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Mechanism of the oxidative addition of Pd0 complexes generated
from Pd0(dba)2 and a phosphole ligand DBP: a special case where

dba does not play any inhibiting role
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Abstract

The reactivity of the palladium(0) complexes generated from Pd0(dba)2 (dba, trans,trans-dibenzylideneacetone) and n equiva-
lents 1-phenyl-dibenzophosphole (DBP) has been investigated in the oxidative addition with PhI. Pd0(dba)(DBP)2 is generated as
the major complex when n=2. When n�4, the dba of Pd0(dba)(DBP)2 is substituted by the ligand to generate Pd0(DBP)4, which
is the major complex in solution. Such a situation considerably differs from PPh3, since at least 100 equivalents PPh3 are required
to completely displace dba from Pd0(dba)(PPh3)2 to form Pd0(PPh3)3. Consequently, dba has no decelerating effect on the kinetics
of the oxidative addition of PhI to the Pd0 complex formed from Pd0(dba)2 and n equivalents DBP (n�4). Pd0(DBP)4 is
considerably less reactive than Pd0(PPh3)4 despite the fact that DBP is considered to be less hindered and more basic than PPh3.
Pd0(DBP)2 is the reactive species. The reaction order in the ligand DBP is −2 compared with −1 for PPh3. The dissociation of
one DBP from Pd0(DBP)4 is considerably more endergonic than that of one PPh3 from Pd0(PPh3)4 and is at the origin of the lower
reactivity of Pd0(DBP)4. The oxidative addition of PhI generates the trans-PhPdI(DBP)2 complex via the reversible formation of
an intermediate complex assigned to cis-PhPdI(DBP)2. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The mechanism of the oxidative addition of PhI
(taken as a model aryl halide) with the palladium(0)
complexes generated from Pd0(dba)2 associated with n
equivalents (n�2) of monodentate phosphine ligands
PPh3 is reported in Scheme 1[1].

In THF or DMF, the major complex is ligated by
dba: Pd0(dba)(PPh3)2. A tris-ligated complex is formed
Pd0(PPh3)3 when n�2, but Pd0(dba)(PPh3)2 is still
present. At least one hundred equivalents of PPh3 are
required to completely displace dba from
Pd0(dba)(PPh3)2. A minor complex Pd0(PPh3)2 is the
reactive species, which undergoes oxidative addition
whatever n�2. The overall reactivity is then governed
by the concentration of Pd0(PPh3)2, which is controlled
by the equilibrium constants K1 and K2 and by the
phosphine and dba concentration. Consequently, dba
has a decelerating effect on the kinetics of the oxidative
addition by decreasing the concentration of the active
species Pd0(PPh3)2 to form the unreactive
Pd0(dba)(PPh3)2 [1].

Scheme 1. Oxidative addition of PhI to the Pd0 complex generated
from Pd0(dba)2 and n equivalents PPh3 (n�2).
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Fig. 1. Evolution with time of the cyclic voltammetry of a solution of
Pd0(dba)2 (2 mmol dm−3) and DBP (4 mmol dm−3) in DMF
(containing n-Bu4NBF4, 0.3 mmol dm−3) at a steady gold disk
electrode (2 mm diameter) with a scan rate of 0.2 V s−1 at 30 °C.
(- - - ) t=5 min, O1: oxidation of Pd0(DBP)4. (— ) t=30 min, O2:
oxidation of Pd0(dba)(DBP)2.

are not equivalent because of the �2 complexation of
dba, as classically observed for mono or bidentate
phosphine ligands [1]. Pd0(dba)(DBP)2 is then the major
complex (Eq. (1)).

