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Abstract: A new tetracationic triple-
stranded supramolecular cylinder is
prepared from a bis(pyridylimine)
ligand containing a diphenylmethane
and two ketimine groups in the spacer.
The cylinder is longer and slightly
wider than the corresponding cylinder
containing  just diphenylmethane
spacers. Inter-strand CH:-m interac-
tions are not observed and this affects
the relay of the chiral information

meso isomer being the dominant so-
lution species and characterised in the
solid state by crystallography. This new
cylinder does bind to DNA as con-
firmed by induced circular dichroism
signals in both the metal-to-ligand
charge transfer (MLCT) and in-ligand
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bands of the cylinder. Flow linear di-
chroism demonstrates that the cylinder
binds to DNA in a specific orienta-
tion(s) and is consistent with (major)
groove-binding as seen for the shorter
cylinder. Some DNA bending/coiling is
observed but the effect is much less
dramatic than observed for the cylinder
with diphenylmethane spacers confirm-
ing that coiling is not solely a conse-
quence of the tetracationic charge, but

within the cylinder; a mixture of rac
and meso isomers results, with the

Introduction

For most organisms, DNA encodes the molecular basis of
life. Increasing amounts of information about the genetic se-
quence of ourselves and other species is becoming available,
together with enhanced understanding of how this informa-
tion is processed and regulated and how the processing is in-
fluenced by the environment. This offers many potential
benefits for the quality of life. In particular, the ability to
promote or to prevent the processing of specific genes will
be crucial in the fight against many diseases, arising both
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rather is related to the precise size and
shape of the cylinder.

from under- or over-processing of or damage to our own
DNA and arising from external DNAs (as from viruses).
For this reason drugs that act on DNA (at specific sequen-
ces) and can modulate DNA processing have great potential
to form part of the armoury of drugs used within medicine
in the 21st century.

Sequence-specific recognition of DNA by biomolecules
occurs primarily through non-covalent interactions between
the DNA and the surface motifs of proteins, and most com-
monly (though by no means exclusively) such recognition
takes place in the DNA major groove.!!l This groove con-
tains a more diverse pattern of hydrogen bond donor and
acceptor units than the minor groove and its size and shape
vary more with base sequence. DNA recognition by proteins
is also sometimes associated with concomitant bending and
coiling."! Synthetic agents that recognise DNA, in part be-
cause of their smaller size, most usually either intercalate
between the base pairs® or bind in the minor groove.”! We
have recently demonstrated that metallo-supramolecular as-
sembly may be used to prepare synthetic agents that are a
similar size to the DNA recognition motifs found on pro-
teins (such as zinc fingers or a-helices).! In particular we
have developed metallo-supramolecular cylinders™®! that
are a similar size and shape to zinc finger units and which
do indeed seem to bind in the DNA major groove. Such
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metal-based assembly of these cylinders not only allows the
nanoscale structure to be created but also imparts cationic
charge (the cylinder is a tetracation). This is important since
electrostatics will contribute significantly to the strength of
the non-covalent binding of such species to the anionic
DNA. Fascinatingly, the cylinders not only seem to target
the major groove but also induce dramatic intramolecular
DNA coiling which is unprecedented with synthetic agents
and, in part, reminiscent of DNA coiling induced by histo-
nes in the cell nucleus. This is exciting since such coiling
might represent a way to prevent gene processing. However,
the precise manner in which the molecular-level major
groove binding interaction of the cylinder leads to the ob-
served macromolecular DNA coiling effect remains to be
elucidated and represents a complex challenge because of
the different size-scales on which these two events take
place. To try to learn more about the essential design fea-
tures, we have initiated a programme to investigate the ef-
fects of modifications to the basic cylinder structure on both
the DNA binding and coiling. Herein we investigate a cylin-
der system in which we keep the same tetracationic charge
as the original cylinder but increase the size of the cylinder
unit.

