of 4 (18.87 μM, 6.13%). As expected, 3 (0.10 μM) showed 
a significantly decrease in hTERT and c-myc activity, differing 
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from 4 (18.87 μM) in this study (Fig. 1B and C), which agreed 
with the results of telomerase inhibition assays.

Fig. 1 Pt(II) complex 3 (0.10 μM) inhibited telomerase via 
down-regulating the hTERT and c-myc proteins. (A) 
Telomerase inhibition by 3 (0.10 μM) and 4 (18.87 μM). (B) 
The levels of hTERT/c-myc in NCI-H460 cells after treated 
with 3 (0.10 μM) and 4 (18.87 μM) for 24 h. (C) The same 
blots were stripped and reprobed with a β-actin antibody to 
show equal protein loading. Western blotting bands from three 
independent measurements were quantified with Image J. in 
(C). 

Tumor cell apoptosis induced by 3 and 4

The apoptotic activities of 3 (0.10 μM) and 4 (18.87 μM) were 
assessed using flow cytometry (FCM) with Annexin V/PI 
(Propidium idodine) staining in NCI-H460 cancer cells. Results 
indicated that 3 (0.10 μM) exhibited significant apoptosis 
(75.4%) in NCI-H460 tumor cells as compared with 4 (15.0%) 
and control (3.7%) (Fig. 2), which was higher than or close to 
previous reports complexes.32–40 These results also suggested 3 
(0.10 μM) and 4 (18.87 μM) induced NCI-H460 cell death 
mainly through apoptosis.

Fig. 2 The induction of apoptosis in NCI-H460 cells after 
treated with 3 (0.10 μM) and 4 (18.87 μM) for 24 h.

Expression of apoptosis related-proteins induced by 3 and 4
Disruption of mitochondrial functions is a potential mechanism 
for Pt(II) compounds to exert their cytotoxicity to tumor cells65–

72. In addition, the FCM analyses results suggested that 3 (0.10 
μM) and 4 (18.87 μM) induced apoptosis in NCI-H460 cells 

(Fig. 2). The NCI-H460 cell apoptosis was further investigated 
by measuring the protein levels. We found that the apoptosis 
proteins levels of anti-apoptotic apaf-1 and cytochrome c (cyt 
c) were significantly increased by 3 (0.10 μM), while bcl-2 
protein was concurrently decreased (Fig. 3). However, 4 (18.87 
μM) did not display such obvious effects on the change of 
apoptosis proteins in NCI-H460 cells.

Fig. 3 (A) The effects of 3 (0.10 μM) and 4 (18.87 μM) on the 
apoptosis-related proteins in NCI-H460 cells. (B) The same 
blots were stripped and reprobed with a β-actin antibody to 
show equal protein loading. Western blotting bands from three 
independent measurements were quantified with Image J. in 
(B). The control group cells were treated with vehicle (1% 
DMSO).

Fig. 4 In vivo anti-cancer activity of 3 (10.0 mg/kg every 2 days 
(q2d)) in mice bearing NCI-H460 tumor xenograft. (A) Effect 
of 3 (10.0 mg/kg/q2d) and vehicle (5% DMSO in saline, v/v) 
on growth of NCI-H460 tumor xenograft (n= 6). (B) Body 
weight change (%). (C) The mice tumor weight, (**) P < 0.05, 
p vs the vehicle control group. (D) Photographs of NCI-H460 
tumor from the experimental group.

Evaluation of anti-cancer activity in vivo

To understand the inhibitory activity of complex 3 on the 
growth of cancer/tumor cells in vivo, NCI-H460 models were 
selected to evaluate the anti-cancer effects of 3. Thus, nude 
mice bearing NCI-H460 cell xenografts were treated with 3 
dosed at 10.0 mg/kg every 2 days (q2d)) in solvent (5% v/v 
DMSO/saline, 1.0 mL/20 g) through intraperitoneal injection, 
along with vehicle (5% DMSO in saline, v/v) treatment.73−80 No 
significant toxicity was observed in 3 treated (10.0 mg/kg/q2d) 
mice. The results indicated that 3 significantly decreased the 
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tumor weights of NCI-H460 xenograft mouse model (Fig. 4 and 
Tables S1–S3). The tumor growth inhibition (TGI) rate of 3 
was 40.7%, which was much higher than that of cisplatin 
(TGI= 25.5%)76,79,80. 