Pd0(dba)2+2DBP�Pd0(dba)(DBP)2+dba (1)

When four equivalents DBP were added to
Pd0(dba)2, the two singlets of Pd0(dba)(DBP)2 were no
longer observed. The free DBP signal was not observed.
Only one broad signal (��1/2=108 Hz) at �1=10.1
ppm was detected, which disappeared in the presence of
PhI, giving rise to two new singlets at 14.3 and 22.8
ppm (vide infra). The broad signal at 10.1 ppm is then
assigned to Pd0 complexes involved in equilibrium with
the ligand as classically observed [1]. In contrast to
PPh3, where the Pd0(dba)(PPh3)2 and Pd0(PPh3)3 coexist
in solution, the dba in Pd0(dba)(DBP)2 is totally dis-
placed by two equivalents DBP (Eqs. (2) and (3)) to
form a Pd0 complex ligated by four ligands: Pd0(DBP)4,
as established from the kinetic investigation of the
oxidative addition (vide infra).

Pd0(dba)(DBP)2 �����������+2DBP
Pd0(DBP)4+dba (2)

Pd0(dba)2+4DBP ����������� Pd0(DBP)4+2dba (3)

As reported for PPh3 [1a], the formation of Pd0

complexes from Pd0(dba)2 associated to DBP was also
investigated by cyclic voltammetry, an analytical tech-
nique which allows: (i) the characterization of the
Pd0(dba)(DBP)2 complex by its oxidation and reduction
peaks; (ii) the characterization of Pd0(DBP)4 by its
oxidation peak; and (iii) the characterization of the
released dba by its two successive reduction peaks.

Addition of two equivalents of DBP to Pd0(dba)2 (2
mM) in DMF results in the formation at long times (30
min) of Pd0(dba)(DBP)2 (characterized by the oxidation
wave O2 at +0.66 V in Fig. 1 and a reduction wave R2

at −1.62 V vs. SCE, not shown). This occurs via the
transient formation of Pd0(DBP)4 (characterized by the
oxidation wave O1 at +0.17 V vs. SCE, Fig. 1), the
only complex observed at short times. When n=4, the
oxidation peak of Pd0(dba)(DBP)2 was no longer ob-
served and the voltammogram exhibited only the oxida-
tion peak of Pd0(DBP)4 (wave O1 at +0.13 V vs. SCE).
The amount of the released dba, determined by the
intensity of its reduction current at −1.62 V, increased
from one to two equivalents when n varied from 2 to 4.
These results confirm the NMR data but show that the
formation of Pd0(dba)(DBP)2 is a complex reaction
since Pd0(dba)(DBP)2 is only formed at long times (30

The DBP molecule [2] has been used in catalytic
reactions [3]. It can be compared with PPh3 in terms of
electronic and steric properties. DBP is not planar and
the phosphole ring is not aromatic [4]. DBP is consid-
ered to be more basic than PPh3 and less bulky than
PPh3 with a smaller cone angle [5]. Consequently,
Pd0(DBP)2 is expected to be intrinsically more reactive
than Pd0(PPh3)2 in oxidative additions. DBP is also less
easily oxidized by dioxygen than PPh3. It is easily
synthesized [6] and is then a good candidate for indus-
trial purposes. All these data attract our interest for this
ligand even if the use of Pd0(dba)2+nDBP as catalytic
precursor is not widely developed in palladium-cata-
lyzed reactions. We report here the mechanistic investi-
gations on the oxidative addition of PhI to the
palladium(0) complexes generated from Pd0(dba)2 asso-
ciated with the phosphole ligand:DBP. Unexpectedly,
the kinetic data obtained for the DBP ligand do not fit
the mechanism reported in Scheme 1 and dba does not
play any role in the kinetics of the oxidative addition of
PhI.

2. Results and discussion

2.1. Identification of the Pd0 complexes generated from
[Pd0(dba)2]+n equi�alents DBP in DMF (n=2–4)

As reported for PPh3 [1a], the formation of Pd0

complexes was monitored by 31P-NMR spectroscopy.
When two equivalents DBP were added to a solution of
Pd0(dba)2 in DMF, two broad singlets (��1/2=40 Hz)
of equal magnitude were observed at 17.1 and 17.5
ppm. The signal of the free ligand at −9.7 ppm was
not detected. The two singlets characterize a Pd0 com-
plex ligated by two ligands whose phosphorous atoms
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Scheme 2. Mechanism of the formation of Pd0(dba)(DBP)2.

