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Kinetics and Mechanism for Reduction oftrans-Dichlorotetracyanoplatinate(lV) by
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Reduction otrans[Pt(CN),Cl;]?~ (as a model compound for antitumor-active platinum(lV) complexes) by thiols,
RSH (thioglycolic acid,.-cysteine,pL-penicillamine, and glutathione), has been studied in a 1.00 M aqueous
perchlorate medium by use of stopped-flow spectrophotometry 4€28 the interval 7.08x 1076 < [HT] <

1.00 M. Time-resolved spectra show that redox takes place directly without initial substitution at Pt(IV). The
stoichiometry is [RSH]:[Pt(IV)[E= 2:1. Reduction is first-order with respect to [Pt(1V)] and the total concentration

of thiol [RSH]. The bromide completrans[Pt(CN)Bry]2~ is reduced 47 times faster thamans[Pt(CN)-

Cl)% by cysteine. The [H]-dependence of the observed kinetics can be rationalized by a reaction mechanism
in which the platinum(lV) complex is reduced in parallel reactions by the various protolytic species present in
rapid equilibria with each other, via halide-bridged electron transfer. Second-order rate constants for a particular
reductant derived from the pH-dependence of the overall kinetics increase several orders of magnitude when the
molecular forms of the reductants are deprotonated. For instance, no reduction of platinum(lV) by the fully
protonated cation of glutathione can be observed, whereas the various deprotonated forms reduce the complex

with second-order rate constants of 23:4.3, 655+ 4, and (1.10t 0.01) x 10® M~1s™1, respectively. Thiolate
anions reduce the platinum(lV) complex (+¥9) x 1P times faster than the corresponding vicinal thiol forms.
The second-order rate constakgs- for reaction of thiolate anions RSwith [Pt(CN),Cl;]%~ are described by the
Brgnsted correlation logrs = (0.82+ 0.08)Krsy + (1.1+ 0.7). The slope of 0.82 indicates that the basicity
of RS is a predominant factor in determining the reactivity toward the Pt(IV) complex. Reduction of Pt(IV)
antitumor drugs by thiol-containing molecules before interaction between Pt(ll) and DNA may take place via

similar reaction mechanisms.

Introduction

Many biological functions of thiol-containing compounds are
governed by their easy oxidatiéi. Glutathione, a tripeptide
with the sequence - glutamylcysteinylglycine, is frequently
the most prevalent intracellular thiol with concentrations up to
8 mM 34 Its important functions include the maintenance of
the intracellular thiol redox balance (RSH/RSSR)Oxidation
of thiols, in particularL-cysteine,p-penicillamine, and glu-
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reduction of [Fe(HO)]*" and [Fe(HO)sOH]?*", complex
formation usually precedes the redox procesAmong the
nonmetallic oxidants used, there are a number of disulfides.
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Reduction oftrans-[Pt(CN}Cl,]?>~ by Thiols

There is a current interest in the antitumor activity of Pt(IV)
diamine complexes such as tetrachlore{rans-1,2-diaminocy-
clohexane)platinum(I1V¥2:23 cis,cis,trans[Pt(i-PrNH,),Cl,-
(OH),],2472% and cis,cis,trangPt(NH3),Clo(OH),].2627 These

are potential second-generation platinum antitumor drugs.
However, platinum(IV) complexes undergo ligand substitution Thioglycolic acid
reactions much more slowly than their platinum(ll) analogs,
usually requiring assistance by an excess of ligand or platinum-
(1).28 Therefore, biotransformation of platinum(lV) complexes
is generally assumed to involve reduction to platinum(ll) prior

to reaction with DNA2324.26.29.30 Thiol-containing biomolecules

and ascorbic acid seem to be the major cellular components
responsible for that reduction. The reaction mechanism for this
redox process is poorly understood, although some preliminary

kinetics data have been publishisé24

We here report kinetics studies of reduction wans
dichlorotetracyanoplatinate(lV) by thioglycolic acidcysteine,
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Chart 1
CH;
HS-CH,-COOH HS-CHZ-CIH-COOH HS~:CfC’H—COOH
NH;* CH; NH;3"
Cysteine Penicillamine

