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Combined NMR and Molecular Mechanics Study of the Isomers Formed in the Reaction of
Dichloro(1,4-diazacycloheptane)platinum(ll) with the Dinucleotide d(GpG)
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The reaction of [Pt(hpip)@] (hpip = homopiperazine= 1,4-diazacycloheptane) with d(GpG) yields two apparently
isomeric products, separable by HPLC. These have been characterized by a combination of 2D NMR and molecular
mechanics modeling. NOESY correlations between the H8 protons show that both products are head-to-head
isomers, and NOESY correlations between the d(GpG) dinucleotide and the diamine ligand show that the difference
between the isomers lies in the orientation of the two and three carbon chains of the hpip ligand with respect to
the heads (H8 protons) of the guanine bases. Molecular mechanics calculations yield total energies that are

consistent with the observation of the two isomers in approximately equal amounts.

Introduction

It is believed that the anticancer activity of Pt(ll) based drugs
such a<is-DDP (cis{Pt(NH3),Cl;]) is due to the formation of
one or more bifunctional adducts® The most frequent adducts
are intrastrand d(GpG) and d(Ap&)? and there is substantial

activity and adduct profile and so contribute to an understanding

of the mechanism of action of Pt anticancer drugs.
[Pt(hpip)Ch] (hpip = homopiperazine= 1,4-diazacyclohep-

tane) was designed to be readily able to form interstrand adducts

but to be less likely to form intrastrand adducts tie@wDDP 21

In a preliminary report we showed that these design goals were

evidence that one or both of them may be responsible for the gchieved, with [Pt(hpip)G] forming interstrand adducts at

anticancer activity:>-13 However, there is also evidence
implicating the lower frequency GG interstrand adddétd®

approximately the same level eis-DDP but forming intrastrand
adducts, on salmon sperm DNA, at a substantially lower [&vel.

We have designed a series of complexes to interact stereospeas part of the study of the intrastrand d(GpG) adducts formed

cifically with DNA and so give rise to an adduct profile different
from that formed bycissDDP17-21 The long-term aim of these

by [Pt(hpip)C}], we prepared the complex [Pt(hpip)d(Gp&)]
and found by HPLC analysis that two isomers were formed in

studies is to investigate any correlation between anticancerapproximately equal amours?2 HPLC analysis of the adducts
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formed in the reaction between [Pt(hpip)lcind salmon sperm
DNA also revealed two intrastrand d(GpG) isomers but in
unequal proportion& This latter result indicated that the
reaction between [Pt(hpip)gland duplex DNA is stereoselec-
tive, and, therefore, it became important to characterize the two
isomers. It was considered probable that the origin of the
isomerism related to the relative dispositions of the dinucleotide
and the diamine ligand. Kisest al. have recently shown that
crosspeaks in 2D NMR spectra between nucleotide and diamine
ligand protons are particularly useful for determining which
isomers are preseft. Following a similar approach we have
carried out a 1D and 2D NMR study to characterize the two
isomers. To aid in the interpretation of the 2D NMR spectra
and to aid in assigning the isomers we have also carried out a
molecular mechanics analysis of the various isomers and
describe the results herein.

Experimental Section

Materials. The sodium salt of d(GpG) was purchased from Sigma.
[Pt(hpip)ChL] was synthesized as described elsewlere.

Preparation of the [Pt(hpip)d(GpG)]* Isomers. [Note Asterisk
indicates that we have not assigned a charge to [Pt(hpip)d(GpG)]
because its charge is pH dependent.] Large quantities of the two [Pt-
(hpip)d(GpG)] isomers were prepared féH NMR spectroscopy as
follows. [Pt(hpip)C}] in 0.02 M NaCIlQ (1.37 mM, 3.7 mL) was
reacted with 1 equiv of d(GpG) (3.13 mg) in 0.02 M NaGI|PH 5.5,
for 24 h at 37°C. The mixture was concentrated to approximately 1.5
mL by freeze-drying, and 2006L aliquots were loaded onto a Waters
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Prep Nova-Pak HR C18 preparative columnu(8, 60 A particle size,

25 x 100 mm) enclosed in a Waters 2510 RCM cartridge. The
elution was performed with methanol in ammonium acetate buffer at
7 mL min. HPLC fractions were collected every 25 s and were
pooled according to the chromatograms. White solids were obtained
when the solutions of band | and band Il were lyophilized. The bands

were separately resuspended in water and freeze-dried several times to

remove all traces of ammonium acetate. Minor impurities, including

residual methanol and ammonium acetate buffer, were observed in the

NMR spectra, but these did not interfere with the analyses.