Conclusions
In this study, four new Pt(II) complexes, [Pt(La)]Cl (1), 
[Pt(Lb)]Cl (2), [Pt(Lc)]Cl (3) and [Pt(Ld)]Cl (4) with 
naphthalene imide derivatives La−Ld as ligands were prepared 
and biologically evaluated as potential antitumor agents. 
Among the 4 complexes, 3 exhibited potent proliferation 
inhibiting activities against NCI-H460, BEL-7402, HeLa and 
SK-OV-3 cells (IC50= 0.10–7.03μM). Further experiments 
showed that 03 induced NCI-H460 cell apoptosis via inhibition 
of the telomerase and dysfunction of mitochondria. In vivo 
studies demonstrated that 3 (10.0 mg/kg/q2d) displayed potent 
anti-cancer activity with TGI of 40.7% in NCI-H460 tumor-
bearing mice. Taken together, 3 is a promising anti-cancer 
agent and a telomerase inhibitor.

Experimental methods 

Synthesis of naphthalene imide derivatives La−Ld 
Synthesis of compound I

3-Hydroxy-1,8-naphthalic anhydride (640 mg, 3 mmol) was 
dissolved in DMF (100 mL). The amine (15 mmol) was added and 
the resulting mixture was stirred at 70 oC for 1-3 h. DMF was 
removed in vacuo, and the remaining residue was dissolved in water 
and stirred for 1 h. After removing water by filtration and the 
remaining residue was washed with water for several times, 
solubilized in methanol and filtered, the combined organic layers 
were dried over Na2SO4 and filtered. The residue was obtained after 
removal of solvents in vacuum, which was purified by 
chromatography to give the product compound I as a yellow solid.

Synthesis of compound II

K2CO3 (280 mg, 2.0 mmol) was added to a solution of compound I 
(1.0 mmol) in DMF (20 mL). After stirring for 0.5 h, bromide alkane 
(10.0 mmol) was added and the resulting mixture was stirred at 50 
oC for 18 h. DMF was removed in vacuo, and the remaining residue 
was dissolved in water and stirred for 1 h. After removing water by 
filtration and the remaining residue was washed with water for 
several times, solubilized in methanol and filtered, the combined 
organic layers were dried over Na2SO4 and filtered. After removal of 
the solvents in vacuo, purification by chromatography gave the 
product compound II as a yellow solid. 

Synthesis of La−Ld ligands

K2CO3 (170 mg, 1.25 mmol) and KI (210mg, 1.25 mmol) were 
added to a solution of compound 2 (0.25 mmol) in CH3CN (20 
mL). After stirring for 0.5 h, 2, 2,-dipicolyamine (150 mg, 0.75 
mmol) was added and the resulting mixture was stirred at 80 oC 

for 18 h. After removal of the solvents in vacuo, purification by 
chromatography gave the product compound 3 as a yellow solid 
(Scheme 1).

Data for 5-hydroxy-2-phenyl-1H-benzo[de]isoquinoline-
1,3(2H)-dione (I1). Yield = 98.0 %. 1H NMR (400 MHz, 
DMSO-d6) δ 10.55 (s, 1H), 8.32-8.23 (m, 2H), 8.03 (d, J = 2.5 
Hz, 1H), 7.85-7.74 (m, 1H), 7.71 (d, J = 2.4 Hz, 1H), 7.57-7.49 
(m, 2H), 7.48-7.44 (m, 1H), 7.42-7.34 (m, 2H).

Data for 5-(4-bromobutoxy)-2-phenyl-1H-
benzo[de]isoquinoline-1,3(2H)-dione (II2). Yield = 38.0 %. 1H 
NMR (400 MHz, DMSO-d6) δ 8.45-8.26 (m, 2H), 8.04-7.97 (m, 
2H), 7.86-7.79 (m, 1H), 7.53 (t, J = 7.4 Hz, 2H), 7.46 (t, J = 7.2 
Hz, 1H), 7.43-7.33 (m, 2H), 4.28 (t, J = 6.1 Hz, 2H), 3.65 (t, J = 
6.5 Hz, 2H), 2.12-1.85 (m, 4H).

