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Synthesis and characterization of chiral ruthenium(II)
complexes Λ/Δ-[Ru(bpy)2(H2iip)](ClO4)2 as stabilizers of

c-myc G-quadruplex DNA
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A pair of chiral ruthenium(II) complexes, Λ/Δ-[Ru(bpy)2(H2iip)](ClO4)2, have been synthesized and
demonstrated to bind and stabilize c-myc G-quadruplex DNA with moderate affinity.

In this article, two chiral ruthenium(II) complexes, Λ/Δ-[Ru(bpy)2(H2iip)](ClO4)2 (Λ-1 and Δ-1,
bpy = 2,2-bipyridine; H2iip = 2-(indol-3-yl)-imidazo[4,5f][1, 10]phenanthroline), were synthesized
and investigated as c-myc G4 DNA stabilizers. The interaction of both complexes with c-myc G4
DNA has been studied using UV–vis spectra, CD spectra, and ITC experiments, and the results
show that both isomers strongly bind with c-myc G4 DNA. Furthermore, the FRET melting point
experiments give a ΔTm for Λ-1 and Δ-1, which is about 9.5 and 8.3 °C, respectively, indicating that
both isomers can stabilize the G-quadruplex conformation of c-myc oncogene in vitro. As a result,
the replication ability of c-myc DNA, as evaluated by using PCR-stop assay, by both isomers.
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Besides, the inhibitory activity evaluated by MTT assay showed that Λ-1 and Δ-1 can inhibit the
growth of MDA-MB-231 cells, suggesting their potential utility as inhibitors targeting to c-myc
G-quadruplexe in chemotherapy.

Keywords: Chiral ruthenium(II) complexes; c-myc G4 DNA; Stabilizers

1. Introduction

Octahedral ruthenium(II) complexes incorporating imidazole phenanthroline ligands that
bind non-covalently with DNA have been extensively investigated for the last 30 years
[1–3]. These complexes are used for many purposes, such as anticancer drugs, photosensi-
tizers, and DNA-conformational probes. [4–6]. A number of chiral ruthenium(II) com-
plexes have been designed, and their in vitro antitumor activity, as well as their DNA
binding behaviors was evaluated [7, 8]. Chiral ruthenium complexes show high inhibitory
activity against various tumor cells [9, 10]. Recently, evidence has shown that ruthenium
(II) complexes can also act as potential intercalators of G-quadruplex [11, 12]. For
example, ruthenium complex with polypridine has high affinity with G-quadruplex [13].
Thomas et al. also indicated that dinuclear ruthenium(II) complexes could bind with
G-quadruplex DNA with higher affinities than that with duplex DNA molecules [14]. We
have previously demonstrated that ruthenium(II) complexes can induce apoptosis of tumor
cells by stabilizing the conformation of c-myc G-quadruplex DNA [15].

On the other hand, c-myc oncogene, which is overexpressed in various tumors, is linked
to several essential intracellular processes of tumor cells, such as proliferation [16] and
growth of tumor cells [17], cell-cycle regulation [18] and tumor cell apoptosis [19]. The
guanine-rich promoter of c-myc oncogene can form a G-quadruplex conformation via a
Hoogsten hydrogen bond [20, 21]. Compounds, which could stabilize the conformation of
c-myc G-quadruplex DNA, can downregulate the expression of c-myc, which is closely
associated with p53 and Bcl-2 to induce tumor cell apoptosis [22, 23], resulting in the apop-
tosis of tumor cells. The level of phospho-histone H2A.X and total p53 protein could be
upregulated in cells by ruthenium(II) complexes [24], suggesting that apoptosis of tumor
cells by triggering DNA damage-mediated p53 phosphorylation is the main mechanism of
ruthenium(II) complexes. Preliminary studies by our research team have found that chiral
ruthenium complexes can induce apoptosis of tumor cells by regulating the expression of
Bcl-2 family protein [25]. Although the binding properties and toxicity of this type of ruthe-
nium(II) complexes have been studied [26], little information was obtained on the binding
behavior of chiral ruthenium complexes with c-myc G-quadruplex DNA and the effect on
the expression of c-myc.

