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Mechanism of the Substitution of Chloride in frans-[Pt( PEt&( R)CI] by 
Pyridine : Kinetic Evidence for a Reaction Intermediate 
By V. Ricevuto. R. Romeo, and M. Trozzi, lstituto di Chimica Fisica, Universita' di Messina, Messina 98100, 

Italy 

The rate of displacement of CI- in trans-[Pt(PEt,),(R)CI] (R = phenyl, o-tolyl, and mesityl) by pyridine has been 
studied in the presence of LiCl (0.005~) in methanol a t  30 "C. The pseudo-first-order rate constants for approach 
to equilibrium (kobs) conform to the equation (i) where k, and k, represent the solvolytic rates of generation of an 

intermediate from trans-[Pt(PEt,),(R)CI] and trans- [Pt(PEt,),(R) (py)]+ respectively, and kJk3 represents the 
relative efficiency of CI- compared with pyridine in competing for the reactive intermediate, trans- [Pt( PEt,),(R)- 
(MeOH)]+. k, Has been measured directly from the kinetics of the reaction of trans-[Pt(PEt,),(R)NO,] with 
pyridine, so that it i s  possible to calculate all the rate constants which appear in the expression for kobe. The 
consistency of the rate and equilibrium data has been checked by comparing the values of the equilibrium constants 
calculated from kinetic parameters with those obtained by means of direct spectrophotometric and conductance 
methods. The effect of increasing steric hindrance in the substrate upon the reactivity of simple nucleophiles is 
discussed. 

MANY studies of steric effects in the substitution re- 
actions of low-spin d* square-planar complexes have been 
undertaken to provide evidence for the associative 
nature of the activation process.ls2 Steric hindrance can 
be introduced in the reacting system either by using 
bulky ligands co-ordinated to the metal 3-7 or hindered 
entering reagents such as the substituted heterocyclic 
amines8-12 Basolo et aL3 measured the rates of attain- 
ment of the equilibrium (l), (R = phenyl, o-tolyl, and 

mesityl) in ethanol solution and showed that ortho- 
substitution on the phenyl ligands led to a decrease in 
reactivity. Steric retardation was shown to be much 
greater when ligand R was cis to the leaving chloride 
and this was interpreted as direct evidence for an 
approximate trigonal-bip yramidal transit ion st ate. 

We have made a detailed study of the kinetics of the 
displacement of chloride from trarts-[Pt (PEt,),(R)Cl] with 
a range of nucleophiles in methanol solution 13,14 and 
have pointed out that either the increase of electron 
density induced on the platinum atom by the strong 
o-donor R- ligands or the steric shielding of the reaction 
centre by the methyl groups markedly hinder the attack 
by reagents whose nucleophilicity depends mainly upon 
the polarizability of the donor atom.15 The reaction with 
nucleophiles such as Br-, I-, PhS-, and S20,2- obeys the 
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rate law: -d[Complex]/dt = k,[Complex] and only 
strong biphilic reagents l 6  (CN-, SeCN-, thiourea) which 
can stabilize the five-co-ordinate transition state by 
means of x-interactions with the filled 5d orbitals of the 
metal exhibit a definite additional second-order contribu- 
tion (the same value of k, is found in every case). How- 
ever, the reaction with the weak and non-biphilic reagent 
pyridine [equation (l)] has been reported to obey the 
two-term rate law kobs = k,' + k J ~ y ] , ~  where the first- 
order rate constant, k,', is considerably smaller than k ,  
obtained under similar conditions for the stronger 
reagents. We have therefore made a detailed study of 
the kinetics of the pyridine reaction; a preliminary 
report has appeared.17 

