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Kinetic studies of the oxidative addition of Mel or PhCH,Br to [MMey(Ly)] (M = Pd or Pt, L, =
2,2’-bipyridine or 1,10-phenanthroline) indicate that the reactions occur by the Sy2 mechanism, and the
reactions occur 7-22 times faster when M = Pt over Pd and 1.2-2.2 times faster when L, = phen over bpy.
Reductive elimination from [PdBrMe,(CH,Ph)(L,)] in the solid state occurs to give both Me-Me and
PhCH,Me, and there is a preference for methyl group loss. Thermochemical studies indicate that CH;—CHj
loss gives AH = -108 % 4 kJ mol™ but PhCH,—CHj loss gives AH = —48 £ 12 kJ mol}, indicating a relatively
strong PhCH,~Pd bond. The complexes [PdIMes(L,)] or [PdBrMey(CH,Ph)(L,)] react rapidly with
[PtMey(Ly)] by alkyl halide transfer. Kinetic studies have shown that the major route involves loss of halide
from palladium(IV) in a preequilibrium step, followed by SN2 attack by [PtMe,(Ly)] on an alkyl group
of [PdMes(Ly)]* or [PdMey(CH,Ph)(Ly)]*. In the latter case, benzyl group transfer is preferred over methyl

group transfer.

Introduction

The synthetic chemistry of alkylpalladium(IV) com-
pounds has developed rapidly®* following the recent report
of the synthesis of the 2,2’-bipyridine complex [PdIMeg-
(bpy)1,%” but kinetic studies of reaction mechanisms have
been confined to investigation of the oxidative addition
of iodomethane to [PdMe,(bpy)] and reductive elimination
of ethane from [PdIMe;(bpy)].2 The marked preference
of platinum for oxidation state IV, compared with palla-
dium, has prompted us to investigate the reaction of
[PdIMes4(L,)] and [PdBrMe,(CH,Ph)(L,;)] with [PtMe,-
(Ly)] (Ly = 2,2-bipyridine or 1,10-phenanthroline), re-
sulting in the characterization of redox reactions involving
transfer of both methyl (or benzyl) and halogeno groups
from palladium(IV) to platinum(II), e.g. as shown in eq
1 for trimethylpalladium(IV).

[PdIMe;(Lo)] + [PtMey(Lg)] —
[PdMey(Lo)] + [PtIMey(Ly)] (1)

These reactions are related to alkyl transfer reactions
between cobalt(I) /cobalt(III) or rhodium(l) /rhodium(III),
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Table I. Second-Order Rate Constants and Activation
Parameters for Reaction of [MMe,(L,)] with Organohalides
and [PdBrMe,(CH,Ph)(phen)] in Acetone at 20 °C

AS* (20
°C)2J K1
complex ky, Lmol?ts? E,*kJ mol™? mol™
MMey(Ly) + Mel

PdMe,(bpy)? 3.23 £ 0.08 25.3 £ 0.6 -156 £ 2

PtMey(bpy)® 40 %1 249 £ 0.1 -187 %1
PdMe,(phen)* 3.9%0.1 56+ 1 -51+2
PtMe,(phen)? (87 £ 1) 49+2 -48 £ 7

MMe,(Ly) + PhCH,Br

PdMe,(bpy) 1.5+0.1 411 -110 £ 2

PtMe,(bpy)? 11.0 % 0.1 36 + 1 -110 % 4

PdMe,(phen)” 2.0+ 0.1 3B+1 -130+ 1

PtMe,(phen)’ 183 % 2 28+ 1 -135 = 1

PtMe,(phen) + PdBrMe,(CH,Ph)(phen)

