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The acid-base properties ofis-(NH3),Pt(dG)?~, where both d& (=2'-deoxyguanosine '&nonophosphate)

are N7-coordinated to the same Pt(ll) [the complex is abbreviated as F(ti@ye summarized [on the basis of
potentiometric pH titration data from B. Song et &lldtal-Based Drug4996 3, 131-141)] and a micro acidity
constant scheme is developed which allows quantification of the intrinsic acidity of the twe(GK)) groups

present in this ternary complek£ 0.1 M, NaNGQ; 25°C). On the basis of comparisons with the corresponding
acid—base properties afis-(NH3),Pt(dCMPH-N3), [([dCMP-H)~ = phosphate-monoprotonateddzoxycytidine
5'-monophosphate] it is concluded that intramolecular, outer-sphere macrochelates form vig-PtOyPhydrogen

bonds. The formation degree of these macrochelates is quantified; it amounts in aqueous solution in each case
(in its lower limit) to about 40% for the various possibilities which exist for the formation of these chelates in the
cis-(NH3),Pt(dG) complexes. The stability constants of the mixed metal ion complexes, M[Pt(H;dG)(d&q]
M[Pt(dG),], were also determined via potentiometric pH titrations. On the basis of previous measurements with
simple phosphate monoesters and phosphonate derivatives, i.e 2RvAth R being a noncoordinating residue

(Sigel, H.; et al.Helv. Chim. Actal992 75, 2634-2656), it is shown that the stability of the two mixed metal

ion complexes is largely governed by the basicity of the phosphate groups (as quantified via the mentioned
microconstants) indicating that the effect of the N7-bound Pt(ll) on the phosphmegkal ion binding properties

is relatively small. These results suggest that, e.g., a metal ion bound to a nucleobase residue in a nucleotide or
in a nucleic acid affects only slightly the metal ion binding capabilities of its phosphate residue or its phosphate
backbone.

the anticancer drug cisplatigjs-(NH3),PtCh,>6 usually form
N ) o inert metak-nucleobase adducts. Thus, it is not surprising that

_Under_ natural c_ond|t|ons nucleotides and n_uclelc acids interact jnteractions between nucleotides and |dfitas well as ineft-11
with labile metal ions}—* whereas therapeutic agents such as mpetal ions are in the focus of many efforts. However, so far
only little information exist&13about the mutual effects which
two different metal ions bound to the same nucleotide exert on
each other.

Considering the above situation and also (i) that the signifi-
cance of metal ions in nucleotide and nucleic acid processes is
well documenteti*and (i) that N7 of guanine residues in DNA
is generally accepted as being the crucial target of the anticancer
drug cisplatirs® we selected for this study the “unitstjs-
(NH3),P£*, 2-deoxyguanosine’&nonophosphate (dGMP),

(5) (a) Bloemink, M. J.; Reedijk, Met. lons Biol. Syst1996 32, 641—
685. (b) Reedijk, JJ. Chem. Soc., Chem. Comma&896 801—-806.

(6) Whitehead, J. P.; Lippard, S.Nlet. lons Biol. Syst1996 32, 687—
726.

(7) (a) Sigel, H.Chem. Soc. Re 1993 22, 255-267. (b) Sigel, HACS
Symp. Serl989 402, 159-204.
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(1) Abbreviations: AMP-, adenosine 'smonophosphate; dCPM (or
dC?7), 2-deoxycytidine 5monophosphate; dGMP (or dG"), 2-
deoxyguanosine'8nonophosphate; dGuo;-8eoxyguanosine; dien,
1,5-diamino-3-azapentane (diethylenetriamine); en, 1,2-diaminoethane
(ethylenediamine); GM®P, guanosine Smonophosphatel, ionic
strength; IMP~, inosine 5-monophosphate; R, divalent metal ion;
NMP?~ = AMP2-, GMP?", and IMP~; Pt(dG)?", cis-(NH3)Pt-
(dGMP)?2 (see also Figure 1); R-R®, simple phosphate monoester
or phosphonate ligand with R representing a noncoordinating residue
(see also caption for Figure 4); tn, 1,3-diaminopropane (trimethyl-
enediamine). Species which are given in the text without a charge
either do not carry one or represent the species in general (i.e.,
independent from their protonation degree); which of the two versions
applies is always clear from the context.
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Figure 1. Formal chemical structure of the ternacys-(NHs).Pt-
(dGMP)?~ complex. The dGMP" ligands are depicted in thanti
conformation, which is usually dominating for purine nucleotitids.

may be added that in complexes of the indicated kind the two guanine

residues are usually in a head-totadonfiguration (e.g., ref 18) [with
a nucleobasePtN; angle close to 50(e.g., ref 18)].

and the metal ions Mg, Cl2t, and Z#(=M2"). Since the
interaction ofcis-(NH3),Pt" with DNA occurs mainly6-15via

intrastrand cross-links formed with adjacent guanine residues,

the bis-dGMP complexcis-(NH3),Pt(dGMP)?~, was pre-
paredt® in which Pt(ll) is N7-coordinated to two neighboring
guanine moieties (Figure 1j:1°

Similar complexes have been synthesized and studied befor
by various methods, e.gis-(NH3),Pt(GMP)?~,2021¢cis-(NH3),-
Pt(IMP)?~,22 (tn)Pt(CHs-5'-GMP),,23 (tn)Pt(GMP)?~,24 (tn)-
Pt(dGMP)?~,24 (en)Pt(GMP):~,18.2526and (substituted diamine)-
Pt(GMP)Y2~.27 In all cases Pt(ll) binding occurs via N7 as
confirmed by X-ray analysis in some instané&s223.25 For
the present study the most relevant complex is [(en)Pt(H;GMP-
N7)2]-9H,0 in which'8 the two guanine bases are in a head-
to-tail arrangement with a dihedral angle of only 3¢ which
is indicative of substantial intramolecular base stacking; the
GMPs are in theanti configuration!® Figure 1 is drawn
accordingly in a simplified manner.

(14) (a) Sigel, A., Sigel, H., EdsInteractions of Metal lons with
Nucleotides, Nucleic Acids, and Their Constitugmitetal lons in
Biological Systems, Vol. 32; M. Dekker, Inc.: New York, Basel, and
Hong Kong, 1996; pp 4+814. (b) Sigel, A., Sigel, H., Ed®robing
of Nucleic Acids by Metal lon Complexes of Small Moleguléstal
lons in Biological Systems, Vol. 33; M. Dekker, Inc.: New York,
Basel, and Hong Kong, 1996; pp-578.