NMR Spectroscopy. Solutions of each of the isomers (2 mM) were
prepared in dimethytls sulfoxide (Sigma). NMR spectra were recorded
on Bruker AMX400 and AMX600 spectrometers at 303 K. Spectra
were recorded over spectral widths of 5000 Hz with quadrature detection
employed throughout. Two-dimensional spectra were acquired in the
phase-sensitive mode using time-proportional phase incrementation.
Data sets resulting from 512 incrementstpivere acquired and zero
filled to 1024 points, with each free induction decay composed of 2048
data points. Typically, 32 transients were recorded for each increment
of t; with a recycle delay of 1.6 s. Double quantum filtered CGSY
spectra were acquired using the standard pulse sequence. NOESY
spectra were recorded with mixing times, equal to 300 and 600 ms
with a recycle delay of 1.6 s. Data was subjected to shifted sine-bell
weighting functions in f1 and f2 of/2 and were base line corrected
where required using Bruker software on an X32 data station.
Crosspeak intensities were determined by integration using Bruker
software.

Molecular Mechanics Modeling. Models of the possible isomers
of the bifunctional [Pt(hpip)d(GpG)]adduct were generated using
molecular mechanics calculations. The HyperChem projrams used
to construct monofunctional starting structures where a [Pt(hpip)Cl]
moiety was attached to one N7 guanine atom of a d(GpG) dinucleotide.
The energies of these monofunctional structures were then minimized
using MOMEC-9%° and a force field described previousfy.Bifunc-
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Figure 1. 1D *H NMR spectra (600 MHz, 303 K, solvent,0:SO)
of the two species obtained from the reaction between [Pt(hpip)CI
and d(GpG) #, CH;OH; @, residual GDsSO).
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tional models were generated using constraints to reduce the distance
between the platinum atom and the second N7 guanine atom to the
required bonding distance. The constraint was then released and the
strain energies of the resultant bifunctional models were minimized
until all shifts in positional coordinates were less than or equal to 0.001
A. Models of the possible head-to-head isomers were also constructed
using the crystal structure of [Pt(N)4d(pGpG)f*~32 as a starting point.
Models of the head-to-tail isomers were generated by using constraints
to enforce rotation of the nucleobases with respect to the attached sugar

27
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rings from theanti configuration tosynconfiguration. Attempts were
made to generatsyn synisomers in the same way, but in all cases,
energy minimization resulted in reorganization teyam anti or anti,
synisomer.

Results and Discussion

Two bands (I and Il) were observed at 10.0 and 11.1 min in
the HPLC analysis of the reaction products formed between
[Pt(hpip)Ch] and d(GpGyY2 These were studied separately
using 1D and 20H NMR spectroscopy, and the resultant 1D
IH NMR spectra and 2D COSY spectra are illustrated in Figures
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Figure 2. Portion of the COSY spectrum for band | recorded at 600
MHz, 303 K. Connectivities between the resonances due to the protons
of the two- and three-carbon chains of hpip are shown, where - - -
represents a two-carbon chain andepresents a three-carbon chain.
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1-3. For each band, the bulk of the resonances in the 1D
spectrum were assigned with the aid of the corresponding COSY
spectrum. The hpip ligand NH protons (Figure 4) were
assigned using the NOESY spectra, as the ligand NH protons
are necessarily close to other protons on the amine ligand.
Similarly, the nucleotide protons H8a and H8b (Figure 4) were
assigned using the NOESY spectra, as proton H8 is necessarily
close to proton Hlof the sugar ring within each nucleotide
subunit. Stereospecific assignments were not made, with the
exception of the H2and H2' protons on the sugar rings and
some protons on the hpip ligand. A summary of the chemical
shifts is presented in Tables 1 and 2.

