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Platinum—Thioether Bonds Can Be Reverted by GuanineN7 Bonds in Pt(dien}" Model

Stella S. G. E. van Boom, Bao Wei Chen, Jan Maarten Teuben, and Jan Reedijk*

Leiden Institute of Chemistry, Gorlaeus Laboratories, Leiden University, P.O. Box 9502,

To study the possible reversibility of platinunprotein binding, the platinummethionine and platinumcysteine
model adductgis[Pt(NHz)(GSMe)]2H, [Pt(dien)(GSMe} ™, [Pt(dien)(GS), and{[Pt(dien)h(GS)} 3" (GSH
= glutathione, GSMe= Smethylglutathione) have been reacted withAB/P and 3-GMP and d(GpG) under a
variety of reaction conditions. Only&MP and d(GpG) were found to substitute GSMe (atRitoether bond)
from [Pt(dien)(GSMe)", forming [Pt(dien)(GMP-N7)]2" and{ Pt(dien)[d(GpG)-N7)j2*, respectively. Reacting
the GSMe diadduct of cisplatircis-Pt(NHs)(GSMe)])?™ with GMP revealed that the N7 of &MP can also
substitute GSMe on cisplatin, formirmis-[Pt(NHz)2(GSMe)(GMP-N7)]2" and the GMP diaddudtis-[Pt(NHz),-

adducts [Pt(dien)(GS@nd{[Pt(dien)k(GS)} 3", however, did

not react with 5AMP or 5-GMP at 37°C. Kinetic experiments have revealed that the intermolecular rearrangement
reaction of Pt(dier)” from thioether sulfur to 5GMP is second order and that the reaction is slow at ambient
temperaturet{, = 179 h). At 35°C the reaction proceeds with a reaction rdige € 31 h), which appears as a
relevant rate for in vivo processes. The obtained results are discussed in relation to the antitumor activity and
toxicity of platinum complexes. The data suggest that the existence of a drug reservoir is limited to ptatinum
thioether-type adducts and that the observed rearrangement only occurs with the N7 of guanine and not with
adenine. Consequently, new platinum amine chelate complexes in which a thioether function is present as a
leaving group might be successful as platinum antitumor compounds exhibiting reduced toxic side effects.
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(GMP—N7),]2". The platinum-cysteine model
Introduction

It is now generally accepted that the interactions of cisplatin
[cis-PtChL(NH3),] with DNA are responsible for cisplatin’s
antitumor activity®2 DNA, however, is not the only cellular
component capable of reaction with platinum compounds.

Sulfur-containing biomolecules, such as certain proteins (a.o.

the other hand, platinumsulfur adducts have been postulated
to be a drug reservdiffor platination at DNA and may act as
an activated form of platinum compounds with slowly hydrolyz-
ing leaving group8.In these cases platinuasulfur adducts may
function as intermediates that are eventually transformed into
platinum—DNA adducts.

Earlier studies on the competition in platinum binding

metallothioneins), amino acids (e.g., methionine), and peptides peyeen sulfur donor atoms and reactive nucleobases using

such as glutathione (GSH), are known to-beboth in vive?
and in vitrd — highly reactive toward cisplatin and other
platinum compounds. These interactions are the likely origin
of undesired phenomena, like inactivafiar cisplatin, develop-
ment of resistanéetoward cisplatin, and nephrotoxicifyOn
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S-guanosyl-L-homocysteine (SGH)as a model compound
revealed for the first time that the N7 of guanine can replace a
sulfur donor atom in a platinusrthioether adduct. In this model
system, the initially formed [Pt(dien)(SGBJ]%" rearranges
intramolecularly at pH values just below 7, into [Pt(dien)(SGH-
N7)]2". It is remarkable that this apparent intramolecular
rearrangement only occurs with SGH and does not occur with
S-adenosyl-L-homocysteiné. Subsequent studies, including
competition experiments using the nucleopeptide Met-d(T8G),
have indicatetf°that even an intermolecular rearrangement can
occur.

