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protons in both dl and meso forms satisfactorily re- 
produced the spectra. Compared with the diethyl 
sulfoxide complex, a significant reduction in the larger 
coupling has occurred. Two reasons may be involved. 
First, the substituent effect of benzyl a t  sulfur com- 
pared with ethyl may hinder the coupling mechanism, 
or, second, conformations about the S-CHZ bond with 
gauche hydrogens may be more favored. The former 
seems unlikely since J p t - c ~ ~  in the DMSO and CH3- 
SOCHZCeHh complexes are the same. Certainly, how- 
ever, one conformation with gauche and trans hydro- 
gens must be substantially populated to account for the 
observed difference. The conformations below appear 
favored, but the effective size of Pt makes their rela- 
tive importance difficult to gauge. However HA should 

H A  

I 

Pt Pt 
have the larger coupling and, considering rotation 
about the Pt-S as before, is also predicted to lie a t  
higher field, as observed. 

For cis-PtClz [CH3SOCH(CH&]z and trans-PtC12- 
[ ((CH~)ZCH)ZSO]Z conformations with the methine pro- 
ton gauche to Pt are definitely favored, in line with the 
very small coupling (> 6-7 Hz). The preferred con- 
formation about the Pt-S bond is one with one CH,-CH 
further removed from the square plane than its gemi- 
nal companion, thus accounting for the increased in- 
equivalence compared with free sulfoxide. 

In  cis-PtC12 [(C~H&!H&SO]2, vicinal couplings of 27 
and > 5  Hz are observed, suggesting minor impor- 

tance of that  conformer with gauche hydrogens. Of the 
remainder, that shown would be predicted to be more 
heavily populated. 

Pt 
CGHj 

Although our data on the Pd(I1) complexes are less 
extensive, similar lines of reasoning (both are d8 com- 
plexes) account for the increase in methylene proton 
inequivalence on complexation. The general deshield- 
ing effect on coordination is associated simply with the 
a-bond component between sulfur and the metal. A 
practical consequence is the increased acidity of such a 
hydrogens, and this could be useful for exchange pur- 
poses when groups facilitating exchange (e.g., phenyl as 
in C6H5CHz-S0CHz) are absent. Some work along 
these lines has been reported. 29 
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The kinetics of the reactions between PtC142- and various olefins have been studied in aqueous solutions 1.9 M in NaCl 
and 0.1 M in HC1, at 26', in the presence of SnCla-. The 
rate law is a two-term expression of the type: kobsd = k'[ol] f k" [Snclg-] z. The first term is interpreted as a bimolecular 
attack of the olefin on the PtCl2- complex and the second depends also on [SnCla-] *. As far as the first SnCla- -uncatalyzed 
term is concerned, the reactivity changes in the order: allyl NHg + > butyl NHa+ > allyl SOS- > allyl alcohol > pentenyl 
"a+. The second SnCla--catalyzed term is interpreted as an easier attack of the olefin on a species of the type 
Pt(SnCla)2C122-, probably the cis isomer, formed in the rate-determining step. The accelerating effect of the group SnCla- 
is related to its high trans effect. 

The product is a rr-olefinic complex of the Zeise's salt type. 

Introduction 
We have recently reported a study on the catalytic 

effect of the SnCI3- ion on the formation of the metal- 
olefin bond in the attack of ethylene on ptC142-. The 
species which are catalytically active are the isomers 

cis- and t r ~ n s - P t ( S n C l ~ ) ~ C l ~ ~ - ,  the cis isomer being more 
active than the trans one.2 The research has been now 
extended to  the reactions of PtC1b2- with a series of 
a-olefins such as CH2=CHCH2NH3f1 CH~=CHCHZ- 
OH, CHz=CHCHzSO,-, CH~=CHCHZCH~NH~+,  and 

(2) R. Pietropaolo, M. Graziani, and U. Belluco, I n o t g .  Chem., 8, 1506 
(1969). (1) On leave from Messina University, Messina, Italy. 
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Figure 1.-Plot of the pseudo-first-order rate constants for 
reaction 1, a t  25”, against the allyl NH3+ concentration; [SnC13-] 
= 5 x 10-5 M .  