The chemical shifts are all similar to those observed in closely
related complexe¥.—38 The H8 signals are further downfield

(34) den Hartog, J. H. J.; Altona, C.; Chottard, J. C.; Girault, J. P;
Lallemand, J. Y.; de Leeuw, F. A. A. M.; Marcelis, A. T. M.; Reedijk,
J. Nucleic Acids Resl982 10, 4715-4730.
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Figure 3. Portion of COSY spectrum for band Il recorded at 600 MHz,
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Table 1. Chemical Shifts Assigned to the hpip Ligand

chemical shift (ppm) chemical shift (ppm)

proton band | band Il proton band | band Il
H1' 2.79 2.80 H4 1.99 1.96
H1" 3.52 3.76 H4 2.29 2.05
H2 2.82 2.80 H5 2.79 2.91
H2" 3.46 3.71 H5 3.91 3.51
H3' 2.81 2.91 NHa 7.76 7.26
H3" 4.00 3.44 NHb 7.68 7.32

Table 2. Chemical Shifts Assigned to d(GpG)
chem shift (ppm)

chem shift (ppm)

proton band | band Il proton band | band Il
Hl'a 6.10 6.15 HDb 6.13 6.14
H2'a 2.39 2.26 HD 2.29 2.57
H2"a 2.55 2.57 H2b 2.57 2.38
H3a 4.66 4.41 H> 4.38 4.69
H4'a 3.85 3.99 Hb 3.93 3.87
H5a 3.65 3.82 H® 3.81 3.67
H5"a 391 391 HS5b 3.91 3.95
H8a 9.02 9.09 H8b 8.88 8.95

In these respects, the H8 signals have more in common with
those seen in complexes of d(Ap#).Kozelka et al. have
shown that the ring current effect of one guanine influences

303 K Connectivities between the resonances due to the protons of thethe shift of the H8 of the other guanine, and this is related to

two- and three-carbon chains of hpip are shown, @her-represents a
two-carbon chain and- represents a three-carbon chain.
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Figure 4. Labeling used for the hpip and d(GpG) protons.

the conformation of the dinucleotide. The hpip ligand is
conformationally rigid, and interactions, such as hydrogen bonds,
between it and the dinucleotide can influence the orientation of
the guanine basé8. Therefore, it is not surprising that unusual
H8 shifts are observed in these [Pt(hpip)d(Gp&mplexes.
The similarity of the NMR spectra of the two bands obtained
by HPLC analysis of the [Pt(hpip)d(GpG)preparation is
consistent with these species being isomers of the adduct, most
probably with the platinum atom coordinated in each case to
the two guanine N7 atoms of the dinucleotide. Because of the
unsymmetrical nature of the hpip ligand, d(GpG) can coordinate
in two ways, with the “heads” (H8 atoms) of the nucleobases
disposed toward the two carbon chain of the hpip or toward
the three carbon chain. Interconversion between these isomers
cannot take place without breaking and re-forming of coordinate
(Pt=N) bonds. Additionally, on the basis of previous studies
with platinated mono?23:3%-42 di-,34 tri-,3536 and tetranucle-
otides?3 it was postulated that rotation about the-R{7(G)
bonds might be restricted by the rigid hpip ligand. The [Pt-
(hpip)d(GpG)] adduct might, therefore, adopt any of six
potentially noninterconverting isomers, two head-to-head iso-
mers, one with the two carbon chain of hpip lying on the same
side of the coordination plane as the H8 atoms of the purine
bases (HTH/2), and the other with the three carbon chain of
hpip lying on the same side of the coordination plane as the
H8 atoms of the purine bases (HTH/3). Similarly, there are
four head-to-tail isomers, oranti, synandsyn anti pair, each
with the H8 of the 5base on the same side of the coordination
plane as the two carbon chain (HTT/2a and HTT/2b) and a
second pair with the H8 of thé Base on the same side of the
coordination plane as the three carbon chain (HTT/3a and HTT/
3b). In order to facilitate the interpretation of the crosspeaks

shifted than those in other complexes of d(GpG), and unusually, i, the 2D NMR spectra, these six isomers of [Pt(hpip)d(GpG)]

the B-H8 signal is further downfield than is thé-BI8 signal.
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Table 3. Comparison of the Interactions within the
Conformational Isomers of [Pt(hpip)d(GpG)]
distance (A)
interactn HTH/2 HTH/3 HTT/2a HTT/2b HTT/3a HTT/3b

H8a--H8b 31 25 5.1 51 4.4 51
H8a-:NHb 2.7 4.4 3.8 3.7 4.0 3.9
H8b--:NHa 4.5 3.7 4.2 3.6 4.1 3.4
H8e&--H2 3.3 5.9 4.1 4.1 5.7 5.7
H8b-+-H1' 4.7 5.6 5.9 55 4.4 3.9