(15) (a) Takahara, P. M.; Rosenzweig, A. C.; Frederick, C. A,; Lippard, S.
J.Nature1995 377, 649-652. (b) Takahara, P. M.; Frederick, C. A,;
Lippard, S. JJ. Am. Chem. S0d.996 118 12309-12321.
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Drugs 1996 3, 131-141.
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In the (en)Pt(H;GMP)complex8 the phosphate groups are
in the vicinity of the H8 atoms and also close to the Pt(ll)-
bonded amino groups. Indeed, in the solid $&tmacrochelate
rings are formed via intramolecular H-bonding between the
monoanionic 5phosphate groups and coordinated ethylenedi-
amine NH” sites. This outer-sphere macrochelate formation
persists to some extent also in solution with Bétithe
P(OR(OH)~ and PQ@? residues, but it is favored, as shown
for (dien)Pt(GMPN7),28 by deprotonation of the monoanionic
phosphate group. The first examples of such outer-sphere
macrochelates of which we are aware were detétteeleral
years ago; i.e., for the complexes of (dierdPdormed with
AMPZ=, IMP2-, and GMP~ in aqueous solutidii? and for a
complex ofcis-(NH3),P£" with a dinucleotide, d(pGpG), in the
solid state?®® By including our previous resultsfor cis-(NHs),-
Pt(dCMP)2~ we are now able to quantify in aqueous solution
for the first time the formation degree of such an indicated outer-
sphere macrochelate, namely, in tbie-(NH3),Pt(dGMP)Z~
complex.

Are the phosphate groups in the ternacis-(NHz),Pt-
(dGMP)2~ complex, despite their partial involvement in
hydrogen bonding, also still good acceptor sites for metal ions
like Mg2"™ or Zré+, i.e., can quarternary mixed metal ion species
be formed? And if so, to what extent is the coordination of

dhese metal ions to the dGMP-phosphate groups affected by

the nucleobase-boundis-(NH3),P"? Indeed, as shown
now, Micis-(NH3).Pt(H;dGMP)(dGMP)} and M[cis-(NH3)2-
Pt(dGMP}] complexes form in aqueous solution, and they are
actually quite stable.

2. Experimental Section

2.1. Materials and Apparatus. The synthesis of Nfcis-(NH3)2-
Pt(dGMP}]-11H,0 is described in ref 16; the same compound was
also used in this study. All other reagents were the same as used
recently!3:16.30

The equipment used for the potentiometric pH titrations and the desk
computer with its frame installations are the same as described
previously13-30

2.2. Determination of the Equilibrium Constants. The determi-
nation of the acidity constant&gqc) Khaees) Kpisy and
Kbyaoyaa-ry OF Cis-(NHg),Pt(H;dGMP}, abbreviated as Pt(H;dg)
was described 25 mL of aqueous 1.08 mM HNJ25°C; | = 0.08—

0.1 M, NaNQ) were titrated in the presence and absence of 0.4 mM
Pt(dG) under N with 2 mL of 0.03 M NaOH; the differences in NaOH
consumption between two such titrations were used for the calculations.

As only small amounts of Pt(d@jvere available, to the solutions
used for the determination of the acidity constants again kiiN@s
added as well as M(N£), (total volume: 34 mL), and then the titrations
were repeated with NaOH to determine the stability constants of the
M[Pt(H;dG)(dG)]" and M[Pt(dG)] complexes. In various instances,
after such a titration, to the same solution again HM@s added (total
volume: 36 or 38 mL) and the titration with NaOH repeated. Of course,

(19) Head-to-tail means that the H8 atoms of the two guanine residues arethe various dilutions of the solutions were taken into account in the
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Am. Chem. Sod 979 101, 1143-1148.

(23) Marzilli, L. G.; Chalilpoyil, P.; Chiang, C. C.; Kistenmacher, T.JJ.
Am. Chem. Sod98Q 102 2480-2482.

(24) Marzilli, L. G.; Chalilpoyil, P.J. Am. Chem. Sod.98Q 102 873—
875.

(25) Bau, R.; Gellert, R. WBiochimie1978 60, 1040.

(26) (a) Berners-Price, S. J.; Frey, U.; Ranford, J. D.; Sadler, P.Am.
Chem. Soc1993 115, 8649-8659. (b) Berners-Price, S. J.; Ranford,
J. D.; Sadler, P. dJnorg. Chem.1994 33, 5842-5846.

(27) Kiser, D.; Intini, F. P.; Xu, Y.; Natile, G.; Marzilli, L. Gnorg. Chem.
1994 33, 4149-4158.

calculations. The Pt(d@M?" ratios were for Mg" 1:120 and 1:60,
for CW?™ 1:4, and for ZA" 1:33. As a consequence in some experiments
I was slightly above 0.1 M; in one experiment with Mg(1:120) 1
reached even a value of 0.16 M.

The stability constantsyie.ac)aey aNd Kipacyy for the cis-
(NHa3).Pt(dG)/M?* systems were computed for each pair of titrations
with a curve-fitting proceduf@ by taking into account the species H
Pt(H;dG), Pt(H;dG)(dG), Pt(dG)?>~, M2*, M[Pt(H;dG)(dG)]", and

(28) Guo, Z.; Sadler, P. J.; Zang, £.Chem. Soc., Chem. CommaA97,
27-28.

(29) (a) Kim, S.-H.; Martin, R. Blnorg. Chim. Actal984 91, 11-18. (b)
Sherman, S. E.; Gibson, D.; Wang, A. H.-J.; Lippard, SSdence
1985 230, 412-417.

(30) Song, B.; Sigel, Hinorg. Chem.1998 37, 2066-2069.
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M[Pt(dG)]. The experimental data were evaluated in the pH range
between a formation degree of 2% for M[Pt(H;dG)(dG@nd the
beginning of hydrolysis of M(ag) (CW/?*, Zret). In the Mgt system

the collection of data was stopped at pH 6.5 to prevent any interference
with the deprotonation reactions of the H(N1) sﬂeK[(,EhG 8.73;

vide infra). The formation degree for Mg[Pt(d&and Cu[Pt(dG;)]
reached about 40% and 20%, respectively.