EXPERIMENTAL 

The complexes used : trans-[Pt(PEt,),(Ph)NO,] ; trans- 
[Pt(PEt,),(Ph)Cl] ; trans-[Pt(PEt,) ,(o-tolyl)N0,] ; trans- 

trans-[Pt (PEt,) ,( mesityl)NO, J ; and trans-[Pt (PEt,) ,- 
(mesityl)Cl] (PEt, = triethylphosphine) are all known and 
were prepared by the methods rep~rted.~.l* The purity 
was established through the U.V. and i.r. spectra and the 
elemental analysis of carbon, hydrogen, and phosphorus. 
Methanol was purified by distillation after refluxing over 
Mg(OMe), to remove water. The solvent was redistilled 
over tribromobenzoic acid to remove basic i rnpuri t ie~.~~ 
Commercial pyridine was purified by distillation over KOH 
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pellets. Conductances were measured by means of a 
Jones conductivity bridge. 

Kinetics.-Known volumes of methanol solutions of the 
substrate and reagent were brought separately to 30 "C 
and mixed in the thermostatted cell of a spectrophoto- 
meter. The instruments used were either a Beckman DU 
or a double-beam Optica C F  4R recording apparatus. The 
reactions were followed by measuring the changing optical 
density of the reaction mixture in the U.V. region at  selected 
wavelengths where the difference between the absorption of 
the starting complex and that of the final product was 
largest. All the reactions were carried out with the 
reagents in sufficient excess of the complex to provide 
pseudo-first-order conditions. The values of the rate 
constants, hob&-1 were obtained graphically by means of the 
usual first-order plots. Some reactions were repeated 
several times under the same conditions and the repro- 
ducibility was better than f 4%. 

RESULTS AND DISCUSSION 

Basolo et aL3 followed the rate of the reversible reaction 
(1) by measuring the change in conductance of the 

I 1 I 1 I 
20 60 100 

Time 1 h 
FIGURE 1 Attempted first-order plot of the reaction of trans- 

[Pt(PEt,),(mesityl)Cl] with pyridine in methanol a t  30 "C. 
[Complex] = 2.0 x 1 0 - 4 ~ ;  [pyridine] = 0 . 0 1 2 6 ~ .  Rt and 
R m  are the electrical resistances of the solution a t  time t and 
at equilibrium 

reaction mixture. Using the same technique we ob- 
tained for all the three complexes plots as that shown in 
Figure 1 (the reaction occurs in the presence of a large 
excess of reagent and a first-order treatment to the 
conductance data is applied). The shape of the plot does 
not allow us to  calculate the rate constant of the process. 
Moreover the conductometric method appears unsuitable 
in following these reactions, proof of this coming from 
the observation that the species cis-[Pt(PEt,),(o-tolyl)Cl] 
converts spontaneously into its tram-form in ethanol 
solution 2o with a rate comparable with that found 
conductometrically for the reaction of this same species 
with ~ y r i d i n e . ~  

Since the position of equilibrium under the conditions 
of Figure 1 is forced ca. 90% of the way to the right-hand 
side the observed curvature cannot be due to the fact 
that the reverse process is not first order. We suggest 

20 G. Faraone, V. Ricevuto, R. Romeo, andM. Trozzi, J .  Chem. 
SOC. ( A ) ,  1971, 1877. 

that the cause of the regular decrease in rate is a mass- 
law retardation arising out of an effective competition 
for an intermediate between the incoming pyridine and 
the leaving chloride. By addition of a 20-fold excess of 
LiCl with respect to the complex the concentration of 
chloride remains essentially constant during the reaction 
and the deviations from a pseudo-first-order approach 
to equilibrium disappear. The position of equilibrium 
is, of course, shifted to the left. It is now necessary to 
follow the reaction spectrophotometrically and the rate 
of approach to equilibrium is characterized by a first- 
order rate constant which can be obtained pre- 
cisely from the slope of the now linear plots of log 
(Dt - Dw)  against time. (Dt and D, are the absorbances 
of the solution at  time t and after a time long enough for 
the system to reach equilibrium, respectively.) 

