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Kinetics of the Reaction of Dichloro-trans-rac- and -cis-meso-
1,2-diaminocyclohexaneplatinum(i) with Pyridine
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The kinetics of the reaction [Pt(dach)Cl,] + py — [Pt(dach)(py)CI]Cl (dach = either trans-rac- or cis-
meso-1,2-diaminocyclohexane, py = pyridine) has been studied in dimethylformamide (dmf) solution,
under pseudo-first-order conditions (excess of pyridine), in the range 50-80 °C, by measuring the increase
in conductance of the solution. In dmf the products behave like weak electrolytes, with dissociation
constants of about 1.4 x 102 mol dm™. The reactions were found to be reversible under the experimental
conditions. Owing to the uncertainty in evaluating the equilibrium concentrations, the kinetic constants
k.. have been calculated from the initial slopes (up to 15% conversion) of first-order plots. Their values
obey the equation k,,, = k, + k,[py]. k, being about two orders of magnitude lower than &,. The values of
k., for the cis derivative are always slightly but significantly higher than those of the trans. The activation
parameters have been evaluated only for k,, since the k, values are affected by too high uncertainties: AH*
trans 76(1). cis 79(1) kJ mol™; AS? trans —101(3). cis ~92(3) J K mol™. The higher rate for the c¢/s
isomer is interpreted in terms of higher flexibility of the diamine chelate ring.

Complexes of the type [Pt(dach)X,] (dach = 1,2-diamino-
cyclohexane, X = anionic leaving ligand) have been proposed
many years ago as second-generation analogues of the anti-
tumour complex [PtCl,(NH;),] (cisplatin), because of their
improved biological properties.!~3 It was recognized at a very
early stage that the three isomers of dach (trans-R,R, trans-S,S
and cis-meso) give platinum complexes having different biologi-
cal properties. For instance the activity towards experimental
tumours usually follows the order R,R > §,S > cis.*”’

A number of studies have been aimed at understanding the
origin of this difference, including reactions with nucleosides,®
nucleotides ®* or DNA.1%"!2 The currently accepted explanation
is that, as the result of different steric requirements, the
derivatives of the trans isomers, especially that with the R,R
configuration, ‘match’ with the DNA double helix better than
do the complexes of cis-dach.®'? These considerations are
based on static (ground state of the reactants and products, or
equilibrium) considerations, but to our knowledge very few
detailed studies have been performed on the influence of the
structure and the conformation of the spectator diamine ligands
on the kinetics of the substitution of X by nucleophiles, although
such an influence has been noted a few times.!3"!5 As a first
approach to this problem we report here the results of a kinetic
investigation of reaction (1) (py = pyridine), in dimethyl-

[Pt(dach)Cl,] + py — [Pt(dach)(py)CI]Cl (1)
1 2

formamide (dmf'), with either the trans-rac (racemic) or the cis-
meso isomers of dach. To our knowledge, there is only one
report which compares the rates of substitution of one chloride
ligand of rac- and cis-1: the solvolysis of the latter in Me,SO
has been found to be slightly faster than that of the former.!#
Reaction (1) has been chosen for two reasons: (i) the aromatic
nitrogen atom of pyridine can be taken as a rough model of
N(7) of guanine, which is believed to be the main target of
[Pt(diamine)X,] type compounds; *® and (ii) since pyridine is
not chiral, there is no diastereoisomeric interaction in the
formation of 2, therefore the results of these measurements can
give information on the relation between the conformation of
the dach chelate ring and the reactivity of the complexes.
Owing to the very low water solubility of [Pt(dach)Cl,] the

measurements have been performed in dimethylformamide
solutions. Although this choice neglects the aquation-assisted
pathways, which are believed to be important under biological
conditions,'® the use of such a solvent may mimic the
environment of some active sites of target macromolecules,
where the effective relative permittivity may be lower than that
of bulk water.!”

