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A summary of crystallographic data and structure refinement of A,A-1 4(Cl) .[(bpy).Ru(tpphz)Ru(bpy).]**

Identification code iaj646k_0Om
Empirical formula Ce4H44ClaN14RU2
Formula weight 1353.07
Temperature / K 100

Crystal system Triclinic

Space group P-1

a/A 8.3032(16)

b/A 11.378(2)

c/A 18.250(4)

a/° 95.542(7)

B/° 92.729(7)

v/°® 95.095(7)

Volume / A3 1706.6(6)

z 1

pcalc / gcm-3 1.317

g/ mm-! 0.646

F(000) 682.0

Crystal size / mm3 0.4 x 0.212 x 0.188
Radiation MoKa (A = 0.71073)

26 Range for Data Collection / ° 3.612t0 55.112
Index Ranges -10<h<10,-14<k<14,-23<1<23
Reflections Collected 46946
Independent Reflections 7843 [Rint = 0.0683, Rsigma = 0.0575]
Data / Restraints / Parameters 7843/381/389
Goodness-of-fit on F2 1.022

Final R indexes [I>=2¢ ()] Ri = 0.0492, wR2 = 0.1183
Final R indexes [all data] R: = 0.0707, wR> = 0.1296
Largest diff. peak/hole / e A-3 1.84/-0.68

Figure S1. ORTEP plot of the X-ray crystallographic structure of A,A-1 with thermal ellipsoids indicating 50%
probability. Counter ions and solvent molecules omitted for clarity.
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A summary of crystallographic data and structure refinement of A,A-1 4[PF¢]".[(bpy).Ru(tpphz)Ru(bpy),]*

Identification code IAJ674k_2_0m
Empirical formula CesHsoF2aN1604P4RuU2
Formula weight 1913.24
Temperature / K 100

Crystal system Monoclinic

Space group P2,

a/A 12.4658(7)

b/A 16.2947(9)

c/A 21.7440(12)

a/’ 90

B/° 97.257(3)

v/’ 90

Volume / A3 4381.4(4)

Z 2

pealc / gcm-3 1.450

g/ mm-! 0.520

F(000) 1908.0

Crystal size /| mm3 0.5 x0.2x0.18
Radiation MoKa (A = 0.71073)

20 Range for Data Collection / ° 3.132 to 55.274
Index Ranges -16 <h<16,-21 <k <21,-28<1<28
Reflections Collected 132518
Independent Reflections 20322 [Rint = 0.0879, Rsigma = 0.0750]
Data / Restraints / Parameters 20322/1190/1105
Goodness-of-fit on F2 1.030

Final R indexes [I>=20 ()] Ri = 0.0710, wR2 = 0.1735
Final R indexes [all data] Ri = 0.1063, wR2 = 0.1925
Largest diff. peak/hole / e A-3 2.38/-0.80

Flack Parameter 0.065(9)

Figure S2. ORTEP plot of the X-ray crystallographic structure of A,A-1 with thermal ellipsoids indicating 50%
probability. Counter ions and solvent molecules omitted for clarity.
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A summary of crystallographic data and structure refinement of A,A-1 4(PF¢)".[(bpy).Ru(tpphz)Ru(bpy),]**

Identification code IAJ672k_Om
Empirical formula Cs2H22F12N7P2Ru
Formula weight 895.57
Temperature / K 100

Crystal system Monoclinic

Space group P2,

a/A 12.5327(14)

b/A 16.3645(19)

c/A 21.809(3)

a/” 90

B/° 97.129(5)

v/® 90

Volume / A3 4438.3(9)

Z 4

pealc / gcm-3 1.340

p/ mm-! 0.504

F(000) 1780.0

Crystal size /| mm3 0.51 x 0.17 x 0.104
Radiation MoKa A\ = 0.71073)

20 Range for Data Collection / ° 3.12 to 55.158
Index Ranges -16 <h=<14,-21 <k<21,-24<1<28
Reflections Collected 77631
Independent Reflections 20302 [Rint = 0.1023, Rsigma = 0.1197]
Data / Restraints / Parameters 20302/1151/973
Goodness—of-fit on F2 0.984

Final R indexes [I>=20 (I)] Ry = 0.0758, wR> = 0.1894
Final R indexes [all data] Ri =0.1158, wR> = 0.2114
Largest diff. peak/hole / e A-3 1.16/-0.88

Flack Parameter 0.086(17)

Figure S3. ORTEP plot of the X-ray crystallographic structure of A,A-1 with thermal ellipsoids indicating 50%
probability. Counter ions and solvent molecules omitted for clarity.
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X-ray quality crystals of the chloride salt of A,A-1 were grown using vapor diffusion of a concentrated solution
of pure A,A-1 in methanol. Slow evaporation of the acetone antisolvent produced ruby red crystals suitable for
structure determination. X-ray quality crystals of the hexafluorophosphate salts of A,A-1 and A,A-1 were grown
using a similar vapor diffusion method from concentrated solution of pure A,A -1 or A,A -1 in nitromethane
with diethyl ether as the antisolvent.