The 31P-NMR broad signal centered at �3=14.3
ppm, which progressively disappeared to give the signal
at �4 (trans-PhPdI(DBP)2), was observed when the
oxidative addition was performed from Pd0(dba)2 and
four equivalents DBP and from the independently syn-
thesized complex Pd0(DBP)4. The signal at �3 charac-
terizes then an intermediate complex, which is formed
in the very first step of the oxidative addition and may
be correlated to the intermediate B detected by its
oxidation peak O3 (Fig. 2a). It is then assigned to the
complex cis-PhPdI(DBP)2, the primary complex formed
in every oxidative addition to Pd0 ligated by monoden-
tate ligands (Eq. (6)) [9]. Its broad 31P-NMR signal
suggests that it is involved in a fast equilibrium with the
starting reagents (Eq. (6)). This has been confirmed by
the kinetic investigations of the oxidative addition of
PhI (vide infra).

min) via a disproportionation reaction involving a dba
free Pd0 complex, as already observed for bidentate
ligands [1b,7] (Scheme 2).

2.2. Identification of the phenyl–PdII complexes formed
in oxidati�e addition of PhI to the Pd0 complexes
generated from Pd0(dba)2 and n equi�alents DBP in
DMF (n=2 or 4)

The oxidative addition of PhI (one hundred equiva-
lents) to the Pd0 complexes generated from Pd0(dba)2+
four equivalents DBP (Eq. (3)) was monitored by cyclic
voltammetry. At short times, the oxidation peak O1 of
Pd0(DBP)4 progressively disappeared while a new oxi-
dation peak O3 (+0.80 V) appeared at more positive
potential (Fig. 2a). As the oxidative addition pro-
ceeded, this oxidation peak O3 disappeared and gave
rise to two new oxidation peaks O4 (+0.68 V) and O5

(+0.43 V) (Fig. 2b). The oxidative addition proceeds
then via an intermediate complex B oxidized at O3,
which slowly gives rise to two compounds C and D
oxidized at O4 and O5, respectively.

The oxidative addition was also monitored by 31P-
NMR spectroscopy. At short times, a thin singlet was
observed at �4=22.8 ppm together with a broad (��1/

2=190 Hz) and major signal centered at �3 at 14.3
ppm, which progressively disappeared to give the sig-
nals at �4. The singlet at �4 and the oxidation peak at
O4 characterize the expected complex: trans-PhP-
dI(DBP)2 (C). This was confirmed through the result of
the oxidative addition of PhI, carried out in DMF with
Pd0(DBP)4, synthesized independently [8] in the absence
of dba (Eq. (4)). The voltammogram exhibited a single
oxidation peak at +0.68 V, similar to O4 and the
31P-NMR spectrum exhibited only one singlet at 22.8
ppm similar to �4 (Eq. (4)).

Pd0(DBP)4+PhI� trans-PhPdI(DBP)2
C(O4, � 4)

+2DBP (4)

On the other hand, when the two ligands PPh3 of
PhPdI(PPh3)2 were exchanged by DBP (four equiva-
lents) to form trans-PhPdI(DBP)2 (Eq. (5)), the oxida-
tion peak O4 (+0.68 V) and the 31P-NMR singlet at �4

(22.8 ppm) were also observed. Addition of dba to
trans-PhPdI(DBP)2 did not modify the voltammogram
and 31P-NMR spectrum.

trans-PhPdI(PPh3)2+2DBP

� trans-PhPdI(DBP)2
C(O4, � 4)

+2PPh3 (5)