Data for 5-(4-(bis(pyridin-2-ylmethyl)amino)butoxy)-2-
phenyl-1H-benzo[de]isoquinoline-1,3(2H)-dione (La). Yield = 
51.0 %. 1H NMR (400 MHz, CDCl3) δ 8.53 (d, J = 4.6 Hz, 2H), 
8.47 (dd, J = 7.3, 1.0 Hz, 1H), 8.22 (d, J = 2.5 Hz, 1H), 8.11 (d, 
J = 7.6 Hz, 1H), 7.72 (dd, J = 8.1, 7.5 Hz, 1H), 7.66 (t, J = 7.0 
Hz, 2H), 7.61-7.52 (m, 4H), 7.52-7.45 (m, 2H), 7.32 (dd, J = 
5.3, 3.3 Hz, 2H), 7.21-7.12 (m, 2H), 4.09 (t, J = 6.0 Hz, 2H), 
3.92 (s, 4H), 2.75-2.78 (m, 2H), 1.91-1.86 (m, 4H). 13C NMR 
(101 MHz, CDCl3) δ 164.4, 164.0, 157.7, 149.0, 136.4, 135.4, 
133.4, 132.8, 129.4, 128.9, 128.7, 128.6, 127.4, 124.1, 123.9, 
123.2, 123.0, 122.6, 122.0, 113.9, 68.4, 60.4, 53.7, 26.7, 23.6.

Data for 2-benzyl-5-hydroxy-1H-benzo[de]isoquinoline-
1,3(2H)-dione (I2). Yield = 69.0 %. 1H NMR (400 MHz, 
DMSO-d6) δ 8.28-8.25 (m, 2H), 8.05 (d, J = 2.5 Hz, 1H), 7.75 
(dd, J = 8.2, 7.3 Hz, 1H), 7.67 (d, J = 2.4 Hz, 1H), 7.39-7.26 (m, 
5H), 5.23 (s, 2H).

Data for 2-benzyl-5-(4-bromobutoxy)-1H-
benzo[de]isoquinoline-1,3(2H)-dione (II2).Yield = 75.0 %. 1H 
NMR (400 MHz, CDCl3) δ 8.44 (d, J = 7.2 Hz, 1H), 8.25 (d, J 
= 2.5 Hz, 1H), 8.05 (d, J = 8.1 Hz, 1H), 7.68 (t, J = 7.8 Hz, 1H), 
7.54 (d, J = 7.3 Hz, 2H), 7.50 (d, J = 2.5 Hz, 1H), 7.30 (t, J = 
7.4 Hz, 2H), 7.26-7.21 (m, 1H), 5.37 (s, 2H), 4.19 (t, J = 5.8 Hz, 
2H), 3.52 (t, J = 6.3 Hz, 2H), 2.17-1.98 (m, 4H).

Data for 2-benzyl-5-(4-(bis(pyridin-2-
ylmethyl)amino)butoxy)-1H-benzo[de]isoquinoline-1,3(2H)-
dione (Lb). Yield = 78.0 %. 1H NMR (400 MHz, CDCl3) δ 8.48 
(d, J = 4.9 Hz, 2H), 8.39 (d, J = 7.2 Hz, 1H), 8.16 (d, J = 2.5 Hz, 
1H), 7.99 (d, J = 8.2 Hz, 1H), 7.72-7.57 (m, 3H), 7.55-7.48 (m, 
4H), 7.39 (d, J = 2.4 Hz, 1H), 7.34-7.24 (m, 2H), 7.24-7.18 (m, 
1H), 7.14-7.04 (m, 2H), 5.34 (s, 2H), 4.04-4.01 (m, 2H), 2.63 (t, 
J = 7.0 Hz, 2H), 1.93-1.80 (m, 2H), 1.78-1.70 (m, 2H). 13C 
NMR (101 MHz, CDCl3) δ 164.3, 163.9, 157.5, 137.3, 133.2, 
132.7, 129.0, 128.9, 128.5, 127.5, 127.5, 124.1, 123.7, 122.8, 
122.5, 113.9, 100.0, 67.6, 43.6, 33.3, 32.6, 31.0, 29.3, 27.7.