Experimental

The reagents cis- and trans-dach (Aldrich) were used as received
for the synthesis of [Pt(dach)Cl,], performed according to
literature methods.!8 Pyridine (Merck) was distilled under N,
over KOH just before use. The solvent dmf (Fluka) was stored
under N, over 4 A molecular sieves and distilled under reduced
pressure before use. It was transferred under N, using oven-
dried glassware.

The calibrations and the kinetic runs were performed in an
oven-dried Schlenk vessel, with two screw caps (for the
conductance cell and for introducing the reagents). The vessel
was plunged in a Haake F3 thermostat (£0.1°C). The
conductance was measured with an Amel 133 instrument (cell
model 192, platinum plates), connected to a Shimadzu recorder
for automatic acquisition of the data, at intervals set by a
BASIC program.

Data processing was performed with laboratory-written
routines executed by the 386-MATLAB software (The Mat-
Works Inc.), running under MS-DOS.

The NMR spectra were acquired on a Bruker 80 WP
instrument.

Syntheses.—[Pt(trans-dach)(py)CI]JCl. A 400 mg (1.05
mmol) sample of [Pt(trans-dach)Cl,], suspended in dmf (90
cm?), was treated with pyridine (10 cm?, 124 mmol). The
solution was heated in an oil-bath at 60 °C for 24 h, and the
white precipitate was isolated by filtration. Concentration of the
mother-liquors to 20 cm?® under vacuum gave a second fraction
of precipitate. The two precipitates were collected, washed with
Et,0 and dried in vacuum (389 mg, 0.847 mmol, isolated yield
80.5%). '"H NMR (D,0): 88.75 (m, 2, Jyp, 32 Hz), 8.1 (m, 1), 7.6
(m, 2), 2.6 (m, 2), 2.1 (m, 2) and 1.3 (m, 6) [Found (Calc.): C,
28.95 (28.75); H, 3.90 (4.15); N, 8.90 (9.15)°(].
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[Pt(cis-dach)(py)CI]JCl. The reaction was performed as
above, using [Pt(cis-dach)Cl,] (353 mg, 0.928 mmol), and
obtaining 225 mg (0.490 mmol, isolated yield 52.8%) of the
product. 'H NMR (D,0): 8 8.75 (m, 2, Jy;p, 34), 8.05(m, 1), 7.6
(m, 2),3.1(m, 2, Jyp, ca. 30 Hz), 1.9 (m, 6) and 1.6 (m, 2) [Found
(Calc.): C, 28.90 (28.75); H, 4.00 (4.15); N, 8.90 (9.15)%].

Calibrations—Freshly distilled dmf (25 cm?) was introduced,
under N,, into the measurement vessel, which was thermo-
statted at the appropriate temperature. The conductance of the
solvent was always in the range 0.1-0.2 uS cm™. Several
aliquots (each ranging from 250 pl to 1 cm?) of a mother
solution about 2 x 107> mol dm™ {prepared by dissolving 50
mg of [Pt(dach)(py)CI]Cl in 50 cm?® of dmf} were then added
to the solvent, by a microsyringe, through a rubber septum,
giving solutions in the range 2 x 10°-9 x 10 mol dm™3.
After each addition the vessel was carefully shaken and then left
in the thermostatted bath for 15 min, before measuring the
conductivity.

Attempts to fit the data through Onsager’s equation (2)

A=Ay — Sct )

(which gives the variation of the equivalent conductance A
from its value at infinite dilution A,, as a function of the
concentration ¢, for strong electrolytes) led to unreasonably
high values of the stope S (ca. 1300 S cm? I* mol3, vs. expected
values of ca. 300),T suggesting that the dissociation of complex 2
increases with the dilution, according to the classical Ostwald
law (3). In agreement with this, plots of 1/A against the specific

/A = (1/Ao) + cA/(KAo?) 3)

conductance y, were linear, allowing estimates of A, and of K,
the dissociation constant of the ion pair. The knowledge of such
parameters would allow one to relate, through equation (3), the
values of the specific conductance x (x = ¢A/1000), measured
during the kinetic runs, to the concentration of compound 2.
Ostwald’s equation, however, is a crude approximation, and
therefore the more accurate equation (4), due to Fuoss and