Fig. 2. Oxidative addition of PhI (200 mmol dm−3) to the Pd0

complex generated from Pd0(dba)2 (2 mmol dm−3) and DBP (8
mmol dm−3) in DMF (containing n-Bu4NBF4, 0.3 mmol dm−3)
monitored by cyclic voltammetry at a steady platinum disk electrode
(2 mm diameter) with a scan rate of 0.2 V s−1 at 30 °C. (a) t=6
min, O1: oxidation of Pd0(DBP)4, O3: oxidation of the intermediate
complex cis-PhPdI(DBP)2 early formed in the oxidative addition. (b)
t=130 min, O4: oxidation of trans-PhPdI(DBP)2, O5: oxidation of
I−.
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(6)

The half-life time of the intermediate B was higher
when the oxidative addition was monitored by 31P-
NMR spectroscopy than when the reaction was moni-
tored by cyclic voltammetry. This reflects a
concentration effect since a main difference between the
two reactions was the reagents concentration, 31P-NMR
spectroscopy requiring higher concentrations, ten times
higher for each reagent: Pd(dba)2, DBP and PhI.

At longer times, a new minor thin singlet appeared at
�5=14.3 ppm, which is correlated to the unknown
oxidation peak at O5 (Fig. 2b). This compound D was
formed by decomposition of the trans-PhPdI(DBP)2

complex. The oxidation peak at O5 characterizes I−

ions as evidenced by the increase of its current intensity

upon addition of n-Bu4NI. Consequently, the thin sin-
glet at �5=14.3 ppm characterizes a compound D
which contains one or two equivalents P atoms associ-
ated to I− ions, i.e. a ionic species. Since D was not
formed in the fast reaction where trans-PhPdI(DBP)2

was generated from trans-PhPdI(PPh3)2 by ligand ex-
change (Eq. (5)), D cannot be the cationic complex
trans-PhPdS(DBP)2

+, I− (S, solvent), which could have
been generated by dissociation of the neutral trans-Ph-
PdI(DBP)2 complex, as observed for trans-
PhPdI(PPh3)2 [10]. D could have been a phosphonium
salt [DBP–Ph]+I−, which might have been formed at
long times by a reductive elimination [11] in trans-PhP-
dI(DBP)2. The phosphonium salt [DBP–Ph]+BF4

− was
synthesized independently by reacting DBP and the
diazonium salt PhN2

+BF4
−. Its 31P-NMR signal was not

located at 14.3 ppm but at 22.8 ppm. The formation of
PdI2(DBP)2 [12] was also ruled out since its 31P-NMR
signal is located at 4.7 ppm.

At this level of our investigation, the overall oxida-
tive addition when performed from Pd0(dba)2 precursor
associated with four equivalents DBP can be schemati-
cally described by Eq. (6). An unknown compound D is
formed at long times.

When the oxidative addition of PhI was performed
from Pd0(dba)2+ two equivalents DBP, i.e. from
Pd0(dba)(DBP)2 (Eq. (1)), the 31P-NMR spectrum also
exhibited at the end of the oxidative addition the two
thin singlets (�4 and �5) of trans-PhPdI(DBP)2 and D,
respectively.

2.3. Identification of the reacti�e Pd0 complex
generated from Pd0(dba)2+n equi�alents DBP in
DMF (n�4)

The oxidative addition of PhI to the Pd0 complexes
formed from Pd0(dba)2+ two equivalents DBP, could
not be monitored by amperometry, as usually done in
our group [1], since: (i) the oxidation peaks of
Pd0(dba)(DBP)2 at O2 (+0.66 V) and trans-PhP-
dI(DBP)2 at O4 (+0.68 V) are too close and (ii) the I−

ions also formed in this reaction are oxidized at O5

(+0.47 V), i.e. at less positive potential than the oxida-
tion potential of Pd0(dba)(DBP)2 at O2 (+0.66 V).
Consequently, due to the vicinity of the oxidation peaks
of the starting and final complexes, the kinetics of the
oxidative addition of PhI to Pd0(dba)(DBP)2 formed
from Pd0(dba)2+ two equivalents DBP could not be
monitored by amperometry at a rotating disk electrode.
The kinetics was then investigated from mixtures con-
taining larger amounts of DBP (n�4) so that the
complex Pd0(dba)(DBP)2 was not formed and the ma-
jor complex was dba-free Pd0 complex(es) Pd0(DBP)n�

