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The kinetics of the replacement of X from [Pt(dms)(en)X]”+ (dms = dimethyl sulfide; en = 1,2-diaminoethane; X = CI 
or I (n = 1) or H 2 0 ,  (n = 2)) by a variety of nucleophiles (Br-, I-, N3-, SCN-, S032-, NH3, SC(NH2)2, H 2 0 )  have been 
studied in water at 25.0 OC. Good linear relationships have been observed between log k20 for the 1+ cationic substrates 
(k20 is the second-order rate constant a t  ~r = 0) and the index of nucleophilicity, n+&, relative to the standard 1+ cationic 
substrate [Pt(NH3)(en)C1]+. The data obtained have been used, together with data taken from the literature, in order 
to discuss the kinetic cis effect of dms as compared to that of MezSO (Me2S0 dimethyl sulfoxide) and N H 3  and also to 
discuss the leaving group effect. The data relative to the displacement of water from the aquo complex [F’t(dm~)(en)H,O]~+ 
have been compared with those relative to other bis-cationic aquo species. 

Introduction 
The understanding of the way in which the nature of the 

“nonparticipating” ligands affect the reactivity of 4-coordinate 
planar complexes has been a matter of considerable interest 
even since the first studies of the kinetics of the reactions of 
such complexe~.~ It is well established that the reactivity is 
particularly sensitive to the nature of the ligand trans to the 
leaving group and that, apart from steric effects, the depen- 
dence of reactivity on the nature of the cis ligand is consid- 
erably less and much more subtle. 

As part of a program comparing the trans and cis effects 
of a number of uncharged ligands with group 5 and group 6 
donors, we have examined the reactions of [PtLC13]-4v5 and 
[Pt(en)LCl]+ (en = 1,2-diamin0ethane)~ as representative 
substrates to measure the trans effect and the cis effect of L, 
respectively. This paper reports the kinetics of the reactions 
[Pt(dms)(en)X]+ + Y“ - [Pt(dm~)(en)Y](~-”)+ + X- (X = 
C1, I; dms = dimethyl sulfide; Y = H20,  Br-, NC, I-, SCN-, 
NH3, SC(NH2)2, SO?-) together with some data for the 
displacement of H 2 0  from the corresponding dicationic [Pt- 
( d m ~ ) ( e n ) H ~ O ] ~ ’  species. 
Experimental Section 

Materials. [Pt(dms)(en)Cl]Cl was prepared by mixing equimolar 
amounts of t ran~-[Pt(dms)~Cl~]  and 1,2-diaminoethane in methanolic 
solution at about 30 OC. The mixture was allowed to stand overnight 
and the solution evaporated to small volume under vacuum. Addition 
of diethyl ether precipitated the required material as white crystals 
which were filtered off, washed with ether, and dried in vacuo for 
2 h. Anal. Calcd for C4HI4N2Cl2SPt: C, 12.38; H, 3.63; N,  7.22; 
CI, 18.26; S, 8.26. Found: C, 12.43; H, 3.58; N ,  7.38; C1, 18.07; 
S, 8.34. 

[Pt(dms)(en)I]+ used for the kinetics was prepared in solution by 
adding an equimolar amount of NaI  to an aqueous solution of [Pt- 
(dms)(en)CI]CI and allowing the reaction to reach equilibrium. The 
spectrum of this solution is virtually identical with that observed at 
the end of the reaction with a considerable excess of iodine ions, 
indicating that, even with equimolar amounts of reagents, the 
equilibrium is well in favor of the iodo species. The iodo cation could 
be precipitated as both the insoluble tetraphenylborate (unsuitable 
for kinetics because of its insolubility) and the perchlorate by adding 
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NaB(C,H,), or NaC104, respectively, to equilibrated equimolar so- 
lutions. Anal. Calcd for C4H14N2C1104SPt: C, 8.84; H ,  2.60; N, 
5.15; S, 5.89. Found: C,  8.55; H, 2.55; N,  5.02, S, 5.95. Calcd for 
CBHHN2BISPt: C, 44.05; H,  4.49; N,  3.67; S, 4.20. Found: C, 44.15; 
H,  4.50; N, 3.75; S, 4.28. 