In this article, two chiral ruthenium(II) complexes, Λ/Δ-[Ru(bpy)2(H2iip)](ClO4)2 (Λ-1
and Δ-1, bpy = 2,2-bipyridine; H2iip = 2-(indol-3-yl)imidazo[4,5f][1, 10]phenanthroline)
(scheme 1), were designed to clarify the binding behavior of chiral ruthenium(II) complexes
with c-myc G4 DNA. The results of the investigations show that both Λ-1 and Δ-1 can bind
and stabilize the G-quadruplex conformation of c-myc with excellent binding affinity, and
the activity of Taq polymerase and the growth of tumor cells were thus inhibited.
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2. Experimental

2.1. Chemicals and methods

All reagents and solvents were purchased commercially and used without purification unless
noted. Distilled water was used in all experiments. Pu22 oligomers, the complementary
guanine-rich strand 5′-TGAGGGTGGGTGGGTAA-3′, was purchased from Shanghai Gene-
Pharma Co., Ltd. and formed G-quadruplex conformation as in the literature by renaturation
for 24 h at 4 °C, after 90 °C, denaturation for 5 min. All aqueous solutions were prepared
with double-distilled water. The Tris–HCl buffer consisting of Tris (10 mM) and KCl
(100 mM), and the pH value was adjusted to 7.2 by HCl solution was applied to UV titra-
tion, fluorescence quenching, and circular dichroism (CD) spectra. [Ru(bpy)2Cl2]·2H2O,
[Ru(py)2(bpy)2], [Ru(bpy)2(py)2][O,O′-dibenzoyl-D-tartrate]∙12H2O, and [Ru(bpy)2(py)2]
[O,O′-diben zoyl-L-tartrate]·12H2O were prepared and characterized according to the
literature [27, 28].

2.2. Physical measurements

The 1H NMR and 13C NMR spectra were recorded in d6-DMSO solution on a Bruker DRX
2500 spectrometer and electrospray ionization mass spectra (ESI-MS) were obtained in
methanol on an Agilent 1100 ESI-MS system operating at room temperature. UV–vis
absorption spectra and melting point were recorded on a Shimadzu UV-2550 spectropho-
tometer using 1-cm path length quartz cuvettes (3 mL). CD spectra were measured on a
Jasco J-810 spectropolarimeter. ITC (isothermal titration calorimetry) experiments were
carried out on an isothermal titration calorimeter (VP-ITC; MicroCal, Northampton, MA,
USA) at 298.15 K with stirring at 394 rpm. Fluorescence melting curves were measured by
a Roche Lightcycler 2.0 real-time PCR detection system. RT-qPCR assay was measured by
PCR (biored IQ5).

The electronic absorption spectra were carried out at room temperature to determine the
binding affinity between c-myc G4 DNA and the target complexes. Initially, 3.0 mL solu-
tions of the ruthenium complexes were placed in the reference, and then the first spectrum
was recorded from 200 to 700 nm. The titration processes were repeated until there was no
change in the spectra for four titrations at least, indicating binding saturation had been
achieved [26]. The intrinsic binding constants (Kb) for 1 and 2 with c-myc G4 DNA at IL
absorption have been calculated following equations (1) and (2) according to the decay of
IL absorption in the presence of c-myc G4 DNA.

Scheme 1. The structures of the chiral ruthenium(II) complexes Λ/Δ-1.

Chiral ruthenium(II) complexes 1467
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ðea � ef Þ=ðeb � ef Þ ¼ ½b� ðb2 � 2K2Ct½DNA�=SÞ�1=2=2KCt (1)

b ¼ 1þ KCt þ K½DNA�=2S (2)

CD spectra were measured on a Jasco J-810 spectropolarimeter. For each sample, at least
three spectral scans were accumulated from 200 to 500 nm at room temperature in a 1.0 cm
path length cell at a scanning rate of 50 nm/min.

FRET melting curves were measured by a Roche Lightcycler 2.0 real-time PCR detection
system using a total reaction volume of 25 μL, 200 nM of labeled oligonucleotide and dif-
ferent concentrations of the ruthenium(II) complexes. Fluorescence readings with excitation
at 470 nm and detection at 530 nm were taken at intervals of 1 °C from 37 to 95 °C.

The PCR stop assay were performed in 1 × PCR buffer containing 1 μL of each oligonu-
cleotide, 5.5 μL dd H2O, 12.5 μL Taq polymerase, and different concentrations of com-
plexes. Reaction mixtures were incubated in a thermocycler with the following cycling
conditions: 94 °C for 3 min, followed by 30 cycles of 94 °C for 30 s, 58 °C for 30 s, and
72 °C for 30 s.