(with n �=3 or 4) oxidized at less positive potential (O1

at +0.17 V). The oxidative addition was then moni-
tored by performing cyclic voltammetry at a steady

Fig. 3. Kinetics of the oxidative addition of PhI to the Pd0 complex
generated from Pd0(dba)2 (2 mmol dm−3) and n equivalents DBP in
DMF (containing n-Bu4NBF4, 0.3 mmol dm−3) monitored by cyclic
voltammetry at a steady platinum disk electrode (2 mm diameter)
with a scan rate of 0.2 V s−1, at 30 °C. Plot of i/i0= [Pd0]/[Pd0]0
versus time (i : oxidation current of peak O1 at t, i0: initial oxidation
current of peak O1). (a) Influence of the DBP concentration for
[PhI]=200 mmol dm−3: [DBP]= (�) 8; (�) 10; (�) 12; (�) 14; (�)
16 mmol dm−3. (b) Influence of the PhI concentration for [DBP]=8
mmol dm−3: [PhI]= (�) 200; (�) 80; (�) 40; (�) 20 mmol dm−3.
The solid lines are the theoretical kinetic curves simulated according
to the mechanism of Scheme 3.
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electrode as a function of time and by plotting the
variation of the intensity of the oxidation peak current
of Pd0(DBP)n� (proportional to the Pd0 concentration)
versus time (Fig. 3a–b). This avoided any overlapping
of the oxidation current of the Pd0 complex(es) with
that of the I− ions. When considering the DBP ligand,
one observes in Fig. 3a–b that the decay of the Pd0

concentration does not obey an exponential law. The
kinetics proceeds in two successive steps, the first one
being faster than the second one. This suggests the
reversible formation of an intermediate complex B (vide
supra), which accumulates and then slowly gives the
final complex C (Eq. (7)).

A � B�C (7)

Therefore, the mechanism of the oxidative addition
seems to be more complex for DBP than for PPh3, for
which whatever the experimental conditions, the decay
of the Pd0 concentration always obeys a classical expo-
nential law with a reaction order in PhI of +1 and −1
for dba and PPh3 (Scheme 1).

2.3.1. Influence of the dba concentration
When n=4, we have seen above that

Pd0(dba)(DBP)2 was not formed in appreciable concen-
tration. The only complex(es) in solution were free dba
Pd0 complex(es) Pd0(DBP)n� (n �=3 or 4). However,
Pd0(dba)(DBP)2 could exist at traces level and be in-
volved in an equilibrium with the expected reactive
species Pd0(DBP)2 (Eq. (8)).

Pd0(dba)(DBP)2 � Pd0(DBP)2+dba (8)

In such a situation, in the presence of added dba, the
equilibrium (Eq. (8)) is expected to be shifted towards

the formation of Pd0(dba)(DBP)2. The concentration of
the reactive species Pd0(DBP)2 should decrease and the
kinetics should be slowed down. But the oxidative
addition was not affected by the dba concentration
(Fig. 4). This implies that in the presence of four
equivalents DBP, the equilibrium (Eq. (8)) is not easily
shifted towards Pd0(dba)(DBP)2 by dba. dba is then a
less good ligand for Pd0(DBP)2 than for Pd0(PPh3)2.
Consequently, when n�4, we can consider that the
equilibrium (Eq. (8)) does not interfere in the kinetics of
the oxidative addition. Only dba free complexes
Pd0(DBP)n� are involved in the oxidative addition (n �=
2, 3, 4).