FIA = (1/Ao) + cAfHKFA?)! )
Accascina,?® was used to correlate the conductance of the
solution to the concentration of 2. To compute the values of f
and F in the latter equation, according to ref. 20, the values of
the relative permittivity D and of the viscosity 1 (not available
at the temperatures of interest) were extrapolated from data
available for lower temperatures,2!*?? assuming that the
temperature variation is linear for D and of the Arrhenius type
for n (with slope equal to AH,/3,* AH, for dmf being 47.57
kJ mol™).?? As to A,, the value obtained from the fitting
of Ostwald’s equation was used as the entry value for the
calculation of F. A few iterations led to the values of Ay and 1/K
reported in Table 1. No significant variation of these parameters
was observed when the calibration was repeated in the presence
of an amount of pyridine comparable to that used in the kinetic
runs.

Kinetic Runs.—A weighed amount of [Pt(dach)Cl,] (about
15 mg, 0.04 mmol) was introduced, under N,, in an oven-dried
reaction vessel, containing freshly distilled dmf (30 cm?®) and
the conductance cell. The mixture was stirred until complete
dissolution, then the vessel was plunged in the thermostatic
bath at the appropriate temperature. After 10 min freshly
distilled pyridine (150500 pl) was added, with a microsyringe,

t The theoretical values of the slope S for equation (2) have been
computed through the relationship S = «Ay + B, where « and B are
constants which depend on the temperature, the relative permittivity
and the viscosity of the solvent.!®
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Table I Values of the parameters of equation (4) estimated from the
calibrations for dmf solutions of the complexes [Pt(dach)(py)CI]Cl 2*
T/°C Isomer

Ao/S cm? mol™! K*/dm® mol™!

50 trans 111.42) 685(6)
60 trans 121.5(1) 673(2)
70 trans 133.1(2) 721(5)
80 trans 143.0(1) 710Q2)
50 cis 111.4(4) 662(12)
60 cis 122.3(4) 667(11)
70 cis 133.1(4) 662(10)
80 cis 143.9(2) 661(6)

* The numbers in parentheses represent the uncertainties (referred to
the last digits) computed from the errors in the slope and in the intercept
of the least-squares straight lines.

through a rubber septum. The vessel was carefully shaken, then
the automatic acquisition of the data was started. The con-
ductance data were corrected by subtracting the conductance
of the solution measured immediately before the addition of
pyridine (usually 1-2 uS cm™). The transformation of the
conductance data into values of concentrations according to
equation (4) was performed by a laboratory-written minimi-
zation routine, working in MATLAB.

Measurement of pK,—The ligands cis- and trans-dach were
purified by distillation under vacuum and stored for a short time
under N,. Samples of the amine (about 80 mg, 0.7 mmol) were
dissolved in water (25 cm?, degassed by double distillation and
stored for a short time under N,) and were titrated, under N,
with 0.1 mol dm=3 HC], using a pH-meter. The values of pk,
were obtained by least-squares fit of the relationship pH =
pK, + log(c,/c.), where ¢, and c, are the concentrations of the
base and of its conjugated acid, respectively, in the range
0.15 < ¢p/c, < 0.85.

Evidence for the Reversibility of Reaction (1).—(i) Typically,
a solution of trans-2 (15.4 mg, 0.034 mmol) in dmf (50 cm?3) was
treated with LiCl (14.2 mg, 0.33 mmol) and heated at 80 °C for
24 h. The solvent was removed under vacuum, trapped and
analysed by GLC (Carbowax 20M, 50 °C), which showed the
presence of pyridine. (ii) The conductance of dmf solutions of
trans- and cis-2 (about 9 x 102 mol dm™3) in a thermostat at
50-80°C was measured at fixed intervals for 24 h. The
conductance decrease in that time was ca. 9% at 80 °C and ca.
3% at 70 °C, while at lower temperatures the decrease was too
low to be measured.

