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The rate constant of the oxidative addition of ortho-substi-
tuted aryl halides, 0-ZCH,-C¢H,—X [X =1, Br; Z = OMe,
NEt,, N(CH,)s] to Pd°(PPhs), or to Pd°(dba)(dppp) generated
from Pd°(dba), and 1 equiv. of dppp is determined. The oxid-
ative addition is slower for ortho-substituted aryl halides than
for the corresponding nonsubstituted or meta-substituted
aryl halides. The ortho substituents investigated here do not
participate in the oxidative addition by a preliminary com-
plexation of the active Pd°(PPh;), or Pd°(dppp) complex. The

observed decelerating effect induced by the ortho substitu-
ents is due to steric hindrance and electronic donor effects
and is less important for aryl bromides than for aryl iodides;
ortho-substituted aryl iodides remain more reactive than or-
tho-substituted aryl bromides for both ligands PPh; and
dppp. The cis-(0-ZCH,-CgH,)PdX(dppp) complexes are
formed in the oxidative addition whereas an equilibrium
takes place between trans-(o-ZCH,-CgH,4)PdX(PPhj), and
(0-ZCH,—CgH,4)PdX(PPhjy)(Z-Pd) complexes.

Introduction

Dimeric ortho-palladated complexes 1 are synthesized by
reaction of a Pd!! salt and a substituted arene, in which the
substituent may be a ligand for the Pd" centers
[Equation (1)].' =7 This reaction is regarded as a prelimin-
ary complexation of the Pd! salt by the substituent of the
arene, followed by an intramolecular electrophilic aromatic
substitution of the Pd center.®! When the coordinated
atom Z (Z = N, O) is linked to the arene through one atom
(C or N) the resulting five-membered palladated complexes
1 are quite stable.! "7 Monomeric complexes 2 and 3 are
generated from dimeric complexes 1 by addition of 1 or 2
equiv. of L per Pd, respectively [Equation (2)];1>'% ortho-
palladated complexes 1 are also generated by an oxidative
addition of an ortho-substituted aryl halide to a Pd® com-
plex, Pd°dba), [Equation (3)], with subsequent formation
of complexes 2 and 3 after addition of a ligand
[Equation (2)].0—10]
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A recent paper!!!l reports the synthesis of phosphane-bis-
(ligated) complexes 3 by oxidative addition of aryl brom-
ides, substituted in the ortho position by CHO or C(O)Me,
to Pd® complexes ligated by PPh; [Equation (4)]. Phos-
phane-monoligated complexes 2 are formed in the case of
a bulky ligand L = P(o-tolyl); and a C(O)Me substituent,
which is able to coordinate the Pd" center by the O atom.

X !
+ PdoL, — L
“)
z Z

trans 3

Whereas reactions of ortho-substituted aryl halides with
nucleophiles (alkynes,'>13] alkenes,!'*!4 organometallic re-
agents!®!'3)) are catalyzed by Pd° complexes, reactions invol-
ving substituted arenes cannot be catalyzed by Pd" com-
plexes able to activate the initial substituted arene, unless
the Pd® complex generated in the last step*7-!] is oxidized
back to a Pd" complex. To the best of our knowledge, the
recycling of the Pd™ catalyst by oxidation has not yet been
realized.l”)
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Pd°-catalyzed cross-coupling reactions of nucleophiles
with ortho-substituted aryl halides are usually slower than
with the corresponding nonsubstituted or para/meta-substi-
tuted aryl halides.[®!3] The three main steps involved in the
catalytic cycle (oxidative addition, transmetallation, and re-
ductive elimination) may be affected by the ortho substitu-
tion of the aryl derivatives,'>! due to steric hindrance
around the metal center and to electronic effects consecut-
ive to potential intramolecular complexation of the sub-
stituent for the metal centers. Nonsubstituted or para/meta-
substituted aryl iodides are usually more reactive than the
corresponding aryl bromides.>!5 This is rationalized by
considering that the oxidative addition becomes rate-deter-
mining when considering aryl bromides, which indeed are
less reactive with Pd® complexes than aryl iodides in oxidat-
ive additions.['7-18] In the case of ortho-substituted aryl hal-
ides, the situation is much more complex in the sense that
the ortho substituent may induce a steric hindrance, which
is expected to slow down the oxidative addition. However,
ortho-substituted aryl bromides become globally less bulky
than ortho-substituted aryl iodides due to the smaller size
of the Br atom compared to that of the I atom. On the
other hand, the Pd°L, (L = phosphane) complex, active in
the oxidative addition step, is usually present at low concen-
tration because it is involved in an endergonic equilibrium

with a major but unreactive Pd°L,L’ complex (L = phos-
phane, L' = phosphanel' or dbal*®). A preliminary com-
plexation of the active Pd°L, complex by the ortho substitu-
ents of the aryl halides should result in an intramolecular
oxidative addition step with a consequently faster overall
reaction.