(0}

I
HOOC-CH-CH;-CH,-C-NH-CH-C-NH-CH,-COOH
\

NH;* $H2
SH
Glutathione

Experimental Section

Chemicals and Solutions. K [Pt(CN,Cl;] was synthesized by
oxidation of K[Pt(CN)]-3H,O with chlorine as described previoushy.

pL-penicillamine, and glutathione in a wide range of pH. Chart The UV-vis spectrum agreed with that reported earlier for [Pt-
1 gives the structures of the protonated forms of the reductants(CN)iClz]*~%* K[Pt(CN)Brz] was prepared according to the litera-

used. The use dfans[Pt(CN)Cly]%~ as the model substrate

complex has the advantage over platinum(lV) diamine com-

plexes that the reaction product [Pt(GNY is so robust that

ture3? Stock solutions of 5.0 mM KPt(CN)Cl;] in 10 mM HCIO,,
10 mM NacCl, and 0.98 M NaClgionic medium were stable for several
months. Thioglycolic acid (Janssen pagysteine (Merck, paz 99%),
pL-penicillamine (Janssen, pa99%), glutathione (Merck, pa; 99%),

no subsequent reactions will interfere with the redox process. gng 5,5-dithiobis(2-nitrobenzoic acid) (Ellman’s reagent, ICN Bio-

Moreover,trans[Pt(CN)Cl;]2~ does not hydrolyze in the pH

medicals Inc.) were used as received. For the kinetic measurements,

range studied, enabling an unambiguous evaluation of each5—50 mM stock solutions of the reductants were prepared fresh daily

specific rate constant for the various protolytic forms of the

reductants without disturbance of a proton ambiguity.
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by dissolving the samples either in 1.00 M NaGIl@ in acetic acid/
acetate buffer solutions. Stock solutions (1.000 M) of HCKaCIQ,,

and NaCl were prepared from concentrated HO(Rerck, pa, 76-
72%), anhydrous sodium perchlorate (Janssen, pa), and sodium chloride
(Merck, pa), respectively. Acetic acid/acetate buffer solutions (0.20
M) were prepared from acetic acid (Jansse®9%) and anhydrous
sodium acetate (Jansserf9%). The ionic strength was kept constant
at 1.00 M, and all experiments were run at sufficiently high chloride
concentrations to suppress hydrolysis of [Pt(@N)2-. The hydrogen

ion concentrations were adjusted with 1.000 M HEfer [H*] = 1.0

x 1072 M and with acetic acid/acetate buffer solutions for'JH<
5.25x 10 M. Water was doubly distilled from quartz.

Apparatus. Spectra were recorded by use of a Milton Roy 3000
diode array spectrophotometer and 1.00 cm quartz Suprasil cells. Time-
resolved spectra and kinetic traces were collected using an Applied
Photophysics Bio Sequential SX-17 MX, stopped-flow ASVD spec-
trofluorimeter. Rate constants were evaluated by the Applied Photo-
physics software packadg. Hydrogen ion concentrations were cal-
culated according te-log [H"] = pH — 0.20, based on a mean activity
coefficient of 0.630 for 1.00n NaClO,.34

Protolysis Constants. Protolysis constants are defined in Schemes
1-3 below. At 25°C andu = 1.0 M, their values are as follows: for
thioglycolic acid?°c3%2pK,; = 3.53 and i, = 10.05; for cysteiné®
pKar = 1.9, Kaz = 8.10, and Kasz = 10.1; and for penicillaminé
pKa1 = 1.9, Kaz = 7.92, and a3 = 10.5. Protolysis constants for
glutathione at 25°C and ionic strength of 0:20.55 M have been
reported as I§a; = 2.05, Kaz = 3.40, Koz = 8.72, and as = 9.4936