To investigate the intermolecular rearrangement and the
observed specificity for guanine in more detail, the possible
reversibility of platinum-sulfur bonds in proteins was studied
by using a model system allowing only intermolecular competi-
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Scheme 1. Reaction of 5GMP with [Pt(dien)(GSMef"
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Figure 1. Adducts of [Pt(dien}" with GSH and GSMe as a model
system for Ptcysteine and Ptmethionine adducts within a protein.
tion. The adducts of [Pt(dien)Cllwith GSH andS-methyl- /\
glutathione (GSMe) (Figure 1) were selected as representing HN NH,
the respective Picysteine and Ptmethionine adducts within \Pt/2+ o
a protein. Monofunctional [Pt(dierd)] was chosen as the Pt VRN
amine; this is a species with only one leaving group, and NH, N; NH
therefore mimics the first binding step of cisplatin to bio- He—</ | )\
molecules® Moreover, amine release as a possible consequence 0\ s N N/ NH,
of the trans effect of S-donor ligands is avoided because of the P
stability of the dien chelat&. Previous experiments have HO/ \o—
shown that results obtained with this model system can be OH OH

extrapolated to the stability of adducts formed by reaction of

cisplatin with GSH and GSMe. In addition, GSH not only Serves uiica| | aboratory, University College, Dublin). [Pt(dien)(GSMe)Cl

asa moqlel fqr reactions with PCys'geine in proteins; also GSH and cis-[Pt(NHs)2(GSMe}|Cl, were prepared in the NMR tube O
itself, or its oxidized form GSSG (with cytoplasm concentrations was used as a solvent) by reaction of [Pt(dien)CI]Cl with 1 equiv of

of 0.5-10 mM), is a very likely candidate for in vivo reaction ~ GSMe and of cisplatin with 2 equiv of GSMe at pH 3 and ambient
with platinum compounds. temperature for 24 h. Reactions with cisplatin were performed in 4
In a study by Lempers and coueaguég;he reactivity of mM NaCl solution. [Pt(dien)(GS)]CI was obtaine_d by reaf:tion in the
[Pt(dien)CIJ" and [Pt(dien)(HO)]?* toward GSH, GSMe, and NMR tube (DO as a solvent) of [Pt(dien)CI]CI with 1 equiv of GSH
5'-GMP has been investigated. The main aim of this study was at pH> 10 and ambient temperature for 15 min. Reaction in the NMR
to see whether GSMe and GSH bind directly to [Pt(dien)Cl] tube (B3O as a solvent) of [Pt(dien)CI]CI with 2 equiv of GSH at pH

without prior tion. and preliminar mpetition experiment < 7 and ambient temperature for 24 h yieldd@t(dien)L(GS); Cls.
out prior aquation, and pré ary competiion expenments presence of the desired compound was in each case confirmed by

were only performed at 297 K. These competition experiments 1y yvR spectroscopy. Any noncoordinated GSH/GSMe, or [Pt(dien)-

between GSMe and &MP with [Pt(dien)CI" and [Pt(dien)- i)+, could be reacted further by addition of one of the two components.
(H20)]?* did not show intermolecular substitution of GSMe by  After adjustment of the pH to 7 by DN the solutions were

5'-GMP, and a study at higher temperature was felt desirable. lyophilized. The resulting solids were kept-aR0 °C and were used

In this work the possibility of a ligand exchange reaction is without further purification.
addressed (e.g., focis-[Pt(NHz)(GSMe}]?" and [P(dien)- pH Measurements.All pH measurements were performed at 298
(GSMe)F+ with GMP and d(GpG) (see Scheme 1). By varying K. The pH meter was calibrated with Fischer-certified buffer solutions
the reaction time and temperature, the kinetics of the substitutionof pH 4.00, 7.00, and 10.00. When® was used as a solvent, meter

reaction of [Pt(dien)(GSMe?3} are also investigated. readings were not corrected for deuterium isotope effects.
NMR Measurements; Experimental Conditions.The*H NMR and
Experimental Part 195t NMR measurements were recorded on Bruker WM 300 and DPX

300 spectrometers..D was used as a solvent. Fét NMR, chemical
shifts () are calibrated to TMA at 3.18 ppm relative to TMS%Pt
spectra are referenced teRCk (external reference). For monitoring

