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Synopsis. Addition of tertiary phosphine to a
solution containing cis-diethylbis(tertiary phosphine)palla-
dium(II) alters thermolysis course of the complex from
reductive elimination process liberating butane to -
hydrogen elimination process in which ethane and ethylene
are released. Study with a deuterium-labeled ethyl complex
indicates involvement of an internal metalation process.

Studies on thermolysis mechanisms of isolated dial-
kylpalladium complexes provide essential informa-
tion for understanding basic properties of organo-
pailadium complexes. Two most important concerted
thermolysis pathways of dialkylpalladium complexes
relevant to organic synthesis are reductive elimina-
tion and B-elimination.? Thus, information con-
cerning controlling factors of these two pathways is
of crucial importance for designing selective organic
reactions promoted by palladium complexes.

In the previous reports?-® we showed that thermol-
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ysis courses of diethylbis(tertiary phosphine)palla-
dium(II) complexes were dictated by their configura-
tions, cis or trans.

Trans isomers decompose through a clean S-
elimination process to give ethylene and ethane in a
1:1 ratio, whereas cis isomers afford butane as the
reductive elimination product. The B-elimination
process of trans isomers is scarcely affected by addition
of free tertiary phosphines to the systems and the re-
action is assumed to proceed predominantly from
four-coordinate species without predissociation of
phosphine ligand.? In contrast, reductive elimina-
tion of the cis isomers is severely hindered by addition
of phosphine ligands and a reaction mechanism
proceeding through three-coordinate intermediates
formed by partial dissociation of tertiary phosphine
ligand has been proposed.2:¥ Further studies on the
thermolysis reactions of cis-diethyl complexes revealed
that addition of free phosphine ligands to the system
not only retards the reductive elimination reaction
but also forces to change the thermolysis course from
the reductive elimination to the 8-elimination process.

without added L

Et —— > Et-Et
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(L=PMe,Ph, 1; 1/2 Ph,P(CH,),PPh, (dppe), 2;
1/2 Ph,P(CH,),PPh, (dppp), 3; 1/2 Ph,P(CH,),-
PPh, (dppb), 4)

TABLE 1. GASES EVOLVED ON THERMOLYSIS OF cis-PdEt,L,®
Run L Additive Evolved gas ratio Total
(mol dm~3) C,H, C,H, CH,, amount®
1 PMe,Ph (1) dmm (0.17) 0.00 0.00 7.00 0.94
2 PMe,Ph (1) PMe,Ph (0.066) 0.03 0.04 0.93 0.76
dmm (0.38)
3 PMe,Ph (1) PMe,Ph (0.33) 0.49 0.47 0.04 0.95
4 PMe,Ph (1) PMe,Ph (0.63) 0.48 0.52 0.00 0.86
5 1/2dppe (2) dmm (0.38) 0.12 0.08 0.81 1.00
6 1/2dppe (2) dppe (0.011) 0.52 0.46 0.02 0.72
dmm (0.38)
7 1/2dppp (3) dmm (0.38) 0.17 0.09 0.75 0.62
8 1/2dppp  (3) dppp (0.0087) 0.47 0.50 0.04 0.90
dmm (0.38)
9 1/2dppp (3) dppp (0.036) 0.50 0.47 0.04 0.89
10 1/2dppp (3) dppp (0.26) 0.50 0.48 0.03 0.94
11 1/2dppb  (4) dmm (0.38) 0.17 0.09 0.75 0.62
12 1/2dppb (4) dppb (0.12) 0.48 0.50 0.02 0.93

a) [Complex]=0.05—0.10 mol dm~3.
(run 1), 70 (runs 2—12).

Solvent: toluene (run 1), Ph,CH, (runs 2—12).
b) Total amounts (mol/mol of complex)={(1/2) (C,H,+ C;H,) + C,H,,}/(complex).