TABLE 1 
Rates of attainment of equilibrium between pyridine and 

the complexes tram-[Pt(PEt,),(R)Cl] in presence of 
O-OO~M-L~C~ in methanol a t  30 "C (R = Ph, o-tolyl, and 
mesityl) . The reactions were followed spectrophoto- 
metrically and in any run the concentration of the 
complex was 2.5 x lOP411.1 

[Pyridine] /M 1 o4kkoba/~-1 1 o4kcalc/S-1 

R = Mesityl 
0.06 0.063 0-062 
0.08 0-076 0.074 
0.10 0.087 0.086 
0-20 0.147 0.144 
0.30 0.203 0.200 
0.40 0.272 0.254 
0.50 0-316 0.308 
0.60 0.364 0.359 
0.80 0.452 0.468 

R = 0-tolyl 
0.030 
0.040 
0.060 
0.080 
0.10 
0.20 
0-30 
0-40 
0.50 
0.60 

R = phenyl 
0.006 
0.008 
0.010 
0.020 
0.040 
0.060 
0.080 
0.100 
0.200 
0-300 
0.400 
0.500 

0.400 
0.464 
0.657 
0-836 
0.999 
1.802 
2.604 
3.336 
3.946 
4.683 

1.11 
1.29 
1.47 
2.42 
4.04 
5.58 
7.02 
8.98 

16-72 
24-91 
36-57 
44.74 

0.392 
0.408 
0.657 
0.830 
1.000 
1.810 
2-573 
3.278 
8.936 
4.660 

1.10 
1.28 
1-48 
2-32 
4-01 
5.63 
7.19 
8.69 

15-38 
20-99 
25.77 
29.88 

The values of the pseudo-first-order rate constants of 
approach to equilibrium kobs/s-l for the reactions of the 
complexes trans-[Pt (PEt,),(R)Cl] with pyridine in pre- 
sence of O-OO~M-L~C~ are reported in Table 1. 

Figure 2 shows the dependence of kobs/s-l on the con- 
centration of pyridine when R is the mesityl group. 
Analogous behaviour is found with the complexes where 
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R is o-tolyl or phenyl. The curvature indicates that the 
simple two-term rate law is not operating and that the 
dependence of rate on the concentration of pyridine does 

[Pyridinel /M 
FIGURE 2 Dependence of hoba on reagent concentration for 

reactions of trans-[Pt(PEt,) ,(mesityl)Cl] with pyridine in 
methanol a t  30 "C 

not arise from a bimolecular attack of pyridine on the 
chloro-substrate. 

The dependence of the rate on the concentration of 
pyridine can be accounted for by reactions (2) and (3), 

trans-[Pt(PEt,),(R)Cl] + MeOH @ 
kl 

ka 
trans-[Pt(PEt,),(R) (MeOH)]+ + C1- (2) 

ka 
trans-[Pt(PEt,),(R)MeOH]+ + py 

where [Pt(PEt,),(R)(MeOH)]+ is postulated as an inter- 
mediate species generated from [Pt(PEt,),(R)Cl] or 
[Pt (PEt,),(R)py)]+ with characteristic rate constants 
k,  and k4. The reactive intermediate should have a 
long enough life-time for it to distinguish between various 
nucleophiles and the ratio of rate constants k,: 
should then be a measure of the efficiency of chloride 
compared with pyridine in competing for the inter- 
mediate. 

Under pseudo-first-order conditions , where [Cl-] and 
[py] remain constant in any run, a steady-state treat- 
ment, it being assumed that the concentration of 
[Pt(PEt,),(R)(MeOH)]+ remains small, leads to the 
relationship (4). Analogous expressions have been 

trans-[Pt(PEt,),(R) (py)]+ + MeOH (3) 

used by Hairn et aZ.21-26 in the study of substitution 
reactions of cobalt (111) cyanide complexes and by 
Robb et aL2' in the study of anation of the Rh(Cl),- 
(H,0)2- anion. 