Preparation of Pt Compounds. [Pt(dien)CICI and cisplatin were the pH-dependent chemical shift behavior of theNMR signals, the

prepared from KPtCl, according to literature procedur&8.16° The pH was ?dJUSted with 0.641 M solutions of NaOD or DCI.
identity of the Pt complexes was confirmed by infrared spectroscopy ~ Reactions Followed by'H NMR. Spectra were recorded at 295 K

(Perkin-Elmer 580 spectrometer) and elemental analysis (Microana- ©F 308 K. All reactions of platinated GSH and GSMe with@vIP,
5-AMP, and d(GpG) and the competition reactions between GSMe

(13) Johnson, N. P.; Paquet, J. P.; Wiebers, J. L.; MonsarrafuBleic and B-GMP {[Pt(dien)CI]Cl:GSMe:5GMP = 1:1:1} were carried out

Chemicals. 5-GMP, 5-AMP, GSH, GSMe were obtained from
Sigma Chemicals and used without further purification. d(GpG) was
synthesized via the improved phosphotriester metfidd.

Acids Res1982 10, 5255, in the NMR tube (RO as a solvent) at 5 mM and 10 mM substrate
(14) Thomson, A. J.; Williams, R. J. P.; Reslova, Struct. Bonding concentrations and at several pH values. When the pH was 5 or 7,
(Berlin), 1972 11, 1. phosphate buffers (50 mM) were used. Concentrations-GiNsP (or
(15) (a) Lempers, E. L. M.; Reedijk, Jnorg. Chem.199Q 29, 217. (b) 5-AMP) were adjusted to abstract all platinum; this implies 2 equiv
Divan, M. 1.; Lempers, E. L. M.; Reedijk, lorg. Chem1991.30, for {[Pt(dien),(GS)** and 1 equiv for [Pt(dien)(GS)land [Pt(dien)-

(16) (a) van der Marel, G. A.; van Boeckel, C. A. A.; Wille, G.; van Boom, (GSMe)F". [Pt(dien)(GSMe}}" and d(GpG) were reacted in a 1.1 ratio.
J. H.Tetrahedron Let}.1981, 3887. (b) Dhara, Snd. J. Chem.197Q The reaction otis-[Pt(NHz)2(GSMe}]?* with GMP (1:2) was carried

8, 193. at 1 mM concentration in 10 mL of {®. For the!**Pt NMR, this was
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lyophilized after 11 days and redissolved in 5a00f D,0 to yield a
20-mM sample.
H NMR measurements were also used to obtain the rate constants
and t,, values of the reaction betweeRGMP and [Pt(dien)(GSMéT.
The reaction was carried out at pH 7 in 50 mM phosphate buffer with
equimolar amounts (13.5 1073 M initial concentrations) of [Pt(dien)- =180 h
(GSMe)P*+ and 3-GMP. The temperature was 295 K, 301 K, 308 K,
or 320 K. Calculations were performed by relative integration (estimated
error is 5%) of H1proton signals of both reaction products and starting
materials during the reaction. The values of the rate constants were e
determined from second-order Guggenheim pléts.

Results and Discussion

=62 h
Ligand-Exchange ReactionsReaction of GSMe and GSH ‘

with 1 or 2 equiv of [Pt(dien)CI]CI leads to formation of,
respectively, [Pt(dien)(GSM&)j, [Pt(dien)(GS)T, and {[Pt-
(dien)(GS)3*. Reacting 2 equiv of GSMe with cisplatin leads
to the formation otis-[Pt(NHz)>(GSMe)]?". Such complexes
are well characterizetf,and for all complexes coordination at
the sulfur atom is observed without detectable side reactions.
For cis[Pt(NHz)2(GSMe)]?+ this was confirmed witht95Pt

t=38 h

NMR.
Previous studies concerning the mechanism of action of J h
rescue agentsshowed that the complexes can be used as model *

adducts for platinumprotein binding (see Figure 1).
Figure 2 shows the course of the reaction between [Pt(dien)-
(GSMe)F+ and B3-GMP (1 equiv) when followed in time by t=0 h
IH NMR at 37°C and pH 7. The H8 and HXkignals of free ‘
5'-GMP show a decrease in intensity, while simultaneously new -J ‘ l
8 6 4