The interaction of metal complexes with DNA has attract-
ed particular interest because cis-platin, and its analogues
carboplatin, nedaplatin and oxaliplatin are the most widely
used clinical anticancer agents and DNA is believed to be
their target.l®! Cis-platin forms metal-nitrogen bonds to N7
of two adjacent purine bases (intra-strand GG and to a
lesser extent GA lesions) which causes a kink (~45°) in the
DNA which can then be recognised by nuclear HMG pro-
teins. Mononuclear metal complexes that bind through non-
covalent interactions (rather than forming bonds from the
metal to the nitrogen atoms of the bases) have also been ex-
plored: For example, [Cu(phen),]t and “clip-phen” ana-
logues bind in the minor groove and can cause oxidative
backbone lesions.”! [Ru(phen);]** also binds non-covalently
to DNA although the precise binding modes of its A and A
enantiomers seems complex.®! Functionalised analogues in
which one phen ligand is extended to form an intercalation
site have been developed and these metallo-intercalators
may insert either from the major and minor grooves.”! They
have been applied to detect base pair mismatches!'” and
rhodium(m) analogues have been used as photoactive foot-
printing agents.'!! Dinuclear analogues have been prepared
which are proposed to thread through the DNA."?! However
none of these various non-covalent DNA-binding metal
complexes are reported to exhibit the dramatic intramolecu-
lar DNA coiling observed with the cylinder. This may be be-
cause they are quite different in size and shape from the cyl-
inders that we have developed, being smaller than the binu-
clear cylinders and affording smaller molecular surfaces
which span only two-to-three DNA base pairs, and as such
do not approach the size scale of nature’s DNA recognition
motifs.
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Results and Discussion

To probe the effect of extending the cylinder structure, we
made some modifications to the ligand structure. We were
keen to try to retain structural similarity with the parent
complex, [Fey(L,);]*", while simultaneously increasing the
dimensions. Our approach was to insert into the ligand
design (L,) ketimine spacer units between the pyridylimine

metal binding units at the ends of the ligand and the diphe-
nylmethane central spacer unit. In this way we aimed to
retain the basic structural features found in the original
ligand L, and its complex, but to extend the structure. While
we have focused on pyridylimine binding sites in ligands for
design of supramolecular architectures, Albrecht et al.l'
and Lehn et al.'™ have explored imine groups as spacer
units in helicate design; the new design herein combines
both approaches.

The ligand L, was prepared by reaction of 4,4’-diacetyldi-
phenylmethane with two equivalents of hydrazine and sub-
sequent condensation of the product with pyridine-2-carbox-
aldehyde to give the ligand. Reaction of the ligand L, with
iron(m) tetrafluoroborate in a chloroform-methanol mix at
room temperature afforded the red complex [Fe,(Ly);]
[BF,];. The corresponding chloride salt could be prepared
by an analogous route from iron(i) chloride. Electrospray
mass spectrometry of an acetonitrile solution of the tetra-
fluoroborate salt revealed peaks corresponding to
{Fey(Ly)s(BE, ), {Fey(Ly)sF}’* and {Fey(Ly)s}** consistent
with a dinuclear triple-stranded array.

