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1 Experimental studies

1.1 Synthesis and characterisation

Microwave reactions were performed in a modified Discover Microwave instrument. Reactions were
carried out under a closed condition in either a 10 mL vial or a 50 mL round-bottom flask. All "H NMR
spectra were recorded using a Bruker AM250 machine working in a Fourier transform mode. Mass
spectra were recorded on a Kratos MS80 mass spectrometer working in positive ion mode with an
m-nitrobenzyl alcohol matrix. All UV-Visible spectra were recorded on a thermos regulated Varian-Carey
Bio-300 UV-Visible spectrometer, using quartz cells of 10 mm path length at 25 °C. Spectra were
baseline corrected using Cary Win UV software. Luminescence spectra were recorded on a thermos
regulated FluoroMax-4 spectrophotometer operating in luminescence wavelength scan mode at 25 °C.
For preparative HPLC employed for the purification of the complexes, the following system was
adopted: 2 x Varian ProStar 210 solvent delivery modules with Varian ProStar 320 UV-Vis detector
equipped with a Water XBridge Prep C18 5 um OBD 19 x 250 mm Column and a Varian ProStar 701
Fraction Collector and a Varian ProStar 410 Autosampler. HPLC grade-solvents employed were
deionised and Millipore water (with some 0.1% trifluoroacetic acid/formic acid, solvent A) and MeCN
(solvent B) were used. The flow rate was 17 mL min-! and the chromatogram was detected at 241 nm
and 228 nm for [Ir(bpy)z(atpy)](CFsSOs)s and [Ir(phen)z(qtpy)](CFsSOzs)s, respectively.

The ligand qtpy and the complexes [Ir(bpy)2(CF3S03)2]CF3SO3s and [Ir(phen)2(CF3S03)2]CFsSOs were

synthesized using reported methods.":2

[Ir(bpy)2(qtpy)]l(CF3S03)s3; [11(CF3S03)s. [Ir(bpy)2(CF3S03)2]JCF3SOs (0.20 g, 0.210 mmol) and qgtpy
(0.24 g, 0.774 mmol) were suspended in ethanol (15 mL) in a 50 mL round-bottom flask and the mixture
was well purged with Ar for about 30 minutes and allowed to stir and reflux under this condition. The
reaction mixture, which was initially a faint yellowish suspension, became increasingly deeply yellow
with the passage of time. After the complete dissolution of the reacting materials after about 2 days, the
mixture was subjected to microwave irradiation for about 9 hours in a 50 mL round-bottom flask under
a closed reflux condition. The desired complex was isolated by precipitating the reaction mixture with

chilled Et20. Further precipitation of the complex was afforded by keeping the mixture cool at 0 °C in a



fridge. All portions were then reunited and dried in vacuo. Purification of the product was afforded by
HPLC at a detection wavelength of 241 nm. A sample of the product was dissolved in MeCN and eluted
through a column initially using 5% MeCN in water (0.1% TFA), which was increased over 20 minutes
to 95% organic phase at the flow rate of 17 mL/min. The desired peak, which was eluted at 6.90 minutes
as detected by UV-Vis spectroscopy, was collected and analysed. The yield of the crude product was

calculated against [Ir(bpy)2(CF3sS03)2]CF3SO3 with the characterisation data given below.

Yield: 0.24 g (88.89%). ESI-MS, m/z: 272 [M3*]. 'H NMR (400 MHz, d°-(MeOD): 5 9.87 (d, J = 5.8 Hz,
1H), 9.45 (d, J = 4.7 Hz, 1H), 8.73 (d, J = 8.5 Hz, 2H), 8.68 — 8.61 (m, 3H), 8.55 (d, J = 10.8 Hz, 5H),
8.32 (s, 2H), 8.15 (t, J = 7.1 Hz, 1H), 8.09 — 8.03 (m, 2H), 7.96 (d, J = 6.6 Hz, 1H), 7.86 (dd, J = 23.0,
16.9 Hz, 4H), 7.55 (s, 1H), 7.36 (d, J = 5.9 Hz, 1H).