The tested compounds were dissolved in DMSO with stock solution at 1 mM. Cell
viability was determined by measuring the ability of cells to transform MTT to a purple for-
mazan dye. Cells were seeded in 96-well cell culture platte (5 × 103 cells/well) for 48 h.
The cells were then incubated with the tested compounds at different concentrations for
72 h. After incubation, 20 μL/well of MTT solution (5 mg/mL phosphate-buffered saline)
was added and incubated for 5 h. The medium was aspirated and replaced with 150 μL/well
DMSO to dissolve the formazan salt. The absorbance intensity, which reflects the cell
growth condition, was measured at 570 nm using a microplate spectrophotometer
(Versamax).

2.3. Synthesis of H2iip

2-(1H-indol-3-yl)-1H-imidazo[4,5f][1, 10]phenanthroline (H2iip) was synthesized according
to the literature procedures [29] with some modification. A mixture of 1,10-phenanthroline-
5,6-dione (0.315 g, 1.50 mM), 1H-indole-3-carbaldehyde (0.328 g, 1.5 mM), ammonium
acetate (4.0 g, 51.9 mM), and glacial acetic acid (20 mL) was irradiated by microwave for
20 min at 100 °C. The reaction mixture was diluted with 40 mL water and then neutralized
with aqueous ammonia. The crude products were filtered and washed with water, dried, and
purified by 80–100-mesh silica gel filtration using ethanol as an eluent. Yield: 73.1%.
ESI-MS (in DMSO, m/z): 334.4([M −H]−), 370.0([M + Cl]−), 704.9([2 M + Cl]−).

2.4. Synthesis of Λ-[Ru(bpy)2(H2iip)](ClO4)2

Λ-1 was synthesized following the literature procedure [27] but with some modifications. A
mixture of Λ-[Ru(bpy)2(py)2][O,O′-dibenzoyl-L-tartrate]·12H2O (170 mg, 0.3 mM), H2iip
(100 mg, 0.3 mM), and ethylene glycol (27 mL) was refluxed for 8 h under argon. The
cooled reaction mixture was diluted with water. Adding sodium perchlorate to the filtered
liquor gave an orange suspended solid. The dark red solid was collected and washed with
small amounts of water and diethyl ether, then dried under vacuum, and purified by column
chromatography on alumina. The solvent was removed under reduced pressure and red
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microcrystals were obtained; yield: 63%. ESI-MS (in CH3CN, m/z): 847.8 ([M-ClO4]
+),

748.1 ([M-2ClO4 + H]+), 374.7 ([M-2ClO4]
2+). UV–vis [λ (nm), ε (M−1 cm−1) in 5%

DMSO/H2O]: 461.5 (13,000), 286.5 (66,200). CD[λmax(nm), in 5% DMSO/H2O, 10 μM]:
+12.88. 1H NMR (500 MHz, DMSO) δ 10.71 (d, J = 7.5 Hz, 2H, 7), 10.54 (d, J = 8.1 Hz,
2H, 10), 10.42 (d, J = 8.2 Hz, 2H, 6′ and 6), 10.2 (d, J = 8.1 Hz, 2H, α), 9.82 (d, J = 2.8
Hz, 1H, 11), 9.76 (t, J = 8.0 Hz, 2H, 4′), 9.64 (t, J = 7.8 Hz, 2H, 4), 9.60 – 9.55 (m, 2H,
β), 9.46 (ddd, 2H, 9 and 8), 9.39 (d, J = 5.5 Hz, 2H, γ), 9.17 (d, J = 5.5 Hz, 2H, 5′ and 3′),
8.89 (ddd, 2H, 5), 8.80 – 8.71 (s, 1H, 3).

2.5. Synthesis of Δ-[Ru(bpy)2(H2iip)](ClO4)2

Δ-1 was prepared following the same procedure as above, but with Δ-[Ru(bpy)2(py)2][O,
O′-dibenzoyl-D-tartrate]∙12H2O (170 mg, 0.3 mM); yield: 68%. ESI-MS (in CH3CN, m/z):
847.9 ([M-ClO4]