H8a--H3' 4.6 3.9 5.3 5.2 3.5 3.3
H8b-+-H5' 6.6 3.2 3.7 31 5.6 5.0

Table 4. Relative Intensities of Key NOESY Correlations in the
Spectrum for Bands I, = 300 ms) and Il {,, = 600 ms)

rel intens of rel intens of
interactn NOESY crosspeak interactn  NOESY crosspeak
S\ Band |
H8a--H8b 3370 H8&-H2' 122
H8a--NHb 151 geminal pairs 12 000, 16 000, 15 000
H8b---NHa 277
Band Il
H8a--H8b 7960 H8&-H3' 260
H8a--NHb 189 H8h--H5' 250
H8b---NHa 176 geminal pairs 15 300, 10 500

Figure 5. Molecular model and schematic diagram of the head-to- Medlun_]-strength NOESY correlations were observe_d bet"‘_"?e”
head isomer of [Pt(hpip)d(GpG)], where the two-carbon ring of hpip Nucleotide protons H8a and H8b (Table 4). As the intensities
lies on the same side of the coordination plane as the H8 atoms (HTH/ of these crosspeaks were the same order of magnitude as the
2). NOESY correlations observed between geminal pairs of protons,
it was concluded that in bands | and Il the nucleotide protons
H8a and H8b must be close together (approximately-3.4).

As protons H8a and H8b are 2:8.1 A apart in the head-to-
head models and 4.4 A or more apart in the head-to-tail models
(Table 3), the medium strength H8éH8b crosspeaks are
consistent with both bands being head-to-head conformational
isomers of the [Pt(hpip)d(GpG)adduct. Furthermore, as NOE
intensity is proportional to the distanceaised to the inverse
sixth power (r®),** the intensity of the crosspeaks would be
expected to be at least 2 orders of magnitude weaker if protons
H8a and H8b were 4 A apart as predicted for the head-to-tail
isomers. It has to be said that the molecular mechanics
generated model of each isomer represents one possible
minimum (conformation) on what is undoubtably a complex
potential energy surface. Indeed we observed a number of
different conformations, the major variant being the presence
or lack of hydrogen bonds between H(amine) and O6(guanine)
atoms. The data presented in Table 3 derive from models
without such hydrogen bonds for reasons outlined below.
Additionally, molecular mechanics models represent a static
view of one possible conformation of each isomer, whereas
NMR spectra represent a time-averaged view of an isomer in
Figure 6. Molecular model and schematic diagram of the head-to- Constant motion. However, it is difficult to envisage variations
head isomer of [Pt(hpip)d(GpG)], where the three-carbon ring of hpip of the head-to-tail isomers in which the H8a and H8b pl’OtOﬂS
lies on the same side of the coordination plane as the H8 atoms (HTH/ were substantially closer than 4 A.

3). A second set of weak NOESY correlations between the

were modeled using molecular mechanics calculations, and thenucleotlde H8 protons and the corresponding hpip ligand NH

results are discussed below. The resultant models of the twoIDrOtonS (Table 4) are also consistent with both of the bands

head-to-head isomers are illustrated in Figures 5 and 6, and theP€ing head-to-head isomers but cannot be used to rule out head-
closest protorproton interactions between the hpip and di- to-tail isomers. These separations vary significantly between

nucleotide ligands for the six models are listed in Table 3. differer;t rlglolecularfm(tachanlics rlnoisg 'c\jle[?]er(;ding Or;)th(a pres-
It is apparent from Table 3 that a number of the interligand ence of absence of intramolecular ©6i(N) hydrogen bonds.

H---H distances differ significantly between the various models. These results, ar\d in particular the strong 188 crosspeaks,
Thus, the NOESY spectra, in combination with the models, can provide strong (_eV|der_1ce that bands | and .” are both head-to-
be used to determine which of the isomers correspond to bandg]ead conformational isomers of the [Pt(hpip)d(Gp@Hduct.

! and Il. Key NOESY correlations for bands | and II_ are listed (44) Neuhau, D.; Williamson, M. PThe Nuclear Gerhauser Effect in

in Table 4. In most respects the NOESY c_o.rrelatlo.ns of the Structural and Conformational Analysidst ed.; VCH Publishers:
two bands are similar, but there are also significant differences. New York, 1989.
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Table 5. Comparison of the Strain Energies for the Conformational forms of the head-to-head isomers that we have not identified.