The experiments with T were hampered by a precipitate which
appeared soon after Zn[Pt(dGhad reached a formation degree of
about 15%; this is the main reason why the constants determined for
the Zr#* system carry a relatively large error. The calculated stability
constants showed no dependence on the excess amount afrthe
Pt(dG) concentration used (the latter varied somewhat due to the

procedure described above). There was also no indication that under

our experimental conditions §Pt(dG)]>" species formed. The results
given in Table 1 (vide infra) are the averages of three titration pairs
for the Mg complexes and of two pairs each for the?Cor Zr#+
complexes.

3. Results and Discussion

3.1. Acid—Base Properties otis-(NH3),Pt(dGMP),2~ and
Its Structure in Solution. Each of the phosphate residues
carries a charge of-2 in this ternary complex (see Figure 1),
which is often abbreviated below as Pt(d&) and each may
accept two protons; this leads to the 2-fold positively charged
species Pt(b{dG)?". The release of the first proton from a
P(O)(OH) group, which is part of a GMP that also carries a
positive charge at N7 (e.g., due to protonation), occurs at very
low pH (pKH eupy = 0.3 £ 0.2)% hence, one may also
conclude for the present case that for both primary protéas p
< 1. Thus, for the pH range of this study (pH 3) only the
2-fold-protonated complex, Pt(H;dg)s of relevance and the
following four deprotonation equilibria need to be considered:

Pt(H;dG), = Pt(H;dG)(dG) + H" (1a)
KRiae, = [PUH;AG)(AG) IH “V[Pt(H;dG)]  (1b)
Pt(H;dG)(dG) = Pt(dG)> + H" (2a)

Kpiiaoyae = [PAG)” IH V[Pt(H;dG)(dG) ] (2b)

Pt(dG)?” = Pt(dG)(dG-H)*>" + H* (3a)
Kby, = [PHAG)(dG-H)* J[H V[PY(dG),” ] (3b)
Pt(dG)(dG-H)* = Pt(dG-H),"” + H* (4a)

= [Pt(dG—H)," J[H " /[Pt(dG)(dG-H)*]
(4b)

KPt(dG) (dG-H) —

The protons in equilibria 1 and 2 are released each from a
P(O)Z(OH) residue which follows clearly from the comparison
with pKH(R,bMP) 6.24 of monoprotonated-ribose 5-mono-
phosphate (RibM#P).33 The protons of equilibria 3 and 4
originate from the H(N1) site of the two guanine residues present
in Pt(dG)Y?~ as is confirmed by 'gdGuo 9.24 of 2-deoxy-
guanosine (dGud)-13 The corresponding acidity constants are

(31) Sigel, H.; Griesser, R.; Prijs, &. Naturforsch. B1973 27B, 353~
364.

(32) Sigel, H.; Massoud, S. S.; Corfd. A. J. Am. Chem. S0d994 116,
2958-2971.

(33) Massoud, S. S.; Sigel, Hhorg. Chem.1988 27, 1447-1453.
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Figure 2. Variation of the chemical shift in dependence on pD for
the H8 resonance of 1 mMis-(NH3).,Pt(GMP) as measured in {®

at 17 °C. The solid curve is the computer-calculated best fit of the
experimental data (taken from ref 21y using the four stepwise
acidity constants given in section 3.1 fois-(NH3).Pt(D;dGMP}).

2 3 4 5 6 9 10 11 12

5.57+ 0.03 (eq 1),
8.73+ 0.04 (eq

(I = 0.1 M, NaNG; 25 °C)16 pKPtHdG)Z

PKpyrac)ae)= 6-29% 0.02 (e 2), Kpyeey, =

3), and Kpacy@e ny = 9-48+ 0.04 (eq 4).

In this context the previously published variation of the
chemical shift of H8 with pD for thecis-(NH3),Pt(GMP)
complexX! in D,O is further helpful. Transformation of the
above given acidity constants by applicafibaf eq 5 into the

PKop,0 = 1.015(K 0 + 0.45 (5)

corresponding constants valid for,@ as solvent gives the

following values: [Kp,p.ue, = 6.10 (eq 1) e odc)de) =

6.83 (eq 2), KPt(dG = 9.31 (eq 3), and Ith(dG)(dG—H) 10.07

(eq 4). Figure 2 shows the result of the curve-fitting procedure
(solid curveY® by applying our acidity constants to the previgus
IH NMR shift measurements. The excellent fit of the data
proves that not only the acidity constaiitsut also the structures

of the bis-dGMP and bis-GMP complexes in aqueous solution
are very similar; from the so-callé®-37“wrong-way shift” in

the pD range 6.5 follows that the phosphate groups are in the
vicinity of the H8 atom3! (see Figure 1). lonization of the
D(N1) sites in the range of pD 9.5 results in an upfield shift
(Figure 2) as is comm@h for deprotonation reactions. To
conclude, the structures afis-(NH3),Pt(dGMP)}?~ and cis-
(NH3),Pt(GMP)2~ (see also ref 21) evidently correspond to that
describeéf for (en)Pt(GMP)?~ in the solid state and in solution
(see also section 1).

(34) Martin, R. B.Sciencel963 139 1198-1203.

(35) The calculation procedure (Newtoauss nonlinear least-squares
fitting) is based on eq 4 given in ref 17b. The six data points seen in
Figure 2 were read out from figure 6 (after its enlargement) in ref 21.

(36) The close similarity for the acidity constants is expected: The-acid
base properties of the sites in question differ for H{dGMRnd
H(GMP)~ only very little; i.e., the Ka values for the P(QJOH)~
and the H(N1) sites are only b pKy = 0.04 + 0.02 and 0.0
0.03, respectively, higher for dGMP (2&; 1 = 0.1 M, NaNQ).30
This small effect is actually offset for the calculations in Figure 2 by
the somewhat lower temperature (2Z) which was used in the
experimentd for cis-(NHz),Pt(GMP).

(37) Martin, R. B.Acc. Chem. Red.985 18, 32—38.

(38) (a) Fischer, B. E.; Sigel, HI. Am. Chem. Sod98Q 102 2998-
3008. (b) Blindauer, C. A.; HOlyA.; Dvorakova H.; Sigel, H.J. Chem.
Soc., Perkin Trans. 2997, 2353-2363.
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3.2. Evidence for Outer-Sphere Macrochelate Formation
in cis-(NH3),Pt(dGMP),%~ Involving Pt(NH 3):--O3sP Hydro-
gen Bonding. Comparison of the acidity constants given for
cis{NH3),Pt(H;dGMP} (egs +4) in section 3.1 with those due
to HAGMPY, i.e., Kjgawp) = 6.29 & 0.02 and Kigyp =
9.56 4+ 0.021630 reveals that thecis-(NH3),P£" unit at N7
(Figure 1) acidifies on average the P§@H)~ groups by
ApKapayay = (6.29+ 0.02) — (1/2)[(5.57+ 0.03) + (6.29+
0.02)]= 0.36+ 0.04 and the H(N1) sites ypKan1/av= (9.56
+ 0.02)— (1/2)[(8.73+ 0.04)+ (9.48+ 0.04)]= 0.46+ 0.06.