+), 748.3 ([M-2ClO4 + H]+), 374.9 ([M-2ClO4]
2+). UV–vis [λ (nm), ε

(M−1 cm−1) in 5% DMSO/H2O]: 461.0 (13,000), 286.5 (67,400). CD [λmax (nm), in 5%
DMSO/H2O, 10 μM]: −12.83. 1H NMR (500 MHz, DMSO) δ 10.71 (d, J = 8.2 Hz, 2H,
7), 10.55 (d, 2H, 10), 10.40 (dd, 4H, 6′ and 6), 10.21 (d, J = 8.1 Hz, 2H, α), 9.97 (d, J =
2.8 Hz, 2H, 11), 9.75 (t, J = 7.9 Hz, 2H, 4′), 9.64 (t, J = 7.9 Hz, 2H, 4), 9.60 – 9.56 (m,
2H, β), 9.55 (d, J = 4.3 Hz, 2H, 8 and 9), 9.39 (d, J = 5.5 Hz, 2H, γ), 9.12 (tdd, 3H, 5′
and 3′), 8.93 – 8.85 (m, 2H, 5), 8.85 – 8.74 (m, 2H, 3).

3. Results and discussion

3.1. Synthesis and characterization

The target complexes have been synthesized using chiral precursors and H2iip, and precipi-
tated using saturated perchlorate sodium solution. The obtained crude complexes were
purified using column chromatography on alumina.

The ESI-MS of Λ-1 exhibit a peak at m/e of 374.7 and the masses are 0.5 mass units
apart (figure 1), indicating a dication. Thus, this ion peak can be attributed to [M-2ClO4]

2+

(Calcd 374.9). The ion peak at m/e of 748.1 with a 1.0 mass unit separation [figure S2(a),
see online supplemental material at http://dx.doi.org/10.1080/00958972.2015.1014352] is a
monocation, and attributed to [M-2ClO4-H]

+ (Calc. 748.0). The ion peak at m/e of 847.8
also gave a 1.0 unit apart [figure S2(b)], and can be attributed to [M-ClO4]

+ (Calc. 848.0).

Figure 1. The ESI-MS spectra of Λ-1 (left) and Δ-1 (right).

Chiral ruthenium(II) complexes 1469
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As for Δ-isomer, the ion peak at 374.7, 748.1, and 847.8 was also attributed to the
corresponding [M-2ClO4]

2+, [M-2ClO4-H]
+, and [M-ClO4]

+, respectively.
The chemical shifts of 1H NMR spectrum for Λ-1 attributed to the protons of H4′ and

H4 in each bipyridyl ligand, appeared at 9.76 and 9.64 ppm, and H3′, H3 and H5′, H5 at
9.17, 8.80 and 8.89 ppm, respectively (figure 2). The chemical shift ascribe to H6′ and H6
appeared at 9.76 and 10.42 ppm, respectively. The proton resonace in the phenanthroline
ring were appeared at chemical shift 10.2, 9.60–9.55 and 9.40 ppm, respectively. Besides,
the chemical shift appeared at which attribute to 9.82, 9.46, 10.71 and 10.54 ppm can be
ascribe to H11, H9 and H8, H7 and H10 in indole group, respectively. As for Δ-1, there
were little difference at the chemical shift ascribe to H11 and H10 in indole group.

3.2. The DNA-binding behavior of ruthenium(II) complexes with c-myc G4 DNA

Small drugs stabilizing the conformation of c-myc G4 DNA can interface the expression of
c-myc oncogene [25]. Thus, the binding behaviors of both isomers with c-myc G4 DNA
have been investigated to clarify this.

3.2.1. Electronic titration. Electronic spectra are the most common methods to evaluate
the interaction of transition metal complexes with biological macromolecules. In general
ruthenium(II) complexes exhibit absorption in UV–vis spectroscopy, which will undergo
hypochromism and red shift in the presence of biological molecules, and the degree of
change depends on the binding affinity. The change of the electronic spectra for both Λ-1
and Δ-1 in the absence and in the presence of c-myc G4 DNA is illustrated in figure 3.

As shown in figure 3, the electronic spectra of Λ-1 in Tris–HCl buffer (pH 7.2) solution
exhibit the characteristic metal-to-ligand charge transfer (MLCT) absorption at 400–550 nm
with maximum at 461 nm and the characteristic intraligand charge transfer (IL) absorption
at 250–300 nm with maximum at 286 nm [30]. This was also observed for Δ-1, and the
MLCT and IL absorptions appeared at 461 and 286 nm, respectively. As the concentration
of c-myc G4 DNA is increased, the hypochromism in the IL band reaches 22.3%

Figure 2. The 1H NMR spectra of Λ-1 (left) and Δ-1 (right).
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(Δλ = 2.0 nm) and 18.3% (Δλ = 0.5 nm), respectively. Intrinsic binding constants (Kb) of
1.97 and 1.18 × 105 M−1 were obtained for Λ-1 and Δ-1, respectively. The binding affinity
of both isomers is comparable with that of [Ru(L)(bpy)2]ClO4 (L = (4-chloro-phenyl)-(1H-
pyrrol-2-yl)-diazene and (4-nitro-phenyl)-(1H-pyrrol-2-yl)-diazene) [31, 32], and higher
than that of [RuX2(PPh3)L] (X = Cl, Br, L = 3-(benzothiazol-2-yliminomethyl)-naphthalen-
2-ol) [33–35].