PtMe,(phen)/ 3.1+0.1 57+1 -51 + 4

%Obtained from the Arrhenius equation. ®From ref 7.
¢ [PdMe,(phen)] = 83.08 X 1074 M; k, = 2.89 + 0.1 (15 °C) and 1.68
%+ 0.1 L mol s at 9.5 °C. ¢[PtMe,y(phen)] = 1.33 X 10* M; k, =
61.3 (15 °C), 48.95 (10 °C), and 27.3 L mol? s! at 4 °C.
¢Estimated from data in footnote d. /[PdMe,(bpy)] = 1.15 X 1073
M; k;, = 0.71 £ 0.1 (7 °C) and 0.55 £ 0.1 L mol! s at 4 °C.
¢ [PtMe,(bpy)] = 1.34 X 10™* M; ky = 7.14 £ 0.1 (10 °C) and 4.83 +
0.1 L mol'ts! at 5 °C. *[PdMe,(phen)] = 1.13 X 1073 M; &, = 1.66
+ 0.1 (15°C and 1.23 £ 0.1 L mol™ s at 10 °C. {[PtMe,(phen)] =
1.41 X 107 M; ky = 12,68 £ 0.2 (10 °C) and 9.42 + 0.2 L mol™ s
at 4 °C. /[PtMey(phen)] = 1.30 X 10™* M; k, = 6.09 + 0.1 (30 °C)
and 1.85 = 0.1 L mol™* s at 15 °C; using freshly prepared solu-
tions of [PdBrMe,(CH,Ph)(phen)] stored at ice temperature be-
fore equilibrating as 20 °C and with no free bromide present.

which have been thoroughly studied.?® With the palla-
dium(IV) donor, an alternative reaction would involve
transfer of two methyl groups to platinum(II), in a similar
way to the reactions of Me,Hg or Me,Pb with [PtMe,-
(bpy)] leading to [PtMe,(bpy)],! but this type of reaction

(9) (a) Dodd, D.; Johnson, M. D.; Lockman, B. L. J. Am. Chem. Soc.
1977, 99, 3664. (b) Stadlbauer, E. A.; Holland, R. J.; Lamm, F. P;
Schrauzer, G. N. Biocinorg. Chem. 1974, 4, 67. (c) Johnson, R. W,;
Pearson, R. G. J. Chem. Soc., Chem. Commun. 1970, 986. (d) Collman,
J. P.; Brauman, J. I.; Madonik, A. M. Organometallics 1986, 5, 215.
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Table II. Differential Scanning Calorimetry Data for the Decomposition of Pd(IV) Complexes

complex T2 °C AH, kJ mol™! wt loss,? % solid products,’
PdIMey(bpy)? 80-120 (110) -105 £ 2 7.3 £ 0.2 (6.9) PdIMe(bpy)
PdIMej(phen) 90-120 (110) -112 £ 2 6.8 £ 0.2 (6.6) PdIMe(phen)
PdBrMe,(CH,Ph)(bpy) 110-145 (137) -97 £ 2 9.7 £ 0.2 (9.8) 0.8PdBr(CH,Ph)(bpy) + 0.2PdBrMe(bpy)
PdBrMe,(CH,Ph)(phen) 85-120 (113) -76 £ 2 13.8 + 0.2 (14.1) 0.5PdBr(CH,Ph)(phen) + 0.5PdBrMe(phen)

¢ Temperature range for decomposition, with maximum in parentheses. ®Calculated values in parentheses, for the solid products found in
the ratios indicated, assuming loss of ethane and ethylbenzene; e.g., loss of ethane only from PdBrMe,(CH,Ph)(bpy) would give an expected

8.

was not observed. A study of the mechanism of the alkyl
transfer reaction was undertaken in order to understand
the reactivity and selectivity of the alkyl transfer reactions,
which showed several unusual features.

To interpret the above data, it was also necessary to
study the kinetics and mechanism of oxidative addition
of methyl iodide and benzyl bromide to the complexes
[MMey(L,)] (M = Pd or Pt; L, = bipy or phen) and the
thermochemistry of reductive elimination from
[PdIMes(L,)] and [PdBrMe,(CH,Ph)(L,)].