-

H8 and H1 signals arise. The chemical shift of the new H8
signal is 0.67 ppm downfield, compared with the H8 signal of
free B-GMP, being characteristic for N7 coordinati&t-urther
evidence for N7 coordination can be derived from the absence ppm
of a protonation effect at low pHin the pH-dependent behavior  Figure 2. 'H NMR spectrum of the reaction between [Pt(dien)(GSMe)]-
of the H8 of the end product as is shown in detail in Figure 3. Cl> (13 mM) and 1 equiv of 5GMP as a function of time (pH 7, =
Moreover, the 5GMP proton signals of the end product are 310 K). Chemical shifts are in ppm relative to DSS.
identical to those belonging to [Pt(dien{&MP)]?* formed by 92 4
direct reaction of 5GMP and [Pt(dien)CI]CI. - + H8 5-GMP
Comparison of the GSMe proton signals generated during 4 H8 [Pt(dien)(5'GMP)*
reaction with those of the starting complex [Pt(dien)(GSKie)]
shows an upfield chemical shift of the protons closest to sulfur.
The appearance of a singlet at 0.45 ppm upfield from the singlet
belonging to the methyl protons of [Pt(dien)(GSMe)linam-
biguously indicates release of GSMe during reaction; this release
is confirmed by the fact that, at the end of the reaction, all GSMe
proton signals are found at the position of free GSKIEurther 8.4
evidence for this assignment came from the addition of either 1

T

2

9.0 A

4

8.8

8.6 -

———> &(ppm)

GSMe or [PtCl(dien)]CI at the end of the reaction. The proton 8.2
signals of the added GSMe coincide with those of GSMe formed -
during reaction, whereas addition of another equivalent of [PtCI- -—F1——7
(dien)]Cl leads to formation of [Pt(dien)(GSM&}] 2 4 6 8 10 12

The observed intermolecular rearrangement of Pt(&fead¥o — > pH
occurs at ambient temperature, although the reaction proceedsigure 3. Chemical shifts ¢) of the H8 protons of free’SGMP and
considerably more slowly at that temperature. Use'oAldP [Pt(dien)(3-GMP)F** as a function of pH at 295 K.

instead of 5GMP in the reaction with [Pt(dien)(GSM&}]did

not show any significant GSMe release, which indicates that the rearrangement is indeed specific for guanine. Recently, a
similar specificity for guanine was reported by Barnham ét al.
(17) Laidler, K. J.Chemical Kinetics3rd ed.; Harper and Row Publish- in related studies on the substitution of the amino acid

ers: New York, 1987, p 22. ) _ methionine in the preformed [Pt(dien)(M8f}2+ adduct.

(18) (a) Lempers, E. L. M.; Inagaki, K.; Reedijk,ldorg. Chim. Actal988 . . . . .
152, 201. (b) Bancroft, D. P.; Lepre, C. A.; Lippard, SJJAm. Chem. Competition Studies. Reacting [Pt(dien)(GSMé)} with
Soc.,199Q 112, 6860. d(GpG), a dinucleotide, to model the highly active GpG site in

(19) (a) Marcelis, A. T. M.; van Kralingen, C. G.; Reedijk, 1. Inorg.
Biochem198Q 13,213. (b) Lemaire, D.; Fouchet, M.-H.; Kozelka, J
J. Inorg. Biochem1994 53, 261. (21) (a) Barnham, K. J.; Djuran, M. I.; Murdoch, P. d. S.; Sadler, B. J.

(20) Dijt, F. J.; Canters, G. W.; den Hartog, J. H. J.; Marcelis, A. T. M.; Chem. Soc., Chem. Commu®894 721; (b) Barnham, K. J.; Guo, Z.;
Reedijk, J.J. Am. Chem. S0d.984 106, 3644. Sadler, P. JJ. Chem. Soc., Dalton Trand996 2867.