Figure 2.-Plot of the pseudo-first-order rate constants for 
reaction 1, a t  25O, against [SnC13-]*; [allyl XH3*] = 3.25 X 
10-2 JI ,  

CH2=CHCH2CH2CH2NH3+ in order to investigate the 
mechanism of the SnCla--catalyzed path of the re- 
action. 

Results and Discussion 
The reactions examined are represented by the 

scheme 
st1c13- 

PtC142- + 01 __f Pt(0l)Cls- + c1- (1) 

(01 = olefin; its charge is omitted). 
The pseudo-first-order rate constants, kobsd (sec-l), of 

these reactions obtained a t  different olefin concentra- 
tions, [HCl] = 0.1 M ,  and [NaCl] = 1.9 iM are sum- 
marized in Table I. These constants depend on the 
nature and concentration of the entering olefin. 

Rate data reported in Table I1 refer to kinetic runs 
carried out a t  a constant olefin concentration, [HCl] = 

0.1 Mj and [NaCl] = 1.9 M ,  while systematically 
changing the concentrations of SnClz and SnC13-. The 
concentration of SnC13- ha5 been calculated from the 

TABLE I 
VALUES O F  kobsd  (SEC-’) FOR THE REACTIONS AT 25” 

SnCls- 
PtCla2- + 01 ---+ Pt(0l)Cls- + C1- 
IS AQUEOUS SOLUTIONS OF 1.9 LW SaCl  
AND 0.1 M HCI; [PtC1aZ-] = A1 

lOj[SnCh], 41 1 0 4 ~ , ~ ~ d ,  
102[olefinl, AI (initial) 105[SnC13-1, 3.1 sec -1 

a. Olefin, C H ~ = C H C H ~ N H Z +  (ClOa-) 
2 . 5  1 . 0  5 . 0  2 . 4  
4 . 4  1 . 0  5 .0  2.95 
6 . 0  1 .0  5 . 0  3.85 
8 . 3  1 . 0  5 . 0  4.70 

10.0 1 . 0  5 . 0  5 . 0  
b. Olefin, CH2=CHCHaS03- (K+)  

1 . 2  1 .0  5.0 2.3 
3 . 1  1 .0  5 .0  2.45 
5.6 1 .0  5.0 2.68 

c. Olefin, CH*=CHCH20H 
2.94 1.05 5.25 2.5 
5.88 1.05 5.25 2.9 

14.5 1.05 5.25 3 .4  
5.88 8.0 4 . 0  1.77 

14.5 8 . 0  4.0 2.32 
25.0 8 . 0  4.0 4.2 

d. Olefin, CH*=CHCHsCHzNH3+ (C1-) 
1 . 4  1 .05  5.25 2.5 
5.75 1.05 5.25 2.9 
8 .35  1 .05  5.25 3.26 
9 . 8  1.05 5.25 3.20 

e. Olefin, C H Z = C H C H ~ C H ~ C H ~ K H ~ +  (CI-) 
0 . 8  1.05 5.25 2 . 5  
2 .0  1.05 5.25 2 . 7  
4 . 0  1 .05 5.25 2 . 8  

values oi the equilibrium constants for the SnCl2-C1- 
systems3 

An example of the dependence of the rate constant 
k o b s d  (sec-I) upon the olefin concentration, a t  constant 
[SnC121 and [SnC13-], is reported in Figure 1. Figure 
2 shows the linear dependence of k o b s d  (sec-l) on the 
term [SnCI3-]*, with a nonzero intercept. The kinetic 
law is 

kobsd = k’[O1] + k”[SnC13-]’ (2 1 
The intercept in Figure 2 corresponds to the first term 
k’[ol] of the above equation, whereas the slope corre- 
sponds to the value of k ” .  The slope in Figure 1 is k’ 
and the intercept corresponds to the term k” [SnCl,-]*. 
The values of k’  ( J - l  sec-’) and k” (lP2 sec-I) are 
reported in Table 111. 