The intensity data was obtained on either a Bruker Kappa Apex-ll CCD or Bruker Kappa Apex-II
diffractometer operating with a MoKa sealed-tube X-ray source, or a Bruker D8 Venture diffractometer
equipped with a Photon 100 CMOS detector using a CuKa microfocus X-ray source at 100 K. The reflections
were corrected for absorption via empirical methods (SADABS) based upon symmetry-equivalent reflections
combined with measurements at varied azimuthal angles.l'2 The crystal structure was solved and refined
against F2 values using ShelXT for solution and ShelXL for refinement through the Olex2 program.z'5 Non-
hydrogen atoms were refined anisotropically and hydrogen atoms were placed in calculated geometries and
refined utilizing a riding model and isotropic displacement parameters.
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Figure S4. CD spectra of 2 mM d(GCATATCG).(CGATATGC) in 5 mM tris buffer at pH 7.4 with 150 mM NaCl,
with addition of increasing concentrations of 1. (a) A,A-1. Control spectra of A,A-1 alone have no signal in this
region. (b) A,A-1. Control spectra of A,A-1 alone at these concentrations were subtracted to give these spectra.
(c) A,A-1. Control spectra of A,A -1 alone at these concentrations were subtracted to give these spectra.
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Figure S5. Luminescence lifetime decay spectra for 0.5 mM 1 and 2mM d(GCATATCG).d(CGATATCG). The data
were fitted to a two-exponential decay function. (a) A,A-1, fitted to T = 164.4 + 3.7 ns with 71% population,
and t=99.4 + 5.5 ns with 29% population. (b) A,A-1, fitted to T=147.4 £ 5.8 ns with 69% population, and t =
90.5 £ 6.5 ns with 31% population. (c) A,A-1, fitted to t=175.6 + 1.4 ns with 95% population, and t=72.0 +
10.7 ns with 5% population.

S7



¢ T
{ =
g [ 0 T
G G10
c I w
T4 |
T 2@ ' 112
" 5 = 114 ‘
A M w
i G15 T6
Gl { ;
T \‘1 -2 H1
A
A
. I
A5 -G8 C16 SR
G L
c AI{FAB
v v
A3
C -
. ————————
8.2 8.0 7.8 7.6 74 F2 [ppm]

+——H6/8 —M8M8M8M

Figure S6. The H1’-H6/8 NOE walk for the free DNA duplex d(GCATATCG).d(CGTATAGC), 2 mM in D,0O at 298K.
All homonuclear NMR experiments were carried out on a Bruker Avance 800 MHz spectrometer. DNA samples
were prepared in D,0 with 25 mM NaCl. Oligonucleotide was used at 2 mM in order to ensure a completely
duplex sample as melting of the strands occurred at lower concentrations. DNA assignments were made using
standard TOCSY, COSY and NOESY experiments. Mixing times for the TOCSY and NOESY experiments were 60
ms and 200 ms respectively.

S8



%éz

TPPHZ

= m_ o
= N‘ \ ~yA
N,

\l

&

&

b

0,2

TPPHZ |

rrrrrrr

Figure S7. 2D NMR assignment of free metal complexes. Spectra are TOCSY (black), COSY (green) and NOESY

(red). Blue and red lines correlate the spin systems of the tpphz and bipyridine respectively. The dashed

red/blue indicates a bipyridine-tpphz inter-ligand NOE crosspeak.

Table S1. Full resonance assignment of DNA duplex d(GCATATCG).d(CGTATAGC) and changes in chemical
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shift upon addition of the optical isomers of [{Ru(bpy-ds),}(tpphz)]**

G1
AA-1
AA-2

AD

c2
AA-1
AA-2

AD

A3
AA-1
AA-2

AD

T4
AA-1
AA-2

AD

A5
AA-1
AA-2

AL

T6

H8
7.98
-0.04
-0.17
-0.04

H6

H5

H1'
6.01
-0.04
-0.25
-0.04
5.73
-0.03
0.38
0.01
6.32
-0.23
-0.56
-0.17
5.73
-0.19
0.01
-0.11
6.25
-0.57
0.02
-0.59
5.97
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H2'
2.64
0.01
-0.15
0.01
2.20
-0.10
0.60
-0.13
2.74
-0.42
0.14
-0.31
2.16
0.33
-0.05
0.39
2.67
0.05
0.01
-0.04
2.03