Results

Spectra. Time-resolved spectra for reaction between
[Pt(CN)CI5]2~ and glutathione display an absorbance peak
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Table 1. Stoichiometry for Reduction dfans[Pt(CN)Cl;]%~ by
Thiols®

A[RSHY/
reductant [RSHYMMP  [Pt(IV)]od/mM®  A[Pt(IV)]cd
thioglycolic acid 1.160 0.0660.220 2.0+ 0.1
cysteine 1.082 0.0660.220 2.0+ 0.1
penicillamine 1.020 0.0660.220 1.8+ 0.1
glutathione 1.056 0.0660.220 1.7£0.1

a[CI7] = 0.10 M, [H'] = 0.01 M, ionic strength 1.00 M, and room
temperature? [RSH], and [Pt(IV) denote initial concentrations.
¢ A[RSH] andA[Pt(IV)] denote concentrations consumed in reaction
1. 9 Average value of three determinations with varying [Pt(kV)]

Table 2. Chloride Dependence of the Observed Rate Constants for
Reduction oftrans-[Pt(CN)Cl;]?~ by Thioglycolic Acid and
L-Cysteine at 25C and lonic Strength 1.00 M

reductant [HI/M [CI-)/mM KobsdS™*
thioglycolic aci# 3.0 x 1072 1.0-400 0.041+ 0.002
L-cysteiné 2.09x 104 0.50-475 4.2+0.7

2 Cpyav) = 5.0 x 105 M, [thioglycolic acid]= 3.20 mM."? Cpv) =
248 x 10°° M, [cysteine] = 1.06 mM.¢Mean value of eight
determinations at different [C]. ¢ Mean value of four determinations
at different [CI].

appearing at 255 nm, characteristic of the reaction product
[Pt(CN)]2~. Well-defined isosbestic points at 243 and 286 nm
indicate that there is no accumulation of any long-lived
intermediates during the reaction. This is true also for the other
three reductants as shown by similar spectral data. Typical
spectra are given in Supporting Information Figure S1.

Stoichiometry. The stoichiometry of the redox process was
determined under conditions similar to those used for the kinetic
measurementsj.e. excess of reductant over platinum(lV)
complex. Solutions of platinum(IV) complex and thiol were
aged for 16-30 min. Unreacted thiol was determined spec-
trophotometrically as described in the literafifrby use of
Ellman’s reagent at pH 7.4 in 0.020 M NaP{,/0.080 M Na-
HPO, buffer solutions containing 1 mM EDTA. Results given
in Table 1 indicate that 2 mol of thiol/mol of Pt(IV) is consumed
in the predominant reaction:

Pt(CN),Cl,*>” + 2RSH—
Pt(CN),”~ + RSSR+ 2CI” + 2H" (1)

Slight deviations from the 2:1 stoichiometry for penicillamine
and glutathione are probably due to subsequent processes.
Kinetics. The reduction of [Pt(CNKI;]?>~ was followed
under pseudo-first-order conditions with reductants in at least
10-fold excess over platinum complex by monitoring the
increase of absorbance at the 255 nm Pt(@Npeak. Single-

exponential traces were obtained in all cases. Reported ratel.
constants represent average values of five to seven independer]
runs. The chloride dependence of the observed rate constants

was studied for the reactions of thioglycolic acid and cysteine,
with pH and the concentrations of thioglycolic acid and cysteine

kept constant. As can be seen from the data in Table 2, variation
of chloride concentration has no influence on the observed rate

constants. The role of the excess chloride is thus only to
suppress hydrolysis of [Pt(ChI2]%.

