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The complex Pt,Br,(u-dppm), reacts with Et,;NCl in dichloromethane and dichloroethane to form Pt,Cl,(u-dppm),. The
reaction is reversible and proceeds via stepwise formation of the mixed-ligand (Br, Cl) complex. The reaction follows biphasic
kinetics, and each step shows a linear dependence on [Et,NCl], with rate constants 93 ® 20 and 19.4 £ 1.2 M~! 5! for
the respective steps (10.0 °C in CH,Cl,). The identification of a rate constant with an individual step is a process that
inherently admits of dual solutions; the assignment of k; = 93 M~ s and k, = 19.4 M™! s™! was made on the basis that
only this model gave a consistent and reasonable value for the molar absorptivity of the mixed-halide intermediate. The
reaction in 1,2-dichloroethane shows a quite different kinetic pattern, with a single pseudo-first-order rate law and a more

complex variation of kg with [Et,NCI].

Introduction

Although the kinetics of ligand substitution reactions of
Pt(II) complexes have been studied extensively,'? little is
known about analogous reactions of Pt(I) complexes. The
availability? of well-characterized dinuclear Pt(I) halide
complexes, Pt,X,(u-dppm), (X = Cl, Br, I; dppm = bis(di-
phenylphosphino)methane) (1), presents an opportunity in this
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regard. This system holds additional interest because these
dihalides react with small molecules (e.g., CH,N,, CO, S,,
SO,) to insert atoms or molecules into the metal-metal
bond;** indeed, ligand substitution may be one step in the
insertion process. In this paper we report on a kinetic study
of the reaction of Pt,Br,(u-dppm), with chloride ions in di-
chloromethane solvent, which is shown to yield ultimately the
dichloro complex by way of the mixed bromo—chloro complex:

PtzBrz(ﬂ'dppm)z + Et4NCl =2
Pt,BrCl(u-dppm), + Et,NBr (1)

Pt,BrCl(p-dppm), + Et,NCIl =
Pt,Cl,(u-dppm), + Et,NBr (2)

net: Pt,Bry(u-dppm), + 2Et,NCl =
Pt,Cl,(u-dppm), + 2Et,NBr (3)

Experimental Section

Pt,Br,(u-dppm),-0.5CH,Cl, was prepared according to the liter-
ature.’ Tetraethylammonium chloride was recrystallized from
CH,C1,-Et,0. Dichloromethane and 1,2-dichloroethane were distilled
before use. The *'P{'H} NMR spectra were recorded on a Bruker
WM-300 spectrometer using external 85% phosphoric acid as a
reference. Kinetic measurements were made at 10.0 °C under
pseudo-first-order conditions (excess Et,NCl) by following the ab-
sorbance changes at 300 or 340 nm with a Cary 219 spectropho-
tometer.

Results

Reactions and Products. The UV-visible absorption spectra
and the NMR spectra showed complete conversion to the
dichloro complex in the presence of excess Et,NC!. The re-
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Table I. Rate Constants, k¢ and kg, and Calculated eg Values
(A 300 nm) for Case 1 and Case 2°
10 x
[Et,NC1)/
M

10™%eg/M™ cm™!
10%kg/s™ case 1 case 2
0.87 2 0.27 141 -0.72
219+023 154 -1.29

243030 1.53 -0.44
223050 147 -0.37

10%kg/s™

0.525 242+ 033
0.788 7.91 = 2.65
1.05 6.79 = 3.08
1.05 579+ 1.28

1.31 976 +1.23  3,00:019 170 -0.38
1.58 4.21 £ 0.36

158 28.4:03 3.30:011 139 -8.0
158 21.7:87 415:0.19 1.63 -2.58
1.84 356:72 4.78+0.14 165 —4.58
210  30.8:77 4602015 1.59 -4.24
210 254:33 4.75:0.09 165 -2.57
210 157:28 4.00+0.15 1.81 -0.54
210°  966:348 3.10:137 (0.58) (~0.21)°
2.100 5.10 = 0.24

263 3971137 631+0.19 174 =291
315  19.2:46 565+0.57 152 -1.11
3.15  32.0:14.1 6.87:0.69 168 -1.75
3.68 8.80 £ 0,26

420 306=x214 834+124 145 -1.67
420 47.00:0.02 7.90:0.02 151 =398
5.25 10.7: 0.4

@ [Pt, Br, (u-dppm), ], = 3.51 X 10°* M. b At 340 nm.