Pt—Thioether Bonds Reverted by Guanine Inorganic Chemistry, Vol. 38, No. 7, 1999453

DNA also resulted in substitution of the sulfur on platinum by 100
the N7 of the guanine, analogous to the reaction witsBIP. +  [Pt(dien)(GSMe)**
The sulfur of the GSMe was found to be deplatinated at a similar . Ao [Pt(dien)(5-GMP)R*

rate as for the reaction witH-&MP. This was observed through
the reappearance of the methyl signal of the free GSMe and
appearance of new H8 signals in the aromatic region otthe
NMR spectrum. Platination of d(GpG) gave rise to two .
monoadducts [Pt(dien)(dGpGMN)]* and [Pt(dien)(dGpG-
3'N7)]* in about a 1:1 ratio, and only a small preference for 60
the 3G over the 3G was observed. The bisadd§@®t(dien)p-
(dGpG-3N7,3N7)} 3 was not observed in detectable amounts. 7
To assess whether this intermolecular reaction also proceeds
in the case of cisplatin, the cisplatin diadduct of GSMis; 40
[Pt(NH3)2(GSMe)]?", was reacted with 2 equiv of &5MP at
room temperature. Within 5 days a similar shift in the H8 proton
signal could be observed as discussed above for the reaction
with Pt(dien); a new peak appeared 0.5 ppm downfield from
the original H8 signal, identical to the peak formed in the direct
reaction of 5GMP with cisplatin. This peak can thus be
assigned to theis-[Pt(NH3),GMP,] complex. In addition to this
peak, a smaller peak even more downfield (0.62 ppm downfield
from free H8) could be observed, tentatively assigned to the 0 20 40 60 80 100
monoGSMe, monoGMP adduct. X3Pt NMR spectrum re- — > t(h
Corde_d ?fter 11 . days of '_nCUbat'on confirmed the ligand Figure 4. Observed product formation during the competition reaction
substitution reaction on platinum. Three peaks were observed|py(dien)CI|CI/3-GMP/GSMe= 1:1:1.
at—3390 ppm,—2911 ppm, and-2442 ppm. After comparing

% adduct

80

0 T T T T T T T T T T 1

with literature values for similar reactions with GS#Hthese 350 1
signals could be assigned ¢is-[Pt(NH3)(GSMe)]?, cis-[Pt- X _ 300 -
(NH3)2(GSMe)(GMP)}*, andcis-[Pt(NHs).GMP,]. The diad- 2ol %)

duct of 3-GMP was clearly most abundant, showing that after ~ (M%) 54 |

11 days most of the cisplatin-bound GSMe had been substituted |

by 5-GMP. 200
In a separate experiment, the competition in Pt(dien)

4

binding between GSMe and-&MP was studied at 37C and 150
pH 7. The reaction was followed wittH NMR {ratio used: 100
[Pt(dien)CIICI/GSMe/5GMP = 1:1:1}. Initially, the expected
coordination at thioether sulfur was observed. During the course 50
of the reaction, however!&MP substitutes coordinated GSMe, 0 L] .

. . . 2+ . . . T T T T T T 1
L?Sﬂlr?ang in the [Pt(dien)(8GMP)]** adduct as is depicted in 0 10 20 30 40 50 60 70 80

It appears that this-SN7 substitution is unique for thioethers, —_—

since addition of 5AMP or 5-GMP to the cysteine model B T-295K A T=308K
adducts [Pt(dien)(GS)]and{[Pt(dien)k(GS) 3+ at 37°C does + T=301K ® T-320K

not show any detectable reaction. Because it is known that thegigre 5. Second-order Guggenheim plots for the reaction of [Pt-

stability of [Pt(dien)(GS)} decreases at low pfiand that the  (dien)(GSMe)]C with 5-GMP at pH 7 andrl = 295 K, 301 K, 308

pH of a tumor cell is slightly lower than the pH of a normal K, or 320 K.

cell 2 reactions with 5AMP and 3-GMP were also performed

at pH 5.00. Again, no GSH release was found.
Determination of Rate Constants.The values ok for the

intermolecular rearrangement of Pt(di#nfrom GSMe to 5

Table 1. Rate Constantk(in M~1s™?) and Half-Lives {i2 in h) for
the Reaction of [Pt(dien)(GSMe)]ewith 5'-GMP at pH 7 andl =
295 K, 301 K, 308 K, and 320 K