These antagonist effects prompted us to investigate the
kinetics of the oxidative addition of ortho-substituted aryl
iodides and bromides with Pd® complexes ligated by a mono-
dentate ligand as in Pd%(PPhs), or by a bidentate ligand
as in Pd%(dba)(dppp). The latter was generated by treating
Pd%dba), with 1 equiv. of dppp [dppp = Ph,P—
(CH,);—PPh,].2122. The ortho substituents are either
—CH,—NR, or —CH,—OR groups so that potentially five-
membered palladated complexes might be generated.

Results and Discussion

Characterization of the (Aryl)palladium(IT) Complexes
Formed in the Oxidative Addition of ortho-Substituted Aryl
Todides and Bromides to Palladium(0) Complexes

Before discussing kinetic data on the comparative reactiv-
ity of ortho-substituted aryl iodides and bromides with Pd®
complexes, the (aryl)palladium(IT) complexes formed in the

Table 1. (Aryl)palladium(Il) complexes generated in the oxidative addition of ArX (X = I, Br) to Pd(PPh;)4 or to {Pd(dba), + 1 equiv.

dppp} in toluene

Entry AX  ArPdI(PPhs), pPh; N ArPdl(dppp) N /;F»’hz X /Ehz
trans Pd X @[Ed cis Pd p Pd P
Ph Ph
Z 2 2
PPh,
trans Z z z
S, ppm® 3y, ppm @ 8, ppm B, ppm B, ppm 8, ppm ©
1 Phl 22.9(s) -8.0 (d, J = 53Hz)™
13.1(d, J = 53Hz)™
i
2 22.7 (s) -10.3 (d, J = 52Hz)
/~ m-4a 10.9 (d, J = 52Hz)
4 >N m-4c¢
|
3 @(/ ~ 22,6 (s) 41.1 (s) —9.4(d, J= 54 Hz)
N 5a 5b [traces]! 9.4 (d, J = 54 Hz)
5 > 5¢
Br
4 @;N/\ 22.0 (s) 41.6 (s) -
3 6a 6b [traces]”
6
|
5 @:/N 21.7 (s) 41.7 (s)® -
O 7a(33%%  7b[31 %]
7
|
6 @[/OMe 22.2(s) n.oll -10.4 (d, J = 57Hz)
8a 8b 9.3(d, J=57Hz)
8 8c
Br
7 OMe 22.2(s) n.ol -9.6 (d, J=51Hz)
9a 9b 12.3(d, J = 51Hz)
s ‘ 9c
[al Determined in [D]chloroform vs. H;PO, as an external standard at 293 K. — ! ¢is-PhPdI(dppp).??! — 1 A minor singlet for PPh;
at § = —5.1 was also observed. — ¥ Data in square brackets are indicative of the relative integration of the 3'P NMR signals. — [ A
broad singlet for PPhs at § = —5.2 was also observed, integrating for 32%. — T n.o.: not observed.
2676 Eur. J. Inorg. Chem. 2001, 2675—2681
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oxidative addition were first characterized. The reactions
were performed by treating the aryl halides (in large excess)
with either Pd°(PPh;), or with a mixture Pd%dba), + 1
equiv. of dppp in toluene. The complexes were isolated and
characterized by 3'P NMR spectroscopy (Table 1).

The oxidative addition of Phl or the meta-substituted
aryl iodide 4 to Pd°(PPhs), gave the expected trans-
PhPdI(PPhs), and meta-4a complexes, respectively as
unique complexes. (Table 1, Entries 1,2). The ortho-substi-
tuted aryl iodide 5 and bromide 6 gave a major complex 5a
and 6a, respectively, characterized by a narrow singlet at
8 = 22 in the 3'P NMR spectra (Table 1, Entries 3,4), which
is indicative of two equivalent PPh; moieties ligated to the
Pd" center.'!l The two PPh; groups are in a trans position,
in agreement with the recently published X-ray structure
of a related complex with X = Br and CHO as the ortho
substituent.[''! The complex is slightly distorted square-
planar. The two triphenylphosphane ligands (6 = 23.2) are
in a trans position, and are magnetically equivalent because
the plane of the ortho-substituted aryl group is perpendic-
ular to the plane of P, Pd, P, and Br.