The latter result may be compared with early Raman
spectroscopic measuremefitsn D,O solutions (25°C; 0.05
M, NaClOy): for GMP?>~ pKap,o = 9.8 + 0.2, and forcis-
(NH3)2Pt(GMPY?~ pKap,0/av = 9.5+ 0.23% This means that
the inductive effect otis-(NHz),P" on the D(N1) deproto-
nation amounts ta\pKyn1av = 0.3 + 0.3, which is close to
our result of 0.46+ 0.06. This confirms again the close
relationship between the bis-GMP and bis-dGMP complexes.

It is surprising that the acidifications by thués-(NH3),P&"
unit at N7 on the H(N1) and the P(&PH)~ sites are so similar,
i.e., ApKani/av= 0.46 = 0.04 andApKypg/ay = 0.36 4+ 0.04,

Song et al.

Taken together, these results provide the needed confidence
that the above given interpretation regarding the different
acidifications observed faris-(NHz)2Pt(H;dGMP» (ApKapayav
= 0.36+ 0.04) anctis-(NHz)2Pt(H;dCMP) (ApKapgay = 0.14
+ 0.03) is correct indeed. Hence, our results can be used for
a quantitative evaluation of the formation degree of such
macrochelates in solution, which is so far missing. This means
that the difference logh = (0.36 4+ 0.04) — (0.14+ 0.03)=
0.22 4+ 0.05 reflects the formation of the outer-sphere macro-
chelates incis-(NH3).Pt(dGMP)2~. By using known proce-
dures$243 one calculates for the dimensionless intramolecular
equilibrium constankK; = 0.66 + 0.19 and for the formation
degree of the hydrogen-bonded, outer-sphere macrochelated
species 40%- 7%. These resultéreflect theaveragesituation
for each of thetwo possibilities which exist for macrochelate
formation in cis-(NH3),Pt(dGMP)?~ (see Figure 1), because
the calculation is based ofpKyay (See also section 3.43.

3.3. Micro Acidity Constant Scheme for the Phosphate-
Monoprotonated cis-(NH3),Pt(H;dGMP) , Complex. Since
cis-(NH3),Pt(dGMP)?~ (Figure 1), if monoprotonated at each
phosphate group, issymmetricadiprotonic (or, if the H(N1)

respectively, because in the latter case only a through-spacesites are included, a tetraprotonic) acid, the statistical expectation

effect can operate whereas in the other case both sites, i.e.

H(N1) and the N7-coordinated Pt(ll), are part of the same
aromatic purine moiety. In factApKapgav = 0.36 £ 0.04

for the separation of the acidity constants of the two identical
acidic sites, in case they do not affect each otheApKyst=
0.61216 This follows from the symmetry properties: Beginning

seems to be somewhat too large if compared with the averagewith Pt(H;dG), there are two equivalent ways (Figure 1) for

acidification observed6for cis-(NHz)Pt(H;dCMP}, ApKapa/ay

= 0.14 £ 0.03, which clearly appears as more normal. Yet
Sadler et af52also observed\pKapgay = 0.38+ 0.06 for the
phosphat® pK, of (en)Pt(H;GMP) if compared with free
H(GMP)~ (pK, = 6.20 & 0.04)?62 This result is within the
error limits identical with our value (0.3& 0.04), and thus it
confirms excellently the close structural relationship between
cis-(NH3),Pt(dGMP)?~ and (en)Pt(GMR§~ already indicated

in section 3.1.

The different acidifications in theis-(NH3),Pt(H;dGMP} and
cis-(NH3),Pt(H;dCMP} species are indicative of some intramo-
lecular H bonding between the-phosphate groups and the
Pt(ll)-coordinated NH molecules, giving rise to an intramo-
lecular, though outer-sphere, macrochelate. The formation of

the formation of Pt(H;dG)(dG) and also for the protonation
of Pt(dG)?~ to give Pt(H;dG)(dG). This means that the
formation of the monoprotonated species Pt(H;dG)(diGfwo
times favored by a factor of 2, which gives overall a factor of
4, i.e., ApKyst = 0.6. This statistical value is close to the
experimental result ofApKupin:dc)de) = pKEt(H;dG)(dG) -
pKEt(H;dGL = (6.29 + 0.02) — (5.57 + 0.03)= 0.72+ 0.04
(see section 3.1). The difference of only about OKL ymit
indicates that the two P(@DH)~ groups in Pt(H;dG)influence
each other only slightly and that the distances between these
two sites, at least in their protonated form, must be relatively
large. This suggestion agrees with the solution structures
discussed in sections 3.1 and 3.2.

From the above consideratioAgKapiH:dc)de)y= 0.72) it is

such a hydrogen-bonded species should facilitate the release ofiso clear that the buffer regions of Pt(H;d@hd Pt(H;dG)(dG)

the proton from the P(QJOH)~ groups because this release
should strengthen the hydrogen bond between a Pt(Il)-
coordinated NHand (now) a PG~ group, and exactly this is
observed! In other words, the origin for the different acidifica-
tions in cis-(NHz)2Pt(H;dGMP) and cis-(NH3)2Pt(H;dCMP},
in which the formation of such a macrochelate is not possible
for steric reasons, relates to this feature.

For the mentioned (en)Pt(GMR)omplex it has been shown
by X-ray crystallography for the solid state that such outer-
sphere macrochelates exist, and it was verifieeH{y!>N} NMR
shift and®'P{*H} NOE measurements that their formation occurs
to some extent also in solution. Corresponding results have
been presented forlfNs]dien)Pt(GMPN7Y) (cf. ref 28), (dien)-
PA(NMPN?7) (cf. ref 29a), and (substituted diamines)Pt(GMP-
N7) (cf. ref 27) in solution as well as for [(en)Pd(H;GMW?),]-
9H,0 (cf. ref 18) and [(en)Pd(H;IMM7),]-11H,0 (cf. ref 41)
in the solid state and in solution. Molecular mechanics
calculation4? also favor hydrogen bonding of the described kind
in such macrochelates.