The intercept on the ordinate in Figure 2 gives k4, the 
rate constant for the solvolysis of trans-[Pt(PEt,),(R)- 
(py)]+. Equation (4) can be rewritten as (5),  a form 
l/(kobs - k4) = l/(ki - k4) + k2[C1-1/k3(ki - k4)[PYl (5) 

21 A. Haim and W. K. Wilmarth, Inoyg. Chem., 1962, 1, 573. 
22 A. Haim and W. K. Wilmarth, Inorg. Chem., 1962, 1, 583. 
23 A. Haim, R. G. Grassi, and W. K. Wilmarth, 'Advances 

in the Chemistry of Co-ordination Compounds,' McMillan, 
New York, 1962, p. 276. 

24 A. Haim, R. G. Grassi, and W. K. Wilmarth, Adv. Chem. 
Ser., 1965, 49, 31. 

which allows us to obtain k, from the intercept and k,/k, 
from the ratio of slope to intercept of plots of l/(k,b, - 
k4) against [Cl-]/py]. 

For all the three complexes, linear plots of l/(k,b, - 
kJ against [Cl-]/[py] were obtained in the range of 
pyridine concentration examined (Figure 3 shows only 
the points at high reagent concentration so as to make 
the curves focus on the region near the intercept). 
The intercepts and slopes of these plots were obtained 
by the least-squares method and used to derive values 
for k, and k2/k3 which are collected in Table 2 together 
with the values of the other kinetic parameters. 

The k, term represents the rate constant for the genera- 
tion of the intermediate from trans-[Pt(PEt,),(R)Cl] 
and is in close agreement with the value obtained from 
the kinetics of the reactions of these substrates with 
highly polarizable nucleophiles (Br-, I-, etc.) . These 
nucleophiles are much more effective than pyridine in the 
competition with chloride for the solvated intermediate 
and the reaction is irreversible so that the k,  and k4 terms 
can be ignored and equation (4) reduces to kobs = k,. 
Competition experiments provide additional evidence 

10 I c I - ] / [ p y l  

FIGURE 3 Plot of l / ( k , b ,  - k4) against [CI-]/[py] a t  30 O C ;  
A, R = mesityl; B, R = o-tolyl; C, R = Ph 

that the suggested intermediate reacts much more 
rapidly with iodide than with pyridine. By adding a 
small amount of I- to the solution (only 1% of the 
concentration of pyridine) the conversion of the species 

*5 R. G. Grassi, A. Haim, and W. K. Wilmarth, Inorg. Chem., 

26 R. Barca, J. Ellis, Maak-Sang Tsao, and W. K. Wilmarth, 

*' D. Robb, M. M. De V. Steyn, and H. Kruger, Inorg. Chim. 

1967, 6, 237. 

Inorg. Chem., 1967, 6, 243. 

Acta, 1969, 3, 383. 
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tr avzs- [Pt (PE t3) (R) Cl] into tram- [ Pt (PEt,) 2( R) I] is com- 
plete and it occurs at a rate equal to k,. 

The discrepancy between the two values of k, for the 
complex trans-[Pt(PEt,),(Ph)Cl] is even larger i f  the 
least-squares analysis is extended to the data for con- 
centrations of pyridine above 0.2M. This can be seen 
effectively in Table 1 by comparing the experimental 
values of kobs with those calculated using the rate con- 
stants in Table 2. Marked discrepancies appear when the 
phenyl substrate reacts with pyridine in concentration 
> O . ~ M ,  while the agreement for the other two complexes 

at 30 "C and the apparent molar conductivity ( A ~ )  was 
measured. The molar conductivies of trauts-[R(PEt,),- 
(R)Cl] and trans-[Pt(PEt,),(R)py]+Cl- ( Aou) were deter- 
mined directly or estimated as shown in Table 3. The 
equilibrium constant was determined by using the ex- 
pression (6) where [pyl0 and [ComplexJo are the analytical 

(6) 
X2 K =  

([PYIO - x)([ComPlex1° - 4 
concentrations of pyridine and chloro-complex respec- 
tively, and x is the product hM/~OMIComplex]O. 