Data for 2-benzyl-5-((5-bromopentyl)oxy)-1H-
benzo[de]isoquinoline-1,3(2H)-dione (II3). Yield = 61.0 %. 1H 
NMR (400 MHz, CDCl3) δ 8.44 (d, J = 7.2 Hz, 1H), 8.25 (d, J 
= 2.5 Hz, 1H), 8.05 (d, J = 8.1 Hz, 1H), 7.68 (t, J = 7.8 Hz, 1H), 
7.54 (d, J = 7.3 Hz, 2H), 7.50 (d, J = 2.5 Hz, 1H), 7.30 (t, J = 
7.4 Hz, 2H), 7.26-7.21 (m, 1H), 5.37 (s, 2H), 4.19 (t, J = 5.8 Hz, 
2H), 3.52 (t, J = 6.3 Hz, 2H), 2.17-1.98 (m, 4H).

Data for 2-benzyl-5-((5-(bis(pyridin-2-
ylmethyl)amino)pentyl)oxy)-1H-benzo[de]isoquinoline-1,3(2H)-
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dione (Lc). Yield = 70.0 %. 1H NMR (400 MHz, CDCl3) δ 8.48 
(d, J = 4.9 Hz, 2H), 8.39 (d, J = 7.2 Hz, 1H), 8.16 (d, J = 2.5 Hz, 
1H), 7.99 (d, J = 8.2 Hz, 1H), 7.72-7.57 (m, 3H), 7.55-7.48 (m, 
4H), 7.39 (d, J = 2.4 Hz, 1H), 7.34-7.24 (m, 2H), 7.24-7.18 (m, 
1H), 7.14-7.04 (m, 2H), 5.34 (s, 2H), 4.04-4.01 (m, 2H), 2.63 (t, 
J = 7.0 Hz, 2H), 1.93-1.80 (m, 2H), 1.78-1.70 (m, 2H). 13C 
NMR (101 MHz, CDCl3) δ 164.3, 163.9, 157.5, 137.3, 133.2, 
132.7, 129.0, 128.9, 128.5, 127.5, 127.5, 124.1, 123.7, 122.8, 
122.5, 113.9, 100.0, 67.6, 43.6, 33.3, 32.6, 31.0, 29.3, 27.7.

Data for 2-butyl-5-hydroxy-1H-benzo[de]isoquinoline-
1,3(2H)-dione (I3). Yield = 95.0 %. 1H NMR (400 MHz, 
DMSO-d6) δ 7.83 (dd, J = 11.7, 4.5 Hz, 2H), 7.61 (d, J = 2.4 Hz, 
1H), 7.32 (dd, J = 8.1, 7.4 Hz, 1H), 7.23 (d, J = 2.4 Hz, 1H), 
3.75-3.46 (m, 2H), 1.34-1.11 (m, 2H), 1.03-0.87 (m, 2H), 0.52 
(t, J = 7.4 Hz, 3H).

Data for 5-(4-bromobutoxy)-2-butyl-1H-
benzo[de]isoquinoline-1,3(2H)-dione (II4). Yield = 82.0 %. 1H 
NMR (400 MHz, CDCl3) δ 8.43 (d, J = 7.3 Hz, 1H), 8.24 (d, J 
= 2.5 Hz, 1H), 8.06 (d, J = 8.2 Hz, 1H), 7.69 (t, J = 7.8 Hz, 1H), 
7.50 (d, J = 2.4 Hz, 1H), 4.38-4.01 (m, 4H), 3.53 (t, J = 6.3 Hz, 
2H), 2.20-1.99 (m, 4H), 1.75-1.67 (m, 2H), 1.49-1.40 (m, 2H), 
0.98 (t, J = 7.3 Hz, 3H).

Data for 5-(4-(bis(pyridin-2-ylmethyl)amino)butoxy)-2-
butyl-1H-benzo[de]isoquinoline-1,3(2H)-dione (Ld). Yield = 
67.0 %. 1H NMR (400 MHz, CDCl3) δ 8.50-8.48 (m, 2H), 8.39 
-8.36 (m, 1H), 8.15 (dd, J = 2.4, 1.7 Hz, 1H), 8.00 (d, J = 8.3 
Hz, 1H), 7.66-7.59 (m, 3H), 7.51 (d, J = 7.7 Hz, 2H), 7.40 (s, 
1H), 7.14-7.04 (m, 2H), 4.13 (dd, J = 15.0, 7.4 Hz, 2H), 4.05 
(dd, J = 15.2, 9.1 Hz, 2H), 2.63 (t, J = 7.0 Hz, 2H), 1.89-1.82 
(m, 2H), 1.78-1.65 (m, 4H), 1.54-1.36 (m, 2H), 0.95 (t, J = 7.3 
Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 164.3, 163.9, 159.8, 
157.7, 149.0, 136.4, 133.2, 132.42, 128.4, 127.3, 124.0, 123.5, 
123.0, 122.7, 122.6, 122.0, 113.6, 68.4, 60.5, 53.8, 40.3, 26.8, 
23.6, 20.4, 13.9.