(39) Inref 20 only a single value is given, i.e., the two D(N1) deprotonations
were considered in an averaged single step.

(40) Only a single value is givéfrfor the two P(O)(OH)~ deprotonations
in (en)Pt(H;GMP).

(41) Rau, T.; van Eldik, RChem. Ber./Recl1997 130, 1551-1555.

(42) (a) Kozelka, J.; Petsko, G. A.; Lippard, S. J.; Quigley, Gl.JAm.
Chem. Socl1985 107, 4079-4081. (b) Hambley, T. Winorg. Chem.
1991, 30, 937-947.

(43) Sigel, H.; Massoud, S. S.; Tribolet, R.Am. Chem. S0d.988 110,
6857-6865.

(44) One may argue that these results are probably lower limits for the

formation degrees of the macrochelates because we consider in our

calculations necessarily the different deprotonation propertiessof

(NH3)2Pt(H;dGMP)» and cis-(NH3).Pt(H;dCMP} and attribute these

to hydrogen-bond formation. However, the work of Sadler e€al.

indicates that already in the protonated (en)Pt(H;GMEcies some

hydrogen-bonded outer-sphere macrochelates form and this has then
also to be surmised faris-(NH3)Pt(H;dGMP). From this point of

view our results represent then actually the difference between

phosphate protonated (the concentration of which may be low) and

deprotonated forms. To say it differently: We obtain the formation
degrees of the outer-sphere macrochelates on top of what is possibly
already present in the protonated forms.

One may mention here that from th@K, values €0.5-0.7) given

in ref 29a for the (dien)Pd(NMP) systems follow formation degrees

for the corresponding outer-sphere macrochetates about 68-

80%3243 There is a caveat, however, in that thegeK, values are

based on the difference toward the complexes formed with 1,1,4,7,7-

pentamethyl-dien and thus there could also be a contribution due to
steric inhibition; if so, the given formation degrees would be somewhat
too large. However, considering this and especially that these
complexes differ significantly from the present one in their composi-
tion, one may note that the orders of the formation degrees are still
relatively similar.

(45)
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overlap. Therefore, for a clean quantification of the actual Pt(dGMP-H)(dGMP)~ + H*
acidity properties of the P(@OH)~ groups it is necessary to

determine the micro acidity constants for the individual sites. Pkgtgggﬁggg(dGMP)
In Figure 3 the equilibrium scheme fois-(NH3).Pt(H;dGMP) = 5.8740. 032
(=Pt(H;dG}), which is written there as Pt(dGMR), to indicate

that the protons are bound at the phosphate groups, is sum-
mgrized .fqllowing known route%.%‘fe"” The.defin'ition of the Pt(dGMPH),
micro acidity constantk and their interrelation with the macro
acidity constantsK) is evident from the scheme. There are
three independent equations (a, b, and c), but four unknown

( PHdGMP))
PXpydGMP-H)(dGMP)

=5.9910.02

H H
PKpit1,d6), * PKpirsdc)ac)

= (557 £0.03) + (6.29  0.02
=11.86 +0.04

(dGMP)Z~+ 2H*

constantg? however, by taking into account the above sta- pkg{EdG%)I(_%SMPH) Pkgtggigg%dcwm
tlst|cal considerations the present Caseptﬁérﬂﬁ’ﬂ.')ihee?ﬂ PEJecause = 5.87+0.03 — 5.99+0.02
pt(deMp% jél\l/l(;lg) 2= 5 57+ 0.3= 5.87= ployace, P{{dGMP)(dGMPH)™ + H*
pkplEdGWH)2 ;  the analogous reasoning provides
pkpt(dgmh)(dew etc The corresponding results are given on
the arrows in Figure 3. (a) kH = g P{dGMPH)(AGMP) | th(dGMP)(dGMP H)
To make use of these micro acidity constants, which quantify PHHAG), PHAGMPH) MP-H),
the intrinsic acidities of the P(@OH)~ groups of the ternary ® 1 _ 1 1
complex (Figure 1), less cumbersome in the following sections, )KH =  PHAGMP),; + , PHAGMP),
we define PY(H;dG)(dG) P{dGMP-H)(dGMP) Pt(dGMP)(dGMP-H)
PHAGMPH)(dGMP PH(AGMP)(dGMPH (c) ki )
PKa1/prdcH), = katgdGMPH)( )=pl t(dGMP)I-(|)2 )= PH(H;AG),” K, HH,dG)(dG)
P{dGMP-H)(dGMP) _ ; P{dGMP)
5.87+0.03 (6) = thEdGMP H§§ ). th(dGMPIgi)(dGMP)
Pt(dGMP) Pt(dGMP)
PKaz/prdc)ar) = kat(dGMPH)(dGMP) kat(dGMP)(dGMPH) = (PHIGMP)dGMPH) . | PHAGMP),
5.99+ 0.02 (7) Pt(dGMP-H), Pt(dGMP)(dGMP-H)

Figure 3. Equilibrium scheme focis-(NH3).Pt(H;dGMP}, which is
written here as Pt(dGMP), to indicate that the protons are bound at
the phosphate group, defining the micro acidity constakfsafd
showing their interrelation with the macro acidity constaity (The

The micro acidity constant,kBGGvary. " = 5.87 + 0.03
(eq 6), being identical within the error limits with the macro

acidity constant, lﬁpt (dGuoydomp) = .85+ 0.04, determineld arrows indicate the directions for which the acidity constants are defined.
for the quaternarycis-(NH3),Pt(dGuo)(dGMPH)*™ complex Equations &c show how the various constants are interlinked with
confirms the above conclusion that in Pt(dGMIP, the two each othef® See also the text in section 3.3 and eqs 6 and 7.

monoprotonated phosphate groups hardly affect each other.
Finglly, with a sihen?e ana?ogoﬁs to theyone in Figure 3 also The correspon(_jing fcidifications follow from the differ-

the micro acidity constants for the H(N1) sitesai$-(NHz)- ence formed with Kicup) = 6.24 + 0.01 due to fre#

Pt(dGMP)?~ can be evaluatet;’® however, they are not H(dCMP):

relevant in the present context and are therefore not discussed. .
3.4. Extent of Individual Macrochelate Formation Based Apkal/Pt(dCH)z (6.24+0.01)— (6.03+ 0.02)=

on Micro Acidity Constants. Application of the microconstant 0.21+ 0.02 (12)

scheme (Flgure 3) and the results summarized in egs 6 and 7,

together with I 4eym = 6.29+ 0.01 of free H(AGMP), 1630 APKazpyacyaen) = (6.24+0.01)— (6.17+ 0.02)=

gives the following acidifications for the 2-fold-protonateid- 0.07+ 0.02 (13)