A stock solution of [P t (dm~)(en)H~O]~+ was prepared by dissolving 
[Pt(dms)(en)Cl]CI(77.6 mg, 0.20 mmol) in water (60 an3) and adding 
silver perchlorate (81 mg, 0.39 mmol) and shaking the mixture for 
2 days at  room temperature in the absence of light. The solution was 
filtered twice, dilute perchloric acid was added to bring the pH to 
4, and the volume was adjusted to 100 cm3 by the addition of water. 

Reagent grade LiC104, NaOH,  NaBr, NaC1, NaI ,  NaSCN, 
Na2S03,  and SC(NH2)2 were dried over P205 in vacuo and used 
without further purification. AR ammonia solutions were diluted with 
water and standardized potentiometrically against HCl. 

Kinetics. All the reactions with half-lives greater than 10 s were 
followed spectrophotometrically with use of either a Perkin-Elmer 
Coleman 575 or a Cary 17D spectrophotometer. The reactions were 
initiated by mixing equal volumes of a solution of the complex and 
one of the other reagents previously brought to the reaction tem- 
perature, in the spectrophotometer cell. Preliminary experiments 
indicate that all the involved species closely follow Beer’s law. Once 
the best experimental conditions were determined, the kinetic runs 
were carried out at a single wavelength. For half-lives shorter than 
10 s the reactions were followed with a Durrum D 110 stopped-flow 
spectrophotometer equipped with a Gould 05-4100 digital storage 
oscilloscope and a Radiometer REC 61 potentiometric recorder. In 
all the cases the entering nucleophile was present in concentrations 
at least 10 times greater than that of the complex in order to ensure 
pseudo-first-order conditions. Generally, interference from subsequent 
stages was not serious or could be minimized by a suitable choice of 
wavelength, and an experimental value for A ,  taken after 10 half-lives 
of the reaction could be used. Where this was not possible the standard 
Guggenheim treatment, with 42 between 2 and 3 half-lives, was used. 
The reactions with S032- and N3- were carried out in the presence 
of sufficient hydroxide to prevent any significant protonation of the 
nucleophile, having previously demonstrated that hydroxide does not 
affect the rate of the reaction. The presence of chloride ion in 
concentration double that of the cationic iodo species does not give 
rise to any significant competition under the conditions used. 

Results and Discussion 
All of the reactions studied were characterized by spectral 

changes typical of a one stage process with well-defined 
isosbestic points in many cases. The spectral changes observed 
for the chloro complex closely resemble those found in the 
corresponding reaction of [Pt(Me2SO)(en)C1]+ (Me2S0 = 
dimethyl sulfoxide) and, where tested (i.e., for Y = I-), the 
final spectrum agreed with that of an independently prepared 
and characterized sample of [Pt(dms)(en)I]+. The arguments 
put forward to justify the nature of the reactions of the [Pt- 
(en)(L)CI]+ complexes apply equally to the reactions reported 
here, which therefore correspond to [Pt(dms)(en)X]+ + Y“- 
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Table I. Rate Constants for the Reaction [Pt(dms)(en)X]* + Y* --t [Pt(dm~)(en)Y](~-")+ + X-u 

log k," for 
X Y 103k,, M-1 s-1 1o3kz0, M-' s-1 log k," [Pt(NH,)(en)Cl] 

0.001 05' 
2.2 f 0.3 
6.07 2 O.Ogd 
4.4 2 0.3e 

304 * 2 6  
462 r 4Og 

1135 f 135 
590 f. 40h 

0.001 26b 
14.8 t 0.6' 

2523 r 400' 
9690 * 2900 

0.00 1 05 
2.2 

12.5 
10.2 

5 35 
95 4 

1135 
1823 

0.00 1 26 
39.2 

5520 
9690 

-5.978 
-2.651 
-1.903 
-1.991 
-0.272 
-0.020 

0.055 
0.261 

-5.899 
-1.406 

0.742 
0.986 

-6.05 
-3.022 
-2.638 
-2.569 
-1.114 
-0.886 
-0.735 
-0.5 11 
-6.05 
-2.638 
-0.886 
-0.735 

In water at 25 "C. ' kJ55.5. From.ref 6. p = 0.20 (LiClO,). e p = 0.30 (LiClO,). p = 0.10 (LiClO,). p = 0.20 (NaOH). 
p = 0.10 (NaOH). p = 0.50 (LiClO,). p = 0.25 (NaOH). 

