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We have previously described' the kinetics of various 
substitution and oxidative addition reactions of plat- 
inum(0) complexes including the reactions of Pt(P- 
(C6H5)3)2(C&) with CHd,  C6H5cH2Brt CH2ICH21, 
and CoH&=CH to yield the adducts Pt(P(C&5)3)2- 
(CH3) I, Pt(P(C6Hd 3) dCH2C&)Br, Pt(P(CoH6)3) d z ,  
and P t ( P ( C 6 H S ) 3 ) z ( C ~ H 5 ~ C H ) ,  respectively. It was 
concluded that all of these reactions proceed by dis- 
sociative mechanisms involving the coordinately un- 
saturated intermediate Pt(P(c~H5)3)~. The above 
investigation also led to  the conclusion that the com- 
pound Pt(P(C6H5)3)4 is completely dissociated in 
benzene solution to Pt(P(c~&)3)3, the further dis- 
sociation of which, to Pt(P(c~H5)3)2, is slight. 

In this paper we describe kinetic investigations of 
several further reactions of platinum(0) complexes, 
depicted by eq 1-4. The results of these investigations 
Pt(P(Cd&)3)2(C&) + (CeHd3SnC1 + 

p t ( p  (C~Hd3)2 (Sn (CfiHd3jC1 4- C2H4 (1 

Pt(P(CfiHj)3)2(CzH4) + CeHjC=CC HE + 
Pt(P(C6Hs)3)2(C6Hj~cceHj) + C& (2) 

Pt(P(C&)3)3 $. (C&S)~S~C~--+- 
P~(P(C~H~)~)Z(S~(C~HE)~)C~ + P(c~Ha)3 ( 3 )  

Pt(P(C&j)3)3 + C&CGCCeHj---+ 
Pt(P(CsHs)3jz(CfiHaC~cc6Hs) f P(CfiHs)s (4) 

support our earlier mechanistic conclusions and, fur- 
thermore, lead to a determination of the equilibrium 
quotient, KP(C~H,)~,  for the dissociation of Pt(P(C6H5)3)3 
according to  

Experimental Section 
Pt(P(CGHb)z)4 was prepared from K2PtC14, KOH, and excess 

P(CeHs)3 in aqueous ethanol according to the procedure of 

Malatesta and Carie1lo.l Pt( P( C&)a)2( C&) was prepared, 
through the oxide Pt( P( C8Hs)3)202, according to the procedure 
of Cook and Jauhal.3 Pt(P(CfiHj)3)3 was generated in situ by the 
addition of 1 equiv of P(CfiH5)a to a benzene solution of Pt- 
(P( C&)3)2( C Z H ~ ) ,  through which argon was passed to remove the 
displaced ethylene.' Diphenylacetylene (Eastman) was re- 
crystallized from hot ethanol. Ethylene (Matheson), triphenyl- 
phosphine (Matheson, mp 80-81 "), and triphenyltin chloride 
( M  & T) were used without purification. Solutions were pre- 
pared from reagent grade benzene, deoxygenated with purified 
nitrogen. Diphenylacetylene and triphenyltin chloride, both 
a? solids and in solution, were protected from light. 

.411 of the kinetic measurements were made in benzene solution 
a t  25". The reactions were followed spectrophotometrically in a 
Cary 14 spectrophotometer with a cell compartment thermo- 
stated to f0 .3 ' .  The rates of reactions 1, 3, and 4 were measured 
by following the disappearance of the reactant platinum(0) 
complexes (whose extinction coefficients a t  the indicated wave- 
length are given in parentheses) at 335 mfi (4.0 X lo3 &IM1 cm-l), 
437 mp (6.3 X 10' M-' crn-l), and 415 m p  (1.5 X l o 3  M-l cm-l), 
respectively. The rateof reaction 2 was measured by following the 
appearance of the product Pt( P( C&)3)2( C&i&=CC&) at  373 
mp ( e  3 X 10" M-' cm-l), where the absorbance of the reactant, 
Pt(P(csHs)a)~(c~He) ( e  3 X 10% M-l cni-l), was small. The 
initial concentration of the platinum(0) complex was generally 
in the range 5 X to 1 X iVf. The initial concentration 
ranges of the other species were as follows (the number in paren- 
theses refers to the equation describing the reaction): (1) 