2.3.2. Influence of the DBP concentration
The oxidative addition of PhI (one hundred equiva-

lents) was considerably slowed down by addition of
DBP: n in the range 4–8 (Fig. 3a). This implies that the
reactive Pd0 species is involved in an equilibrium with
DBP and more ligated Pd0 complex(es). The half-reac-
tion time of the oxidative addition did not increase
linearly with the concentration of DBP, which excludes
a reaction order of −1 for DBP. The high decelerating
effect observed in the presence of excess DBP suggests
a reaction order higher than −1 for the ligand with a
mechanism involving successive reversible decomplexa-
tions of DBP from the complex Pd0(DBP)n� generated
from Pd(dba)2 and n equivalents DBP (Scheme 3, Eq.
(9)).

As seen in Fig. 3a, due to the large decelerating effect
of the ligand DBP, only low excesses of DBP were
investigated (from four to eight equivalents per
Pd(dba)2) even in the presence of PhI in large excess
(100 equivalents). Since DBP is continuously released in
equilibrium (Eq. (9)) when the oxidative reaction pro-
ceeds, the concentration of DBP cannot be considered
as being constant during the reaction, which results in
very complex kinetic laws. This is why only the kinetic
data obtained at short times were considered, i.e. when
the concentration of DBP did not vary too much. At
short times, the reactions involving the evolution of B,
i.e. those with the rate constants k−2 and k3 may be
neglected (Scheme 3). The initial rate V0 is then ex-
pressed as in Eq. (11) (L=DBP). [L] is the free ligand

Fig. 4. Kinetics of the oxidative addition of PhI (200 mmol dm−3) to
the Pd0 complex generated from Pd0(dba)2 (2 mmol dm−3) and DBP
(8 mmol dm−3) in DMF (containing n-Bu4NBF4, 0.3 mmol dm−3)
monitored by cyclic voltammetry at a steady platinum disk electrode
(2 mm diameter) with a scan rate of 0.2 V s−1, at 30 °C. Plot of
i/i0= [Pd0]/[Pd0]0 versus time (i : oxidation current intensity of peak
O1 at t, i0: initial oxidation current intensity of peak O1). Influence of
the added dba concentration: [dba]= (�) 0; (�) 100 mmol dm−3.

Scheme 3. Simplified mechanism for the oxidative addition of PhI
generated from Pd0(dba)2 and n equivalents DBP in DMF. n ��4;
n �−m ��1.
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Fig. 5. Oxidative addition of PhI to the Pd0 complex generated from
Pd0(dba)2 (C0=2 mmol dm−3) and n equivalents DBP in DMF at
30 °C. (a) Determination of the reaction order in DBP: variation of
V0

−1/2 (V0: initial slope of the kinetic curves of Fig. 3a) vs. n
(n= [DBP]/C0) (see Eq. (12) with n �−m �=2). (b) Determination of
the reaction order in PhI: variation of ln V0 (V0: initial slopes of the
kinetic curves of Fig. 3b) vs. ln([PhI]/C0).

Eq. (12) is the simplified expression of Eq. (11).

V0
−1/(n�−m�)=A(n−n �) (12)

The plot of V0
−1/2 (V0: initial slope of the kinetic

curves of Fig. 3a) versus n is a straight line (Fig. 5a).
This shows that n �−m �=2 (Eq. (12)) and the reaction
order in DBP is then −2. The value of V0

−1/2 is zero
when n=4 (Fig. 5a), which shows that n �=4 (Eq.
(12)).

Consequently, the major Pd0 complex formed from
Pd(dba)2 and n equivalents DBP (n�4) is Pd0(DBP)4

(Scheme 4). Pd0(DBP)2 is the reactive species, which is
formed after two successive reversible decomplexations
of the ligand from Pd0(DBP)4 with, in the first one,
K0/[DBP]�1 (Scheme 4, Eq. (13)). This situation quite
differs from that of PPh3. In that case, the reaction
order is −1 for PPh3 [13] because the first decomplexa-
tion from Pd0(PPh3)4 to form Pd0(PPh3)3 is almost
irreversible (K0/[PPh3]�1), so that the major complex
in solution is Pd0(PPh3)3 and the oxidative addition
proceeds then from Pd0(PPh3)2 after decomplexation of
one phosphine [13]. This is the reason why Pd0(DBP)4

is considerably less reactive with PhI than Pd0(PPh3)4

[1a], by a factor 500.