(NH3),Pt(H;dGMP) and the monoprotonatedis-(NH3),Pt-

(dGMP)(H;dGMPY complexes, respectively: The differences

0.424 0.03 (8) 0.214+0.04 (14)

log A, = (0.30+ 0.02)— (0.07+ 0.02)=

0.30+ 0.02 (9)
reflect the effect of outer-sphere macrochelate formation on the
For comparison the corresponding micro acidity constants for acidities ofcis-(NH3),Pt(H;dGMP) andcis-(NHs),Pt(dGMP)-
the cis-(NHs)-Pt(H;dCMP} (eq 10) anccis-(NH3).Pt(dCMP)- (H;dGMP)", respectively. Application of described proce-
(H;dCMP)" complexes are needed and taken from our earlier dure§243gives for the corresponding intramolecular equilibrium
work:11.16 constantKj; = 0.62 £+ 0.15 andK;» = 0.70 £ 0.12, from
which the formation degrees of the macrochelatessiiNHz),-
PKay/piaompr), = 6.034 0.02 (10) Pt(dGMP)(H;dGMP) and cis-(NH3),Pt(dGMP}?~ follow as
38% + 6% and 41%+ 4%, respectively (the latter reflecting
PKaz/pr(acmpyacmpy = 6-174 0.02 (11) the situation at both sites iris-(NH3),Pt(dGMP)?~; see Figure
1).44
(46) Martin, R. B.Met. lons Biol. Syst1979 9, 1—39. As seen in section 3.3 the intrinsic acidity for the release of
(47) Song, B.; Sigel, R. K. O.; Sigel, KChem. Eur. J1997, 3, 29-33. the first proton fromcis-(NH3):Pt(dGMPH)2 (pKavpidchy, =
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Table 1. Logarithms of the Stability Constants of the Mixed Metal lon Complexes, M[Pt(H;dG)({d®q 16) and M[Pt(dG] (Eq 17),

as Determined by Potentiometric pH Titrations in Aqueous Solution, Together with the Negative Logarithms of the Acidity Constants
(Egs 18 and 19) of the Corresponding Monoprotonated M[Pt(H;dG)(dGymplexes and the Connected AcidificationpK, or Apka

(Egs 20 and 21) at 2%C andl = 0.1 M (NaNG)? ¢

log KM[Pt(H;dG)(dG)] log KM[PI(dG)ﬂ pKa[Pt(H;dG)(dG)] ApKa(Apks) log KM[Pt(dGuo (dGMP)]
M2+ (eq 16) eq17) (egs 18,19) (eq 20 (eq 21)) (ref 13;
Mg?*+ 1.32+0.09 1.86+ 0.06 5.75£0.11 0.54 (0.24)0.11 1.214+0.04
Cu*t 2.60+ 0.15 3.63t+ 0.10 5.26t+ 0.18 1.03 (0.73} 0.18 2.60+ 0.08
zn?t 1.7£0.2 2.8+ 0.2 5.2+ 0.3 1.1 (0.840.3 1.81+ 0.06

aThe stability constants for the quinternary complexes;isA(NHz),Pt(dGuo)(dGMPY" (final column to the right}2 are given for comparison
with the values listed in the second colufr? The error limits are 3 times the standard error of the mean value or the sum of the probable
systematic errors, whichever is larger. The error limits of the derived data (e.g., column 4) were calculated according to the error propagation afte
Gauss. The experiments with Znwere hampered due to the formation of a precipitate (see section 2.2), and this is the reason for the relatively
large error limits.c Regarding slight variations in the ionic strendtbee section 2.2.

5.87+ 0.03; eq 6) corresponds to the acidityaé$-(NH3),Pt-
(dGuo)(dGMPH) " (pKa = 5.85+ 0.04)}3 which means that " "
the second phosphate residuecis-(NH3),Pt(H;dGMP) has log Kyieihiacyaey ~ 109 Knipiaay (19)

no significant effect on the other site. As the same may be

surmised for the bis-dCMP complexes, we may calculate accord with the identical acicbase properties of the P(EQH)~
ApKypidcuoydemm = (6.29 £ 0.01) — (5.85+ 0.04)= 0.44 groups in the ternargis-(NH3),Pt(dGMPH), and quaternary

+ 0.04 and use then as a reference the corresponding valuecis-(NH3),Pt(dGuo)(dGMPH)* complexes (section 3.3, second
from the bis-dCMP complex (see eq 12) to obtain the difference to the last paragraph). This means that a Pt(ll) N7-coordinated
l0g Apydcuoydemp)= (0.44+ 0.04)— (0.21+ 0.02)= 0.23+ neutral 2-deoxyguanosine or a singly negatively charged
0.04 from which follow8>43K, = 0.70+ 0.16 and thus 41%  (dGMP-H)~ affects a further, also N7-coordinated dGMP to

H _ yH
PKVpt:de) ey = PKpi:de)@e) T

+ 5% for the formation degree of the macrochelate indise about the same extent. Of course, the N7-bound dGMPs can
(NH3)-Pt(dGuo)(dGMP) complex. Clearly, the consistency of interact with additional metal ions only via their phosphate
these various results is satisfying. groups. This is different from the situation in M(dGMP)

3.5. Stabilities of Mixed Metal lon Complexes Formed complexes, where a phosphate-coordinated metal ion can in
with cis-(NH3),Pt(dGMP), Species. The potentiometric pH addition interact with N7, giving thus rise to the formation of
titrations carried out in aqueous solutidn= 0.1 M, NaNQ; macrochelate®’