[Ir(phen)2(qtpy)]1(CF3S0s3)s; [2](CF3S03)s. [Ir(phen)2(CF3S03)2]CFsSOs (0.2 g, 0.196 mmol) and qtpy
(0.20 g, 0.646 mmol) were suspended in EtOH (35 mL) in a 50 mL round-bottom flask and the mixture
was well purged with Ar for about 30 minutes and allowed to stir and reflux under this condition. The
reaction mixture, which was initially a faint yellowish suspension, became increasingly deeply yellow
with the passage of time. Complete dissolution of the reacting materials was attained at about 1 hour
whilst the mixture was allowed to further reflux for about 1-2 days. After the complete dissolution of the
reacting materials at about 2 days, the mixture was then subjected to microwave irradiation for about 9
hours in a 50 mL round-bottom flask under a closed reflux condition. The desired complex was isolated
by precipitating the reaction mixture with chilled Et20. Further precipitation of the complex was afforded
by keeping the mixture cool at 0 °C in a fridge. All portions were then reunited and dried in vacuo.
Purification of the product was afforded by HPLC at a detection wavelength of 228 nm. A sample of the
product was dissolved in MeCN and eluted through a column initially using 5% MeCN in water (0.1%
TFA), which was increased over 20 minutes to 95% organic phase at the flow rate of 17 mL/min. The
desired peak, which was eluted at 8.16 minutes as detected by UV-Vis spectroscopy, was collected and
analysed. The yield of the crude product was calculated against [Ir(phen)2(CF3S0O3)2]CF3SOs with the

characterisation data given below:

Yield: 0.17g (50%). ESI-MS, m/z: 506 [M2*], 287 [M3*]. "H NMR (400 MHz, d®-(acetone) &x: 10.30 (d,
2H), 10.18 (dt, J = 11.1, 6.3 Hz, 2H), 10.05 (dd, J = 9.8, 5.1 Hz, 2H), 9.74 (d, J = 5.4 Hz, 2H), 9.40 —
9.16 (m, 2H), 8.93 (t, J = 8.9 Hz, 2H), 8.86 — 8.73 (m, 2H), 8.71 — 8.37 (m, 4H), 8.27 — 8.20 (dd, 4H),
8.16 (d, J = 5.4 Hz, 2H), 8.03 (d, J = 5.5 Hz, 2H), 7.96 — 7.84 (m, 2H), 7.76 (m, J = 25.2, 8.4, 5.5 Hz,
4H).



1.2 Supporting experimental results
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Figure S1. UV-Vis spectrum of 29.60 uM [Ir(bpy)2(qtpy)]Cls in tris buffer.
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Figure S2. UV-Vis spectrum of 8.37 uM [Ir(phen)z(qgtpy)]Cls in tris buffer.
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Figure S3. Emission spectrum of [Ir(bpy)2(qtpy)]Cls in tris buffer.
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Figure S4. Emission spectrum of 8.37 uM [Ir(phen)2(qtpy)]Cls in tris buffer.
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Figure S5. Luminescent titration of 16 mM thymus-DNA, CT-DNA, into a solution of 100 uM of 1 in
5 mM tris buffer, 25 mM NaCl, pH 7.4, at 27 °C.
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Figure S6. Scatchard Plots for the interaction of Complex 1 (A) and Complex 2 (B) with duplex DNA

with fit to McGhee-von Hippel model (shown as continuous red line) that gave the parameters discussed

in the main report. Fits were obtained using GraphPad Prism 10.
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Figure S7. Quenching of luminescence of complexes by nucleotides. (A) Change in emission from an

aqueous solution of 1 upon successive addition of 5’-AMP. (B) Stern-Volmer plot derived from data

shown in A. (C) Change in emission from an aqueous solution of 2 upon successive addition of 5’-GMP

(D) Stern-Volmer plot derived from data shown in C.
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Figure S8. (A) Luminescence response induced through progressive addition of 0.85 uM of quadruplex
folded HTS to Complex 2. (B) Binding curve for 2 with HTS constructed using emission data —
continuous red line shows fitting to binding to one-set-of-sites that gave the parameters discussed in
the main report.