2.3.3. Influence of the PhI concentration
The rate of the oxidative addition of PhI increased

with the PhI concentration (Fig. 3b). At short times,
the reactions with the rate constants k−2 and k3 may be
neglected (Scheme 4) and the expression of the initial
rate V0 is given by Eq. (16).

V0=K0K1k2[PhI][Pd0L4]/[L]2 (16)

The plot of ln(V0) (V0, initial slope of the kinetic
curves of Fig. 3b) versus ln[PhI] is a straight line (Fig.
5b) with a slope of +1, which confirms the reaction
order of +1 in PhI, as postulated in Scheme 4. The
value of K0K1k2=6.7×10−5 M s−1 (at 30 °C) is
calculated from the slope of the regression line of Fig.
5a.

The theoretical kinetic curves have been simulated
using numerical finite differences (C ANSI language)
on the basis of the simplified mechanism in Scheme 5
(k �2 is an apparent rate constant: k �2=k2[PhI]).

The theoretical curves fit the experimental data (Fig.
3a,b). From the simulations, it is possible to determine
a set of values for k−2, k3 and Kk �2 for different PhI
concentrations, which were plotted versus PhI concen-
tration (Fig. 6). k−2 and k3 did not vary with PhI
concentration whereas Kk �2 varied linearly with PhI
concentration. Kk �2=K0K1k2[PhI]. These results vali-
date the mechanism of Scheme 4. The rate constants
have been calculated from these sets of values:

k−2=1.8×10−4 s−1; k3=4.5×10−4 s−1;

K0K1k2=7.7×10−5 M s−1 in DMF at 30 °C

Scheme 4. Mechanism of the oxidative addition of PhI to Pd0(DBP)4

generated from Pd0(dba)2 and n equivalents DBP (n�4) in DMF.

Scheme 5. Simplified mechanism for the oxidative addition.

concentration at t=0: [L]= (n−n �)C0 where C0 is the
initial concentration of Pd(dba)2.

V0=d[Pd0L4]/dt=Kk2[PhI][Pd0Ln�]/[L](n�−m�) (11)
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Fig. 6. Oxidative addition of PhI to the Pd0 complex generated from
Pd0(dba)2 (C0=2 mmol dm−3) and four equivalents DBP in DMF.
Plot of Kk �2, k−2 and k3 (determined from the simulated theoretical
curves of Fig. 3b, Scheme 4) vs. PhI concentration.

equivalents PPh3 (n�2), the situation is quite different
when considering the DBP ligand. Indeed, as soon as
n=4, dba does not play any role in the kinetics of the
oxidative addition since the major Pd0 complex is
Pd0(DBP)4. Pd0(DBP)4 is considerably less reactive than
Pd0(PPh3)4 [1a] (by a factor 500) despite the fact that
DBP is considered to be less hindered and more basic
than PPh3, two factors which are in favor of faster
oxidative additions. The reactive species is Pd0(DBP)2

and the reaction order in DBP is −2 compared with
−1 for PPh3. The lower reactivity of Pd0(DBP)4 com-
pared with that of Pd0(PPh3)4 is due to the fact that the
dissociation of one DBP from Pd0(DBP)4 is consider-
ably more endergonic than that of one PPh3 from
Pd0(PPh3)4 and is responsible for the reaction order in
DBP of −2. The concentration of the reactive
Pd0(DBP)2 generated from Pd0(DBP)4 is then consider-
ably lower than that of Pd0(PPh3)2 generated from
Pd0(PPh3)4. This counterbalances the expected higher
intrinsic reactivity of Pd0(DBP)2 compared with that of
Pd0(DBP)2. Pd0(DBP)4 is more stable in solution than
Pd0(PPh3)4 because DBP is a less hindered ligand,
which induces less steric constraints around the Pd0

center.
The oxidative addition of PhI generates the expected

trans-PhPdI(DBP)2 via the reversible formation of an
intermediate complex whose half-reaction time allows
its detection in cyclic voltammetry and 31P-NMR spec-
troscopy. This intermediate complex is assigned to cis-
PhPdI(DBP)2.

