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Here we report on our findings of the dimerization2fn
solution which gives a metalated,G; base quartet with an
unprecedented H-bonding pattern between deprotonated guanine
and neutral cytosine which involves the cytosine H(5) and
guanine N(1) (Figure 1).

Established H-bonding patterns between G and C include the
Watson-Crick pair between the neutral bases, the Hoogsteen
scheme between neutral guanine and protonated cytosine, the
combination of both in C,G,C triplefgas well as a recently
reported C,G,G triplet which again is between neutral bases.

interactions between two DNA duplexes, have been proposedAs stated in the introduction, aggregation beyond the Watson
for more than two decades and have, among others, been con€rick pair is occasionally seen with 5-bromocytosine,guanine

sidered possible models for DNA strand exchange procéses.

combinationg’:8

H-bonding patterns exceeding the known ones between two  The title compoundrans[(NH3),Pt(9-EtG)(1-MeC)]CIQ (2)
nucleobases have been observed occasionally, e.g. in the soligyas obtained frontrans-[(NH3)-Pt(9-EtGHN7)(1-MeCN3)]-

state structures of guanine,5-bromocytosine addifdts gua-
nine quartet8;1® and in conjunction with the latter, even for
thyminé! or, in RNA, uracil quartets?

(ClOg4)2 (1) following addition of NaOH and crystallizatioH.
The identity of 2 was established by use of conventional
techniques, including electrospray ionization mass spectrometry

Our interest in systems in which a suitable metal ion replaces (E5|-MS)25 The concentration dependence of two of the

a proton h a H bond between nucleobases (“metal modified

NMR resonances & in DMSO-ds provided clear evidence for

base pairs”) has led us to synthesize and characterize a numbegn associative process (Figure 2). Specifically, the large
of model nucleobase complexes containing essentially coplanargownfield shift of cytosine H(5) and of one of the two cytosine
nucleobases, linked by metalnentlt@s'.18 In many cases, in NH,(4) protons with increasing concentration is consistent with
particular in Hoogsteen-modified pairs between purine and the proposed dimerization (Supporting Information). All the
pyrimidine bases, coplanarity of the nucleobases is supportedother'H NMR resonances remain essentially unaffected. From

by additional H bonding between exocyclic groups, directly or
via a water molecule. Among others, we have isoldtads
[(NH3)2Pt(9-EtGHN7)(1-MeCN3)]2+ (1, with 9-EtGHN7 =
9-ethylguanine platinated at N(7) and 1-M&3-= 1-methyl-
cytosine platinated at N(33y,which is to be considered a model
for the interstrand DNA cross-link dfans-(NHz),PtChL with
guanine and its complementary nucleobase cytd$inds a
consequence of Pt(ll) coordination to N(7) of guanine, the proton
at N(1) becomes more acidic by ca. 1.5 log ufltshereby
facilitating formation of the deprotonated spediess[(NH3)-
Pt(9-EtGN7)(1-MeCN3)]™ (2) at alkaline pH.
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the NMR data, an association constant of 5¢.11.0 | mol!

was estimated® which markedly exceeds that of the Watson
Crick pair between guanosine and cytidine in the same solvent
(3.7£ 0.6  mol%; 32°C).27 The involvement of an aromatic
proton in H bonding wi a N acceptor site is still quite rafé,

in contrast to CH-O bonds, the significance of which in
biological systen® is increasingly recognized and lately has
been verified in a UU pair in the RNA fragmentfUUCGCG)-

3'.30 The existence of the H-bonding scheme given in Figure
1 is further substantiated by a NOESY experiment which
indicates a close proximity between cytosine H(5) and guanine
NH2(2) (Supporting Informationy!
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Figure 1. Schematic view of the proposed structure of the dimerized _

complextrans[(NH3)Pt(9-EtGN7)(1-MeCN3)]CIO, (2). NH3 ligands
are omitted for clarity.
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Figure 2. Downfield part of thelH NMR spectra of2 at different
concentrations. Spectra were taken in deuterated DMSO without
presaturation of solvent resonances using the signal of the non-
deuterated DMSO as internal referende2(53 ppm relative to TMS).
Concentrations were 0.5 (A), 3.2 (B), 7.5 (C), 13.6 (D), 27.8 (E), 49.7
(F), and 169.9 mM (G). The two resonances influenced most by
intermolacular hydrogen bonding are markedAyH(5) of cytosine)
and O (NHz(4) of cytosine). At very low concentrations &f some
minor impurities of the solvent (*) become visible.
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The H-bonding pattern realized th(Figure 3, iv) is one of
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Figure 3. H bonding involving N(7) platinated guanine. Patterns-(i)
(iii) have been verified in related Pt complexes using X-ray crystal-
lography®?132andH NMR spectroscopy*33

such processes and an acceleration seem possible. From a
geometrical point of view, metalated adenine/uracil and adenine/
thymine pairs might behave similar fowithout requiring high

pH for purine deprotonation.
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four cases now established to occur when a guanine nucleobase Supporting Information Available: Concentration dependence of
becomes metalated at the N(7) position. Three of these haveselected'H NMR resonances o2 in DMSO-ds, section of NOESY

previously been demonstrated using X-ray crystallography: (i)
normal Watsor-Crick pairing of N(7)-platinated guanine with
cytosine!? (ii) guanine-guanine pairing upon hemideprotona-
tion of the purine nucleobas$g,and (iii) guanine-guanine

spectum of2, and ESI-MS of2 (4 pages). See any current masthead
page for ordering and Internet access instructions.
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pairing between a metalated, deprotonated guanine and a neutral, (31) An alternative model, proposed by one of the reviewers, with H

free guaninél These patterns (Figure 3) are also seen With
and 2, respectively, according tdH NMR spectroscopy in
DMSO-ds.23

The isolation of the various products from aqueous solution
requires successively higher pH values, e.g.~pl8—7 for (i),
pH ~ 8 for (ii), pH ~ 9 for (iii), and pH~ 10 for (iv). In
discussing the existence of (ii}iv) under biologically relevant
conditions, the pH argument should not be overemphasized,
howeverd*

Findings in our model system suggest that an interference of
metal ions of suitable geometry with DNA strand exchange

processes is feasible, in principle. Depending on the nature of

the metal ion (kinetically inert or labile), both an inhibition of

bonding between N(1) of guanine and N(4)bf cytosine is ruled out. It
would lead to only two H bonds between the two halves plus two repulsive
interactions between H(5) of cytosine and a proton of guanine N(Bitth

a model could explain neither the concentration dependence of H(5) nor
the apparently unaffected guaninldH; resonance, and would be sterically
unlikely. It would require an intermolecular separation between cytosine
C(5) and guanine N(2) of ca. 3 A.
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