TABLE 2 
Kinetic parameters for the reactions (2) and (3) a t  30 "C and p = 0 . 0 0 5 ~  

trans- [Pt (PEt3) 2(Ph) Cl] 8-50 b 5-70 188 7-416 1394 
tr~ns-[Pt (PEtJ 2(0-t0lyl)C1] 2.29 0 1.20 497 1.866 927 
trans- [Pt (PE t ,) (mesityl) Cl] 0.40 d 0.26 1309 0.341 446 

Complex 1 0 3 ~ ~  .IS-1 1 05k4/S-1 k2lk3 k3/l mol-l s-1 k2/l mol-l s-1 

a The values of k, axe those obtained in the reactions of these substrates with strong nucleophiles and are the mean of a very 
s-l; and 1.03 x 10+ s-l for large number of kobr values. 

R = mesityl, o-tolyl, and phenyl respectively. b Ref. 28. 0 Ref. 14. Ref. 13. 
The values of R, found in this work are: 0.44 x 10-3 s-l; 2.00 x 

is good over the entire concentration range. It is 
suggested that the anomalous behaviour of this un- 
hindered complex may be due to the appearance of a 
direct bimolecular attack by pyridine at high concentra- 
tions. In this regard it is noteworthy that a k ,  term for 
the reactions of this substrate with the smaller strong 
nucleophiles NO2-, Br-, N3-, and I- has been found.% 

The equilibrium constants K for the reversible overall 
reaction (1) can be obtained by using the kinetic para- 
meters of the reactions (2) and (3) and the relationship 

TABLE 3 
Molar conductivity a of some platinum(11) complexes in 

methanol at 30 "C 
Complex A/SZ-l cm-l 1 mol-l 

trans-[Pt(PEt,) ,(mesityl) Cl] 0.67 
trans-[Pt (PEt3) ,(mesityl)NOJ 72-35 
trans-[Pt(PEt,) ,(mesityl) (py)]NO, 91.28 b 
trans-[Pt(PEt,) ,(mesityl) (py)]Cl 81.62 
trans-[Pt (PEt 3) 2 (O-tolyl) Cl] 1.13 
trans-[Pt (PEt3) 2(0-t0lyl)NOJ 71.03 
trans-[Pt(PEtJ 2(0-t0lyl) (py)]NO, 91.03 
trans- [Pt (PEt 3) 2 (O-tolyl) (py)]Cl 81.27 
trag~s-[Pt (PEt,) 2 (Ph) Cl] 2.83 
trans-[Pt (PEt3) ,(Ph)NOJ 76.83 
trans-[WPEt,) 2Ph) (PY)lNO, 94.83 b 
trans-[Pt (PEt3) 2 (Ph) (p y)] C1 85.07 
a The values of the molar conductivity for the complexes 

listed were obtained by measuring the conductance of methanol 
solutions, 6-0 x 1 0 - 4 ~  in complex, at 30 "C. Care was taken 
in purifying the solvent and the compounds. Q These values 
were obtained by measuring the conductance of methanolic 
solutions of trans-[Pt(PEt,),(R)NOJ (6.0 x 1 0 - 4 ~ )  to which 
pyridine (0 .0125~)  had been added. The data for the chloro- 
derivative were calculated after correction for the relative 
ionic mobility of C1- and NO,- anions in methanol solutions 
(Conway, ' Electrochimical Data,' Elsevier PubIishing Com- 
pany, New York, 1962, p. 162). 

K = k,k,/k,k,. They have also been measured directly 
by conductance and spectrophotometric measurements. 
In the former technique, 5.0 X 10% solutions of 
trans-[Pt (PEt,),(R)Cl] in methanol were allowed to 
reach equilibrium with various concentrations of pyridine 

The equilibrium constants K were also determined 
from the optical densities between 285 and 315 nm of 
methanol solutions 2.5 x 10-4~ in trans-[Pt (PEt,),- 
(R)Cl], 0 . 0 0 5 ~  in LiCl, and with pyridine at various con- 
centrations, that were allowed to reach equilibrium. The 
absorption data were analysed by means of equation (7), 

(7) 

where D is the optical density of the reaction mixture at 
equilibrium and Dopt+l and DoPt-py are the optical 
densities of trans-[Pt(PEt,),(R)Cl] and trans-[Pt(PEt,),- 
(R)(py)] solutions respectively at the same total con- 
centration of PtII of the solution under examination. 
The results obtained for the three complexes are col- 
lected in Table 4. The agreement between the values of 
K determined from the kinetic parameters and the values 
obtained by conductance and spectrophotometric 
methods is good. 