GMP were obtained frontH NMR measurements of the T(K) ke (10*M s tuz (h)
reaction mixture containing [Pt(dien)(GSM&)]and 3-GMP 295 1.15 179

in the ratio 1:1. The rate constarksvere determined as in eq 301 2.41 85.4
1;” wherex is the amount of [Pt(dien)(856MP)P* and ag is ggg 19?'56 i’é-f{

the initial concentration of [Pt(dien)(GSMéj}
process, which implies a direct attack of the N7 6{3VIP at
kt = X/[ay(ay — X)] (1) [Pt(dien)(GSMe)}*.
Because the rate constants were determined at several
A plot of the right side of eq 1 vs time shows a straight line temperatures, th&H* andASF of the intermolecular substitution
passing through the origin as shown in Figure 5. The value of of GSMe by 5-GMP could be deduced from an Arrhenius ptot
k was calculated from the slope of this line. The obtained kinetic using the data given in Table 1 (figure not shown). The values
data, given in Table 1, show that the reaction is a second-orderof 90(5) kJ mof! and—16(17) J K'* mol~ for, respectively,

(22) (a) Vaupel, P.; Kallinowski, F.; Okunieff, Eancer Res1989 49, (23) Atwood, J. D.Inorganic and Organometallic Reaction Mechanjsm
6449. (b) Tannock, I. F.; Rotin, DCancer Res1989 49, 4373. Brooks/Cole Publishing Co.: Monterey, California, 1985; p 16.
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AH* and AS (at 295 K) are in agreement with an associative 5 5

mechanism of ligand substituticA.
Mechanistic Considerations.The experiments o&-guan- NHa

osyl-L-homocysteine described bef8tproved for the first time < Protein 2

that the N7 of guanine can replace a sulfur donor atom in a

platinum—thioether adduct. This intramolecular substitution & SMe Gl sme

reaction proved to be specific for guanine. Subsequent competi- /-\ | >

tion experiments used a nucleopeptide model system—Met HsN— Pt —Cl

TpG 2 and have confirmed this ligand substitution. The results |

on the Pt-cysteine and Ptmethionine model adducts presented NH;

in this paper demonstrate that GSMe can be selectively released

from [Pt(dien)(GSMeff" by G—N7 in 5-GMP and d(GpG) and

even in the case of the cisplati©SMe adduct [Pt(Nk)2- A B

.(G.SME)Z]H' The§e results show that the SUbStitUtic.m b@MP . Figure 6. Possible structures with a favorable orientation of the

IS '”.“'ted to pla_tlnum—sulfur adducts of the methionine type; thioether function and the N7 of guanine #) ONA-binding proteins

platinum—cysteine model adducts proved to be stable under 4nq @) the cis-platinum cross-link between DNA and a protein.

these conditions. The findings described in this paper also show

that the replacement of a sulfur donor atom in a thioether  j,cjude high concentration (e.g., in the nucleus) and favorable
platinum adduct is not limited to an intramolecular rearrange- qientation of the reactants. A favorable orientation is likely to
ment, which is in agreement with the report of intermolecular occyr when proteins are located in close vicinity of, or even
substitution of the amino acid methionife. bind to, DNA. Histone®5 with their attachment to DNA, are a
The observation that'8&5MP cannot release GSat 37°C typical example of such proteins. With DNA-binding proteins
from the [Pt(dien)(GS)] adduct is consistent with results of  the substitution by the N7 of guanine might be accelerated
experiments where rescue agents were used to reverse platinum considerably. In fact, this substitution process (Figure 6A) almost
sulfur binding in the same model adducts. These results showresembles aimtramolecular rearrangement, as modeled by the
that even strong nucleophiles such as ddtc, thiourea, and WR'previoust reported SGH and the nucleopeptide Met-Tp,
2721 cannot reverse the Pt-cysteine b&hd. with different distances between guanifé7 and thioether
Interestingly, { [Pt(dien)p(GS)} **, which in a way can be  syifur. A second possible structure in which rearrangement might
compared with a Ptthioether adduct, also does not react with gccur is depicted in Figure 6B. These cisplatin cross-fifiks
5-GMP at 37°C. Reactions with several rescue agéntm between a protein and DNA are known to occur in vivo. In this
this system did show the formation of [Pt(dien)(GS)Ihe case the platinumsulfur adduct could react with the N7 of the
reactivity of {[Pt(dien)l(GS}*" in that case, however, was guanine adjacent to the guanine that is already coordinated,
found to be at least 10 times lower than that of the actual Pt eventually forming a GpG adduct. This process also resembles
thioether adduct [Pt(dien)(GSMé)] Because the overall  an intramolecular mechanism, so it could proceed faster than
reactivity of G-N7 toward platinum-sulfur adducts is consid-  the intermolecular rearrangements described here.
erably lower than that of rescue agents, the observed stability The results presented here strongly indicate that the rear-

of {[P(diem)L(GS}*" in the presence of '&MP is not  rangements described above are limited to the platirsmifur
surprising. _ _ adduct of the methionine type. Platinursulfur adducts of the