Experiments were carried out in the presence of varying total
concentrations of reductants and hydrogen ion. Plot&,gf
versus excess [RSHat different proton concentrations (using
data given in Tables S1S4 in the Supporting Information) are

(37) (a) Ellman, G. L.Arch. Biochem. Biophysl959 82, 70-77. (b)
Riddles, P. W.; Blakeley, R. L.; Zerner, Binal. Biochem1979 94,
75—-81.
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Figure 1. Second-order rate constarks, defined by eq 2 as a function
of [H*] at 25 °C for reactions of [Pt(CNKEI;]>~ with thiols: (a)
thioglycolic acid; (b) cysteine; (c) penicillamine; (d) glutathione. The
solid lines represent the best fit of eqs 6 (curveg)pand 7 (curve d)
to the experimental data.

near, displaying negligible intercepts, indicating a simple rate
w according to eq 2, wher&' denotes the overall pH-

d[Pt(CN),*")/dt = k,,  [Pt(CN),CL,> ] =
K[RSH]{P(CN),Cl," ] (2)

dependent second-order rate constant and [RStdpresents
the total concentration of reductant. The valuek ‘ofalculated

by a linear least-squares routine at different hydrogen ion
concentrations for the four reductants are given in Figure 1 and
in Supporting Information Table S5.

A series of kinetics measurements were also conducted for
the reaction betweetnans-[Pt(CN)Br,]2~ and cysteine under
the following conditions: [Pt(CNBr,2] =9.5x 10°%M, 6.25
x 1075 < [cysteine]< 3.0 x 1073 M, [H™] = 0.030 M, [Br]
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= 0.100 M, 25°C, and 1.00 M ionic strength. The reactionis Scheme 1
first-order in both Pt(IV) and cysteine, with a second-order

2- k
overall rate constark’ = (1.37+ 0.01) x 10® M~ s! (data HSCH,COOH + PH(CN),Cl,™" "1~
in Table S2 in the Supporting Information). This value is 47 nK
times larger than that for reaction between [Pt(@MNj]2~ and al ] - ky
cysteine (28.9 M! s1) at the same pH. HSCH;CO0 + Pt(CN)4Cl;" ———— & Pproducts
Influence of Autoxidation. It has been known for a long
. . : o Kay
time that molecules containing thiol groups are sensitive to k
autoxidation catalyzed by metal ions such as Cu(ll) and 'SCH,C00™ + pt(CN)4C|22‘ 3, )

Fe(Il1).38-40 The rate of autoxidation increases with pH. In

order to check whether autoxidation influences the present Scheme 2

kinetic measurements, control experiments with glutathione in k

the absence of oxygen were conducted. In these experiments, HSCR,CH(NH;")COOH + Pt(CN),Cl,>" — 15 )
both the Pt(IV) and glutathione solutions contained 0.5 mM ‘K

EDTA in order to eliminate the possible catalytic effect of any al k
traces of metal ion¥4! Before the reactions were initiated in HSCR,CH(NH3*)COO0™ + PCN)(Cl," 2 »

the stopped-flow instrument, both the Pt(IV) and glutathione K
! ) X ; a2 > Products
solutions were flushed with nitrogen for at least 30 min. No . . 5 k3
significant discrepancy between these experiments and those SCR2C‘H(N“3 )COO  + PUCN)Cly" ———»
performed in air-saturated solutions was observed (data in Table Ka3
S4 in the Supporting Information). ) . 2- kg
SCRyCH(NH2)COO™  + PHCN)4Cly" ——— |

Discussion

Reaction Mechanism. It is obvious from the experimental Cysteine, R=H; penicillamine, R=Me.

data in Figure 1 that the rate of reduction of [Pt(QBI}]2~
increases several orders of magnitude with increasing pH,
indicating that the deprotonated protolytic species are much
more reactive than the protonated ones. Initial complex
formation between platinum(lV) and reductant can be excluded
because of the substitution inertness of platinum(lV), the single-
exponential build-up of [Pt(CN)?-, the chloride-independent
kinetics, and the well-defined time-resolved spectra with two
isosbestic points. A plausible stoichometric mechanism for the
redox process involves parallel reactions between platinum(I1V)
and the various protolytic species of each reductant, as depicte
in the schemes.