H2"
2.82
-0.06
-0.21
-0.06
2.52
-0.13
-0.13
-0.12
3.00
-0.26
-0.06
-0.18
2.54
-0.12
0.02
0.01
2.93
-0.09
-0.01
-0.17
2.45

H3'
4.87
-0.05
-0.04
-0.06
4.92
0.02
0.30
-0.01
5.06
-0.11
0.02
-0.06
4.92
0.14
-0.02
0.19
5.01
-0.10
0.01
-0.17
4.87

me




AA-1
AA-2
AD
c7
AA-1
AA-2
AA
G8
AA-1
AA-2
AA
c9
AA-1
AA-2
AA
G10
AA-1
AA-2
AD
A11
AA-1
AA-2
AD
T12
AA-1
AA-2
AA
A13
AA-1
AA-2
AA
T14
AA-1
AA-2
AA
G15
AA-1
AA-2
AD
c16
AA-1
AA-2
AD

-0.11
-0.09
-0.24
5.75
-0.06
-0.04
0.00
6.18
-0.03
-0.02
-0.04
5.76
-0.04
-0.03
-0.03
5.60
-0.09
-0.01
0.05
6.31
-0.20
-0.02
-0.13
5.74
-0.18
-0.05
-0.02
6.25
-0.61
-0.27
-0.58
5.79
-0.15
-0.29
-0.14
5.94
0.02
-0.61
0.05
6.22
-0.04
-0.41
-0.05

S10

-0.07
-0.01
-0.05
2.02
0.01
-0.02
-0.03
2.63
-0.01
-0.02
-0.03
1.92
0.03
0.06
0.09
2.76
-0.01
-0.02
-0.04
2.70
-0.37
0.02
-0.21
2.12
0.37
-0.08
0.53
2.63
0.10
-0.63
0.12
1.99
-0.10
0.36
-0.03
2.64
0.02
-0.06
0.01
2.19
-0.02
-0.23
0.00

-0.03
-0.04
-0.09
2.38
0.01
0.00
-0.02
2.38
-0.02
-0.02
-0.02
241
-0.02
-0.01
0.02
2.85
-0.06
-0.02
-0.01
3.00
-0.27
-0.03
-0.10
2.54
-0.19
-0.19
-0.14
2.93
-0.11
-0.43
-0.12
2.40
-0.04
0.17
-0.03
2.75
-0.01
-0.11
0.00
2.19
-0.02
-0.12
0.00

-0.02
-0.02
-0.02
4.86
-0.01
-0.02
0.01
4.69
-0.02
-0.01
-0.01
4.71
-0.01
-0.01
-0.01
5.03
0.00
-0.01
-0.01
5.06
-0.07
-0.04
-0.01
4.89
0.17
0.03
0.25
5.02
-0.09
-0.02
-0.06
4.89
-0.04
0.10
-0.01
4.98
0.01
-0.27
0.02
4.51
-0.01
-0.11
0.00
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Table S2. Changes in ruthenium complex chemical shift upon DNA binding
NA-1a 1 2 3 4 5 6 7 8 9 10 11 12
6/ppm 8.16 7.07 831 9.18 795 838 838 796 9.09 835 733 8.27
Ad -0.30 -0.98 -1.72 -085 -0.10 -0.08 -0.07 -0.09 -0.94 -168 -0.72 -0.19
NAN-1b 1 2 3 4 5 6 7 8 9 10 11 12
6/ppm 838 800 9.02 844 777 823 842 781 909 826 6.67 8.10
Ad -0.08 -0.05 -101 -1.59 -0.28 -0.22 -0.04 -0.24 -094 -1.77 -1.38 -0.36
AN-1 1 2 3 4 5 6 7 8 9 10 11 12
6/ppm 822 696 843 905 788 833 842 790 881 857 754 8.44
AS -0.24 -1.09 -161 -098 -0.17 -0.13 -0.04 -0.15 -1.23 -146 -0.51 -0.02
S 8

Table S3. Intermolecular NOEs between DNA duplex d(GCATATCG). d(CGTATAGC) and the optical isomers of
[{Ru(bpy-ds),}a(tpphz)] ™

AAN-1la H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
T4 Me Me Me,2',2" 1'2'2" 1'2'2" 1'2'2"
A5 1 1 1

T12 1 1 1',2',2" Me,2',2" Me Me

Al13 11 1

ANA-1b H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
C2 H5 H5 H5,1' 122" 1.2'2" 1