Results and Discussion
The reaction of concentrated (> 1072 mol dm3) dmf solutions
of [Pt(dach)Cl,], trans-rac or cis-meso isomers (compounds 1),
with a large excess of pyridine (ca. 100 equivalents) gives in
about 48 h, at 60 °C, a white precipitate, identified by IR and
NMR spectroscopy and elemental analyses, as the mono-
substitution derivatives [Pt(dach)(py)CI]JCl (compounds 2). No
other product has been isolated nor spectroscopically detected.
In particular, under these conditions, the tendency of 2 to react
further with pyridine to give disubstitution derivatives can be
considered negligible, as we found no such products even in the
presence of 1000 equivalents of pyridine. Even reactions (1)
have unfavourable equilibrium constants, as will be discussed
later.

If reactions (1) are performed in more dilute solution (ca. 10~
mol dm™?), compounds 2 do not precipitate, thus allowing
kinetic measurements.

Conductance Measurements.—Since compounds 2 are ionic,
the increase in the conductance of the solution during the
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Fig. 1 Variation (a) of the conductance of the solution and (&) of the
concentration of trans-1, calculated through equation (4), during a
kinetic run ({trans-1] = 1.33 x 103 moldm™? in dmf, [py] = 0.15 mol
dm™, T = 80 °C)

reaction [Fig. 1(a)] is a convenient method to follow the
kinetics, provided the occurrence of side reactions, leading to
other ionic species, can be safely neglected, as is the case. We
have also verified that the addition of pyridine to carefully dried
dmf results in only a negligible increase in the conductance
(x < 0.2 pS cm ! after 15 h at 80 °C). On the other hand, the
conductance of dmf solutions of 1 in the absence of pyridine did
show a small, but significant, increase with time (up to about 8
uS cm! in 48 h at 60 °C for a 1.3 x 107 mol dm™ solution).
This can be attributed to the solvolytic reaction (5). Such a

[Pt(dach)Cl,] + dmf == [Pt(dach)dmf)CI]* + CI" (5)

reaction, however, is one step of one path normally followed by
substitution reactions of square-planar complexes (the solvent-
assisted substitution pathway),?* since in the presence of
pyridine compounds of the type [Pt(dach}(dmf)CI]* convert
readily into 2.25 The kinetic experiments have confirmed the
existence of such a path, which, however, in the presence of an
excess of pyridine, was less important than the direct pyridine
attack. The values of the kinetic constants k, in Table 3
substantially account for the rates of reactions (5).

In order to correlate the conductance of the solution to the
concentration of compounds 2, calibrations have been per-
formed by measuring the conductance of solutions containing
known amounts of either trans-rac- or cis-meso-2, at various
temperatures (see Experimental section). These calibrations
have shown that in dmf solution compounds 2 behave like weak
electrolytes and the values of A, and 1/K (the association
constant of the ion pair) have been evaluated for both isomers
of 2, at various temperatures (see Table 1). The 1/K values
obtained compare well with those reported in the literature for
other electrolytes, in dmf solution: for instance 400 dm? mol!
for AgNOj,, 300 dm?> mol™* for NEtyHBr and 787 dm? mol ! for
TIMe,I (25 °C).'? From the values of 1/K, it is easily computed

1233

Table 2 Values of k,,,/s”! provided by least-squares fits of first-order
plots for reaction (1), using data up to a 0.15 conversion of complex 1*

106 kobs
T/°C  [pyl/moldm™ trans cis
50 0.06 1.55(2)
0.10 2.30(2) 2.38(3)
0.15 3.3003) 3.47(3)
0.20 4.36(3) 4.50(5)
60 0.06 3.71(4)
0.10 5.14(2) 5.93(6)
0.15 7.45(5) 8.51(8)
0.20 9.85(5) 11.47(10)
70 0.06 9.22(11), 8.97(10)
0.10 12.85(8) 13.03(13),14.23(14)
0.15 17.52(28) 19.55(18),19.78(21)
0.20 23.17(11) 25.05(19),25.55(20)
80 0.06 20.25(25)
0.10 28.48(19) 30.76(28)
0.15 41.13(62) 45.73(138)
0.20 52.12(32) 59.28(36)

* The numbers in parentheses are referred to the last digits and give the
errors in the estimate of the slope.

that in 1073 mol dm™3 solutions about 30%, of compounds 2 exist
in solution as ion pairs.