Table 11. Rate Constants for the Reaction [Pt(dms)(en)H,O] '+ + Ym + [Pt(dms)(en)Y] ( I - " ) +  + H,OU 

log k," k;, M-' s-' 
Y k,, M-'s-' k,", M-'s - '  log k,' [Pt(dien)H,O] z c b  [Pt(dien)H,O] '+' 

c1- d 1.18 r 0.2 3.65 0.562 0.29 1.44 
Br- 8.64 * 1.5 26.7 1.427 1.16 10.7 
Br- e 9.12 2 2.4 28.2 1.450 1.16 10.7 
SC@",),e 56.3 2 10 56.3 1.750 1.61 30.7 
SCN- e 76.7 2 9 231 2.375 2.23 125 
1- e 219 r 15 611 2.830 2.40 185 

' In water at 25.0 "C, p = 0.1 (NaClO,), pH 4 (HCIO,). ' Data from ref 12 at 30.0 "C in water. Extrapolated to 25 "C with use of AH* = 
10 kcal/mol." Data obtained with the usual spectrophotometric technique. e Data obtained with the stopped-flow technique. - [Pt(dm~)(en)Y](~-")+ + X- (X = C1, I). 

The plots of In (A,  - A,) against time (A,  and A ,  being the 
absorbances at a suitable wavelength at times t and at  the end 
of the reaction) were linear, and the first-order rate constants, 
koM, were the slopes of these lines. Plots of koM against [Y-] 
were linear, and the values of the slopes k2, obtained by a linear 
least-squares regression, are collected in Table I. The con- 
tribution from the nucleophile independent ( k , )  term was 
generally small under the experimental conditions used to 
determine k2 so that the error in determining the intercept (k , )  
in this analysis was too large to give reliable values. The value 
of k ,  was therefore determined by the now well-established 
method of displacing X in the presence of OH-. The rate 
constant obtained is independent of [OH-], indicating, as 
expected, that deprotonation of 1,2-diaminoethane does not 
occur to any significant extent under the experimental con- 
ditions used. Since the substrate was charged, it was necessary 
to make correction for primary salt effects when the entering 
nucleophile was also charged. Kinetics were generally carried 
out at constant ionic strength, and since the data for the 
standard reaction have been transferred to p = 0, the sec- 
ond-order rate constants have been extrapolated to zero ionic 
strength by using the standard relationship log k2 = log kzo 
+ 1.02~,2,.~'/~( 1 + P ' / ~ ) - ' ,  where z, and zb are the charges 
on the substrate and nucleophile, respectively. The values for 
k2" and log k," are also collected in Table I. 

In all cases, for a particular nucleophile, the reactivity of 
the [Pt(dms)(en)Cl]+ complex lies between that of the 
standard substrate, [Pt(NH,)(en)Cl]+, and that of [Pt- 
(Me2SO)(en)C1]+6, and plots of log k2" for the reactions of 
the [Pt(dms)(en)Cl]+ against the corresponding log k2" values 
for the standard complex in Figure 1 show that there is a 
reasonably good linear relationship (slope = 1.14 f 0.05). This 
slope is considerably smaller than that of the Me2S0 complex 
(1.26) and suggests that the cis effect of dms in terms of 
nucleophilic discrimination is considerably less than that of 
Me,SO, which also has the greater trans e f f e ~ t . ~ ~ ~ ~ ~  At this 
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F i i  1. log k20 for [Pt(dms)(en)X]+ + Y*- [Pt(dms)(en)Y](2"'+ 
+ X- (X = C1 (O), X = I (A)) in water a t  25 O C  plotted against log 
k2" for the analogous reactions of the standard [Pt(NH3)(en)C1] '. 