Synthesis of 1−4

Four Pt(II) complexes 1−4 were obtained by the reaction of 
La−Ld ligands with cis-Pt(DMSO)2Cl2 at a 1.0:1.0 ratio in 30.0 
mL CH3CN at 80 C for 6.0 h (Scheme 1).

Data for 1. Yield: 85.3%. ESI-MS: m/z = 773.0  [M-Cl]+. 
IR (KBr): 3403, 2934, 1703, 1662, 1626, 1487, 1438, 1377, 
1338, 1279, 1248, 1222, 1165, 1185, 1106, 880, 781, 767, 697, 
546, 440 cm−1. 1H NMR (600 MHz, DMSO-d6) δ 8.75 (d, J = 
5.5 Hz, 2H), 8.30 (t, J = 8.3 Hz, 2H), 8.25 (t, J = 8.2 Hz, 2H), 
7.84 (s, 1H), 7.82 (s, 2H), 7.80 (d, J = 9.0 Hz, 2H), 7.61 (t, J = 
6.6 Hz, 2H), 7.54 (t, J = 7.5 Hz, 2H), 7.47 (s, 1H), 7.39 (d, J = 
7.2 Hz, 2H), 5.40 (d, J = 15.8 Hz, 2H), 4.88 (d, J = 15.8 Hz, 
2H), 4.08 (s, 2H), 3.15 (s, 2H), 1.75 (s, 4H). 13C NMR (151 
MHz, DMSO-d6) δ 165.83, 163.67, 163.22, 156.69, 148.98, 
141.27, 135.96, 133.15, 133.09, 129.06, 128.88, 128.22, 
128.09, 127.67, 125.31, 123.96, 123.43, 123.20, 122.39, 
121.74, 113.96, 67.80, 67.74, 63.82, 40.39, 25.29, 23.80. 
Elemental analysis calcd. (%) for C34H30Cl2N4O3Pt: C 50.50, H 
3.74, N 6.93; found: C 50.45, H 3.76, N 6.90.

Data for 2. Yield: 80.6%. ESI-MS: m/z = 801.1 [M-Cl]+. 
IR (KBr): 3400, 2937, 1698, 1659, 1624, 1439, 1331, 1271, 

1162, 1009, 959, 781, 747, 526, 505, 439 cm−1. 1H NMR (600 
MHz, DMSO-d6) δ 8.76 (d, J = 5.5 Hz, 2H), 8.30 (d, J = 7.2 
Hz, 1H), 8.26 (d, J = 8.1 Hz, 3H), 7.89 (s, 1H), 7.80 (s, 2H), 
7.78 (d, J = 7.5 Hz, 2H), 7.63 (t, J = 6.7 Hz, 2H), 7.35 (d, J = 
7.5 Hz, 2H), 7.30 (t, J = 7.5 Hz, 2H), 7.23 (t, J = 7.3 Hz, 1H), 
5.36 (d, J = 15.8 Hz, 2H), 5.22 (s, 2H), 4.85 (d, J = 15.9 Hz, 
2H), 4.04 (s, 2H), 3.06 (s, 2H), 1.64 (s, 2H), 1.60 (s, 2H), 1.39 
(s, 2H). 13C NMR (151 MHz, DMSO-d6) δ 165.81, 163.46, 
163.07, 156.86, 149.01, 141.27, 137.27, 133.17, 133.09, 
128.35, 128.29, 127.69, 127.51, 127.07, 125.30, 123.41, 
123.29, 122.76, 121.98, 121.71, 114.00, 68.09, 67.82, 64.08, 
42.93, 40.39, 27.93, 26.70, 22.65. Elemental analysis calcd. (%) 
for C36H34Cl2N4O3Pt: C 51.68, H 4.10, N 6.70; found: C 51.65, 
H 4.14, N 6.68.