Reactivity of the Intermediates trans-[Pt (PEt,),(R)- 
(MeOH)] +.-Preliminary tests, such as molecular-weight 
and molar-conductivity determination (Table 3) have 
shown that the complexes trans-[Pt(PEt,),(R)NO,] 
largely dissociate in methanol solution probably giving 
rise to the same species trarts-[Pt(PEt,),(R) (MeOH)]+ 
that have been invoked as intermediates in reactions 
(2) and (3). Consequently, by following the rates of the 
reactions of a methanol solution originally containing 
trans-[Pt (PEt,),(R)NO,] , with pyridine, it is possible to 
obtain a direct measure of the rate constant k ,  for the 
bimolecular attack of pyridine upon the reaction inter- 
mediate. Further it is possible to verify whether the 
solvo-complex is reactive enough to be an intermedate 
in the reaction of the chloro-complex. Results are 
in Table 6. 

The plots of kobs against [py] are all linear and pass 
28 U. Belluco, M. Graziani, and P. Rigo, Inorg. Chew.,  1966, 5, 

1123. 
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TABLE 4 
Equilibrium constants for reaction (1) in methanol 

a t  30 “C [PtII] = 2.5 x ~ O ” M  
1o~c1-IIcpYl 

R = mesityl 
0.125 
0.833 
0.625 
0.500 
0.250 
0.166 
0.126 
0-125 
0.125 

R = 0-tolyl 
6.250 
6-000 
2.500 
1.666 
1-250 
6.250 
5.000 
1.666 

R = Ph 
8.333 
6.260 
5.000 
8.333 
6.250 
5.000 

6-260 
8.333 

D 

0-398 
0-245 
0-261 
0.275 
0.333 
0.326 
0.335 
0.281 
0.220 

0.435 
0.469 
0-499 
0.619 
0.635 
0-297 
0.317 
0.370 

0-528 
0.562 
0.566 
0.453 
0-469 
0-482 
0.339 
0-348 

K 

0.136 
0.106 
0.102 
0.104 
0.091 
0.116 
0.126 
0.136 
0.126 

0.352 
0.421 
0.407 
0.390 
0.408 
0.334 
0-404 
0.405 

0.805 
0.828 
0.802 
0.819 
0.810 
0.816 
0.767 
0.747 

Alnm 

300 
305 
306 
306 
306 
306 
306 
310 
316 

290 
290 
290 
290 
290 
296 
295 
295 

285 
286 
285 
290 
290 
290 
296 
296 

gPt-01* EPt-pg 

684 
406 
406 
406 
406 
406 
406 
250 
160 

1385 
1385 
1385 
1385 
1386 
906 
906 
906 

1612 
1512 
1612 
1350 
1350 
1360 
1105 
1105 

1676 
1433 
1433 
1433 
1433 
1433 
1433 
1204 
963 

2371 
2371 
2371 
2371 
2371 
1716 
1716 
1716 

2733 
2733 
2733 
2282 
2282 
2282 
1632 
1632 

* The molar extinction coefficients for the complexes 
trans-[Pt(PEt,),(R)Cl] were obtained by verifying the validity 
of Beer’s law in the range of examined concentration. The 
values of E p p y  of pyridino-compounds were obtained by 
mixing a solution of nitrato-complex with an excess of pyridine, 
allowing reaction to go to completion, and measuring the 
absorption against a blank containing pyridine a t  the same 
concentration as the solution under investigation. The 
completeness of the reaction was checked by verifying the 
identity of the final spectra and the conductance data of 
solutions at various reagent concentrations. 

through the origin and the absence of a solvolytic path is 
certainly an indication that the process under considera- 
tion is really the bimolecular attack of pyridine on the 

methanol intermediate. The values of k3/l mol-l s-l can 
be obtained from the slopes of these plots and can be 
used in combination with the known k,/k3 to calculate the 
rate constants K2/1 mol-l s-l which are too large to be 
measured directly by the experimental method. 