Kinetic Experiments.—The kinetic data for reaction (1) have
been acquired by recording [Fig. 1(a)] the increase with the time
of the conductance of dmf solutions of [Pt(dach)Cl,] (about
1.4 x 10 mol dm™3) in the presence of a large excess of
pyridine, to ensure pseudo-first-order conditions. The experi-
ments (Table 2) have been performed at four temperatures,
using three (trans) or four (cis) different concentrations of
pyridine. The concentrations of 2 [and consequently of 1, see
Fig. 1(b)] were calculated from equation (4), through a
minimization routine, using the values of A, and K previously
obtained.

The analysis of the data at long reaction times shows that,
even in the presence of a large excess of pyridine, reactions (1)
do not go to completion [Fig. 1(b)], indicating their re-
versibility. This has been confirmed by two experiments:
(i) pyridine (detected by GLC) is obtained, upon heating
[Pt(dach)(py)CI]CI in dmf, at 80 °C, in the presence of LiCl,
and (ii ) the conductance of dmf solutions of [Pt(dach)(py)C1]Cl
slowly decreases with time (the decrease being less than 109
after 24 h at 80 °C). Such reverse reactions are exceedingly slow
in the absence of an excess of chloride ions, which however
precludes the possibility of conductivity measurements. We
could make a rough estimate only at 80 °C, obtaining rate
constants about one order of magnitude higher than that of the
direct reaction. This indicates that the excess of pyridine favours
not only the ‘kinetics’ but also the ‘thermodynamics’ of the
substitution reaction.

In all the experiments the equilibrium was attained at very
long times, when the data (due to the increased possibility of
side reactions) could be affected by too high uncertainties to
allow a reliable estimate of the equilibrium concentrations.
Therefore, instead of using the kinetic equations for reversible
reactions, which require equilibrium data,2% we calculated the
kinetic constants from the initial slopes of first-order plots (data
up to a conversion of 159, were used for all the runs). This
procedure has the advantage that it minimizes any error due to
side reactions, including disubstitution. Table 2 lists the values
of k, so obtained.

The values of &, at each temperature increase linearly with
the pyridine concentration (Fig. 2), according to equation (6),

kobs = kl + k2[py] (6)
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Fig.2 Variation of k. with the pyridine concentration for the (a) trans
and (b) cis derivatives at 50 (i), 60 (ii), 70 (iif) and 80 °C (iv)

which is the classical rate equation for substitution reactions of
square-planar platinum(i) complexes2#2?7 characteristic of a
double-pathway mechanism involving a solvolytic assisted path
(ligand-independent, k,) and a direct attack of the nucleophile
through an associative mechanism (k). The values of k, and k,
provided by least-squares fits are given in Table 3. Under our
conditions the rate of the solvolytic assisted path is lower, but
not negligible, with respect to that of the direct attack of pyridine.

Comparison between the Reactivity of Isomers trans-rac- and
cis-meso-1.—From Table 2 it appears that the overall rate of
substitution of cis-1 is always slightly, but significantly, faster
than that of the trans isomer [i.e. kg (cis) > kg (trans)]. This
difference increases with pyridine concentration: the values of
ks are in fact mainly determined by the values of k, (Table 3),
which are always higher for the cis isomer. On the other hand,
little can be said about the solvent-assisted path, because the
values of k, are affected by too large errors to allow a
meaningful comparison.