CD (mdg)

Wavelength (nm)

Figure S9. CD spectrum of 5.65 yM HTS (G4 oligonucleotide sequence) (black broken line) and in
the presence of a solution of 31.50 uM of 1 (red line) in PBS buffer, pH 7.41 at 25°C.

2 Density functional theory (DFT) calculations

2.1 DFT method

DFT was used to calculate optimised structures, electrostatic potentials, and frontier orbitals. The
Gaussian 09 programme was employed for these DFT calculations.?® The Becke-three-parameters Lee-
Yang and Parr (B3LYP) basis set*® was used whilst the 6-31g(d) basis® was applied to all atoms except
for iridium in which the LANL2DZ (Los Alamos National Laboratory 2 Double-Zeta) was applied.”-° This
method of mixing two different basis set was used to reduce the computational cost involved in the
calculation.12 An effective core potential (ECP) basis set (LANL2DZ) was applied for the transition
metal to implicitly account for scalar relativistic effects.’34 The stability of the optimized geometries of
the studied complexes was confirmed via frequency calculations which showed the absence of

imaginary frequencies. TDDFT (Time Dependent-Density Functional Theory) calculations' were



utilised to calculate optical transitions (UV-Vis) using the same level of theory on 100 states set in

acetonitrile as the solvent via the Self-Consistent Reaction Field (SCRF).'8

2.2 Supporting DFT results

Table S1. Selected bond lengths from the DFT optimised geometries.

Complex 1 Complex 2

Bond Length (&)

Ir—N2 2.089 2.102
Ir—N3 2.079 2.089
Ir—N4 2.083 2.081
Ir—Ns 2.089 2.080
Ir—Ne 2.092 2.097
Ir—N7 2.094 2.101

3 Molecular dynamics (MD) simulations

3.1 Structures and force field parameterisation for iridium(lll) complexes

Geometry optimised structures of the Ir(lll)-polypyridine complexes were obtained from DFT
calculations. Since transition metal complexes are not well described in typical MD force fields, the
complexes had to be parameterised. The AmberTools21'” program antechamber'® was used to assign
atom types for the ligands using the Generalized Amber Force Field (GAFF).'® The tool parmchk2 was
applied to assign missing angle and dihedral parameters. We used the MCPB.py tool, a python based
metal center parameter builder (MCPB),2%2" implemented in AmberTools21,'” to determine force field
parameters for the Ir(lll)-polypyridine complexes. This tool uses a small and a large model to balance
accuracy and speed for the parameterisation of metal-containing systems. The small model is used to
describe the metal associated bond and angle parameters, while the large model is used to describe
the partial charges of the entire system.20 MCPB.py prepares the input files for quantum mechanical
(QM) calculations, in our case, for Gaussian 16 (Revision C01).2 DFT calculations were performed using
the B3LYP522 level of theory with the 6-31G* basis set® for the ligands, while the LANL2 effective core
potential (ECP) with double zeta (DZ) valence basis set (LANL2DZ),”-'% a pseudo-potential, was applied
for iridium (charge: +3, multiplicity: 1). This approach of using ECPs is common for transition metals to
reduce computational cost. Following geometry optimisation of the small model, the Seminario method
was used to generate the force constants for bond and angle parameters by evaluation of the Cartesian
Hessian matrix.2® RESP charge fitting was performed for the large model with the charges of the heavy
backbone atoms fixed to values from the AMBER force field, except for the ligand atoms bound to the
metal centre. The Ir3* van der Waals (VDW) radius was set to 1.42 A during the Merz-Kollman
population analysis, adapted by the MCBP.py tool from the universal force field (UFF).2* MCPB.py finally
generated a PDB file with renamed metal site residues and leap input for AMBER for a bonded model.