verse transformation occurs even more readily, suggesting, as
expected, that bromide is more tightly bound than chloride.
The ¥P{'H} NMR spectrum of a mixture of Pt,Br(u-dppm),
and Et,NCI (~1:1) in CD,Cl, consisted of three resonances
as shown in Figure 1. In addition to the resonance corre-
sponding to Pt,Br,(u-dppm), (3.56 ppm) and Pt,Cl(u-dppm),
(6.07 ppm), a new resonance appeared at 4.80 ppm, which
could be assigned to the mixed-halide complex, Pt,BrCl(u-
dppm),. The latter peak is slightly broadened, which is rea-
sonable since two sets of phosphorus atoms occur in the
mixed-halide complex. The relative intensities also confirm
the inferred stability sequence and the stepwise reactions
written earlier.

Kinetics. The absorbance-time curves monitored at 300 nm
(or 340 nm in two kinetic runs) for reactions 1 and 2 in CH,Cl,
solutions were obtained in the presence of large stoichiometric
excesses of Et,;NCI, such that its concentration remained ef-
fectively constant in each experiment. The kinetic data were
in accord with the occurrence of two sequential first-order
reactions. In terms of the values of absorbance per unit path
length (D), the data were resolved’ by eq 4, to yield the values

D,- D,

Ptle = a; exp(—k¢t) + a, exp(-k,t) 4)

(7) The computer program for the kinetic analyses by eq 4 was developed
by Dr. Marcel Maeder, University of Basel, Switzerland, 1980.
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Figure 1. 3{'H} NMR spectrum of the reaction mixture of Pt,Br,-
(u-dppm), (4.4 X 10 M) and (C,H,),NCl (4.2 X 107 M) in CD,Cl,.
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Figure 2. Plot of k; vs. [(C,H;),NCl] for the reaction of Pt,Br,(u-
dppm), with (C,H;)4NCl in CH,Cl, at 10.0 °C. The slope is 93 %
20 M s,

(o]

given in Table I. In this form, with “fast” and “slow”
terms——amplitudes (a) and rate constants (k)—one or the
other term is not identified with a particular reaction step.
Indeed, such an assignment cannot be made unambiguously
without further analysis.®© That point aside, both of the rate
constants show a variation with [Et,NCI] that is linear within
the experimental error (Figures 2 and 3). A least-squares
analysis gives the second-order rate constants k;/[Et,NCl] =
93 £ 20 M s and k,/[Et,NCl] = 19.4 £ 1.2 M s at 10.0
°C in CH,Cl,. It is clear, of course, that the larger of the two
has been resolved by this procedure with relatively low pre-
cision, as is evident from its standard deviation and the scatter
in Figure 2.

Rate Constant Assignments. Returning to the ambiguity
of the rate constant assignments, we consider two cases per-
taining to a sequence of pseudo-first-order reactions:

case 1: ky =k;> ky =k, case 2: k, =k, <k, =k,

Depending upon which situation prevails, the amplitudes as-
sume a different significance. If ¢4, €p, and ¢c are used to
symbolize the molar absorptivities of the dibromo, bromo—
chloro, and dichloro complexes, respectively, then the molar
absorptivity of intermediate complex B can be calculated from
the rate constants and amplitudes. The substance of this

(8) Alcock, N. W,; Benton, D. J.; Moore, P. Trans. Faraday Soc. 1970, 66,
2210.
(9) Buckingham, D. A; Francis, D. J.; Sargeson, A. M. Inorg. Chem. 1974,
13, 2630.
(10) Espenson, J. H. “Chemical Kinetics and Reaction Mechanisms”;
McGraw-Hill: New York, 1981; pp 69-71.
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Figure 3. Plot of k, vs. [(C,H;),NCIl] for the reaction of Pt,Br,(u-
dppm), with (C,H;5){NCl in CH,Cl, at 10.0 °C. The slope is 19.4
£ 1.2M1s7t

Table I1. Kinetic Data for the Reaction of Pt,Br, (u-dppm), with
Et,NCl in CICH,CH, Cl at 10.0 °C9

104 X 104 X

[EL,NCI]/M kobsd/s_l [Et4NC1] /M kobsd/s—l
544 0.102 13.6 0.171
6.35 0.108 18.1 0.199
7.26 0.117 18.1 0.202
7.26 0.120 22.7 0.224
9.07 0.140