Reductive elimination reactions of platinum(lV) halide
complexed®31.324247 hayve been interpreted in terms of halide-
bridged electron transfer. The transition state in the case of
the present systems (with S attacking) might be formulated as
follows:

the halide ligand more prone to accept electrons from the
incoming nucleophile. This reaction might be visualized as a
nucleophilic substitution on the halogen with the platinum
moiety as the leaving group. As already pointed out by Td@ibe,
there is no sharp distinction between a two-electron redox
change involving atom transfer and such a nucleophilic substitu-
tion.

Despite the larger driving force for reduction of [Pt(GSI]2~
compared to [Pt(CNPBry]2-, it was observed that cysteine
O|'educes the latter ca. 47 times faster than the former ([Pt-
(CN),CI5]2/[Pt(CN)]?>~ = 0.926 V2 [Pt(CN)Br;)>/[Pt-
(CN)g ]2 = 0.75 W9. This observation provides further
evidence in favor of a bridged electron transfer mechanism
operating in the present system with RSCI and (in the case of
[Pt(CNLBrz]?2") RSBr as the initial reaction products. RSCI
will hydrolyze in a fast subsequent step according to reaction
3, and the RSOH formed will be trapped by RSH and RS

nk according to reactions 4 and 5, respectiv@ly.
RS--Cl-- —Cl RSCI+ H,0— RSOH+ ClI” + H" (3)
RSOH+ RSH— RSSR+ H,0 4)
This is formally equivalent to a Cltransfer from the Pt(IV) RSOH- RS — RSSR.- OH- )

center to the incoming thiolate nucleophtfe?” When the
thiolate approaches a chIonoE ligand in [Pt(@BH]*" (or & Thioglycolic Acid. On the basis of the reaction mechanism
bromide ligand in [P{(CNjBrz]*"), the electron density of the  j, gcheme 1, the second-order overall rate constelntiefined
Pt—halide bond is displaced toward the platinum center, making by eq 2, can be derived as eq 6. This equation was fitted by a

(38) Taylor, J. E.; Yan, J. F.; Wang, J.d. Am. Chem. Sod 966 88, 42 +
1663-1667. ‘= Ke[HT]™ 4 koK [H ] + KKK, ®)
(39) Bridgart, G. J.; Wilson, I. Rl. Chem. Soc., Dalton Trank973 1281— - 42 T+
1284. [H7]"+ Ka[H ']+ KKp,
(40) Ehrenberg, L.; Harms-Ringdahl, M.; Fedorcsak, |.; Granatt\dta
@) gill‘gg“r-t Sﬁagdéﬁi% ;‘niyi ;332—918%7-28 9687305 weighted nonlinear least-squares routine to the experimental data
(42) Basolo, F.; Wilks, P. H.. Pearson, R. G.; Wilkins, R. &.Inorg. in Figure 1a and in Table S5 in the Supporting Information
Nucl. Chem1958 6, 161.
(43) Basolo, F.; Morris, M. L.; Pearson, R. Biscuss. Faraday So¢96Q (48) Taube, HObsewations on Atom-Transfer ReactigriRorabacher, D.
29, 80-91. B., Endicott, J. F., Eds.; ACS Symposium Series 198; American
(44) Mason, W. RCoord. Chem. Re 1972 7, 241-255. Chemical Society: Washington, DC, 1982; pp $3B9.
(45) Wilmarth, W. K.; Fanchiang, Y.-T.; Byrd, J. Eoord. Chem. Re (49) Goldberg, R. N.; Hepler, L. GChem. Re. 1968 68, 229-252.
1983 51, 141-153. (50) Morgan, K. A.; Jones, M. MJ. Inorg. Nucl. Chem1972 34, 275—
(46) Chandayot, P.; Fanchiang, Y.dhorg. Chem1985 24, 3532-3534. 296.