The binding of both isomers with c-myc G4 DNA has also been confirmed using ITC
experiments and the results are listed in table 1.

ITC experiments were conducted at 298.15 K to afford the standard molar enthalpy
change for binding (ΔH0

m), the thermodynamics binding constant (Kb), and the binding stoi-
chiometry (n), and the entropy was calculated by using the equation: ΔbG0

m = ΔH0
m − TΔbS0m

(Isothermal). The results show that both Λ-1 and Δ-1 bind with c-myc G4 DNA in a one-
site mode and completely saturates at 1:1 stoichiometry; the standard binding constant
calculated for Λ-1 and Δ-1 is 4.21 and 3.89 × 104 M−1, respectively. These data suggested
that the Λ-isomer binds with c-myc G4 DNA with subtle but detectable higher affinity than
that of the Δ-isomer [36].

3.2.2. Circular dichroism spectra. The CD spectra offer useful information on the
interaction of the small molecules with the biological macromolecules. To determine the
formation of chiral ruthenium(II) complexes in the presence of c-myc G4 DNA, the CD
spectra were employed as shown in figure 4.

A positive CD signal was observed at 250–300 nm with the maximum at 294 nm for iso-
mer Λ-1, while a negative CD signal appeared at the same position for Δ-1. Upon addition

Table 1. Thermodynamic parameters for the binding of Λ-1 and Δ-1 to c-myc G4 DNA measured by ITC at
298.15 K.

Comp. n (bases/comp) Kb × 10
−4 (M L−1) ΔbH0

m (kcalM−1) ΔbG0
m (kcalM−1) ΔbS0m (calM−1 K−1)

Λ-1 1 4.21 −8 −6.33 −5.6
Δ-1 1 3.89 −1.65 −24.1 −34.3

Figure 3. The electronic spectra of Λ-1 (left) and Δ-1 (right) in the absence and presence of c-myc G4 DNA. [Ru]
= 10 μM, [DNA] = 100 μM. Arrow shows the absorbance changing upon increasing c-myc G4 DNA
concentrations.
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of c-myc G4 DNA, the CD signal for both isomers decreased and the signal strengths for
Λ-1 and Δ-1 decreased about 14.8 and 19.3%, respectively. The positive band at 265 nm
appeared for Δ-1. These data suggest that the conformation of both isomers undergo disor-
der as c-myc G4 DNA was added to the solution [37, 38].

3.2.3. Fluorescence resonance energy transfer melting point curves. The FRET
experiments have been conducted to investigate the thermodynamic stability of c-myc
G-quadruplex DNA when treated with Λ-1 and Δ-1; the results are illustrated in figure 5.
The melting point obtained for c-myc G4 DNA is 44.0 °C. Upon addition of both isomers,
the melting point of c-myc G4 DNA increased and is concentration dependent. At [Ru]
= 3.0 μM, the Tm of c-myc G4 DNA in the presence of Λ-1 and Δ-1 increased to 53.5
(ΔTm = 9.5 °C) and 52.3 °C (ΔTm = 8.3 °C), respectively. These data indicate that both iso-
mers enhance the thermodynamic stability of c-myc oligomer [39, 40]. These data are in
agreement with those above, indicating that the Λ-isomer binds with c-myc G-quadruplex

Figure 4. The CD spectra of Λ-1 (upper) and Δ-1 (lower) in the absence and presence of increasing amounts of
c-myc G4 DNA. [Ru] = 10 μM, [DNA] = 100 μM.

Figure 5. FRET melting profiles of 0.2 μM c-myc with Λ-1 (left) and Δ-1 (right).
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DNA more tightly than does the Δ-isomer. This phenomenon was reported by Ji who
observed a typical negative CD signal of the Δ-isomer in the racemic ruthenium(II) solution
after equilibrium dialysis with double-strands calf-thymus DNA [41, 42]. These data also
show that the structure of DNA molecules plays a key role in determining the DNA-binding
behavior of chiral ruthenium(II) complexes.