The atom types and charges for complexes 1 and 2 are presented in Tables S2 and S3 respectively.



Force field parameters (bonds, angles, dihedrals) are provided in the zipped folder ‘Force-Field-

Parameters-Ir-Complexes.zip’ as Sl.

Table S2. Atom types and charges for complex 1/ [Ir(bpy)2(qtpy)]®*.

Atom Type | Charge Atom Type | Charge Atom Type | Charge
IR M1 -0.135581 C13 ca -0.032088 H20 h4 0.107382
N1 Y1 0.060758 H10 ha 0.182343 N6 nb -0.399169
N2 Y2 0.029811 Cl4 ca -0.07534 C30 ca 0.243163
N3 Y3 0.038607 H11 ha 0.175237 H21 h4 0.09019
N4 Y4 0.058397 C15 ca -0.045892 C31 ca -0.161795
N5 Y5 0.054541 H12 h4 0.132784 H22 ha 0.10252
C1l cp 0.072621 C16 ca -0.106928 C32 ca -0.15126
Cc2 ca -0.103959 H13 h4 0.144523 H23 ha 0.100759
H1 ha 0.165437 C17 ca -0.049594 C33 ca 0.24411
C3 ca -0.032249 H14 ha 0.156174 H24 h4 0.094037
H2 ha 0.182722 C18 cp 0.073742 N7 nb -0.408207
C4 ca -0.075374 C19 ca -0.064521 C34 ca 0.243737
H3 ha 0.175309 H15 ha 0.136754 H25 h4 0.093726
C5 ca -0.048706 C20 cp 0.035019 C35 ca -0.179834
H4 h4 0.135382 c21 cp 0.034575 H26 ha 0.107587
C6 ca -0.051986 Cc22 ca -0.054071 N Y6 0.050507
H5 h4 0.133438 H16 ha 0.125397 C36 ca -0.029496
Cc7 ca -0.072749 Cc23 cp 0.05877 H27 ha 0.181187
H6 ha 0.17508 C24 ca -0.050243 C37 cp 0.050977
C8 ca -0.027806 H17 ha 0.154817 C38 ca -0.053573
H7 ha 0.180753 C25 ca -0.103584 H28 h4 0.132668
C9 ca -0.098228 H18 h4 0.145939 C39 ca -0.069454
H8 ha 0.164016 C26 cp 0.029326 H29 ha 0.174203
c10 cp 0.046654 c27 cp 0.043968 C ca -0.097346
Cl1 cp 0.076671 C28 ca -0.154127 H ha 0.16271
C12 ca -0.106179 H19 ha 0.107357

H9 ha 0.164244 Cc29 ca 0.208704




Table S3. Atom types and charges for complex 2 / [Ir(phen)2(gtpy)]3*.