Isomers of [Pt(hpip)d(GpG)] It is also possible that hydrogen bonding is responsible for the

energy energy (kJ mot?) stabilization of the head-to-head isomers, but it may simply be
component HTH/2 HTH/3 HTT/2a HTT/2b HTT/3a HTT/3b  that the molecular mechancs models are not accurate enough

to reliably predict the strain energies of such molecules. The

bond deformation 5.2 5.3 5.1 5.5 5.0 5.6 . . ; ;
nonbonded interactn ~~ 31.1 292 146 57 16.0 5o difference between the relative strain energies of the two head-
valence angle 323 354 313 368 305 368 to-head species is small and of marginal significance, in accord

deformation with the two isomers being observed in equal proportions.
torsion angle 485 447 549 48.6 55.4 48.4 .

deformation In most respects the geometries of the two head-to-head
electrostatic interactr-268.5 —264.7 —268.3 —256.2 —267.8 —256.1 isomers accord well with the distances that can be inferred from
out of plane 11 02 12 05 11 05  the strength of the crosspeaks in the 2D NMR spectra of bands

deformation . . .

_ | and Il. There are some minor exceptions; however, as we

tot. strain —150.3-149.9 -161.2 —159.0 —159.7 —150.7 have pointed out above, there are undoubtably many other

o ] ) ) conformations with similar energies. The presence or absence
This is not an unexpected result since previous studies on Ptof hydrogen bonds between the H(amine) atoms and O6-
complexes of d(GpG) have revealed only head-to-head isom- guanine) atoms will have an unusually strong influence on the
ers1-36:4345 conformation because of the rigidity of the hpip ligand. We

Differences between the NOESY correlations of the two have presented the results of models without such hydrogen
bands were also used to establish the orientation of the hpiphonds because, although they are sometimes observed in the
ligand with respect to the dinucleotide in each case. Although solid state, we believe that in solution the additional opportuni-
the NOESY correlations between the nucleotide H8 protons andties for hydrogen bonding with the solvent would lead to low
the hpip ligand protons were weak, the assignments were madepopulations of the intramolecularly hydrogen-bonded conforma-
on the basis that NOE crosspeaks are not normally detectedtions. We have also investigated models with intramolecular
when protons are further apart than445 A. Inthe NOESY  hydrogen bonds, and some of these are more consistent with
spectrum for band I, weak crosspeaks were detected betweenhe crosspeaks observed in the NMR spectra. However, given
nucleotide proton H8a and hpip ligand proton’td8d between  the myriad of conformations available, we consider it inap-
nucleotide proton H8b and hpip ligand proton'Hbable 4). propriate to make use of such selective comparisons and, instead,
No other crosspeaks were observed between the hpip ligandnhave presented only the results for the conformations of lowest
and the dinucleotide. In the molecular mechanics generatedstrain energy.
models, distances between the _nucleoti_de H8 protons and The conformational geometry of the d(GpG) dinucleotide
protons on the three carbon chain of hpip are, as expected,gjffers slightly between HTH/2 and HTH/3 with the variation
shorter when the three carbon chain of hpip lies on the samepeing similar to that observed in the crystal structure of
side of the coordination plane as the H8 atoms (Table 3). The [pyNH,),d(pGpG)]3+-33 The angles between the coordination
closest H8&-H3" and H8b--HS' distances are respectively 4.6 pjane and the planes through the guanine bases are as follows:
and 6.6 A for HTH/2 and 3.9 and 3.2 A for HTH/3. Thus, it HTH/2, 109.7 (5') and 52.4 (3); HTH/3, 127.2 (5) and 90.3
can be concluded that, in band Il of the [Pt(hpip)d(GpG)] (3); [Pt(NHs)d(pGpG)], 111.+76.8 (5) and 95.4-57.8
adduct, the three-carbon chain of hpip lies on the same side of 3) 31-33 The Hg--H8 separations (HTH/2, 3.1 A, HTH/3, 2.5
the coordination plane as the H8 atoms (Figure 6). Similarly, &) are also significantly different (consistent with the NOESY
the weak NOESY crosspeak between the nucleotide proton H8acorrelations) with again that for HTH/3 being more like the
and the hpip ligand proton Hzrefer to Table 4) reveal that, in  separation calculated for the same atoms in the aforementioned
band |, the two-carbon chain of hpip lies on the same side of crystal structureda. 2.65 A)31-33 These differences between
the coordination plane as the H8 atoms (Figure 5). The the otherwise similar conformations appear to be due to
predicted distances between the nucleotide H8 protons andinteractions between the H(amine) atoms and the dinucleotide.
protons on the two carbon chain of hpip are shorter when the The unsymmetrical geometry of the hpip ligand results in these
two carbon chain of hpip lies on the same side of the H atoms being disposed above and below the coordination plane
coordination plane as the H8 atoms (Table 3). The-H8&' in HTH/2 and HTH/3, respectively, and so they interact
distance is 4.4 A for HTH/2 and 5.9 A for HTH/3. In some ifferently with the dinucleotide. Initially, we were surprised
cases these weak crosspeaks do not follow the intensity orderihat two isomers differing only with respect to the orientation
expected based on the predicted separation, but we stress agaig the hpip ligand were so readily separable by HPLC.
that other slightly different conformations are possible and However, it would appear that the orientation of the hpip ligand
probably contribute. Taken together, all of the evidence is has an influence on the conformation of the dinucleotide,
ﬁ'?ar:_)lf_l_cﬁ/”gs'smnt with band | corresponding to HTH/2 and band providing a rationalization for the chromatographic separation.