Results and Discussion

Kinetics of Oxidative Addition of Alkyl Halides.
The kinetics of oxidative addition of Mel to [MMe,(bpy)]
(M = Pd or Pt) have been studied previously.? The oxi-
dative additions of Mel to [MMe,(phen)] and of PhCH,Br
to [MMe,y(L,)] (M = Pd or Pt; L, = bpy or phen), were
studied in a similar way by using UV-visible absorption
spectroscopy to monitor the reactions. In each case, excess
alkyl halide was used and the reactions followed good
first-order kinetics. Graphs of these first-order rate con-
stants against the concentrations of alkyl halides gave good
straight line plots passing through the origin, from which
the overall second-order rate constants were determined.
The activation parameters were determined from mea-
surements at different temperatures, and the data are
given in Table I. In every case, large negative values of
AS* were obtained, typical of oxidative additions by the
Sn2 mechanism. This mechanism is well-established for
the platinum(II) complexes from previous work.!!

For reaction of a given complex [MMe,(L,)] with RX,
the platinum complex reacted 7-22 times faster than the
palladium analogue and this was mostly due to a lower
activation energy, E,. The reactions were faster at 20 °C
when L, = phen than when L, = bpy, but only by a factor
of 1.2-2.2. The data of Table I clearly suggest the Sy2
mechanism in all cases.

Thermochemistry of Reductive Elimination from
Palladium(IV). Differential scanning calorimetry studies
of [MIMes(Ly)] show weight loss at ~110 °C for the
palladium(IV) complexes, with the loss corresponding to
loss of ethane (Table II), but the platinum(IV) complexes
show general decomposition at a much higher temperature,
~273 °C (L, = bpy) and ~292 °C (L, = phen). An es-
timation of the Pd-C bond energy for [PdIMes(phen)]?

(10) Jawad, J. K.; Puddephatt, R. J. Inorg. Chim. Acta 1978, 31, L.391.
This is one of the classical methods for synthesis of organometallic com-
pounds, and there are many examples.

(11) (a) Crespo, M.; Puddephatt, R. J. Organometallics 1987, 6, 2548.
(b) Monaghan, P. K.; Puddephatt, R. J. J. Chem. Soc., Dalton Trans.
1988, 595.

(12) It is assumed that the enthalpy change on reductive elimination
corresponds only to formation of the C—C bond of ethane (368 kJ mol™)
and loss of two Pd-Me bonds. The nature of the approximations has
been discussed elsewhere, and it is important to note that although the
thermochemical data for the solid state are precise, the correction to the
gas phase depends on assumptions that cannot be verified. Mortimer,
C.'T.; McNaughton, J. L.; Puddephatt, R. J. J. Chem. Soc., Dalton Trans.
1972, 1265 and references therein.

weight loss of 6.5%, well removed from the value obtained. ¢Confirmed by !H NMR (chemical shifts and in relative integration). ¢From ref
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Figure 1. Differential scanning calorimetry for the thermolysis
of [PdBrMe,(CH,Ph)(bpy)] (solid line) and [PdBrMe,-
(CH,Ph)(phen)] (dotted line). -
gives a value of 128 + 6 kJ mol™!, in agreement with the
determination for the bpy complex, 131.5 + 6 kJ mol 1.2

Thermolysis of [PdBrMe,(CH,Ph)(L,)] gave a mixture
of ethane and ethylbenzene and the corresponding prod-
ucts [PdBr(CH,Ph)(L,)] and [PdBrMe(L,)], respectively
(Figure 1). Random loss of Me-Me and PhCH;~Me would
give a 1:2 ratio of [PdBr(CH,Ph)(L,)] and [PdBrMe(L,)]
whereas the observed ratios were 4:1 and 1:1 when L, =
bpy or phen, respectively. This indicates that methyl
groups are lost more readily than benzyl groups on re-
ductive elimination.!?