Thermolysis temp (°C): r.t.
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Table 1 summarizes distributions of hydrocarbons
produced on thermolysis of four kinds of cis-diethyl
complexes in solution in the presence and absence of
free tertiary phosphines. Most of these reactions were
carried out in the presence of dimethyl maleate (dmm).
As previously mentioned,2® dmm serves to trap
Pd(0)L2 species formed in thermolysis preventing
decomposition of the Pd(0)La species but does not
affect the thermolysis of cis-PdEtzL2. The results in
Table 1 clearly indicate that thermolysis course is
effectively altered from the reductive elimination to the
B-elimination pathway on addition of free phosphine
ligands. Diphosphine coordinated compelexes 2—4
are more sensitive to addition of phosphines than
complex 1 having monodentate ligand. Thermol-
ysis rates in the systems with added phosphines were
much slower than those without added phosphines.
For example, complex 1 readily decomposes at
room temperature to yield butane, while thermolysis
of 1 (0.17 mol dm=3) in Ph2CH3 containing 0.70 mol
dm—3 of PMezPh does not proceed at room temper-
ature and takes place only at 60°C. The reaction
obeys the first order kinetics with respect to diethyl-
palladium concentration (kobsa=3.0X10-%s~!) and
liberates ethylene and ethane in a 1:1 ratio.

Examination of the thermolysis products of cis-
Pd(CH2CDs)2(PMezPh)z (5) provides further informa-
tion on the thermolysis mechanisms of cis-diethyl
complexes. Thermolysis of 5 in solution without
added PMezPh affords an almost quantitative yield
of CD3CH32CH2CD3 as reported previously.? On the
other hand, thermolysis of 5 in PhoCH: or CgDs
containing a ten fold excess amount of PMesPh
per palladium liberates a quantitative yield of CDs-
CHjs, instead of CDsCH:zD, together with a quantita-
tive amount of CD2=CHa.

with PMe,Ph
¢is-Pd(CH,CD,),(PMe,Ph), —————
CD,CH, + CD,=CH, )

Evidently no H-D scrambling in the ethyl groups is
involved in these reductive elimination and B-
hydrogen elimination processes. Furthermore, the
ethane formation in thermolysis of the cis isomer
arises by abstraction of hydrogen not from dispropor-
tionation of the two ethyl groups or from solvent but
from the PMezPh ligand. A similar hydrogen abstrac-
tion process from phosphine ligand has been sug-
gested in thermolysis of cis-Pt(CH2CD3)s(Me2P(CHz)2-
PMez) producing CD3CHs and CH2=CD>.9

When the reductive elimination pathway is blocked
in thermolysis of cis-PdEtzL2 by addition of tertiary
phosphine ligand, the complex is forced to take ano-
ther course. The most probable process suggested by
the present study is internal ortho metalation of the
starting cis-diethyl complex (A) involving C-H bond
cleavage at the phenyl group in PMesPh® to give B.
The internally metalated diethyl(hydrido)palladium-
(IV) species B then reductively eliminates ethane to
give a monoethyl complex (C). Species C then un-
dergoes B-elimination process liberating ethylene and
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forming a hydridopalladium complex (D), which is
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spontaneously converted into Pd(0) complex.

Experimental

All manipulations were carried out as reported previ-
ously.2® Analysis of the gases evolved by thermolysis of
cis-Pd(CH2CD3)2(PMez2Ph)z (5)2 was carried out by GC-
mass spectrometry (Hitachi M-80 spectrometer; column,
Porapak Q; FD mass method). Structure of deuterated
ethylene was confirmed by IR spectroscopy.® The rate
constant for thermolysis of cis-PdEtz(PMezPh)z (0.17 mol
dm3) in Ph2CH: containing PMezPh (0.70 mol dm~8) at 60
°C was obtained by measuring the amounts of ethylene
and ethane evolved with time using a Toepler pump.

Preparation of cis-PdEty(dppp) (3) and cis-PdEtAdppb) (4).
Cis-diethyl complexes 3 and 4 were prepared by the re-
actions of Pd(acac);, AlEts(OEt)s, and corresponding
phosphine ligands in a manner similar to the preparation
of cis-PdEty(dppe) (2)® and were identified by means of
elemental analysis and IR and 'H and 3C{*H} NMR spec-
troscopy.
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