0 .

The relative strain energies of the six isomers are listed Conclusions
together in Table 5. The head-to-head isomers of the [Pt(hpip)d- .

(GpG)I adduct have strain energies about 10 kJthbigher The NMR spectra of the two bands obtained by HPLC
than do the head-to-tail isomers, which is unexpected given that@nalysis of the products obtained from the reaction of [Pt(hpip)-
only head-to-head isomers are observed for [Pt(hpip)d(GpG)] Cly] W|th d(GpG) provide stropg evidence thgt both bands are
and for other Pt complexes containing the d(GpG) di- pre(_jommantly _he_ad-to-h_ead isomers, one with the two carbon
nucleotide’1-364345 The lower strain energy of the head-to- chain of the_hplp ligand disposed towa_rd the “heads” (H8 ends)
tail isomers is principally due to smaller contributions from Of the guanine bases and the other with the three-carbon chain
nonbonded interactions. Again, we would not rule out the disposed in that direction. The molecular mechanics results are

possibility that there are other, lower energy, conformational i aCC:?rd with the two isomers being observed in equal
proportions.

(45) Admiraal, G.; van der Veer, J. L; de Graaff, R. A. G.; den Hartog, J.  When [Pt(hpip)C]] reacts with salmon sperm DNA, two GpG
H. J.; Reedijk, JJ. Am. Chem. S0d.987, 109, 592-594. adducts are also observed, and following enzymatic digestion,
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these adducts comigrate with bands | anéf llHowever, they occur between the DNA and either the two carbon or three-
are not observed in equal proportions, band Il predominating carbon links. We have shown elsewhere that interactions
over band | by a factor of 3.3:1. This difference between the between amine ligands and the exocyclic group (O o)NA
proportions of bands | and Il obtained in the reaction with the the 6 position of the ‘3guanine or adenine of a GpG, ApG, or
dinucleotide and that obtained in the reaction with salmon sperm GpA site probably have an influence on the likelihood of
DNA is not surprising given the reduced conformational reaction at such a sifé. The propylene link is undoubtably
freedom in duplex DNA and the consequently increased pylkier and therefore can be expected to make closer and more
likelihood of steric interactions between the hpip ligand and nfavorable interactions with the exocyclic oxygen atom of the
the DNA having an influence on the population of each isomer. 3 gyanine in a GpG pair. This proposal is consistent with the
The present study has allowed us to assign the two iSOmers, eterence for band Il since it has the ethylene link disposed
and so address the reasons for the stereoselectivity of the reactioly, \.4rq this exocyclic oxygen atom and is supported by
with duplex DNA represented by the increased proportion of
band Il. The two sites of [Pt(hpip)g}lavailable for reaction
with DNA are enantiomerically related, and therefore, a prefer-
ence for reaction with either thé 6r the 3 side of the GpG
pair might contribute to the stereoselectivity. However, this is
likely to be a minor factor, and we suggest that the stereose-
lectivity arises from the differences among the interactions that 1C951489D

molecular mechanics calculations that we present elsevihere.
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