The IR spectrum shows peaks corresponding to the coor-
dinated ligand and the tetrafluoroborate counterion. The
UV/Vis absorption spectrum revealed a band centered at
525 nm (¢=12000) together with a shoulder at 485 nm (e=
10000) corresponding to metal-to-ligand charge transfer
(MLCT) transitions which are also observed in other iron(1)
polypyridyl™ and iron(m) pyridylimine complexes*®! and
which confirm coordination of the iron(i) centre to three
pyridylimine units in a low spin configuration. Acetonitrile
solutions of the complex retain their red colour, arising from
this visible MLCT transition, over a period of days indicat-
ing that the complex is stable in acetonitrile solution.
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The 'H NMR spectrum of the complex in acetonitrile so-
lution reveals sharp peaks in the region 0-10 ppm confirm-
ing the diamagnetic nature of the complex. Two distinct sets
of signals are observed in a ratio of about 7:1 indicating the
presence of two solution species. Within a dinuclear triple-
stranded formulation two configurations are possible: a heli-
cal or rac isomer in which the stereochemistry of the two
metal centres is the same (and the isomer is thus chiral and
is one of a pair of enantiomers) and a meso isomer in which
the stereochemistry is different at the two metal centres ren-
dering the structure achiral.>'*'®l The central CH, reso-
nance of the ligand can be used to distinguish these two iso-
mers.>”! In the rac isomer the two protons of the CH,
group are equivalent and give rise to a singlet, whereas in
the meso isomer they are different and give rise to two dou-
blets and we have previously observed this effect in the di-
nuclear double-stranded systems of ligand L, For this
triple-stranded dinuclear complex of L, we similarly observe
a pair of doublets and a singlet for the central CH, reso-
nance and this enables us to identify the dominant species
(85-90%) as the meso isomer and the minor component
(10-15%) as the helical rac isomers. This contrasts with the
iron(1) complex of L, in which the sole products are the two
enantiomeric helical rac isomers in both solution and the
solid state. This change is presumably a consequence of the
greater conformational and tortional flexibility introduced
by the additional ketimine units in the spacer and is dis-
cussed further below.

Recrystallisation of the tetrafluoroborate salt from an ace-
tonitrile solution by slow diffusion of benzene afforded red
crystals which proved suitable for investigation by X-ray dif-
fraction. The crystal structure (Figure 1) reveals a dinuclear

Figure 1. Crystal and molecular structure of the [Fe,(L,);]** cation. Hy-
drogen atoms are omitted for clarity.

triple-stranded cylinder. However, in contrast to the iron(1r)
complex of the parent ligand L, which is helical in both so-
lution and the solid state, with ligand L, the meso isomer
crystallises in which the configuration of the two metal cen-
tres within the cylinder is opposite leading to an achiral
(meso) structure. It is pertinent to contrast the structures of
the two different cylinders obtained with L, and L,
(Figure 2 and Figure 3).

As would be anticipated the longer spacer leads to an in-
crease in the metal-metal separation (14.67 A for the L, cyl-
inder, 11.52 A for the L, cylinder) and an increase of around
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Figure 2. Space-filling representations of the cations rac-[Fe,(L,)s]** (left)
and meso-[Fe,(L,);]** (right). Hydrogen atoms are omitted for clarity.

-C,C-'

Figure 3. Overlay of the structures of the cations [Fe,(L,);]** (dark) and
[Fey(Ly)s]** (light). Hydrogen atoms are omitted for clarity.

12% in the overall length of the cylinder (C--C along the
metal-metal vector: 20.38 A for L,, 17.34 A for L,: H--H
21.92 A for L, 19.46 A for L,). The radius of the new L, cyl-
inder is also increased (measured at the central CH, unit
4.66 A to C; 5.82 A to H) and is approximately 8% larger
than that of the corresponding L, cylinder (radius 4.43 A to
C;5.39 A to H).

While in the complex of L, the central aryl rings within
the cylinder are all face—edge m-stacked together forming
CH--mt interactions, such interactions are absent in this
longer cylinder (Figure 4). The pyridylimine units are planar
(pyridylimine torsion angles 0.2°) and the phenyl and keti-
mine are also approximately coplanar (torsion angles ~23).
Twisting within the ligand occurs primarily about the N—N
bond between the imine and ketimine units (torsion angles
~85°).