The validity of the general rate la177 (2) is confirmed 
by the following correlations, which have been experi- 
mentally determined. Data in Table I V  show a 
reasonably good agreement between the extrapolated 
values of k”[SnC1a-]2 as obtained from diagrams as in 
Figure 1 and those calculated from the k” values de- 
termined independently (Figure 2). The nonzero 
intercept in Figure 2:  i.e., k’[olefin], is also in reason- 
ably good agreement with the values calculated from 
the k ’ ,  independently determined.4 The first term of 
rate law (k ’ ,  sec-l) represents the bimolecular 
attack of the olefin on the PtClk2- anion. 

(3) G. Charlot, “L’ Analyse Qualitative et ses Reactions en Solutinn,” 

(1) (a) R. 11. Xilburn and L. M. Venanzi, Inorg. Ch im.  Aclu, 2, 97 (1968): 
Masson Cie, Editeurs, Paris, 1957, p 246. 

(b) G. Dolcetti and L. 11. Venanzi, unpublished data.  
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SCHEME I 

k' +ol, -c1- 
+olefin, -SSnCla- --- cis-Pt (SnCla)zC1Z2 - 

.1 
Pt(ol)C13- +a- 

TABLE I1 
VALUES OF kabsd (sEc-I) FOR THE REACTIOXS AT 25' 

SnCla- 
PtC12- + 01 __t Pt(0l)ClJ- + c1- 

IN AQUEOUS SOLUTIONS OF 1.9 M NaCl AND 
0.1 N HCl; [PtClaZ-] = M 

,M 1M (initial) M M see-1 

a. Olefin, CHZ=CHCHZNHD' (clod-) 
3.25 0 .0  0 .0  0.605" 
3.25 0.22 1.1 1 . 2  0.71 
3.25 1 .0  5.0 25 2.4 
3.25 1.72 8 . 6  73.9 5 .7  
3.25 2.20 11.0 121 8 .0  

3 . 1  0 .0  0 . 0  0.26= 
3 . 1  0.277 1 .38  1.92 0.39 
3 . 1  1 .0  5 .0  25 2.45 
3 . 1  2.08 10.4 108 7.78 

.5 . 8 0 .0  0 . 0  0.5W 
5 . 8  0.165 0.825 0.68 0.63 
5 . 8  0 . 8  4 .0  16 1.77 
5 .8  1.05 5.25 27.5 2.9 
5 . 8  1 .4  7.0 49 5.0 

d. Olefin, CHp=CHCHzCHzNHa+ (Cl-) 
3 . 6  0 .0  0 .0  0 .  295b 
3 .6  0.315 1.57 2.46 0.395 
3 .6  1.05 5.25 27.5 2 . 5  
3 .6  1.64 8 . 2  67.5 5 . 8  
3 .6  2.05 10.25 106 8 .0  

e. Olefin, CHZ=CHCHZCHZCHZNHD+ (Cl-) 
2 .1  0.00 0.00 3.44 0.122b 
2 .1  0.37 1.85 3.44 0.150 
2 .1  1.05 5.25 27.5 2 . 7  
2 .1  1.80 9.00 81 .o 6 .0  

a Data from ref 4a. 

10Z[olefinl, 104[SnClz], 106 [SnCls-I, 1010[SnCh-]a, 104kobsd. 

b. Olefin, CHZ=CHCHZSO~- (K+) 

c. Olefin, CHz=CHCHzOH 

G. Dolcetti and L. M. Venanzi, un- 
published data. 

TABLE 111 
VALUES OF RATE CONSTANTS k' ( M - l  SEC-') 

AND k" ( M - 2  SEC-') FOR REACTION 1 
lOSk', M - 1  lO-dk", M-2 

Olefin see-1 sec-1 

CHZ=CHCHzNHo + 3.43 6.55 
CHz=CH CHzNH3 + 3.430 27. OOa 
CHz=CHCHzS03 - 0.82 7 . 5  
CH2=CHCHzOH 0.74 8.08 
CHz=CHCHzCHzNHs + 1.08 8.0 
CHz=CHCHzCHzCHzNH3 + 0.57 7.3 

aValues calculated a t  [XaCl] = 0.9 M, [HCl] = 0.1 M ,  and 
[NaC104] = 1 M .  