The higher rate of reaction (1) for the cis complex is
comparable with the previously cited faster solvolysis of cis-
with respect to trans-1, in neat Me,SO (k,,, cis, 1.06(1) x 107%;
trans, 9.1(5) x 107° s71, at 30 °C).'* Interestingly, also in the
case of the new class of antitumour cationic platinum complexes
[Pt(dach)(0,CCcH,0OSMe-2)]*, it has been observed *® that
the cis-dach derivative always displays a higher rate of reaction
towards various nucleophiles in water solution.2® This kinetic
difference seems therefore rather general.

As to its origin, we have tried to relate the different rates to
the different basicities of trans- and cis-dach: in the absence of
n-acidic ligands, the trans-labilizing power of a ligand is related
to its o-donating ability and hence, for an amine, to the first
approximation to its basicity.?** We have re-evaluated such
values [cis pK,; 9.99(1), pK,; 6.20(1); trans pK,, 9.96(1), pK,,
6.47(1), in water at 25 °C] and found them to be in good agree-
ment with literature data.3°-3! The only significant difference
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Table 3 Values of k,/s™! and k,/dm® mol™' s™! obtained by least-
squares fits of equation (6) *

trans cis
T/°C 107 k, 10° k, 107 k, 10° &,
50 2.1(11) 2.047) 2.7(2) 2.07(1)
60 3.9(16) 4.61(12) 4.0(15) 5.35(14)
70 23.6(49) 10.19(33) 20.0(33) 11.37(29)
80 44.3(24) 23.43(18) 29.5(55) 27.54(46)

* In parentheses are given the errors (referred to the last digits) in the
estimate of the intercept and of the slope of the straight line.

Table 4 Activation parameters for k,*

trans cis
E,/kJ mol™ 79(1) 81(1)
In 4 18.4(4) 19.5(4)
AH*/k]) mol™! 76(1) 79(1)
AS*/J K™ mol™! —101(3) —-92(3)

* In parentheses are given the errors (referred to the last digits) in the
estimate of the intercept and of the slope of the Arrhenius and Eyring
plots.

<> o
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/N P(\ N/ ~
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Fig. 3 The possible conformations of the dach chelate ring: (a) trans;
(b) and (¢) cis; (d) cis in the five-co-ordinate transition state

was found in pK,,, the trans isomer being slightly more basic
than the cis. The different reactivity of the two isomeric
complexes is therefore not related to this property.

Some clues are provided by the analysis of the activation
parameters, which could be determined with accuracy only for
the direct attack because of the errors affecting k, (Table 4). As
expected, the activation parameters are typical of an associative
mechanism (large negative activation entropies). From these
data it appears that the higher rate for the substitution in cis-1
should be attributed to its less unfavourable activation entropy
(the difference being once again small, but significant). Since, as
stated above, the greater reactivity of cis derivatives seems to be
independent of the medium, the nucleophile and the charge of
the complex, it is likely that solvation factors play a minor
role. More important could be the higher flexibility of the cis-
dach chelate ring with respect to the rigid trans-dach chelate
ring. In the latter the two fused rings (the cyclohexane and the
chelate rings) are fixed in a trans-diequatorial conformation
[Fig. 3(a)], whereas in the case of cis-dach both conformations
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(b) and (c) of Fig. 3 are possible and their interconversion
requires such a small energy barrier that even intermediate,
non-gauche, conformations of the chelate ring have been
reported to be stable.®-32-33 The flexibility of the chelate ring
of cis-dach would favour the attainment of the trigonal-bipy-
ramidal five-co-ordinate transition state typical of substitu-
tion reactions of d® square-planar complexes [Fig. 3(d); Cl,, =
leaving chloride].