The solid-state and solution structures are also pertinent
to a recent report!'” by Albrecht etal. on the ‘even-odd
principle’® in helicate-box formation. In Albrecht’s cate-
chol-based systems he notes a tendency for systems with
odd numbers of methylene units in the spacer to give meso
isomers and those with even numbers to give helicates. He
attributes this to the energetics associated with the confor-
mation of the methylene chain. In a very recent study aimed
at design of “two nanometer-dimensioned” helicates he has
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Figure 4. Comparison of the positions of the phenyl rings in the structures
of the cations [Fe,(L,);]** (left, dark shading) and [Fe,(L,);]** (right,
light shading) demonstrating the absence of the CH--m interactions in
the L, complex.

employed the diphenylmethane spacer and linked it through
imine links to catechol binding units."” The result is a
ligand in which the chelating units are positioned in a simi-
lar fashion to L, and with titanium(1v) the dicatechol ligand
gives a solid-state triple-stranded dinuclear meso isomer
similar to the pyridylimine structure herein, and only slightly
shorter (19.3 A C--C along the metal-metal vector). To this
extent the bis(pyridylimine) meso cylinder herein obeys Al-
brecht’s “even-odd principle” as Albrecht’s related bis-cate-
chol. The previously reported L, complex,® which is exclu-
sively a triple-helix, is clearly at odds with the “even-odd”
principle. Albrecht attributes this to the rigidity of that
ligand system which enforces the same chirality at each
metal centre."” We would concur, noting further that in the
L, system the extensive CH--x interactions at the centre of
the complex will further increase the structural rigidity and
thus facilitate the relay of the chiral information from one
metal centre to the other. In L, the additional ketimine
units provide both additional conformational freedom and
move the aryl rings of the spacer apart thereby removing
that element of rigidity too. This presumably removes the
constraints and allows the spacer conformational energetics
associated with the “even-odd principle” to influence the
stereochemistry. Nevertheless these constraints may not be
completely relaxed as indicated by the presence of 10-15%
of the helical rac isomer in solution.

DNA binding studies: The tetrafluoroborate salt [Fe,(L;)s]
[BF,], is soluble in acetonitrile but not water. To investigate
whether this salt could be used, the complex was dissolved
first in a small amount of acetonitrile and then water was
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added to give an approximately 20 % acetonitrile solution.
Within a short time the compound precipitates to give a col-
ourless solution. Consequently DNA binding studies were
conducted with the chloride salt [Fe,(L,);]Cl,. Solutions of
the chloride salts, were prepared by dissolving in small
amounts of ethanol and then adding water to give a 20 %
aqueous ethanol solution. We observed a slow change in so-
lution colour from red to orange with time (accompanied by
an increase in the MLCT absorption and some changes in
the ligand bands). Consequently all solutions used in the
spectroscopic investigations were freshly prepared and dis-
carded after one hour.

Circular dichroism (CD) spectroscopy: Titrations of the
complex into calf thymus DNA solution were carried out at
constant concentrations of DNA (500 pm), NaCl (20 mm)
and sodium cacodylate buffer (1 mm). The complex itself
shows no CD signal. Any CD signals that arise in the spec-
troscopic regions of the complex are therefore a conse-
quence of its interaction with the DNA. On addition of the
complex to DNA, signals in the MLCT region of the com-
plex (~480 and 520 nm) and in the region of the ligand
bands (~315nm) are observed confirming binding of the
cylinder to DNA (Figure 5). These induced signals are simi-
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T
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Figure 5. CD spectra of ct DNA (500 um) in the presence of

[Fe,(L,);]Cl,. Mixing ratio ([DNA]: [Fe,(L,);]Cl,) is indicated in the
figure.

lar to those observed when the L, triple-stranded cylinder
binds to DNAM although in this case the sign of the band is
inverted. The DNA CD bands (220-300 nm) confirm that
the DNA remains in a B-DNA conformation. The increase
in CD signal (314 nm) with concentration is linear up to five
base pairs: one cylinder consistent with a single binding
mode in this regime (from simple size considerations, the
cylinder would span five base pairs if groove bound).