@ [Pt, Br, (u-dppm), ], = 3.41 X 1075 M.

analysis is that different expressions apply in each case, and
different numerical values for ey result, depending upon which
case is applicable. The equations are as follows:

case 1: eg = ec + a,(1 — k;/ky) (%)
eg = (ea — a)(1 — ko/ k) + ecky/ k. (6)
case 2. e = ¢c + adl — k¢/ky) N
ep = (ea = a)(1 = k¢/ k) + ecke/k, (8)

Our attempt to decide between the two cases is based on
the values of ¢ obtained in each, as to both their consistency
and their reasonableness. The values of ¢ calculated from
the experimental data for each presumed case are given in
Table I. The data for case 1 are preferable for two reasons.
First, the value of ep in case 1 is constant for the 16 experi-
ments at 300 nm, eg = 1.58 X 10* M~! cm™ (£8% standard
deviation), whereas large scatter and negative values are ob-
tained for ey when case 2 is assumed. Second, the value of
g at 300 nm in case 1 lies nearly midway between ¢, (2.62
X 10* M~ ecm™) and ¢ (1.16 X 10* M~! ¢cm™), as one would
expect for a mixed-halide complex, especially one with an
NMR spectrum (Figure 1) that fails to signal any special
features.

Kinetics in 1,2-Dichloroethane. In this solvent the kinetic
data followed a single-step equation and fit to a pseudo-
first-order rate law. The observed rate constants are listed
in Table I1. The variation of k4 with [EtyNCl] followed
an equation of the form

P kK[Et,NCI]
obsd ™ 1 4+ K[Et,NCl]
as illustrated in Figure 4. A nonlinear least-squares analysis

gave the values k = 0.37 £ 0.02 s7' and K = (6.6 £ 0.5) X
102 M at 10.0 °C.
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Figure 4. Plot of kqpeq vs. [(C,Hs)4NCI] for the reaction of Pt,Br,-

(u-dppm), with (C,Hs),NCl in CICH,CH,Cl at 10.0 °C. The solid
line represents the nonlinear least-squares fit to eq 9.

Interpretation and Discussion

These Pt(I) (d°) complexes have 16-electron square—planar
structures, because they possess a Pt—Pt bond.!! That the rate
of substitution at Pt(I) is much greater than at Pt(II) is not
surprising. A perfectly analogous comparison of the extent
of the rate acceleration for Pt(I) as compared to that for Pt(II)
is not feasible, however, although a reasonable assessment can
be made by comparing these rate constants with those for
trans-bis(phosphine) complexes!*!4 (eq 10). The Pt(II)

trans-Pt(PEt3)2C12 + Br — trans-Pt(PEt3)2ClBr + CI
(10)

(11) Muir, L. M,; Muir, K. W,; Solomun, T. Acta Crystallogr., Sect. B 1979,
B35, 1237,
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Chem. Soc. 1968, 87, 241.

Inorganic Chemistry, Vol. 23, No. 24, 1984 4071

substitution rate constants are much lower; for example, k =
4.7 X 107 M s at 25 °C in methanol,' which corresponds
to a Pt(I) acceleration by >10°.

In view of the molecular structure of the dinuclear com-
plexes,>>!! it seems quite reasonable to view them in an al-
ternative manner. The platinum atoms have square—planar
coordination and 16-electron configurations, and in that respect
these complexes are analogous to Pt(II) complexes. In this
view, the rate enhancement may be said to arise from a pro-
found trans effect of the metal-metal bond. This promotes
associative attack at the metal center and thereby greatly
increases the rate of ligand substitution. .

The assignment of k; > k, was made on the basis of which
model gave the more realistic value of eg. We particularly
want to call attention to the method used since it may be of
general applicability.

The answer obtained gave a rate constant ratio of k,/k; =
4.8. This, too, is in the direction expected on statistical
grounds, since there is twice the probability of bromide sub-
stitution in the parent dibromo complex than in the interme-
diate bromo—chloro complex.

The data in 1,2-dichloroethane are strikingly different, yet
they are quite limited. More likely than not, however, the
first-order kinetic pattern is simply a fortuitous happening (i.e.,
k, ~ 2k,)," and the denominator term may simply result from
an outer-sphere complexation equilibrium. Further work is
required before a reasonable interpretation can be offered.
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