3.3. PCR-Stop assay

The PCR-stop assay was utilized to evaluate the inhibitory activity of both Λ-1 and Δ-1
against Taq polymerase by stabilizing G-quadruplex conformation of the c-myc oligomer
(figure 6). The PCR-stop assay has been conducted to determine whether these complexes
inhibit the activity of Taq polymerase by stabilizing the G-quadruplex structure of the tested
oligomer.

In the presence of G-quadruplex stabilizers, the template sequence was induced into a
G-quadruplex structure that blocked hybridization and detection of the final PCR product
[43]. As shown in figure 6, the single strand c-myc G4 DNA will hybridize with a comple-
mentary strand in the presence of Taq polymerase (Control). When the ruthenium(II)
complexes Λ-1 or Δ-1 were added to the solution, replication of c-myc oligomer was sup-
pressed, which is attributed to the G-quadruplex structure induced to block the hybridization
with a complementary strand [44].

3.4. Biological activity

The in vitro inhibitory activities of both isomers against human breast cells (MDA-MB-231,
MCF-7), human esophageal carcinoma cells (EC-1), human hepatocellular liver carcinoma

Figure 6. The effect of both isomers Λ-1 (up) and Δ-1 (down) on the hybridization of Taq polymerase. [Ru]=0-
8 μM.

Table 2. The inhibitory activity (IC50/μM) of both isomers and cisplatin against selected cell lines.

Comp.

Inhibitory activity/IC50

MDA-MB-231 MCF-7 EC-1 HepG2 HaCat

Λ-1 82.1 ± 1.2 158.3 ± 1.8 148.0 ± 2.6 135.7 ± 1.0 120.7 ± 1.0
Δ-1 46.5 ± 1.6 176.2 ± 3.5 173.4 ± 1.0 193.9 ± 0.8 33.3 ± 0.5
Cisplatin 36.1 ± 0.8 42.3 ± 1.9 / 7.23 ± 2.4 7.48 ± 1.3
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cells (HepG2), and normal cuticle cells (HaCat) were evaluated by the MTT assay after
48 h of treatment, and the results are listed in table 2.

As shown in table 2, both Λ-1 and Δ-1 exhibit acceptable inhibitory activity toward
breast cancer cells. The IC50 values determined for Δ-1 (46.5 μM), which was cytotoxicity
toward MDA-MB-231 cells in this study, is close to cisplatin at the same conditions
(IC50 = 36.1 μM). Moreover, both isomers were less cytotoxic than cisplatin on the
immortal human keratinocyte cell line (HaCat) studied in this work, suggestive of a better
therapeutic profile than cisplatin (IC50 = 7.5 μM). These data indicate that those ruthenium
(II) complexes have potential utility in clinical studies with acceptable inhibitory activity
against tumor cells but low toxicity [25].

Generally speaking, the more binding capacity of ruthenium(II) complexes with DNA,
the more bioactivity will exist. However, binding behavior is just one aspect; those com-
plexes get the dense region of DNA in the nucleus in vitro. In fact, ruthenium(II) complexes
bearing different ligands often show different distribution coefficients. Recent studies con-
ducted by Gasser show that ruthenium(II) complexes exert their inhibitory activity through
a mitochondria-related pathway, like cisplatin, rather than via interaction with nuclear DNA
[45]. Therefore besides the DNA binding other factors, for example, uptake levels of ruthe-
nium(II) complexes by cancer cells [46], should be considered when choosing a candidate
with high activity, and more detailed investigations on the chemical biology and pharmacol-
ogy of these compounds are now underway.

4. Conclusion

Two chiral ruthenium(II) complexes, Λ/Δ-[Ru(bpy)2(H2iip)](ClO4)2 (Λ-1 and Δ-1), were
synthesized and characterized by ESI-MS, 1H NMR, and CD spectra. Studies on the inter-
action of both isomers with c-myc G4 DNA show that both isomers can bind and stabilize
the c-myc G-quadruplex DNA, with the Λ-isomer exhibiting a subtle but detectable higher
binding affinity than that of the Δ-isomer. Both isomers can inhibit the growth of tumor
cells. These chiral ruthenium(II) complexes can be developed as potential inhibitors by
targeting c-myc G-quadruplex DNA in chemotherapy.
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