Flow linear dichroism (LD) spectroscopy: LD is the differ-
ence in absorption of light polarized parallel and perpendic-
ular to an orientation direction. The technique is reliant on
orientation of the sample and for DNA we achieve this in
solution by orienting the biomacromolecule in a flow Cou-
ette cell with orientation through viscous drag.*'! The pri-
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mary application of the technique has been to study drug-
DNA interactions: if drugs are bound in a specific orienta-
tion(s) on the DNA then they too will become orientated,
while drugs randomly bound to the DNA or free in solution
will not be orientated. Since drugs which are not oriented
will have identical absorptions of parallel and perpendicular
polarised light, only those drugs which are oriented will ex-
hibit an LD signal. Recently we have recognised that the
technique can also be used to probe changes in the orienta-
tion of the biomacromolecule induced by drug binding
events.! Thus for the L, cylinders we observed dramatic
losses of DNA orientation associated with the bending or
coiling of the DNA by the cylinder. AFM imaging was able
to confirm that this arose from an intramolecular DNA coil-
ing effect.

To probe the binding of [Fe,(L,);]Cl,, titrations were car-
ried out at constant concentrations of DNA (500 pum), NaCl
(20 mm) and sodium cacodylate buffer (1 mm). The presence
of bands corresponding to cylinder transitions (~315,
520 nm) in the LD spectrum (Figure 6) confirms that the

0.001
-0.01
g -0.021

-0.03

-0.04+
300 400 500 600 700

-0.05

T T T T T T T T T
300 400 500 600 700
Wavelength / nm

Figure 6. LD spectra of ct DNA (500 uM) in the presence of
[Fe,(Ly);]Cl,. Mixing ratio ([DNA]: [Fe,(L,);]Cl,) is indicated in the
figure.

cylinder binds to DNA and does so in specific orientation(s).
Some DNA bending or coiling is also observed as evidenced
by the decrease in the DNA band at 260 nm. The loss of ori-
entation is not as dramatic as that observed with the L,
iron(m) cylinder: In the LD of the DNA region the parent P
enantiomer of the L, cylinder causes a 75% loss of orienta-
tion at a 15:1 ratio and the M enantiomer is even more ag-
gressive in its coiling causing a 95 % loss at a 20:1 ratio. This
new L, cylinder shows a loss of only about 40 % at 6:1.

Thermal stability: Thermal stability experiments (monitored
by measuring cylinder absorbance at 476 nm) indicated that
the complex was degraded as the temperature was increased
above ambient and that the presence of DNA had no signifi-
cant stabilising effect on the complex. For this reason, it is
unsurprising that the cylinder also exhibited no effect on the
melting temperature of ct-DNA.
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Conclusion

The additional ketimine groups introduced into the spacer
unit of L, increase the separation of the two metal binding
sites in the ligand and, as expected, extend the length of the
cylinder created. However they also move the phenylene
groups on different ligand strands apart and these phenyl-
enes no longer form the inter-strand CH--m interactions ob-
served in the complex of L,. This affects the complex in sev-
eral ways. The removal of the inter-strand interactions
makes the relay of the chiral information from one metal
centre to the other less effective and a mixture of rac and
meso isomers results, with the meso isomer being dominant.
We have recently demonstrated that inter-strand interac-
tions are important in obtaining exclusively rac isomers in
the related double-stranded systems.' The diameter of the
cylinder is also increased with respect to the L, cylinder.
The stability of the complex in aqueous solution is reduced,
supporting the view that the inter-strand CH--rt interactions
do contribute to the stability of the complexes of ligand L,.

This new cylinder does bind to DNA as evidenced by the
observation of induced CD signals in the both the MLCT
and in-ligand bands of the cylinder. The induced signals are
similar to those observed for the L, complex although oppo-
site in sign. We speculate that this may be related to the fact
that the L, cylinder is rac, whereas the L, cylinder is pre-
dominantly the meso isomer and contains metal centres with
opposite configurations which will have diferent transition
orientations. The lower aqueous stability of the L, cylinder
makes it difficult to explore this further. The flow LD ex-
periment confirms that the L, cylinder binds to DNA in a
specific orientation(s) (as the L, cylinder). The sign of the
cylinder MLCT LD signal precludes this being an intercala-
tive binding mode (consistent with the cylinder’s large size
and shape) but is consistent with a (major) groove-binding
mode as seen for the L, cylinder.