The data in Table II show that reductive elimination
of PhCH,~-CHj is less exothermic than reductive elimi-
nation of CH;—CHj. Since the mole fractions x and y for
reductive elimination of PhCH,~CH; and CH3;-CHj are
known from experiment, if we use D(PhCH,-Me) = 301
kJ mol™,'* D(CH;—CHjy) = 368 kJ mol™}, and D(Pd-Me)
= 130 kJ mol™, the value of D(PhCH,-Pd) may be esti-
mated from the observed enthalpy of reaction, AH, ac-
cording to the expression

AH = (1 + y)D(PdMe) + xD(Pd-CH,Ph) -
yD(Me-Me) — xD(PhCH,-CHj) (2)

This treatment gives D{(Pd-CH,Ph) = 116 kJ mol™ in
[PdBrMe,(CH,Ph)(bpy)] and 130 kJ mol! in
[PdBrMe,(CH,Ph)(phen)],!® or a mean value of 123 kJ

(13) We have suggested that reductive elimination of an axial and an
equatorial alkyl group occurs (as defined by the R,PdL, plane).? The
benzyl group has a strong preference for the axial position (none of the
other isomer is detected though alkyl group scrambling within the PdR;
unit can occur readily by way of the cationic intermediate formed by
halide dissociation).® Loss of ethane should occur from the minor isomer,
present in very low concentration, and hence the selectivity for methyl
rather than benzyl group loss should be much higher than indicated by
the product ratios.

(14) Benson, S. W. Thermochemical Kinetics, 2nd ed., Wiley: New
York, 1972,
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mol?. Typically, benzyl-X bond dissociation energies are
considerably lower than CH3;—X bond dissociation energies
because of the unusual stability of the benzyl radical
compared to the methyl radical.* In the present com-
pounds, the difference appears to be small indicating a
relatively strong benzylpalladium bond. Although the
estimates involved in calculating the actual D(Pd—CH,Ph)
values are difficult to evaluate, the conclusion that the
Pd-CH,Ph bond is strong is supported by the precise AH
values given in Table II. Thus reductive elimination of
CH,;-CH; is exothermic by 108 * 4 kJ mol™ while reduc-
tive elimination of PhCH,-CHj is calculated to be exo-
thermic by only 48 £ 12 kJ mol™l. The selectivity for
ethane reductive elimination could therefore be controlled
by such thermochemical factors.

Alkyl Halide Transfer Reactions: Characteriza-
tion. The reaction of [PdIMe;(bpy)] with [PtMey(bpy)]
(eq 1), and the related reaction of the phen complexes, may
be readily monitored by 'H NMR spectroscopy. Using
equimolar quantities of reagents, the reactions are essen-
tially complete in ~15 min, and during this time the
competing reductive elimination of ethane from
[PdIMe;(L5)]%*® removes ~20% of the palladium(IV)
reagents as [PdIMe(Ly)], with a corresponding ~20%
[PtMey(L,)] remaining unreacted.

Reaction of [PdBrMe,(CH,Ph)(L,)] with [PtMey(L,)]
proceeds similarly (eq 3).

[PdBrMe,(CH,Ph)(L,)] + [PtMey(Ly)] —
a[PdMe,(Ly)] + b{PdMe(CH,Ph)(L,)] +
b(PtBrMes(Ly)] + a[PtBrMe,(CH,Ph)(L,)] (3)

L, = bpy, a = 0.75, b = 0.25;
L, = phen, ¢ = 0.85, b = 0.15

However, the complexes [PdBrMey(CH,Ph)(L,)] are
sufficiently stable that no competing reductive elimination
occurs. The new complexes [PdMe(CH,Ph)(L,)] (eq 3)
appear to be unstable under these conditions; singlet PdMe
resonances at 0.39 (L, = bpy) and 0.53 ppm (L, = phen)
disappear soon after completion of reaction, and these
resonances are assigned to [PdMe(CH,Ph)(L,)] since they
exhibit the appropriate integration for the expected
product distribution (eq 2) and the MePd resonance of the
phen complex occurs 0.14 ppm downfield from the bpy
complex, exactly as found for {[PdMe,(Ly)] in acetone.
Support for these assignments, and evidence that the bi-
dentate ligands are not transferred during the alkyl
transfer reaction, was readily obtained. For example, re-
action of [PdBrMey(CH,Ph)(phen)] with [PtMey(bpy)]
gave only [PdMe,(phen)], [PdMe(CH,Ph)(phen)],
[PtBrMes(bpy)], and [PtBrMe,(CH,Ph)(bpy)].

