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rac-[Co(ambi);]Cls+3H,0 corresponds to a tris-chelate complex
bearing 2-(aminomethyl)benzimidazole (ambi) ligands bound to the
Co(lll) ion in a facial-type fashion. The high metal g/r ratio and
electronic delocalization between coordination heterocyclic func-
tionalities can provide powerful tools to minimize DNA con-
densation, which arises from the neutralization of the negatively
charged sugar phosphate backbone in the presence of multivalent
[Co(ambi)z]**.

Small-molecule DNA-binding agents have attracted sub-
stantial research interest in the field of chemotherapy against

noncovalent binders that target specific DNA sites. On this
basis, incipient studies were aimed at probing the DNA
interaction with approximately spherical Ru complexes of
polypyridyl ligands, metallointercalators, or combinations
thereof® However, although chiral tris-chelate complexes of
octahedral parentage offer the potential for enantioselective
recognition of DNA, a mixture of binding modes to DNA
can occur simultaneously such as electrostatic interaction,
hydrophobic binding, and partial intercalati®n.

Herein, we report the crystal structure and DNA interaction
of the tris-chelate Co(lll) complefac-[Co(ambi}]Clz-3H,O
(2). The facial shape, symmetry, and ring functionalities of

cancert Thorough pharmacological studies have helped complex 2 can be overall exploited to counteract DNA

elucidate the mechanism by means of which small molecules

interact with DNA via electrostatic force, groove binding,

or intercalation. In particular, much attention has been
focused on the so-called metallointercalators. These cor-
respond to transition-metal complexes bearing planar aro-

matic heterocyclic functionalities that intercale into the DNA
base stack.
Interestingly, metal ions play an important role in biologi-

condensation uniquely arising from electrostatic force in the
presence of multivalent [Co(amBlij*.

Racemic comple® crystallizes in the triclinic space group
P1. The unit cell contains four symmetrical molecules due
to a crystallographic inversion center (Figure 1). The
assembly of molecule® in the crystal packing is afforded
by the overall weak €H-+x interactions (2.8022.893 A)

through which ligand4 lie quasi-perpendicular. Besides, the

cal processes and the mechanism of metal-targeted organi€"oride ions and waters of solvation are involved in a

drugs against cancérTo modulate the binding of minor-

groove targeted oligomers bearing repetitive benzimidazole

units, Co(lll) octahedral complexes of 2-(aminomethyl)-
benzimidazole 1, ambi) have been proposed as functional
models for prospective hypoxia-selective cytotoXii®n the

other hand, the shape, size, and symmetry of octahedra

complex H-bonded network with the NH groups of
peripheral ligand4¢ (N—H++-O = 2.726-2.890 A; N-H-+-Cl

= 3.089-3.288 A). Interactions are accomplished with
H-bonded water molecules (2.683.038 A) and with
chlorides (G-H--+Cl = 3.110-3.223 A). The molecular

structure of corresponds to a distorted octahedral geometry

transition-metal complexes can be exploited to develop (4) (@) Ware, D. C.. Wilson, W. R.; Denny, W. A.: Rickard, C. E.JF
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Table 1. Conductivity Measurements of Compl&in a 103 M

Solution
type of electrolyte
solvent Awm (cmé/mokQ) 1:1 1:3
DMF 73.80 65-90 200-240
MeOH 88.78 86-115 29G6-350

aRange of conductivity for the most common metal compléfes.
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T T T T T T T T
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Figure 3. H NMR spectrum of2 in DMSO-ds.

Figure 1. ' Crystql packing of comple® showing short contacts by weak The 'H NMR spectra of2 were recorded at 28C in

E;ﬂerg irgnttﬁ;aﬁﬂﬁncself_z'thl A) between the two couples/ofand A DMSO-ds (Figure 3) and HO/D,O to assign potentially
informative resonances. The amino resonances exhibit a

broad doublet centered at 6.68 and 6.48 ppm exclusively in

H
,L@ DMSO-ds as the solvent. In regards to the molecular
NH, NH; structure, this is consistent with two diastereotopic protons
| 3 }’ - ‘ that are distinctly influenced by the field of an adjacent ligand
N ©
i}

—lz—T

121

1. By contrast, the imino resonances, presumably appearing
I downfield, were not evident from thiéd NMR spectrum of
Figure 2. Resonance form representation of ligahd 2, which accounts for the enhanced lability. To confirm the
H NMR chemical shift associated with the imino resonances,
with a distribution of bond lengths and angles around the an initial suspension df-2HCI in EtOH was fully dissolved
Co(lll), as was so far reported for other similar structdres. at 50°C and subsequently added to Hg@l:1) in EtOH,
The three bidentate ligandsbind (chelate) to the Co(lll)  yielding the diprotonated-ambi Hg(ll) complex [Hg!
ion through the imidazole and amine N atoms, thereby (H,ambi) @). The controPH NMR spectrum of3 in DMSO-
forming five-membered rings. On this basis, the coordination d; showed a broad signal centered at 8.65 ppm absent in
geometry in a facial-type fashion makes the aromatic H4 H,0/D,0, which was unambiguously assigned, on the basis
atoms point directly toward the benzene ring of each adjacentof its multiplicity, to the resonance of the three exchangeable
ligand1 (intramolecular G-H---x interactions ranging from  protons bound at positions N(1) and N(3) (see the Supporting
2.544 to 3.041 A). Information).