Atom Type | Charge Atom Type | Charge Atom Type | Charge
IR M1 -0.152502 H9 ha 0.173559 C32 cp 0.065922
N1 Y1 -0.005643 Ci14 ca 0.079898 C33 ca -0.184535
N2 Y2 0.012146 C15 ca 0.081174 H19 ha 0.099464
N3 Y3 0.079029 C16 ca 0.08322 C34 ca 0.262781
N4 Y4 0.079035 C17 ca 0.069797 H20 h4 0.086301
N5 Y5 0.012178 Cc18 ca -0.043673 N7 nb -0.423329
N6 Y6 -0.005633 H10 ha 0.172365 C35 ca 0.268934
C1l ca -0.034338 C19 ca -0.1058 H21 h4 0.087178
H1 h4 0.143353 H11 ha 0.177473 C36 ca -0.193524
Cc2 ca -0.100643 C20 ca -0.036708 H22 ha 0.108853
H2 ha 0.177262 H12 h4 0.145412 C37 ca -0.193645
C3 ca -0.051214 c21 ca -0.125456 H23 ha 0.108887
H3 ha 0.173556 H13 h4 0.153227 C38 ca 0.26916
C4 ca 0.079839 C22 ca -0.052515 H24 h4 0.087139
C5 ca 0.081196 H14 ha 0.15543 N nb -0.423424
C6 ca 0.083285 Cc23 cp 0.069084 C39 ca 0.262777
Cc7 ca 0.069716 C24 ca -0.066844 H25 h4 0.086316
C8 ca -0.043727 H15 ha 0.135471 C40 ca -0.184547
H4 ha 0.172386 C25 cp 0.021972 H26 ha 0.099475
C9 ca -0.105816 C26 cp 0.02196 C41 ca -0.141288
H5 ha 0.177622 c27 ca -0.066833 H27 ha 0.185583
C10 ca -0.036839 H16 ha 0.135475 C42 ca -0.137765
H6 h4 0.145395 C28 cp 0.069055 H28 ha 0.184715
Cl1 ca -0.03432 C29 ca -0.052507 C43 ca -0.141338
H7 h4 0.143339 H17 ha 0.155439 H29 ha 0.185562
C12 ca -0.100651 C30 ca -0.125476 C ca -0.137749
H8 ha 0.177264 H18 h4 0.153245 H ha 0.184712
C13 ca -0.051245 C31 cp 0.065907

3.2 Structures and force field for DNA duplex and G-quadruplex

The CT-DNA wused in experiments was modelled by a DNA duplex (B-form, sequence:
AATTGGCCAATTGGCCAATT), generated using the nucleic acid builder (nab)?® as implemented in
AmberTools22.26 For the G-quadruplex (22-nt human telomeric DNA, d[AGGG-(TTAGGG)3]), the DNA
structure was obtained from the Protein Data Bank (PDB entry: 143D).2” The OL15 force field was used
for the DNA,28-30 following the Cornell et al. force field family (FF99, BSCQ0).31-33

3.3 Simulation setups and parameters

Initial simulation set-ups with the DNA duplex or G-quadruplex and the Ir(lll)-complexes 1 and 2 in close
proximity were prepared in BIOVIA Discovery Studio Visualizer v21.1.0 (Dassault Systémes, Vélizy-
Villacoublay, France). The AmberTools2226 program tleap was used to prepare the simulation files by
loading the structures and force field parameters, and solvating the systems with TIP3P water.34 NaCl

was used to electroneutralise the systems and add 25 mM of NaCl to reflect experimental conditions



(Joung-Cheatham parameters).3® The DNA and Ir(lll)-complex were placed in a truncated octahedral
simulation box with 10 A distance to the box edges. In addition, a separate set of simulations with the
duplex in a rectangular box with 10 A distance to the sides perpendicular to the duplex axis and 0 A
distance along the duplex axis were prepared to model an infinite long duplex and reflect experimentally
used CT-DNA.

Large scale MD simulations were performed in Amber and AmberTools 22263637 on the MIT
SuperCloud?® with the support of the CUDA version3®-4! of Amber on NVIDIA V100 GPUs. DNA was
described using the OL15 force field28-30 and Ir(lll) complexes using the GAFF force field,'® as ascribed
above. Periodic boundary conditions (PBC) were applied. Electrostatic interactions were computed
using the Particle Mesh Ewald (PME) method with a grid spacing of about 0.1 nm (NFFT1-3 values
were approximately equal to the box dimensions).#2 A cutoff of 1.2 nm was used to calculate nonbonded

interactions. Bonds involving hydrogen were constrained to their equilibrium values using SHAKE.43