The catalytic effect of chlorostannate(I1) ion on the 
formation of the platinum-olefin bond in these systems 
is therefore expressed by the second term of the kinetic 
equation ( 2 ) .  The second-order dependence on the 
concentration of SnC&- suggests a mechanism v ia  
formation of an intermediate, having two Pt-Sn bonds, 
in equilibrium with the species having the Pt-C1 bonds 

TABLE I V  
VALUES (SEC-1) OF THE INTERCEPTS OF FIGURES 

1 AND 3 AS EXPERIMENTaLLY FOUND ATD AS CALCULATED" 
104 X intercept lo4 X intercept 

(Figure 1) (Figure 3) 
k" k' 

Olefin Found [ S n C k ] *  Found [olefin] 

CHz=CH CHzNH3 + 1.57 1.64 0.65 1.13 
CHz=CHCHzSOs 2.18 1.88 0.26 0.254 

CHz=CHCHzOH 0.55 0.43 
2.32 2.2% 

1.32 1.29 
CHz=CHCHzCH2NHaf 2.36 2.20 0.30 0.38 

"Values of [SnC13-] are from Table I; values of [olefin] are 
from Table 11. 

In fast preequilibria tran~-Pt(SnCI&Cl~~- is first 
formed and then it isomerizes to  the cis form in the 
rate-determining step. This isomer should be the 
active species for the olefin absorption. This interpreta- 
tion is in agreement with previous observations5 that 
the trans --t cis isomerization is retarded in the presence 
of SnC13-. Furthermore i t  has been already qualita- 
tively observed that a suspension containing the cis- 
Pt(SnC1&Clz2- isomer absorbs ethylene more rapidly 
than a fresh solution2 containing mainly the trans 
isomer. 

TABLE V 
VALUES O F  kobsd (SEC-') FOR THE REACTIONS AT 25" 

SnCla- 
PtCl4'- + CHz=CHCHzNHs' --t 

P~(CHZ=CHCHINH~+)CI~-  + C1- 

IN AQUEOUS SOLUTIONS O F  0.9 M [NaCl] A S D  

0.1 M [HCl];  [PtClaz-] = 1W 
lOz[CHz=CH- 104[SnClz], 106 [SnCls-], 1010[SnCls-]2, 1o4kObsd, 
CHzNHs+l, M M M M sec-1 

2.95 0.45 1.77 3.10 0 . 6  
2.95 0.80 3.11 9.67 2.4 
2.95 1 .oo 3.93 15.40 4 . 0  
2.95 1.05 4.13 17.00 5.0 
2.95 1.26 4.96 24.6 6 .7  
2.95 1.54 6.06 36.7 10.2 

Consistently a dependence of the k" (sec-l) on the 
1/[C1-I2 term has been found. Table V reports the 
kobsd (sec-l) calculated a t  constant olefin concentration, 
[NaCl] = 0.9 M ,  [HCl] = 0.1 M ,  and [NaCIOa] = 
1 M ,  while changing systematically the concentrations 
of SnC12 and SnCla-. In  Figure 3 the dependence of 
k" (sec-l) on the term 1/ [C1-I2 is reported for [Cl-] = 
1 M and [Cl-] = 2 M .  

A satisfactorily plotted linear dependence is ob- 
tained, supporting the proposed mechanism. The zero 
intercept is in good agreement with the equilibria of 
the SnCl2-C1- system ( [SnCI3-] + 0 when [Cl-] + a). 

(Scheme I)' The Of k" 
the involved preequilibria. (1964). 

the constants Of 
( 5 )  J. F. Young, R. G. Gillard, and G. Wilkinson, J .  C h e m  Soc., 5176 
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cc 1-1 * 
Figure 3.-Dependence of k” on the term 1/[C1-]2. 