Some DNA bending/coiling is observed but the effect is
much less dramatic than observed for the L, cylinder. It is
clear from this result that the DNA coiling observed with
the L, cylinder is not solely a consequence of the tetraca-
tionic charge, but rather is related to the precise size and
shape of the cylinder. We are currently investigating other
related cylinder designs to try to probe further the essential
features of the design and their impact on the DNA recogni-
tion and coiling.

Experimental Section

General: All reagents and solvents were purchased from commercial
sources (Aldrich, Fluorochem, Acros, Fluka) and used without further
purification. NMR spectra were recorded on Varian Gemini 2000
(200 MHz) or Briiker DPX 400 (400 MHz) instruments at 298 K using
standard Varian or Briiker software. FAB mass spectra were recorded on
a Micromass VG-Quattro System or a Micromass AutoSpec spectrometer
using 3-nitrobenzyl alcohol as matrix. ESI mass spectra of the complex
were recorded on a Micromass Quatro II (low-resolution triple quadru-
pole mass spectrometer) instrument at the EPSRC National Mass Spec-
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trometry Centre, University of Wales, Swansea and of the ligand on an
Micromass ZQ System at U. Barcelona. Infrared spectra (solid pellets or
films prepared by evaporation of solutions mounted on NaCl plates)
were measured with a Perkin Elmer Paragon 1000 FTIR spectrometer or
a Nicolet 510 FT-IR Spectrometer. UV/Vis measurements were made
using a Jasco V-550 spectrophotometer.

Ligand L,: 4,4'-Diacetyldiphenylmethane (0.508 g, 2 mmol) was dissolved
in methanol (15 mL). Hydrazine monohydrate (0.210 g, 4.2 mmol) was
added slowly over a period of 15 minutes and the mixture was stirred at
room temperature overnight. The white precipitate of the bishydrazone
formed (0.450 g, 1.6 mmol, yield 80 %) was collected by filtration, washed
with small portions of cold methanol (2x5mL) and dried in vacuo.
'HNMR (200 MHz, CDCly): 6=7.56 (d, J=8.2 Hz, 4H; Ph), 7.16 (d, /=
8.2 Hz, 4H; Ph), 5.32 (s, 4H; NH,), 3.98 (s, 2H; CH,), 2.11 ppm (s, 6H;
CH;); "CNMR (50 MHz, CDCl): & 11.7, 41.3, 125.5, 128.8, 140.8,
1473 ppm; MS (+ve FAB, NBA): m/z: 281 [M+H]*; IR (film): 7=
33545, 3220’5, 3083 m, 1654 m, 1604 m, 1509 m, 1436 m, 1368 m, 1335 m,
1108 mem™".

The bis(hydrazone) (0.135 g, 0.48 mmol) and pyridine-2-carboxaldehyde
(0.107 g, 1 mmol) were mixed in methanol (15 mL). After adding several
drops of acetic acid the clear solution was stirred at room temperature
overnight. The resulting yellow precipitate was collected by filtration and
dried in vacuo (0.202 g, 0.44 mmol, yield 91 % ).