There is a high selectivity for transfer of benzyl groups
to platinum(II) (eq 2), in particular for L, = phen, with
[PtBrMe,(CH,Ph)(phen)] comprising 85% of the plati-
num(IV) products compared with 33% expected for a
random transfer of methyl and benzyl groups. The se-
lectivity is the opposite of that observed for reductive
elimination from the palladium(IV) compounds, as de-
scribed above.

The stereochemistry of the alkyl halide transfer reaction
was determined by using the reaction of eq 4 (NN = bpy,
N’N’ = 2,2-bipyrimidine).

Me Me
Me\'/N CD3~ N\ Mewp N O3 N
F’gd\N) + CDa/Pt ) —— MesPaZy) T o7 ,Pt ,) (4)
1

(15) The errors are difficult to estimate because of the usual problems
with DSC thermochemistry!? and because the value of D(PdMe) has an
absolute error which is difficult to estimate.® The bond dissociation
energies should therefore be regarded with great caution.

Aye et al.

This clearly establishes that the methyl and iodide add
to the axial sites in the platinum(IV) product. It follows
that the axial methyl group of the palladium(IV) reagent
should be transferred selectively, but it is not possible to
prove this by direct deuterium labeling since there is rapid
intramolecular scrambling of Me and CDj; groups in com-
plexes [PdIMey(CD4)(L,)].8

Alkyl Halide Transfer Reactions: Kinetics and
Mechanism. Preliminary experiments were carried out
using 'H NMR spectroscopy to monitor the reactions. The
reaction of [PdIMeg(bpy)]} with [PtMey(bpy)] in acetone-Dg
(eq 1) followed approximately second-order kinetics (using
equimolar reagents) but was complicated by the parallel
reaction of [PdIMes(bpy)] to give ethane and [PdIMe-
(bpy)]. The Mel transfer reaction was very strongly re-
tarded in the presence of free iodide. Thus, in the presence
of 1 equiv of Nal, only 20% reaction occurred in 15 min
whereas complete reaction occurred in the absence of Nal.
Furthermore, the selectivity for Mel transfer rather than
reductive elimination from palladium(IV) was much lower
in the presence of iodide. Since it has been shown that
the reductive elimination is retarded by iodide, the Mel
transfer is clearly retarded still more effectively by free
iodide. This result clearly indicates that the major route
to Mel transfer must involve preliminary iodide dissocia-
tion from [PdIMe;(bpy)]. Similar halide retardation was
established by 'H NMR for all of the alkyl halide transfer
reactions.

Fortunately, the complexes [PdBrMe,(CH,Ph)(L,)] (1),
are more stable to reductive elimination at room tem-
perature and so the alkyl halide transfer to [PtMey(L,)]
(3) occurs selectively. A detailed study of the kinetics of
this reaction, where L, = phen, was therefore possible.
After preliminary NMR studies, the accurate kinetic data
were obtained by using UV-visible spectroscopy to monitor
the reactions. The disappearance of [PtMe,(phen)] was
monitored by decay of the characteristic MLCT band at
470 nm. Excess palladium(IV) reagent was used, and good
first-order kinetics were observed. Graphs of the first-order
rate constants versus the concentration of palladium(IV)
reagent gave good linear plots passing through the origin.
Hence it was established that the reaction followed good
second-order kinetics, first order in each reagent; that is,
~d[1]/dt = ~d[31/dt = kel 11(3].

The derived second-order rate constants and activation
parameters are given in Table I. It can be seen that, at
20 °C in acetone in the absence of free bromide, PhnCH,Br
reacts about 6 times as fast as [PdBrMe,(CH,Ph)(phen)]
with [PtMey(phen)] and both give largely or exclusively
[PtBrMe,(CH,Ph)(phen)] as product. The activation
parameters are fully consistent with an Sy2 mechanism,
in which the nucleophilic [PtMe,(phen)] attacks the ben-
zyl- (or methyl-) palladium group. However, these pa-
rameters will reflect to some extent the preequilibrium
involving bromide dissociation from palladium(IV) and so
they are not directly comparable with those for the alkyl
halide oxidative additions to [PtMey(phen)].