25 °C) with Pt(dG) in the presence of Mg, CW?", or Zr*" That a metal ion coordinated to one phosphate residue in
can be completely evaluated by taking into account equilibria Pt(dG)?~ may somewhat affect the acithase properties of the
1 and 2 as well as 16 and 17, provided the evaluation of the other phosphate group is to be expected. Such an effect may

be evaluated via eq 20. Of course, one might also argue that
M?" + Pt(H;dG)(dG) = M[Pt(H;dG)(dG)]" (16a)

v _ ApK, = pKSt(H;dG)(dG)_ pKH[Pt(H;dG)(dG)] (202)
MIPt(H;dG)(dG)] —
[M[Pt(H;dG)(dG)]'1/(IM *J[Pt(H;dG)(dG) ]) (16b) = (6.29 0.02) ~ PKyypigcyeo) (20D)
M*" + Pt(dG)”” = M[Pt(dG))] (17a) o _ o
one should consider in this comparison the intrinsic acidity, i.e.,
M _ 2+ 2- use the micro acidity constant of the second B(OH)~ group
Kupraey = MIPUAG)II(M “PYAG),™ ) (17b) of Pt(H;dG)(dGY (cf. eq 7 and Figure 2). This then leads to

experimental data is not carried into the pH range where hydroxo the difference defined in eq 21. Both procedures (see column

species form (C#/Zn?") or is stopped at pH 6.5 (Mg) to

prevent interference with the deprotonation equilibria 3 and 4 ApK, = PKazipi(ac)daH) ~ pKu[Pt(H;dG)(dG)] (21a)
(section 3.1). There was no indication for,At(dG)]%"

complexes, although such species are expected to form if the = (5.99+ 0.02)— pPKypyro)ao)]

M2+ concentration is high enough and the suitable pH range is (21b)
reached.

Evidently, equilibria 16 and 17 are connected with each other © In Table 1) lead to the conclusion that a metal ion bound to
via equilibrium 18, for which the acidity constant can be ©N€ phosphate group acidifies a proton located at the other. The

calculated with eq 19. The results regarding equilibria-18 difference in the extent of the acidification between3¥gnd
are listed in Table 1. Cw?+ or Zré" appears to be real and agrees with the analogous

observatiof? made for the M*/cis-(NH3),Pt(dCMP}) systems.
M[Pt(H;dG)(dG)]" = M[Pt(dG),] + H"  (18a) Maybe this indicates that Mg is partially outer-sphere
coordinate@3233to the phosphate group.
H _ + . + 3.6. Comparison of Measured and Expected Stabilities
Kipiracyaey = IMIPH(AG),]IH ]/[M[Pt(H:dG)(dGz]lgb) for M[Pt(H:dG)(dG)] * and M[Pt(dG);] Complexes. The
stabilities of these two mixed metal ion complexes may be
The stabilities of the monoprotonated & (NH3)-Pt(H;dG)- evaluated with the previously establisF&tflinear relationships
(dG)]™ and the quinternary Mijs-(NHz),Pt(dGuo)(dGMPY" based on Iog(M(R_PQ) versus |KE(R_PQ) plots, where R-P&§~
complexes for a given metal ion are identical within their error represents simple phosphate monoester or phosphonate ligands
limits (cf. columns 2 and 6 in Table 1). This observation is in in which the residue R is unable to interact with the metal ion
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in the complex. The corresponding straight-line equaffbius
the M(R-PQ) complexes of Mg", CL*", and Zi#" are

Mg —

log Kigr-py = (0-208 0.015) Kijg poy T+

(0.2724+ 0.097) (22)

log K&ir.pay = (0.465 0.025) KKy r.poy —
(0.015+ 0.164) (23)

log K2 r.pqy = (0.345 0.026) Kyjrpoy —
(0.017+ 0.171) (24)

The error limits of log stability constants calculated with given
pK:(R-PQ) values and eqgs 22, 23, and 24 &@.03,+0.06, and
+0.06 log units (3), respectively, in the ¥, range 58
(aqueous solution; 28C; 1 = 0.1 M, NaNQ; see Tables 5 and
6 in ref 48 or Table 3 in ref 32).

The plots of l0gKyz.po, VETsUS [Kiir.po, according to eqs
22 and 24 are shown in Figure 4 for the 1:1 complexes o¥'Mg
and Cd" with eight simple ligands, which allow phos-
ph(on)ate-M2* coordination only. Also inserted are the sta-
bility constants of the monoprotonated M[Pt(H;dG)(dG)]
(Table 1, column 2) and the deprotonated M[Pt(fGymplexes

(column 3) in dependence on the corresponding micro acidity

Inorganic Chemistry, Vol. 37, No. 19, 1998863

3.8-
3.6 ¢ — Cu[Pt(dG),]
3.4/ 5
3.21
3.0-
2.8 o
g 2.6 & —Cu[Pt(H;dG)(dG)]*
& 24
4
SS 22
20
<iao L8, ?*—Mg[Pt(dG)z]
161 o 005 Mg2+
1.4 i
& — Mg[Pt(H;dG)(dG)]*
1.27 T ?
1.04 UMP2 4y pp2- EtP2-
0s | P o
06 NPhP2- PhP2- RibMP2- BuP2-  Me

"50 54 58 62 66 70 74 78

PKE(R-PO:;)

constants given in egs 6 and 7, respectively. Evidently the Figure 4. Comparison of the stability of the mixed metal ion M[Pt-
M[Pt(H;dG)(dG)]" complexes are somewhat less stable than (H:dG)(AG)I" (@) and M[PH(dG)] complexes @) of Mg?* and Cd*
expected on the basis of the basicity of the phosphate groupP@sed on the relationship between Il e poy versus i po, for

(i.e., KavpyacH), = 5.87; eq 6), as may be seen from the full
circles in Figure 4, which arbelowtheir reference lines. The

the 1:1 complexes of Mg and Céd" with some simple phosphate
monoester or phosphonate ligands (RsPP 4-nitrophenyl phosphate
(NPhF), phenyl phosphate (PAB, uridine 3-monophosphate (UMP),

vertical distances (broken lines) between these reference lines-ripose 5-monophosphate (RibFIg, thymidine [=1-(2-deoxy$-b-

and the data points (full circles) reflect the stability difference
defined in eq 25. The first term on the right is the experimen-

_ M
109 Aypig:ac)dey = 109 Kipin:de)de) —

log Km[Pt(H?dG)(dG)Lalcd (25)

tally measured value (exptl; column 2 in Table 2), and the
second one may be calculated (calcd) wikg:pdchH), = 5.87
(eq 6) and egs 2224; these calculated values are listed in
column 3 of Table 2 and the stability differences (eq 25) in
column 4. The inhibitory effect of Pt(Il) at N7 of dGMP on
the metal ion binding property of the phosphate group in
Pt(H;dG)(dG)y with on average approximatehly0.2 log unit

is not very pronounced. The corresponding inhibition ob-
served? for quinternary MEis-(NH3),Pt(dGuo)(dGMPJ" com-
plexes is of the same order.