(47) Chandayot, P.; Fanchiang, Y.dhorg. Chem1985 24, 3535-3537. (51) Allison, W. S.Acc. Chem. Red.976 9, 293-299.
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Figure 2. Brgnsted plot for reactions of thiolate anions with [Pt-
ks (CN)4Cl5]?™: (1) “SC(CH;).,CH(NH3")COO™; (2) “SCH.CH(NH3")-
COQU; (3) "OOCCHNHCOCH(CHS)NHCO(CH,),CH(NH;")COU;

(4) "SCH,COO". The line represents the best fit of eq 9 to the data

with ki, ks, and ks as adjustable parameters. The curve fit
displayed in Figure la givdg = —0.01+ 0.01,k, = 1147+

4, andky = (2.23 £ 0.01) x 10° M1 s71, respectively.
Excluding the pathway described kyin Scheme 1 gives the

using a linear least-squares regression analysis.

Table 3. Second-Order Rate Constants for Reduction of
trans[Pt(CN)Cl;]?~ by Various Reductants at 2% and lonic
Strength 1.00 M

valuesk, = 11434 3 andks = (2.234 0.01) x 10° M~1s71,

; . L reductant kkM—1st
Thus, even in the region of 04 [H*] < 1.0 M, the contribution
of thek;-term in eq 6 is too small to allow evaluation from the EggﬁégggH ffi?isf
present data. It is obvious that the thioglycolic acid molecule -gchcoo- (2.23+0.01) x 10°
is much less reactive than the anion HSCB®O™ and that the HSCH,CH(NH;*)COOH not obsd
thiolate aniom SCHCOO™ is about 6 orders of magnitude more ~ HSCHCH(NH;")COO™ 80.7+£0.3
reactive than the thiol HSG€0O; i.e., KHSCHCOOH) < ’SCHZCH(NHJ)C?(T (6.09+ 0.02) x 10
k(HSCHzCOO_) < k(—SCHZCOG) HSC(CH;)ZCH(NH3 )COOH not obsd
_Cysteine andoL-Penicillamine. For these reductants, the oo oHRZCH(NH)COO" 4.5+ 0.5
L--ysieine andpL-Fenicifamine. For these reductants, e~ -scch),cH(NH:")coo- (4.45+ 0.04) x 107
mechanism depicted in Scheme 2 gives expression 7 for the HSCHCHNHCO(CH).CH(NHs*)COOH  not obsd
second-order overall rate constant defined by eq 2. Because
CONHCHCOOH
HSCHCHNHCO(CH,),CH(NH;")COO~ 23.4+0.3
kl[H +]3 + kZKa][H +]2 + kSKalKaZ[H +] + k4KalKaZKa3 & ( "DZ ( ’ )
k = — — — CONHCH,COOH
[H]7 4 Ka[H']™ + KoK H '] + KiKaKas HSCHCHNHCO(CH):CH(NH;")COO™ 655+ 4
() CONHCHCOO"
. . . I “SCH,CHNHCO(CH,).CH(NHz")COO™ (1.10£0.01) x 1C°
theks-term in eq 7 gives a negligible contribution to the overall |
kinetics in the pH region studiedvifle infra), eq 7 can be HSQFONHCHECOO L3t 05
simplified to eq 6 since [H] > Kqa The fits of eq 6 to the SOZ. (4_5i 6.1)x 102

experimental data are shown in Figure 1b,c, resultingirr
80.7+ 0.3 and 94.5+ 0.5 M1 st andks = (6.094 0.02) x
10’ and (4.454+ 0.04) x 10° M~1 s for cysteine and
penicillamine, respectively. As in the case of thioglycolic acid
the values ok; are too small to be observed.