In the second set of experiments, the rate constants for
the reaction of [PdBrMe,(CH,Ph)(phen)] with [PtMe,-
(phen)] in acetone at 20 °C were measured as a function
of bromide concentration; data are given in Table III. The
observed rate constant is reduced by a factor of 10 in the
presence of only 3.5 X 10 M LiBr (the concentration of
Pd(IV) reagent was 2.12 X 107 M). A graph of k., Where
kopsa is the observed second-order rate constant, versus
1/[Br7] gave a straight line which did not pass through the
origin (Figure 2). These data are interpreted in terms of
the mechanism of eq 5-8 (R = benzyl). Methyl group
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Table III. First-Order Rate Constants for Reaction of [PtMe,(phen)] with Excess [PdBrMe,(CH,Ph)(phen)] in Acetone
Solution at 20 °C in the Presence of Bromide®

104[LiBr], M 1/[Br7] 104, 87! kg, L mol! s 104LiBr], M 1/[Br7] 104k, s71 ko, L mol™! g1
0 44.8 211 2.063 4.85 x 108 5.13 0.24
0.413 24.2 X 10% 16.9 0.80 2.476 4.04 x 108 4.70 0.22
1.032 9.69 x 10° 7.40 0.35 3.507 2.85 x 10° 4.06 0.19
1.650 6.06 X 103 5.76 0.27
8 [PtMe,(phen)] = 7.65 X 10 M. [PdBrMe,(CH,Ph)(phen)] = 2,12 X 1073 M.
Scheme I
o~
= Me N Me M|e N, p
Me p N X i Me:P)l(d\N) R>Fid\N) \ X~ Me\p /N)
Me= 0N | AN B
+ - +
0.5f F'? * ké XHX H k; y Mle N+
m:P(:;’ \ RO st Me +/M§>Pt:N)—‘
Pt mg:Pd::)-‘ —_— M§>Pd:s;\ Pt
2 2
Pt = {PtMe, (NN)J,
. . Facile alkyl transfer from palladium(IV) to platinum(II)
0 10 20x103 1/(Br] reflects the lower stability of Pd(IV) compared with Pt(IV)

Figure 2, A graph of ky/L mol™ 57! vs 1/[Br] for the reaction
of PdBrMe,(CH,Ph)(phen) with PtMe,(phen) in acetone at 20
°C, where k, is the second-order rate constant for the reaction
with the Pd(IV) reagent in excess.

transfer is neglected at this stage but will be discussed
later.

[PdBrMe,R (phen)] —= [PdMe,R(phen)]* + Br~ ... (5)
{ 2

[PdMezlg(phen)]+ + [PtMe23(phen)] —52*
[PdMey(phen)] + [PtMest(phen)]*' (6)
4

[PdBrMe,R(phen)] + [PtMe,(phen)] %»
[PdMe,y(phen)] + [PtMe,R(phen)]* (7)
4

[PtMe,R(phen)]* + Br- —= [PtBrMe,R(phen)]  (8)
5 6

It is known, from separate NMR experiments,® that the
reaction of eq 5 is a rapid equilibrium at room temperature,
though the cation 2 is solvated to maintain octahedral
stereochemistry at palladium(IV). Acetone is a poor lig-
and, and the equilibrium therefore lies well to the left (the
cation is detected in significant concentration when S =
MeCN8). Under these conditions, the rate expression is
expected to be given by eq 9.