(CtiHj)SnC1; ( 2 )  2.5 X to 1.4 X 1O-I MCnHa, 1.0 X 10Y 
to 2.7 X lo-* M C&C=CCsHa; (3) 2.7 X to 8.3 X IO-' 
M P(CsHs)s, 7.6 X l od3  to 3.5 X 10-I ikI (CfiHj):L%Cl; (4) 

1.2 X lo-' to 1.5 X lo-' X CzHj, 3.5 X lo-' to 1 X lo-' M 

9.6 X 
CsHsC=CCsHj. 

to 3.3 X lo-' ii/r P(CtjHo)a, 1 X lo-'  to  8 X lo-' M 

Results and Discussion 
The kinetic behavior of each of the reactions re- 

sembled that previously observedl for the reactions of 
Pt(P(CGH5)3)2(C2H4) with CHJ, C6H6CH2Br, and 
CH21CH21. This behavior is accommodated by the 
mechanism depicted by eq 6 and 7, involving a pre- 

Kx 
P t (P (C8H:):j)X 

Pt(P(CfiH6)z)P + X (rapid equilibrium) (6) 

Pt(P(CsHj)z)e $. '772 --f Pt(P(C6Hj)a)~\~z (7) 

equilibrium dissociation of the platinum(0) complex 
Pt(P(C6&)3)2X (where X = P(C6Hj)3 or C&) into 
Pt(P(CsH5)3)2 and X, followed by addition of the 
substrate ( Y Z  = C6H&=CC& or (C6H5)3SnC1) to  
Pt(P(C&)3)2. Over the extensive concentration 
ranges of X and PZ cited earlier, each of the reactions 
obeyed the rate law deduced from the above mechanism, 
i . e .  

kw. 

- d[Pt(P(Cd&):i)2X] t o t / &  = 
kyzKx[Pt(P(CfiHa),)2Xl [UZI [XI (8) 

where [Pt (p (CSH~) 3) zx 1 t o t  = [Pt(P (CoH5) 3) zx 1 $. 
[Pt(P(C6H5)3)2]. Under the conditions of our mea- 
surements, Le.,  with [XI and [ Y Z ]  in sufficient excess 
over [Pt(P(CoH6)3)zX] so as to remain essentially 
constant during each reaction, and with [XI sufficiently 
high so that dissociation of Pt(P(C6H5)3)2X was neg- 

(1) J. I?. Birk, J. Halpern, and A. I>. Pickard, J .  A m .  C h r m  S o r . .  90, 44)l 
(1988). This paper cites pet-tinent earlier references. 

(2) T,. Malatesta and C .  Cariello, J ,  Chrm.  Soc. ,  2323 (1058). 
(81 C. 1). Cook ant1 0. S. Jauhnl ,  J .  ilm. Cheiii. Soc., 90, I d f i t  (lOCj8). 
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TABLE I 
SUMMARY OF KINETIC DATA 

Reaction k y z K x ?  see-1 kyz, M-1  sec-1 Kx, f i f  

I't (1' (CsHa)s)s( CaH4) f (C&s)aSrlCI (3 .0  f 1.5) x 
P ~ ( P ( C G H L ) ~ ) ~ ( C ~ H ~ )  + C~HSC=CC& 1 .2  x 10-1 40 f 20h (3.0 f 1.5) X 
Pt(P(CbH6)8)8 + (CGHS)aSnC1 3.0 x 10-3 . . .  (1.8 f 0.9) X lo-* d 

Pt(P (C6H5)~)a + CtjH jc=cctiI 1s 

5.0 x 10-2 17 f 86 

5 . 6  x 10-3 . . .  (1.4 =t 0.7) x 10-4 d 

(6 I n  benzene a t  25"; computed froiri slopes of plots in Figure 1. Computed from experimental value of k y a K x  using previously 
Computed from experimental value of k y z K x  using value determined1 value of (3.0 =I= 1.5) x 10-3 for Kx ( i e . ,  K c ~ H ~ ) .  

of kyZ determined above from corresponding reaction of Pt(P(c~Hh)~)s(c&) with YZ. 
From ref 1. 
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Figure 1.-Plots of kohad 3s. [YZ]/[X] according to eq 9 for 
the reactions: 0 ,  Pt(P(C6Hs)a)a f (C&)&lC1; A, Pt(P- 
(C6Hj)a)a + CsH6CsCCeHa; 0, P ~ ( P ( C ~ H ~ ) ~ ) Z ( C Z H I )  + (C6H5)3- 
SnC1; 0, P ~ ( P ( C ~ H S ) ~ ) ~ ( C Z H ~ )  $. C~HSC=CC~HS. 

ligible ( L e . ,  [Pt( P (C6H6) 3) ZX ] = [pt(p (C6&)3) zX]tot), 
the observed kinetic behavior was pseudo first order, 
Le .  