R;=0.31 (silica; CH,Cl,:MeOH 98:2); 'H NMR (200 MHz, CDCL,): 6=
8.68 (d, J=4.4Hz, 2H; py-H6), 8.41 (s, 2H; N=CH), 8.14 (d, /=738, ,
2H; py-H3), 7.86 (d, /=8.4Hz, 4H; Ph), 7.73 (td, J=7.5, 1.8 Hz, 2H;
py-H4), 7.35 (ddd, /=72, 4.8, 1.1 Hz, 2H; py-HS), 7.25 (d, /=82 Hz,
4H; Ph), 4.08 (s, 2H; CH,), 2.47 ppm (s, 6H; CH;); *C NMR (50 MHz,
CDCLy): 0: 15.4, 41.6, 121.5, 124.5, 127.2, 129.0, 136.4, 143.0, 149.6, 153.6,
157.1, 163.9 ppm; IR (film): ¥=3095 m, 1649 m, 1610's, 1436 m, 1369 m,
1343 m, 1115 mcem ™ '; MS (4ve FAB, NBA): m/z: 459 [M+H]*; MS (+ve
ESI): m/z: 459 [M+H]*; elemental analysis caled(%) for C,H,Ng: C
76.0, H 5.7, N 18.3; found: C 76.0, H 5.7, N 18.1.

Iron() complex: L, (0.023 g, 0.05 mmol) and iron(m) tetrafluoroborate
(0.025 g, 0.075 mmol) in a mixture chloroform—methanol (1:1) were stir-
red for 6 h at room temperature. The red precipitate was collected by
vacuum filtration, washed with methanol and dried in vacuo under P,O,
(0.021 g, 70%). X-ray quality, red crystals were obtained by slow diffu-
sion of benzene into a solution of the complex in acetonitrile. The chlo-
ride salt was prepared by an analogous route from iron(1) chloride.

"H NMR (400 MHz, CD,CN, 298 K): 6 =8.31 (s, 2H; H™" helix), 8.25 (s,
14H; H™™ pox), 8.18 (m, 16H; H*), 8.09 (m, 16H; H?), 7.79 (d, /=
8.3 Hz, 28H; Ph box), 7.66 (d, J=8.0 Hz, 4H; Ph helix), 7.59 (m, 32H;
H’& H°), 7.33 (d, J=8.3 Hz, 28H; Ph box), 7.20 (d, /=8.0 Hz, 4H; Ph
helix), 4.09 (s, 2H; CH, helix), 4.06 (d, J=23 Hz, 7H; CH, box), 3.96 (d,
J=23Hz, 7TH; CH, box), 1.27 (s, 6H; CHj; helix), 1.20 (s, 42H; CH;
box); "H NMR (400 MHz, CD;0D, 298 K, chloride salt): 6=8.58 (s, 2H;
H™" helix), 8.532 (s, 14H; H™™ box), 8.30 (m, 16H; H*), 8.24 (m, 16H;
H?), 7.98 (d, /=8.0 Hz, 28 H; Ph box), 7.84 (d, J=7.8 Hz, 4H; Ph helix),
7.75 (m, 32H; H’& H°®), 7.37 (d, J=8.0 Hz, 28 H; Ph box), 7.20 (d, /=
8.0Hz, 4H; Ph helix), 413 (s, 2H; CH, helix), 3.97 (d, J=14 Hz, 7H;
CH, box), 3.88 (d, J=14 Hz, 7H; CH, box), 1.34 (s, 48H; CHj; helix &
CH; box); IR (solid): #=1600 m, 1562w,1472 m, 1439w, 1413w, 1371w,
1306 m, 1187w, 1162w, 1053 s, 919w, 813w, 777 s, 760's, 686w cm™'; UV/
Vis (MeCN): 1=525 (£¢=12000), 485nm (£¢=10000), 296 nm (e=
138000), 260 nm (£=95000); MS (+ve ESI, MeCN): m/z: 372
{Feo(Lo)a}*™ (100%), 502 {Fey(Ly)sF)* (10%), 830 {Fey(L,)s(BF,))**
(5%).