-d[3]/dt = Kk,[1][3]/[Br] + ky[1][3] 9)

The first term corresponds to reaction via the cation 2
(eq 6) while the second term corresponds to reaction via
the neutral complex 1 (eq 7). The bromide coordination
to 5 (eq 8) is expected to be rapid.!l®

Hence the observed second-order rate constant for
disappearance of 3 is expected to be given by kgpgq =
Kk, /[Br] + k3, consistent with the data of Table III and
Figure 2. This gives k3 = 0.10 £ 0.02 L mol™ s! and Kk,
= 2.9 X 105571, Under the conditions of the kinetics, in
the absence of added bromide, it can be estimated that
~5% of the reaction occurs by eq 7 and ~95% by eq 8,
but these proportions are expected to be strongly de-
pendent on the concentrations used.6

and the (related) higher nucleophilic character of
[PtMey(L,)] compared to [PdMey(L,;)]. The alkyl transfer
is evidently facilitated by the ease of halide dissociation
from the alkylpalladium(IV) compounds to give the cations
[PdMe,R(L,)]*. We have explored the nucleophilic
character of [PtMey(bpy)] toward other related d® com-
plexes, in order to determine the scope of the reaction.
Thus, ~19% iodomethane transfer occurs over 24 h for
reaction of [PtMe,(bpy)] with [IrI;Me(CO)(PPhg),], and
30% transfer occurs for [PtIMes(PMe,Ph),]. Similarly,
only partial transfer of methyl chloride from cis-
[AuCIMe,(PMeyPh)] to [PtMey(bpy)] was observed, and
this appears to be the first example of alkyl halide transfer
from gold(III). No alkyl transfer was observed between
[PtIMes(bpy)] and [PtMe,y(phen)] or [PtIMe;(phen)] and
[PtMey(bpy)]. This is in contrast to Co(I)/Co(IIl) or
Rh(I) /Rh(III) systems where alkyl transfer is observed.®
With the platinum(II) nucleophiles it seems that the
overall reaction must be thermodynamically very favorable
for reaction to be efficient. It is also possible that the
halide dissociation is much more difficult for many of these
reagents compared to [PdIMe;(L;)] and that this also leads
to much slower reactions.

Because these reactions were slow and did not proceed
to completion, no kinetic studies were attempted.

Discussion

The greater stability of platinum(IV) compared to
palladium(IV) is well-known and is demonstrated in this
work by the greater rates of oxidative addition of alkyl
halides to platinum(II) compared to palladium(II) and by
the much higher reactivity of the palladium(IV) complexes
to reductive elimination. In the reductive elimination from
[PdBrMe,(CH,Ph)(L,)] in the solid state there is a pref-
erence for methyl rather than benzyl group loss and,
consistent with this, the thermal analysis indicates a rel-
atively strong benzylpalladium(IV) bond. While no alkyl
halide reductive elimination from palladium(IV) has been
detected, alkyl halide transfer from palladium(IV) to

(16) Extrapolation of Figure 2 to the value of R,,q in the absence of
added bromide gives [Br7] ~ 1.44 X 10° M, and, if this arises only from
the equilibrium of eq 4, the equilibrium constant K for eq 4 is calculated
to be ~1077 mol L™ and hence k; ~ 3 X 102 L. mol™! s"1. However, these
results will be greatly affected by very minor amounts of bromide im-
purity in 1 and are not considered reliable. Note that k4 is only 0.1 L
mol™! s}, and hence, with the above provisos, ky/kg =~ 3 X 10%.
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platinum(II) occurs readily and there is selectivity for
benzyl halide rather than methyl halide transfer from
[PdBrMe,(CH,Ph)(L,)].

Kinetic studies show that preliminary ionization of
bromide occurs from [PdBrMe,(CH,Ph)(phen)] (1) in the
major pathway for alkyl bromide transfer. The labeling
study of eq 3 shows that the alkyl and halide groups add
selectively above and below the plane of [PtMey(Ls)], and,
although this could not be proved, it is likely that the alkyl
group cis to bpy or phen is selectively transferred from
palladium(IV). The different pathways for this reaction
are shown in Scheme I, where R = CH,Ph or Me and X
=BrorlL

Scheme I omits the step involving rapid addition of X~
to [PtMe;(NN)]* or [PtMe,R(NN)]*. In this scheme, the
sum of ky' + ky” or ks’ + k3’ will be equal to the rate
constant k, or kg of eq 5 and 6, in which the minor route
involving methyl transfer was neglected for simplicity.