The covalent-bound Co(lll) at position N(3) induces  atomic force microscopy (AFM) imaging provides direct
electronic reorganization through the heterocyclic ring func- evidence of DNA-drug interactions at the molecular levél.
tionalities of 1 (Figure 2)! Taking advantage of the high  ypon interaction ot with 550-bp (base pair) linear DNA,
metalg/r ratio and resonance form Il, the release of protons gpproximately 50% of the fragments remained unaltered
at position N(1) can be attained in an aqueous solution (Figure 4a), which may tentatively suggest different binding
influenced by ionic strength effectsTo investigate the affinities of theA andA isomers for DNA. Chiral recognition
dissociation of the NH bond imino proton in terms of the  of pNA via electrostatic interactions requires multivalent
metal-withdrawing capability, mass conductivity measure- complexes to bind selectively at the sites of greatest negative
ments were directly monitored at room temperature as gjectrostatic potentid? By contrast, the circular dichroism
preliminary experiments. No matter what solvents were usedspectra of linear DNA and the racemic mixture 2fin
to distinctly influence the dissociation constant, a drastic sejution did not provide clear evidence of structural perturba-
lowering of conductivity was unequivocally observed (Table tions. In a separate experiment, circular plasmid pBR322
1). A plausible explanation for why a 1:1 electrolyte was pNA was subjected to electrophoresis on an agarose gel.
measured could arise from the in situ formed 2-(amino- pNA migration into the gel exhibited neither reduced
methyl)benzimidazolide ions¢BlsNs~ (ambi) bound to the  mopility nor strand scission after incubation withThere-
metal. Upon N-H bond dissociation, transient [Co(amypi) fore, the ease of dissociation involving the presence of some

is likely to afford monovalent cationic [Co(anipi{ambi)l* ramified aggregates imaged by AFM was attributed, in the
in solution, hereinafter referred to as compfexOn the basis

of univalent cations4 is hence expected to function as an  (9) Reimer, D. L.; Zhang, Y. P.; Kong, S.; Wheeler, J. J.; Graham, R.
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Figure 4. AFM images of DNA incubated at 37C for 5 h with complex4 at ratio 1:1: (a) 550-bp linear DNA; (b) circular plasmid pBR322 DNA; (c)
circular plasmid pBR322 DNA imaged at 7 days postincubation.

absence of conformational transition of the plasmid DNA,
to noncovalent DNA-mediated interactions, i.e., the contribu-
tion of minimized electrostatic force and/or hydrophobic
weak C-H---r interactions to condensation.
Counterion-induced DNA condensation is a well-known
electrostatic phenomenon attributed to the neutralization
(~90%) of the negatively charged phosphate backbhes.
The DNA bp to complex ratio used for the linear DNA

fragments and multivalent [Co(amiid* (1:1) enables one i 5 s fled closed circular pBR322 DNA (form 1) and

0, . igure o. upercolled closed circular p orm ana open
to compensate for gmply more than 90% of _the. negative circular pBR322 DNA (form 1l): (a) DNA alone (lane 0); (b) DNA after
charge for condensing. However, decreased ionic strengthincubation with4.

caused by transieri to afford unipositive4 does not lead

to condensation of the DNA structure when bound to the Of this could be the screening caused by an excess of
proximity of the negatively charged phosphate backbones. monovalent ions in TE buffer (50 mM NaCl, 10 mM
To complement the aforementioned studies, plasmid pBR322tris(hydroxymethyl)aminomethane hydrochloride, 0.1 mM
DNA was incubated with and characterized by AFM and  EDTA, pH 7.4) reducing the bridging effect of trivalent ions
electrophoresis experiments. First, a freshly prepared sampld0 condensatiof2 Regardless, the observation of the open
exhibited some side-by-side association of DNA segments Circular DNA control provides further evidence suggesting
by AFM (Figure 4b). Subsequently, the stock solution an uncondensed state.

containing pBR322 DNAdrug complexes was left undis- In conclusion, complex is prone to counteracting DNA
turbed in the dark at room temperature. Aliquots of the condensation rather than acceleratin§ the metaly/r ratio
sampie were da||y imaged by AFM, revea"ng subtle incipient and ring functionalities can be exploited to modulate the
changes of the morphology at 3 days postincubation, binding affinities of multivalent complexes, thereby offering
whereupon DNA evolved, progressively coarsening into Potential applications in chemotherapy against cancer and
nontoroidal aggregates (Figure 4c) at7 days postincubationcarefm control of the DNA condensation reaction in gene
owing to the eventual crystallization induced by trival2At therapy.
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