X-ray crystallography: Crystal structure data for C,;3Hy, B 33Fs3:Feq6-
N,,0,s, M,=833.83, hexagonal, space group P6(3)/m, a=13.791(3), b=
13.791(3), c=44.622(10) A, U=7349(3) A’>, Z=6, poa=1.130gcm >,
wW(Mog,)=0.270 mm~'. Character: purple blocks 0.28 x0.28 x0.04 mm. A
total of 30463 reflections were measured, 3620 unique[R(int) =0.1462].
Goodness-of-fit on F* was 1.051. Rl [for 2373 reflections with 7>
2 0(1)]=0.0883, wR2=0.2225. Data/restraints/parameters 3620/22/327.
Crystal data was collected at 180(2) K with a Siemens-SMART-CCD dif-
fractometer™ equipped with an Oxford Cryosystem Cryostream
Cooler.”! Refinements used SHELXTL.*!l Systematic absences indicated
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space group P6(3)/m or P6(3). The former was chosen on the basis of in-
tensity statistics and shown to be correct by successful refinement. The
structure was solved by direct methods with additional light atoms found
by Fourier methods. Hydrogen atoms were added at calculated positions
and refined by using a riding model with freely rotating methyl groups.
Anisotropic displacement parameters were used for all non hydrogem
atoms; hydrogen atoms were given isotropic displacement parameters
equal to 1.2 (or 1.5 for methyl hydrogen atoms) times the equivalent iso-
tropic displacement parameter of the atom to which the hydrogen atom
is attached.

The asymmetric unit contains half a ligand, an iron, a benzene molecule,
two partially occupied acetonitriles (N200-C202, 50% occupancy and
N400-C402, 20 % occupancy) two partially occupied water molecules and
two very disordered BF, counter ions (as detailed below). Fel sits on spe-
cial position 4f on a three-fold axis. C18, the central methylene of the
ligand lies on a mirror plane, special position 6h. B10 sits on special posi-
tion 4f on a three-fold axis and has the fluorine atoms disordered over
two positions in a 3:1 ratio. The major position F11/F12 has F11 on the
same three-fold axis and F12 in a general position. The minor component
F11 A/F12 A has F11 A on the three-fold axis and F12 A in a general po-
sition. B20 sits on special position 4e on a three fold axis and has very
disordered fluorine atoms over at least three positions. This was modelled
by placing four fluorine atoms (F21-F24) on B20 and making the sum of
their occupancies add up to a BF,. Acetonitrile N400-C402, as well as
being only partially occupied lies on the mirror plane, special position 6h.
Some additional electron density was modelled as partially occupied
water molecules O600 and O700. O600 lies on special position 4f on a
three-fold axis and is 50 % occupied. O700 lies on special position 4e on
a three-fold axis and is 25% occupied. The partial solvent occupancies
and no hydrogen atoms on the water molecules explains the fractional
formula.

CCDC-252893 contains the supplementary crystallographic data for this
paper. These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

Biophysical experiments: Circular dichroism: Spectra were collected in
1cm pathlength cuvettes (280-850 nm) or 2 mm pathlength cuvettes
(220-350 nm) using a Jasco J-715 spectropolarimeter. Spectroscopic titra-
tions were performed in which CD and UV/Vis absorbance spectra were
collected. Titrations were carried out at constant concentrations of DNA
(500 um), NaCl (20mm) and sodium cacodylate buffer (1 mm). The
DNA :metal complex ratio was decreased during the titration series by in-
crementing the concentration of metal complex in the cuvette from 0-
62.5 uM. Titrations were performed so as the concentrations of DNA,
NaCl and sodium cacodylate buffer in the cuvette remained unaltered.”’

Flow linear dichroism: Flow LD spectra were collected by using a flow
couette cell in a Jasco J-715 spectropolarimeter adapted for LD measure-
ments. Long molecules, such as DNA (minimum length of ~250 base
pairs), can be orientated in a flow couette cell. The flow cell consists of a
fixed outer cylinder and a rotating solid quartz inner cylinder separated
by a 0.5 mm wide gap giving a total 1 mm pathlength.”*!

Thermal stability measurements: Thermal stability experiments used a
thermostatic cell-changer UV/Vis spectrophotometer on a CarylE spec-
trophotometer in masked 1.2 mL cuvettes, monitoring cylinder absorb-
ance at 476 nm.
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