Prior to starting the MD simulations, each system was first energy minimised with the DNA and Ir(lll)-
complexes position-restrained (500 kcal mol~' A-2) using the steepest descent algorithm (2000 steps)
and conjugate gradient algorithm (3000 steps), followed by the same steps without position restraints
applied. A time step of 2 fs was used for the MD simulations. MD simulations were started with an initial
equilibration by heating the systems from 0 K to 300 K with weak position restraints applied to DNA and
Ir(ll)-complexes (10 kcal mol~' A-2) for 20 ps, followed by a 200 ps simulation in a NPT ensemble at
300 K and 1 bar without restraints. The temperature was stabilized using Langevin dynamics#* with a
collision frequency of 5 ps~' and the pressure was stabilized using the Berendsen barostat*® with
isotropic position scaling with a relaxation time of 2 ps. Production MD simulations were run for 500 ns

in triplicate with random starting velocities (see Table S4 for an overview of simulation setups).



Table S4. Overview of MD simulations.

DNA Structure Box Type Ir(llN)-Complex Simulations
Duplex, B-form truncated octahedron with 10 A | 1/ [Ir(bpy)2(qtpy)]** 3 x 500 ns
d[AATTGGCCAATTGGCCAATT] | distance between the solute oy

%

W and the box edges

2 [ [Ir(phen)2(gtpy)]®* 3 x 500 ns

4

Rectangular box with 10 A | 1/[Ir(bpy)2(qtpy)]** 3 x 500 ns
distance to the sides
perpendicular to the DNA duplex
axis and 0 A distance along the

%ﬁ}

duplex axis

2 [ [Ir(phen)2(gtpy)1®* 3 x 500 ns

:
)

G-Quadruplex truncated octahedron with 10 A | 1/ [Ir(bpy)2(qtpy)]3* 3 x 500 ns
d[AGGG-(TTAGGG)3] distance between the solute and

the box edges

%ﬁ}

2 [ [Ir(phen)2(gtpy)]®* 3 x 500 ns

4

3.4 Simulation Analysis

MD simulations were analysed using the AmberTools 22 program CPPTRAJ.*6 VMD software was used
for visualization of trajectories.*” To identify the most dominant binding motifs of the Ir(lll)-complexes to
the DNA structures, clustering of the simulation trajectories was performed over all repetitions for each
system (hierarchical agglomerative clustering algorithm, average linkage, 5-12 clusters each). The
solvent accessible surface area (SASA) of the Ir(lll)-complexes was calculated using the LCPO

algorithm by Weiser et al.*®



3.5 Supporting MD results

3.5.1 Representative Structures

The most dominant Ir(lll)-complex binding motifs to a DNA duplex and the G-quadruplex were
determined from analysing the trajectories and clustering them based on their similarity. The most

central structure of the largest clusters are shown in Figures S10 and S11.

Complex 1/ [Ir(bpy).(qtpy)I**

Duplex Duplex (infinite length) G-Quadruplex
ﬁ ‘im
tpy end stackin tpy in minor groove
atey 9 aley | g qtpy binding qtpy binding
qtpy in minor groove atpy/bpy end stacking qtpy binding

Figure S10. Most dominant binding motifs of complex 1 to DNA duplex and G-quadruplex in MD
simulations. The qtpy ligand either bound to the duplex minor groove or stacked to the duplex ends.

Binding to the G-quadruplex was more flexible.

Complex 2/ [Ir(phen),(qtpy)]**

Duplex Duplex (infinite length) G-Quadruplex
LGS
qtpy end stacking gtpy binding
phen in minor groove
gtpy in minor groove phen binding
qgtpy in minor groove
phen in minor groove gtpy binding

Figure S11. Most dominant binding motifs of complex 2 to DNA duplex and G-quadruplex in MD
simulations. The qtpy and phen ligands mostly bound to the duplex minor groove, while stacking at the

duplex end was also observed. Binding to the G-quadruplex was more flexible.
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