If the k;-pathway is neglected and a large value Kgre.g.
10 M~1 s71 (corresponding to diffusion-controlled reaction),
is used in fitting eq 7 to the experimental data, the same result
as calculated from eq 6 is obtained. Therefore, it can be
concluded that thks-pathway does not contribute significantly
to the overall kinetics for [H] < 1075 M.

Glutathione. The second-order overall rate constatof
eg 2 can be derived as eq 8 for the mechanism depicted in

a Reference 31.

x 1 M~1s 1, The same result within experimental errors is
' obtained if thek;-pathway is neglected arld = 101°M-1s71

is used in eq 8. It follows that thks-term in eq 10 does not

influence the evaluation of the rate constants for][H 1076

Trends. Table 3 summarizes the rate constants for reduction

of trans[Pt(CN}CI;]?~ by the different reductants. It is obvious
from these data (i) that reduction of [Pt(C8),]2~ by the fully
protonated thiols is not observed although large driving forces
favor reaction and (i) that there is a strong reactivibasicity

correlation in these systems. For instance, the reactivity of each
particular protolytic species of glutathione is almost proportional
to its basicity, as expressed by its protolysis constant. Therefore,
it is expected thaks > k4 for glutathione and thakt, > ks for
cysteine and penicillamine. This is similar to what was observed
previously for reductions with S®~ and HSQ~;3! cf. Table

K = {ky[H']" + kK[ H T + kg H 1) +
k4Ka1Ka2Ka3[H +] + kSKalKaZKaé’(M} / { [H+]4 + Ka]IH +]3 +
KalKa2[H+]2 + KalKaZKa3[H+] + KalKazKaSKaA} (8)

Scheme 3. Since the contribution of tketerm in eq 8 is
negligible in the pH region studied, eq 8 is reduced to eq 7 for
[H™] > Kas Equation 7 was fitted to the experimental data
given in Figure 1d and in Table S5 in the Supporting
Information. The fit, shown in Figure 1d, givés= —0.01+
0.01,k, = 23.4+ 0.3, ks = 655+ 4, andks = (1.10+ 0.01)

3.
The reactivity of the thiolate anions toward [Pt(GN)]2~
can be correlated by a Brgnsted relation according to eq 9, as

l0g ks = (0.824 0.08)Kney + (1.1+0.7)  (9)

displayed in Figure 2. The slope of 0.82 again shows that the
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basicity of the thiolate is a predominant factor in determining ments explicitly demonstrate that the platinum(lV) complex is
the reactivity toward the Pt(IV) complex. Brgnsted correlations rapidly reduced and that thiolate anions are the most reactive
have been observed for reactions between thiolates and organigpecies at physiological pH, in agreement with previous
substrates such as-(p-2-benzimidazolyl)phenylmaleimici, observationg3:24.26.29.30 Reductions of Pt(IV) antitumor drugs

p-nitropheny! acetat® ethylene oxidé; benzene oxid&and  py thiol-containing biomolecules before interaction with DNA
several disulfide$?2°but eq 9 seems to be the first such relation might take place via reaction mechanisms similar to those

observed for reactions between thiols and a metal complex. yerived from the present experiments.

Implication for Platinum(IV) Antitumor Drugs.  Gibbons
and co-worker$? have measured the second-order rate constants Acknowledgment. Financial support from the Swedish
by HPLC for reduction of tetrachloro(-trans-1,2-diaminocy-
clohexane)platinum(lV) by cysteine, glutathione, and other
reductants at 37C and in a 0.15 M NaCl medium. A direct  g,5horting Information Available: Observed first-order rate
comparison of their rate constants with those derived here is congstants as a function of hydrogen ion concentration for reactions
not possible since their pH is not known and their second-order petweentrans[Pt(CN)Cl,]2~ and thioglycolic acid,-cysteine,bL-

rate constants are pH-dependent. However, the present experipenicillamine, and glutathione and betweteans-[Pt(CN),Br;]2~ and
L-cysteine at 28C with ionic strength 1.00 M (Tables SB4), second-
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