It is easy to understand why the cations [PdMe,R(L,)]*
are more reactive since the alkyl groups will be more
electrophilic than in the neutral [PdXMe;R(1.,)] and hence
more susceptible to attack by the platinum(II) nucleophile.
The Sn2 mechanism is strongly indicated by the kinetic
data of Table I, although the preequilibrium step com-
plicates analysis of the activation parameters. It is not easy
to quantify this effect, but it is likely'® that ky/kg > 103
and this is much higher than observed in Rh(I)/Rh(III)
exchange reactions, where the corresponding k,/k; ~ 10.

How can the selectivity of alkyl group transfer of eq 2
be rationalized? Normally, nucleophilic attack on
PhCH,-X occurs faster than on CHy;—X by factors as high
as 500,17 and this would be expected to favor benzyl halide
transfer from [PdBrMe,(CH,Ph)(Ly)]. In addition, the
equilibria among the Pd{IV) complexes in the scheme (R
= PhCH,) strongly favor 1 over 1, to such an extent that
1’ is not detectable. By analogy, it is probable that 2 is
favored over 2. Now since it is likely that the axial alkyl
group is transferred to platinum(II), this factor should also
strongly favor benzyl group transfer. The reactions do
favor benzyl group transfer to platinum(II) (eq 2), but it
is perhaps surprising that the selectivity is not still higher
since, based on the above arguments only, virtually no
methyl group transfer would be expected. Perhaps the

(17) Streitweiser, A. Solvolytic Displacement Reactions; McGraw-Hill:
New York, 1962. Schrauzer, G. N.; Deutsch, E. J. Am. Chem. Soc. 1969,
91, 3341.
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surprisingly high benzylpalladium bond strength is a
factor, or perhaps steric effects in the reactions favor
methyl group transfer.

Experimental Section

'H NMR spectra were recorded by using Bruker AM-300 and
Varian X1.200 spectrometers, with Me,Si as reference, and kinetic
studies were carried out by using a Varian CARY 2290 spectro-
photometer, with temperature control using a Polyscience Series
900 constant temperature bath as described recently.® Oxidative
additions to [MMey(bpy)] were monitored at 440 nm (M = Pd)
and 452 nm (M = Pt) and to [MMey(phen)] were monitored at
440 nm (M = Pd) and 470 nm (M = Pt), including the reaction
with [PdBrMe,(CH,Ph)(phen)). Differential scanning calorimetry
was carried out by using a Du Pont Instruments 912 DSC in
conjunction with the 9900 computer/thermal analyzer as reported
recently.?

The complexes [PdMe,(bpy)], {[PdIMes(bpy)],>* [PdIMes-
(phen)],* [PdBrMe,(CH,Ph)(bpy)],® [Pt(CDg),(bipyrimidine)],'*
[PtIMea(PMEQPh)ZL [PtIMe(CDs)z(PMezph)gl,19 and [Il‘IzMe-
(CO)(PPhy),]'!®* were prepared as reported; the complexes
[PdMey(phen)] and [PdBrMe,(CH,Ph){phen)] were prepared by
methods identical with that reported for the bpy complexes.

'H NMR Studies. Equimolar quantities of the palladium(IV)
and platinum(II) reagents were mixed in (CD3),CO to give con-
centrations of ~1.7 X 102 M and spectra monitored at 5-min
intervals for 30 min. Resonances for palladium(II) products are
in agreement with reported values for spectra in (CD,),CO
[PdMe,(bpy)]?* or give PdMe resonances identical with previously
reported complexes (CDCl, spectra)®* when these complexes are
dissolved in (CDy);CO[PdIMe(bpy) (0.83 ppm) and PdBrMe(bpy)
(0.86 ppm)] and similarly for the new complexes PdMe,(phen)
(0.38 ppm) and PdIMe(phen) (1.00 ppm) 6btained as reported
for the bpy complexes.*
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