It should be noted that in the only case in which the different
rates for cis- and trans-1 have been studied in some detail, a
different explanation has been suggested.'* In complexes of cis-
dach the cyclohexane ring resides always on one side of the co-
ordination plane, whereas in the case of trans-dach the ring lies
approximately in the co-ordination plane (dihedral angles
between the co-ordination plane and the mean plane through
the cyclohexane ring in crystal structures: about 67° for cis-
dach and 11-19° for the trans-dach platinum complexes).>*
Consequently, in cis-1 one side of the co-ordination plane
should be free for the attack of the incoming nucleophile.!*
However, one could argue that in trans-1 both sides are not
effectively shielded. This type of steric effect is therefore difficult
to evaluate unambiguously.

Conclusion

This study has confirmed a small, but systematic difference in
the rates of reaction of the two isomeric platinum complexes
toward nucleophiles. We think that, at least in the present case,
the difference arises from the different conformational freedoms
of the two isomers, which makes the attainment of the transition
state more easy in the case of the cis-dach derivative. The
observed difference is rather small, probably too small to
account for (and difficult to correlate with) the reported
different biological properties. Presumably the reaction studied
is a model too naive to mimic successfully the reactions
occurring under biological conditions and more refined models
should be envisaged, taking into account the aquation step (for
instance, on using water—dmf mixtures) and the steric hindrance
of the target molecule.

The results presented, however, have evidenced the existence
of a subtle relationship between the conformation of the
spectator dach ligand and the reactivity of the Pt-X bonds.
Work is in progress in order to evaluate the general validity of
this finding.

Acknowledgements

This work has been supported by the Italian Ministero dell’
Universitd e della Ricerca Scientifica e Tecnologica. The
authors also thank the Centro CNR Sintesi e Struttura Metalli
di Transizione for providing instrumental facilities.

References

1 A. Pasini and F. Zunino, Angew. Chem., Int. Ed. Engl., 1987, 26,
615; N. Farrell, Transition Metal Complexes as Drugs and Chemo-
therapeutic Agents, Catalysis by Metal Complexes, eds. R. Ugo and
B. R. James, Kluver, Dordrecht, 1989, p. 76.

2 T. A. Connors, M. Jones, W. C. Rose, P. D. Braddock, A. Khokhar
and M. L. Tobe, Chem.-Biol. Interact., 1977, 5, 3455.

3 C. F.J. Barnard, M. J. Cleare and P. C. Hydes, Chem. Br., 1986, 22,
1001.

4 R.J. Speer, L. M. Hall, D. P. Stewart, H. J. Ridgway, J. M. Hill, Y.

1235

Kidani, K. Inagaki and M. Noji, J. Clin. Hemat. Oncol., 1978, 8, 44;
Y. Kidani, K. Inagaki, R. Saito and S. Tsugagoshi, J. Clin. Hemat.
Oncol.,1977,7,197; Y. Kidani and K. Inagaki, J. Med. Chem., 1978,
21, 1315.

5 J.F. Vollano, S. Al-Baker, J. C. Dabrowiak and J. E. Shurig, J. Med.
Chem., 1987, 30, 716; M. Gullotti, A. Pasini, R. Ugo, S. Filippeschi,
L. Marmonti and F. Spreafico, Inorg. Chim. Acta, 1984, 91, 223.

6 W.R. Leopold, R. P. Batzinger, E. C. Miller, J. A. Miller and R. H.
Earhart, Cancer Res., 1981, 41, 4368.

7 F. P. Fanizzi, F. P. Intini, L. Maresca, G. Natile, R. Quaranta,
M. Coluccia, L. Di Bari, D. Giordano and M. A. Mariggio, Inorg.
Chim. Acta, 1987, 137, 45.

8 M. Gullotti, G. Pacchioni, A. Pasini and R. Ugo, Inorg. Chem., 1982,
21, 2006.

9 K. Inagaki and Y. Kidani, Inorg. Chem., 1986, 25, 1; K. Inagaki,
H. Nakahara, M. Alink and Y. Kidani, /norg. Chem., 1990, 29, 4496.