-d In [Pt(P(C~H~)3)2X]tot/dt = kohsd kYZKX[YZ] [XI-' (9) 

Excellent linear plots, depicted in Figure 1, of kobsd US. 

[YZ][X]-l were obtained for each reaction, from the 
slopes of which the values of k Y z K s  listed in Table I 
were derived. 

An earlier determination' of K c ~ H ~ ~  although of 
relatively low accuracy ((3.0 f 1.5) x M ) ,  in 
combination with the present values of k Y e K C 2 H a ,  

yields the values of AYZ listed in Table I, i.e., 
k(CeHa)aSnCI = 17 f 8 and kcsHscIcC6H6 = 40 f 20 M-' 
sec-l. These data, in combination with the values of 
~ Y z K P ( c ~ H ~ ) ~  in Table I, lead to the determination of 
(1.6 f 1) X M for K P ( c ~ H ~ ) ~ ,  the equilibrium 
quotient for the dissociation of Pt(P(CcH5)3)3 according 
to eq 5. 

The available data, including those obtained in the 
present investigation, reveal that the reactivity of 
Pt(P(C&,)a)2 toward various acetylenes increases in 
the order: C~H&=CC6H, ( ~ Y Z  = 40 hf-' sec-') < 
C&,C=CH ( ~ Y Z  = 2.8 X IO2 M-' sec-' ) <HC=CH 
( k y z  = 4.6 X lo2 2M-l s ~ c - ' ) . ~  It is of interest that  
this order is opposite to that of the thermodynamic 
stabilities of the resulting Pt(P(C6H5)3)z(acetylene) 
complexes.6 
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(4) The kinetic measurements on reaction 1 were also extended to lower 
CzHa concentrations, in the range 2.5  X 10-3 to  1.2 X 10-2 M where this 
condition is no longer fulfilled, and a correction for the dissociation of P t -  
(P(CeHa)s)rCzH4 is necessary. The results of these experiments yielded a 
value of KQH( of -9 X 10-8 M ,  consistent with tha t  determined earlier.1 

( 5 )  J. P. Birk and J. Halpern, unpublished measurements. 
(6) J. Chat t ,  G. A. Rowe, and A. A. Williams, PYOC. Chem. Soc., 208 (1957) 

Corremondence 
The Mechanism of Carbonyl Exchange in 
Mn(C0)5X Compounds1 

Sir: 

The exchange of CO groups in Mn(C0)5X com- 
pounds was first extensively investigated by Wojcicki 
and Basoloz and somewhat later by Hieber and Woll- 
m a x ~ n . ~  The results of these studies, which indicated 

(1) This research was supported by a grant from the National Science 

(2) A. Wojcicki and F. Basolo, J .  Am.  Cham. SOC., 88, 525 (1961). 
(3) W. Hieber and K. Wollmann, Chem. Be?., 95, 1552 (1962). 

Foundation, GP 6396X. 

a considerable difference in the rates of axial vs. radial 
CO group exchange, have recently been called into 
question. 4 , 5  Infrared techniques have been employed 
to follow the rate of I3CO or ClSO incorporation into 
M~I(CO)~X compounds. There appears to be little or 
no difference in the specific rate constants for sub- 
stitution a t  the two positions. 

The mechanistic implications of these more recent 

(4) H. D. Kaesz, R. Bau, D. Hendrickson, and J. M. Smith, J .  A m .  Chmr.  

( 5 )  B. F. G. Johnson, J. Lewis, J. R. Miller, B. H. Robinson, P. W. Robin- 
Soc., 89, 2844 (1967). 

son, and A. Wojcicki, J .  Chem. Soc., A ,  522 (1968). 