I n  the light of the latter results the general rate law 
(2) can be better expressed in the form 

[SnCl - 2 
kobad = k’[ol] + k” p3 ’- [Cl-]2 

We recall here that the reaction rate for the formation 
of Pt(Sr1c1~)~~- starting from PtC142- and a large 
excess of SnC13- (1 : 100-1000) has been found to depend 
linearly on the concentration of SnC13-,2 This suggests 
that  in the latter experimental conditions the formation 
of Pt(Sr1c1~)~~- does not proceed through the trans --f. 
cis isomerization. Under our experimental conditions 
(;.e., defect of SnC13- relative to PtC142-) the formation 
of Pt(SnC13)63- is prevented by formation of the cis- 
Pt(SnC13)2C122- which reacts with the olefin to give in 
an undetermined pathn-ay the a-olefinic platinum(I1) 
complex. 

The accelerating effect of the cis-Pt(SnC13)2C122- 
can be related to the high trans effect of the SnC13- 
ligand6 which allows an easier entry of the olefin mole- 
cule with a rate practically independent of its nature. 
The slight differences in the k” sec-I) values 
(Table 111) are under the limit of the experimental 
errors. The low discriminating power of the cis- 
Pt(SnC13)2C122- complex toward the entering olefins is 
also consistent with the high trans effect of the SnC13- 
group.6 

(6) R. V. Lindsey, G. W. Parshall, and U. G. Stolberg. J .  Am. Chenz. 
Soc., 87, 658 (1965). 

When reactions of the type (1) are carried out in the 
presence of boric acid or boron halides, there is no 
accelerating effect. It is already known that these 
species, interacting with the d,, filled orbital of PPI, can 
significantly modify the electronic density a t  the central 
metal, as can be detected from kinetic studies.’ This 
is in accord with the idea that the attack of the olefin 
might occur on a substrate containing two S n C k  
groups coordinated to the platinum atom. The ques- 
tion concerning the type of primary attack (nucleo- 
philic or electrophilic) of the olefin on the platinum(I1) 
atom still remains unanswered. 

Experimental Section 
Compounds.-The allylammonium perchlorate has been pre- 

pared from allylamine and perchloric acid and recrystallized 
from ether-ethanol. The potassium allylsulfonate has been 
prepared according to the method reported in the literature.4A 
The allylic alcohol was a commcrcial grade reagent and was used 
after fractional distillation. The butenylamine and the pentenyl- 
amine were prepared as reported in the literature.8 

Potassium chloroplatinate(I1) was a commercial grade reagent, 
recrystallized from 0.1 N HC1 to eliminate possible traces of 
Pt“. The reaction products, Pt(ol)Cls-, were prepared accord- 
ing to  the methods reported in the literatureg and characterized 
throughout by elemental analysis and uv spectra. 

Kinetics .-The reactions have been carried out in water solu- 
tion containing 0.1 Af HCl and 0.9 or 1.9 Jf SaCl ,  to minimize 
the aquation of the P t C L -  The kinetics have been 
fo l lo~ed  by using a Beckman DK 2A double-beam recording 
spectrophotometer with compartment for thermostated cells 
and measuring the optical density changes with time a t  the wave- 
length of 295 nip. ht this wavelength the absorption of the 
intermediate is negligible. The solutions of SnC12 were prepared 
under nitrogen atmosphere just before use. The reaction mis- 
tures were prepared by adding to the Pi” complex solutions a 
known volume of the solution of SnClz containing the olefin 
at the desired concentration. The reactions were carried out 
under pseudo-first-order conditions, by keeping the olefin in 
large excess as compared to the platinum complex. The pseudo- 
first-order rate constants, k a b s d  (sec-l), were calculated from the 
linear plots of log ( A ,  - A t )  i’s. time, where A t  and A ,  are the 
optical densities of the reaction mixture a t  295 mp a t  time t and 
at the end of the reaction, respectively. At the end of the rc- 
action the noncatalytic Pt(SnC13)j3- species is formed in a 
very low concentration. 

(7) U. Belluco, L. Cattalini, F. Basolo, R. G. Pearson, and A. Turco, 

(8) D. U. Claridge and L. M. Venanzi, J .  Cizem. Soc., 3419 (1964). 
(9) R. G. Denning and L. 11. Venanzi, ibid. ,  3241 (1962). 
(10) L. F. Grantham, T. S. Elleman, and D. S .  Martin. J .  A m .  Cizem. 

Ino ig .  Chern., 4, 925 (1965). 

Soc., 77, 2965 (1955). 