time the only studies of the relation of the trans effect to 
nucleophilic discrimination are concerned with the rate de- 
pendence upon the basicity of an entering amine. The reac- 
tions of [PtLCl,]- with stronger nucleophiles are fast and 
require stopped-flow spectrophotometry, possibly even at low 
temperature. There does not seem to be any extensive rela- 
tionship between the trans labilizing effect of a ligand in 
[PtLClJ and its effect upon the nucleophilic discrimination 
of [Pt(en)(L)Cl]+, where it is cis to the leaving group. Pre- 
liminary studies of the case where L = PEt? suggest that the 
nucleophilic discrimination of the cis cationic complex is not 
significantly greater than that of the complex where L = 
Me,SO, even though the trans effect of the former is con- 
siderably greater than that of the latter. Detailed discussion 
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(dms)(en)H20I2+. For the more reactive nucleophiles this 
required the use of stopped-flow spectrophotometry, but the 
entry of chloride and bromide could be followed conveniently 
by conventional techniques if concentrations were held low 
enough. The plots of koM against [Y-] were linear and, apart 
from the reaction with SCN- where the scatter was larger than 
usual, passed through the origin. Values of the slope, k2,  are 
collected in Table 11. The ionic strength correction was 
applied where necessary to give log k2" values, which are also 
reported in Table I1 and compared with the standard for the 
dicationic scale, log kZo,  for the analogous reactions of [Pt- 
(dien)H2OI2+ a t  30 "C, taken from the work of Romeo and 
Cusumano.12 The plot of log kzo for [Pt(dms)(en)H20I2+ 
against that of the standard is reasonably linear, as shown in 
Figure 2, although the points are somewhat scattered. This 
indicates that the concept of a nucleophilicity scale that de- 
pends only upon the charge of the complex is valid for the 
complex [Pt(dms)(en)H20I2+ as well as for [Pt(Me- 
dien)H20l2+ and [Pt(dien)(Me2SO)H20]2+,iz even though in 
the first case we are replacing a nitrogen donor by sulfur. The 
range of nucleophilicity over which the slope is determined is 
fairly small and the error consequently large, and so it is unwise 
to discuss whether the absence of change of nucleophilic 
discrimination (represented by a slope significantly different 
from unity) is a significant observation. Nevertheless, the 
[ P t ( d m ~ ) ( e n ) H ~ O ] ~ +  complex is consistently more reactive 
than the [Pt(dien)H2OI2+ standard (apart from SCN- the ratio 
lies between 2 and 3 times more reactive), and this must be 
taken as a measure of the slightly greater cis effect of the thio 
ether compared to that of an amine. 
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Figure 2. log k20 for [Pt(dm~)(en)H,O]~+ + Y"- [Pt(dms)(en)- 
Y](2-n)+ + H 2 0  in water at 25 OC plotted against data for analogous 
reactions of [Pt(dien)H20I2+ in water at 30 OC. 

must await the completion of this work. 
On changing the leaving group to iodide, it is observed that 

the reactivity of the complex increases, expecially in the re- 
actions with the strongest nucleophiles. In the plot of log k2" 
against log k2" for the reaction with the standard, this is seen 
as a marked increase of the slope to 1.29 f 0.06 (Figure 1).  
An effect of similar magnitude has been observed in the re- 
actions of [Pt(dien)X]+9Jo and [Pt(Medien)X]+" (dien = 
1,5-diamino-3-azapentane; Medien = 1,5-diamin0-3-methyl- 
3-azapentane) except that in these cases the lines actually cross 
and the rate constant for the solvolysis of the iodo complex 
is less than that for the chloro complex. In the case of the dms 
complex the two solvolytic rate constants are virtually identical. 
As in the case of the Medien complex, the increased nucleo- 
philic discrimination of the iodo complex is ascribed to the 
greater ability of the iodo complex to make use of the nu- 
cleophile to lower the energy of the rate-determining transition 
state. 

It has also been possible to study the kinetics of the dis- 
placement of water from the dicationic aquo complex [Pt- 
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