Data for 3. Yield: 90.1%. ESI-MS: m/z = 786.2 [M-Cl]+. 
IR (KBr): 3408, 2925, 1698, 1584, 1440, 1329, 1272, 1163, 
978, 780, 731, 705, 525, 508 cm−1. 1H NMR (600 MHz, 
DMSO-d6) δ 8.75 (d, J = 5.6 Hz, 2H), 8.30 (d, J = 7.2 Hz, 1H), 
8.24 (d, J = 8.6 Hz, 3H), 7.81 (d, J = 9.1 Hz, 3H), 7.78 (d, J = 
7.8 Hz, 2H), 7.59 (t, J = 6.6 Hz, 2H), 7.36 (d, J = 7.7 Hz, 2H), 
7.31 (t, J = 7.4 Hz, 2H), 7.24 (t, J = 7.2 Hz, 1H), 5.38 (d, J = 
15.8 Hz, 2H), 5.23 (s, 2H), 4.86 (d, J = 15.8 Hz, 2H), 4.05 (s, 
2H), 3.14 (s, 2H), 1.74 (s, 4H). 13C NMR (151 MHz, DMSO-
d6) δ 165.86, 163.51, 163.07, 156.77, 149.04, 141.31, 137.34, 
133.23, 133.07, 128.43, 127.77, 127.59, 127.15, 125.34, 
123.47, 123.30, 122.82, 121.95, 121.74, 114.22, 67.87, 67.77, 
63.89, 43.00, 40.42, 25.33, 23.87. Elemental analysis calcd. (%) 
for C35H32Cl2N4O3Pt: C 51.10, H 3.92, N 6.81; found: C 51.05, 
H 3.95, N 6.79.

Data for 4. Yield: 88.2%. ESI-MS: m/z = 753.1 [M-Cl]+. 
IR (KBr): 3411, 2955, 1699, 1659, 1625, 1439, 1383, 1334, 
1272, 1162, 1071, 780, 549, 440 cm−1. 1H NMR (600 MHz, 
DMSO-d6) δ 8.76 (d, J = 5.5 Hz, 2H), 8.31 (d, J = 8.0 Hz, 1H), 
8.26 (t, J = 7.7 Hz, 3H), 7.83 (s, 1H), 7.82 – 7.77 (m, 4H), 7.61 
(t, J = 6.6 Hz, 2H), 5.34 (d, J = 15.8 Hz, 2H), 4.84 (d, J = 15.8 
Hz, 2H), 4.07 (s, 2H), 4.04 (t, J = 7.4 Hz, 2H), 3.14 (s, 2H), 
1.74 (s, 4H), 1.62 (s, 2H), 1.36 (d, J = 7.5 Hz, 2H), 0.93 (t, J = 
7.4 Hz, 3H). 13C NMR (151 MHz, DMSO-d6) δ 165.78, 163.40, 
162.98, 156.74, 149.02, 141.28, 133.02, 132.92, 128.11, 
127.70, 125.32, 123.51, 123.40, 122.78, 121.93, 121.71, 
113.90, 67.84, 67.68, 63.80, 40.39, 29.62, 25.29, 23.80, 19.77, 
13.70. Elemental analysis calcd. (%) for C32H34Cl2N4O3Pt: C 
48.74, H 4.35, N 7.10; found: C 48.70, H 4.37, N 7.08.

Methods and evaluation

The in vitro and in vivo anti-tumor activities of 3 and 4 were 
evaluated and analyzed according to Metzler-Nolte, Liang, 
Chao and Lippard et al. reported44,45,51,69,76−80. In addition, the 
detailed experimental methods were described in the Electro 
Supporting Information Materials.
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Graphical abstract

In vitro and in vivo activity of novel platinum(II) complexes with 

naphthalene imide derivatives inhibiting human non-small cell 

lung cancer cells

Guo-Bao Huang a,1, Shan Chen b,1, Qi-Pin Qin a,d,*, Jin-Rong Luo a, Ming-Xiong Tan 

a,*, Zhen-Feng Wang a, Bi-Qun Zou c,* and Hong Liang d,*

3 induced NCI-H460 cell apoptosis via inhibition of the telomerase and dysfunction 
of mitochondria. Remarkably, 3 obviously inhibited NCI-H460 xenograft tumor 
growth in vivo.
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