~ The substitution by 5GMP in [Pt(dien)(GSMeJ}" adducts  ¢ysteine type, like the adducts formed with glutathione, are
is rather slow at ambient temperatutgy(= 179 h). This may  shown to be unreactive toward the N7 of guanine. These adducts
explain why this reaction was not considered important in gre therefore unlikely candidates for a drug reservoir.

previous experiments® At 35 OC howe".e“ the h_alf-llfe Is 31 Another, related hypothesis supported by the intermolecular
h. Because part of the administered cisplatin is not excreted rearrangement is the activation of platinum compounds with
from the body within 24 1?4 the observed release of thioether slowly hydrolyzing leaving groups such as CBDTAnd
sulfur at 37°C_is also relevant for in vivo processes._ln the_ aminophosphonic acitl. With these leaving groups,-&MP
present paper it has been shown that the results obtained with5q fnq to react by direct nucleophilic attack without prior
the adducts of monofunctional [Pt(dien)CI|CI can also be aquation. This process might be accelerated by reaction with

ehxtrapl?lated to glsprl]aulr:l,?as the mterrrlmlecular SUbSt't;t'orl‘ of sulfur-containing nucleophiles as an intermediate step. Again,
t _ehsud(LjJr atorr; y tl e Tﬁtom was as?(provlen to take p z_s:ce the above-cited results indicate that such activation is limited
with adducts of cisplatin. The reaction takes place on a similar 1 oether sulfur atoms.

time scale for both complexes, but the exact kinetics of these . . . .
S h . A third consequence is derived from the observed specificity
substitution reactions have as yet only been determined for [Pt- - . . ; X
for guanine and not adenine. This selective behavior was also

(dien)QI]CI, and different kinetics can be e>_(pect_ed fpr cisplatin. found for the intramolecular rearrangement and could be an

Thg mtermolecglar rgarrgnggmept described |n.th|s Papermay, yjitional explanation for the observed preference for guanine
have important biological implications because it supports the latination in vivo2®

. . . . platination in vivo?

hypothesis of a drug reservoir mechanisin which the
platinum—sulfur adduct is an intermediate for platinum binding 25 Burl R WL W E- W B C. Hamlin R X
at DNA. In vivo, such a mechanism could operate under ( )N.lfmg,\ig]uedriahak'i‘s E\.’?\’lsdengelg%%g’zzé Tap, i R Aeng:
circumstances that reduce the role of the aquation pathway (high(26) Banjar, Z. M.; Hmilica, L.; Briggs, R.; Stein, J.; Stein, Blochemistry
CI~ concentration) usually found for cisplatin and that accelerate 1984 23, 1921.

T : ; 27) Bloemink, M. J.; Dorenbos, J. P.; Heetebrij, R. J.; Keppler, B. K;;
the substitution process. The latter accelerating circumstance Reedijk, JInorg. Chem 1994 33, 186.

(28) (a) van der Veer; J. L.; van den Elst, H.; den Hartog, J. H. J;;

(24) Prestayko, A. W. In CisplatinCurrent Status and New Delopments Fichtinger-Schepman, A. M. J.; Reedijk, ldorg. Chem.1986 25,
Prestayko, A. W., Crooke S. T., Carter, S. K., Eds.; Academic Press: 4657. (b) Ling, E. C. H.; Allen, G. W.; Hambley, T. W.. Chem.
London, 1980; p 2. Soc., Dalton Trans1993 3705.
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Concluding Remarks to its kinetics?® the new platinum compounds could have a lower
toxicity while still being able to react with guanindN7
coordination sites of DNA. Current research is dealing with this
new class of platinum compounds.

In conclusion, it is shown that only the sulfur donor atom in
a platinum-sulfur adduct of the thioether type can be selectively
substituted by GN7; the platinum-cysteine model adducts
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