4. Experimental

4.1. General

31P-NMR spectra were recorded on a Bruker spec-
trometer (101 MHz) using H3PO4 as an external refer-
ence. Cyclic voltammetry was performed with a home
made potentiostat and a wave form generator Tacussel
GSTP4. The cyclic voltammograms were recorded on a
Nicolet oscilloscope (310).

4.2. Chemicals

DMF was distilled from calcium hydride under vac-
uum and kept under argon. Commercial phenyl iodide
(Acros) was used after filtration on alumina. The DBP
ligand was commercial (Strem). Pd(dba)2 was synthe-
sized from a reported procedure [14] but starting from
Na2PdCl4 instead of PdCl2. Pd0(DBP)4 [8] and
PhPdI(PPh3)2 [15] were prepared according to described
procedures.

Fig. 7. Theoretical curves for the oxidative addition of PhI (200 mmol
dm−3) to the Pd0 complex generated from Pd0(dba)2 (2 mmol dm−3)
and four equivalents DBP. (a) Molar ratio of Pd0(DBP)4 vs. time. (b)
Molar ratio of the intermediate complex assigned to cis-PhPdI(DBP)2

vs. time. (c) Molar ratio of trans-PhPdI(DBP)2 vs. time. Curve b is
determined from curves a and c : b=1− (a+c).

The latter value is very close to that estimated from
the initial rate (6.7×10−5 M s−1, vide supra). Using
these rate constants values, the kinetics of the forma-
tion of the compound C has been simulated (Fig. 7,
curve c), as well as the kinetics of the formation of the
intermediate compound B (Fig. 7, curve b, b=1− (a+
c)). When [Pd(dba)2]=2 mM, [DBP]=8 mM and
[PhI]=0.2 M, the concentration of B is maximum for a
reaction time of 400 s, which corresponds to the life
time observed for the species oxidized at O3 (Fig. 2b),
i.e. when the oxidative addition was performed under
the same experimental conditions and monitored by
cyclic voltammetry. This justifies a posteriori the mech-
anism proposed in Scheme 4.

3. Conclusion

Whereas dba has a decelerating effect on the kinetics
of the oxidative addition of PhI to Pd0(dba)2 and n
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4.3. Cyclic �oltammetry experiments

Electrochemical experiments were carried out in a
three electrode cell connected to a Schlenk line. The cell
was equipped with a double envelope to maintain a
constant temperature of 30 °C (Lauda RC20 ther-
mostat). The working electrode was steady a gold disk
of 2 mm diameter. The counter electrode was a plat-
inum wire of ca. 1 cm2 apparent surface area. The
reference was a saturated calomel electrode separated
from the solution by a bridge filled with a solution of
n-Bu4NBF4 (0.3 mol dm−3) in three milliliters of DMF.
Fifteen milliliters of DMF containing the same concen-
tration of supporting electrolyte was poured into the
cell. Seventeen milligrams of Pd(dba)2 (0.03 mmol) was
then added, followed by the suitable amount of the
DBP ligand. The cyclic voltammetry was performed at
a scan rate of 0.2 V s−1. The kinetic measurements
were performed at 30 °C under the same experimental
conditions, using a steady platinum disk of 2 mm
diameter as the working electrode. The suitable amount
of phenyl iodide was added and the cyclic voltammetry
was performed at a scan rate of 0.2 V s−1 as a function
of time to monitor the kinetics of the oxidative
addition.
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