TABLE 5 
Comparison of equilibrium constants K obtained by various 

methods for the reversible reaction of trans-[Pt (PEt,),- 
(R)Cl] with pyridine in methanol a t  30 “C 

A B C 
R = Ph 0.793 0.816 0.796 
R = 0-tolyl 0.384 0.382 0.390 

0.111 0.115 R = mesityl 0.118 
Equilibrium constants K obtained from ( A )  kinetic para- 

meters, (B) ,  a conductance method, and (C), a spectrophoto- 
metric method. 

It can be seen from Tables 2 and 5 that k2/k,  increases 
and the value of the equilibrium constant decreases on 
going from the phenyl to the mesityl complex. Some 
consideration of the influence of steric effects on the 
substitution rates can be derived from the analysis of the 
relative reactivity of various reagents (Table 7) towards 
these substrates. It appears that the increasing steric 
hindrance makes it more difficult for the incoming group 
to approach the complex and to form the transition 
state. The same sequence of relative reactivity 22 : 5 : 1 
is found for the entry of the solvent in the chloro- and 
pyridino-compounds and in the bimolecular reaction of 
the methanol intermediate with pyridine. Even though 
the relative reactivity values may depend on the bulki- 
ness of the incoming nucleophiles, the observed sequence 
may be seen as a rough measure of the shielding that 
opposes the approach of the nucleophile, varying from no 
blocking by phenyl to blocking above and below the 
plane of the complex by mesityl. The rate constant 
for the entry of chloride into the methanol intermediate 
does not appear to be very sensitive to the extent of 
steric hindrance in the substrate. This may be due 

TABLE 6 
Pseudo-first-order rate constants kobs/s-l for the reaction of the methanolic intermediate trans-[Pt(PEt,),(R) (MeOH)] -t 

with pyridine in methanol a t  30 “C. The concentration of the starting nitrate complex was 2.5 X 1 0 - 4 ~  
Complex 10, LPYW 1 0 3 k o b s p  

trans-[Pt (PEt,) ,(mesityl) NO,] 1-0 0.38 
2.5 0.82 
5.0 1.81 

tV~ns-[Pt (PEt,) z(Ph)NOJ 

1-0 
1.26 
2-50 

1.0 
1.5 
3.0 

1.92 
2.34 
4-88 

8.00 
11.68 
23.64 

TABLE 7 
Effect of increasing steric hindrance on the rates of substitution reactions of 

trans-[Pt (PEt,) 2 (R) Cl] MeOH 1 
trans- [Pt (PEt,) z (R) (PY) 1 MeOH 1 
trans-[Pt(PEt,) 2(R) (MeOH)] PY 1 

Complex Reagent R = Mesityl 

c1- 1 

IO3rPY1/M 
7.5 

10.0 
15.0 
50.0 

5.0 
7.5 

10.0 

4.0 
5.0 
6.0 

103~i~~4s-1 
2-61 
3.75 
5.20 

17.10 

9.26 
14.00 
18.79 

30.58 
37.77 
45.05 

trans-[Pt(PEt,) 2( R) XI with various reagents 
R = Ph R = 0-tolyl 

5-72 21.25 
4.61 21.9 
5-47 21.7 
2-08 3.12 
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either to the small size of the chloride ion or to the fact 
that in the competition process it may be found in a 
favourable position for a re-entry in the co-ordination 
sphere of the metal. [2/443 Received, 28th February, 19721 
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