10 K. Inagakiand Y. Kidani, Jnorg. Chim. Acta, 1980, 46, 35; A. Pasini,
A. Velcich and A. Mariani, Chem.-Biol. Interact., 1982, 42, 311.

11 M. Coluccia, D. Giordano, F. Loseto, F. P. Intini, L. Maresca and
G. Natile, Anticancer Res., 1989, 9, 795.

12 K. J. Miller, S. L. McCarthy and M. Krauss, J. Med. Chem., 1990, 33,
1043.

13 A. Pasini and C. Caldirola, Inorg. Chim. Acta, 1988, 151, 19.

14 F. P. Fanizzi, F. P. Intini, L. Maresca, G. Natile and G. Uccello-
Barretta, Inorg. Chem., 1990, 29, 29.

15 N. Farrell, D. M. Kiley, W. Schmidt and M. P. Hacker, Inorg. Chem.,
1990, 29, 397.

16 See, forexample, S.J. Lippard, Chem. Rev., 1987,87, 1153; Pure Appl.
Chem., 1987, 59, 731; J. Reedijk, Pure Appl. Chem., 1987, 59, 181.

17 G. Liang and H. Sigel, Inorg. Chem., 1990, 29, 3631 and refs. therein.

18 See, for example, H. Ito, J. Fujita and K. Saito, Bull. Chem. Soc. Jpn.,
1967, 40, 2584.

19 R. Fernadez-Prini, in Physical Chemistry of Organic Solvent
Systems, eds. A. K. Covington and T. Dickinson, Plenum, London
and New York, 1973, ch. 5, Part L.

20 R. M. Fuoss and F. Accascina, FElectrolytic Conductance,
Interscience, New York, 1959, ch. 17.

21 Landolt-Bornstein, Zahlenwerte und Functionen, 6th edn., 11 Band,
6 Teil, Springer, Berlin, 1959, p. 686.

22 J. W. Vaughn, in The Chemistry of Non-aqueous Solvents, ed. J. J.
Lagowski, Academic Press, New York and London, 1967, vol. 2,ch. 5.

23 W.J. Moore, Physical Chemistry, 5th edn., Longman, London, 1976,
ch. 19.

24 See, for example, (a) J. D. Atwood, Inorganic and Organometallic
Reaction Mechanism, Brooks/Cole P.C., Monterey, 1985, ch. 2; ()
R. G. Wilkins, The Study of Kinetics and Mechanism of Reactions of
Transition Metal Complexes, Allyn and Bacon, Boston, 1974, ch. 4.

25 L. S. Hollis, A. R. Amundsen and E. W. Stern, J. Med. Chem., 1989,
32, 128.

26 W.J. Moore and R. G. Pearson, Kinetic and Mechanism, Wiley, New
York, 1981, ch. 8.

27 See, for example, L. Cattalini, Prog. Inorg. Chem., 1970, 13, 263.

28 M. Valsecchi, S. Spinelli, G. D’Alfonso, A. Pasini, M. Moret and
N. Farrell, 6th International Symposium on Platinum and Other
Metal Coordination Compounds in Cancer Chemotherapy, San
Diego, CA, 1991, abstract P-161.

29 M. Balconi and A. Pasini, unpublished work.

30 C. R. Bertsch, W. C. Fernelius and B. P. Block, J. Am. Chem. Soc.,
1958, 62, 444.

31 G. Schwarzenbach and R. Baur, Helv. Chim. Acta, 1956, 39, 722.

32 L. E. Erickson, J. E. Sarneski and C. N. Reillei, Inorg. Chem., 1975,
14, 3007.

33 C.J.Hawkins, R. M. Peacheyand C. L. Szoredi, Aust. J. Chem., 1978,
31,973.

34 F.R. Rochon, R. Melanson, J. P. Macquet, F. Belanger-Gariepy and
A. L. Beauchamp, Inorg. Chim. Acta, 1985, 108, 17 and refs. therein.

Received 2nd November 1992; Paper 2/05853G


http://dx.doi.org/10.1039/DT9930001231