A similar comparison between measured (exptl) and calcu-

lated (calcd) stabilities is also possible for the M[Pt(dG)

ribofuranosyl)thymine] 5monophosphate (dTMP), n-butyl phosphate
(BuP?"), methanephosphonate (Mel and ethanephosphonate (E{P
(from left to right) ©). The least-squares lines of eqs 22 @gand

23 (Cu*) are drawn through the corresponding eight data sets, which
are taken for the phosphate monoesters from ref 33 and for the
phosphonates from ref 48. The points due to the equilibrium constants
for the mixed metal ion complexes are based on the data given in Table
1 (columns 2 and 3) and the micro acidity constants of eqs 6 and 7.
The vertical broken lines emphasize the stability differences to the
corresponding reference lines; note: the true stability increase for the
M[Pt(dG),] complexes®) is actually 0.3 log unit smaller than indicated
by the broken lines (see text in section 3.6). All of the plotted
equilibrium constant values refer to aqueous solutions &C&nd|

= 0.1 M (NaNQ).

the expected complex stability may be calculated, as indicated
above, by employing the straight-line equations and the micro
acidity constant, bun addition 0.3 log unit has to baddedto

the result to obtain the true expected constant (catcd.3),
thus taking into account that there are two ways for the
formation of this mixed metal ion complex. The stability

complexes. The expected stabilities may again be calculateddifference is then defined by eq 26. The corresponding values

by using the straight-line equations-224 and the [, value
(i.e., the microconstantkapydc)daty = 5.99; eq 7) of the

phosphate residue. This is also illustrated in Figure 4 for the

Mg2" and Cé@t complexes; the half-filled data points are

significantly above their reference lines. However, this picture
is somewhat misleading because after deprotonation of the

second phosphate group the symmetrical P#Gomplex (see
Figure 1) forms, offering twadenticaland largely independent
phosphate groups for binding of a further metal ion. Hence

(48) Sigel, H.; Chen, D.; CotfuN. A.; Gredai, F.; Holy, A.; Stragk, M.
Hely. Chim. Actal992 75, 2634-2656.
(49) Martin, R. B.; Sigel, HComments Inorg. Cheni988 6, 285-314.

are listed in columns-57 of Table 2.

log AM[Pt(dG)Z] = log K’l:/IA[Pt(dG)zl — (log KM[Pt(dG)ﬂcalcd+ 05)6)

From the stability differences given in column 7 of Table 2
it follows that the M[Pt(dG)] complexes of Cé&" and Zr#* are
actually about 0.5 log unit more stable than expected, on the

' basis of the basicity of the phosphate group. This may be

explained either by postulating that a macrochelate is formed
involving to a certain extent binding of both phosphate groups
to M2+ or by postulating that there is a simple charge effect,
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Table 2. Stability Constant Comparisons for the Mixed Metal lon Complexes M[Pt(H;dG){d&)f M[Pt(dG})] between the Measured
Stability Constants (Exptl) from Table 1 and the Calculated Stability Constants (Calcd) Based on the Basicity of the Phosphate Groups in
Pt(H;dG)(dGY or Pt(dG)?*~ (as Defined by the Micro Acidity Constants Given in Egs 6 and 7) and the Straight Reference-Line Equations
Given in Egs 22-24 (See Also Figure 4) (Aqueous Solutidr= 0.1 M, NaNQ; 25 °C)?

M M
log Kypih:dc)@c) 0g Awipisas)dc) log Kiipiaey) log Awipiacy
M2+ exptl calcd (eq 25) exptl calcat 0.3 (eq 26)
Mg?* 1.32+0.09 1.49+0.03 —0.17+0.09 1.86+ 0.06 1.82+0.03 0.04+ 0.07
cuwt 2.60+0.15 2.714+0.06 —0.11+ 0.16 3.63+0.10 3.07+ 0.06 0.56+ 0.12
Zn?+ 1.7+0.2 2.01+ 0.06 —-0.3+0.2 2.8+ 0.2 2.35+ 0.06 0.45+ 0.2

aRegarding the error limits see footndief Table 1.° Calculated with eqs 2224 and the microconstant of eq €Calculated with eqs 2224
and the microconstant of eq 7; regarding the addition of 0.3 log unit see text in section 3.6.

i.e., the metal ion bound to one phosphate group is “recognizing” in aqueous solution approximately 40% in each case and for
the attracting forces of the other B0 group slightly stronger each individual site (see Figure 1). This result concurs with
than the repulsive effect of Pt(ll) at N7. the observations described previod8ifor the solid state and
The latter explanation appears to be favored by the relatedalso (qualitatively) for solutions of the (en)Pt(GM\PA,
observation (section 3.5) that a €wr Zr?* ion bound to one complexes. The persistence of such H bonds in aqueous solution,
phosphate group facilitates deprotonation of the other (eq 21i.e., against the competition of the® molecules, is remarkable

and Table 1, column 5) in the M[Pt(H;dG)(dG)Eomplexes. and of general importance with regard to the creation of distinct
On the other hand, space-filling molecular models indicate that structures for recognition reactions in biological systems.
the two PQ?~ groups of two dGMP~ species, if bound (even The other important result is that the metal ion binding

in theiranti conformation) via N7 teis-(NHz),P£", may reach properties of thecis-(NH3),Pt(dGMP)}?>~ complex as well as

a given M. This interpretation involving macrochelate of its monoprotonated form are largely governed by the basicities
formation would also be in accordance with the fact that of the phosphate groups and that the repulsive effectisf
practically no stability increase (Table 2, column 7) is observed (NHs),P£", coordinated at N7, is not very pronounced, allowing
for Mg[Pt(dG)] if indeed a partial outer-sphere binding of fg thus the formation of mixed metal ion complexes. This
to phosphate groups would occur. Overall it appears that remarkable observation suggests that, for example, a metal ion
probably both mentioned effects contribute to the observed bound to a nucleobase residue in a nucleotide and even more
stability increase of the Cu[Pt(d&nd Zn[Pt(dGj] complexes. so in a nucleic acid, be it single or double stranded, affects only
Assuming that about half of the stability increase of about 0.5 slightly the metal ion binding capabilities of its phosphate
log unit is attributable to macrochelate formation, this would residue or its phosphate backbone.

correspond (see refs 8, 32, and 49) to a formation degree of
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One important result of this study is that it provides
quantitative information about the extent of outer-sphere
macrochelate formation, which occurs via intramolecular
Pt(NHs)---O3P hydrogen bonding, in thas-(NHsz),Pt(dGMP)-
(H;dGMP)~ andcis-(NH3),Pt(dGMP}2~ complexes. The for-
mation degree of these macrochelates is considerable; it reacheBC980126L