A3 1 1 1

T14 1',2',2" Me,2',2" Me Me
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G15 1 1

AA-1a H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
T4 Me Me Me,2',2" 1'2'2" 1'2'2" 2"
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Figure S8. Intermolecular NOEs involving d-A,A-1A. An expansion of the 2’,2” and TMe-aromatic region of the
NOESY spectrum of d(GCATATCG).d(CGTAGTAGC) (red), overlayed onto a spectrum containing half an
equivalent of d-A,A-1 (black). The intramolecular NOE correlations H6/2’,2” (green) and H6/TMe (purple) and
the intermolecular NOE correlations d-A,A-1A/TMe (blue) and d-A,A-1A/H2’,2” ( ) are located in both
grooves of the DNA. A schematic of the (T,,A13) | (T12,As) binding site is given for reference.
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Figure S9. Intermolecular NOEs involving d-A,A-1B. An expansion of the 2’,2” and TMe-aromatic region of the
NOESY spectrum of d(GCATATCG).(CGTAGTAGC) (red), overlayed onto a spectrum containing half an
equivalent of A,A-1 (black). The intermolecular NOE correlations H6/2’,2” (green) and H6/TMe (purple) and the
intramolecular NOE correlations d-A,A-1B/TMe (blue) and d-A,A-1B/H2’,2” ( ) are located in both grooves
of the DNA. A schematic of the (T4,A13)|(T12,As5) binding site is given for reference.
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Figure S10. Intermolecular NOEs involving d-A,A-1A. Expansion of the 2’,2” and TMe-aromatic region of the
NOESY spectrum of a 2 mM D,0 solution containing d(GCATATCG).d(CGTAGTAGC) (red), overlayed onto a
spectrum containing half an equivalent of d-A,A-1 (black), indicating the intermolecular NOE correlations
H6/2’,2” (green) and H6/TMe (purple) and the intramolecular NOE correlations d-A,A-1A/TMe (blue) and d-
NA-1A/H2',2” ( ) located in both grooves of the DNA. A schematic of the (T4,A13)|(T12,As) binding site is
given for reference.
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Figure S12. EXSY NMR experiment from the thymidine methyl region of the NOESY spectrum of the d-A,A-

1/DNA complex at 298 K showing cross peak and diagonal peak intensities of the two exchanging
conformations of d-A,A-1 using mixing times of a) 1 s b) 500 ms c) 200 ms d) 100 ms and e) 50 ms.

S14



The ratio of cross peak intensity /, to diagonal peak intensity /4 (/,/14) at several mixing times (t,,) can be used to
. L s . . .1 1-ehrtm)y o
derive an equilibrium rate constant k.. The k, can be derived by fitting to the equation x/ld = [m .

EXSY experiments were carried out with mixing times of 50, 100, 200, 500 and 1000 ms (and 2 s at 293 and 303
K), at temperatures of 288, 293, 298, 303 and 308 K, and the data were fitted using Sigmaplot®.
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Figure S13. d-A,A-1/DNA EXSY build up data giving (/,/l4) at different mixing times (t,) (50, 100, 200, 500, 1000,
2000 ms) and temperatures a) 288 K, b) 293 K, c) 298 K, d) 303 K and e) 308 K fitted to equation above. 95%
confidence bands are shown in blue and 95% prediction bands are shown in red.

Ea
The Arrhenius equation is k,, = A. e RT where E, is the activation energy, R is the gas constant, Tis

temperature and A is the Arrhenius frequency factor. E, can be derived by fitting the temperature dependency
of the rate constants using the equation In(k,.) = In(4) — i—;
kpT _@
The Eyring equation is k,. = KT e RT . Assuming a transmission coefficient (K) of 1, an Eyring plot can give
¥ ¥
art | ast

enthalpy and entropy terms by fitting to the equation In (%) = ln(%) ~ -
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Figure S14. Linear Arrhenius plot and Eyring plots produced from exchange rate constants for the A,A DNA
complex at varied temperatures, giving £, = 116.7 kimol™, AH" = 114.1 kimol™* and AS* = 140.3 Jmol K.
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Figure $15. 'H->'P COSY of 2 mM DNA oligo containing 1 mM d-A,A-1 (left) and 1 mM d-A,A-1 (right). The
highly shifted 3H-p peaks are labelled, where F1 is 'H and F2is *'P. All *'P and *'P-'H cOSY experiments were
carried out on a Bruker Avance 500 MHz spectrometer.
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Figure S16. Views from the minor groove of the two conformations of the A,A-1: d(GCATATCG).d(CGATATGC)
complex with a) A in the minor groove and b) A in the minor groove.
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