In both cases, besides a minor signal for PPh; at § = —5,
another minor narrow singlet was detected at 8 = 41 and
assigned to complexes 5b and 6b (Table 1). In these com-
plexes the P! center is ligated by only one PPhs, the fourth
coordination site being occupied by the amine substituent.
Indeed, the singlets at 6 = 41.1 and 41.7 disappeared after
addition of PPhs, which is evidence of an equilibrium be-
tween the complexes 5a/5b or 6a/6b and PPh; [Equa-
tion (5)]. Moreover, the values of & = 41.1 and 41.6 as-
signed to 5b and 6b, respectively, are very similar to those
reported for related cyclopalladated complexes where the
Pd™ center is ligated by only one PPh;.[!1-23]

PPh, PPh,
e K g
PPh, = @()z + PPh Q)
trans 7z

This is also in agreement with literature results, which
report that phosphane-bis(ligated) (aryl)palladium(II) com-
plexes are formed after addition of a second ligand to phos-
phane-monoligated complexes [Equation (2)].%-10]

Stronger evidence for the equilibrium [Equation (5)] was
provided upon treating the aryl iodide 7 with Pd°(PPhs),.
Indeed, three broad signals (Av,, = 152 Hz) of very similar
integration were observed in the 3'P NMR spectrum at § =
41.7,21.7, and —5.2, and these were assigned to complexes
7b, 7a, and PPhs, respectively (Table 1, Entry 5). Addition
of PPhj; shifted the equilibrium [Equation (5)] towards its
left-hand side, and complex 7a was then observed as the
major complex. The equilibrium constant K between 7a, 7b,
and PPh; [Equation (5)] was estimated from the 3'P NMR
spectroscopic data to K/cy = 0.6 (in CDCl; at 25 °C for
¢o = 20 mm). The oxidative addition of aryl halides 8 or 9,
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substituted in ortho position by a —CH,—OMe group, to
Pd°(PPh;), generated the phosphane-bis(ligated) complexes
8a or 9a, respectively (Table 1, Entries 6,7).

The oxidative addition of ortho-substituted aryl iodides
or bromides to the Pd® complex generated from Pd’(dba),
+ 1 equiv. of dppp always gave the corresponding cis-
ArPdX(dppp) complexes without any intramolecular coor-
dination by the ortho substituent (Table 1, last column). In
all cases, the 3'P NMR spectrum exhibited two doublets
caused by the coupling of two nonequivalent P atoms lig-
ated to the Pd" center in a cis position. Moreover, the ob-
served chemical shifts were very similar to those of the com-
plexes generated by oxidative addition of Phl or meta-sub-
stituted phenyl iodide 4 (Table 1, Entries 1 and 2, last col-
umn), in which no internal coordination by the substituent
may occur, by construction.

Therefore, in almost every case, the oxidative addition
generates a major trans-(aryl)palladium(II) complex ligated
by two phosphane ligands, without any intramolecular co-
ordination of the ortho substituent. It is only with a mono-
phosphane ligand (PPhs;) that an intramolecular com-
plexation of the substituent may occur (Table 2, Entry 5),

Table 2. Comparative reactivity of ArX (X = I, Br) in their oxidat-
ive addition to Pd°(PPhs), and to [Pd’(dba), + 1 equiv. of dppp]
in DMF

Entry  ArX T(°C) Pd°(PPhs), Pd’(dba), + 1 dppp
Kapp (M7' 57") Kapp (M7 57"
1 PhI 25 25 -
2 Phi 40 - 1.9x107°
3 PhBr 25 1.5x107 -
4 PhBr 40 1072 1.7x10™
|
25 7.0 -
5 @(/N/\
5 )
6 5 40 - 1.4x107°
Br
7 @QN/\ 40 3.2¢10° -
6 0
|
8 NO 25 0.8 -
7
9 7 40 - 1.4x107°
Br L
10 @NO 40 3.6+10 -
10
|
11 @:/OMe 25 1.8 -
8
12 8 40 - 8.5x107
Br
13 @[/OMe 40 2.6x107 -
9
I
14 q 25 29 -
4 N/\
2677
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involving decomplexation of one PPh; through an en-
dergonic equilibrium [Equation (5)]. This does not occur
with the bidentate ligand dppp considered here because the
decomplexation of one phosphorus atom of a bidentate P,P
ligand possessing a small bite angle is not favored.*#!

Comparative Reactivity of ortho-Substituted Aryl lodides
and Bromides in Their Oxidative Addition to Palladium(0)
Complexes in DMF

Oxidative Addition to Pd’(PPhs),

The mechanism of the oxidative addition of aryl halides
to Pd°(PPhs), is now well established and proceeds accord-
ing to Scheme 1 (S = solvent).l!>2% The kinetics of the ox-
idative addition was monitored by amperometry performed
at a rotating disk electrode, polarized at +0.3 V vs. SCE,
on the plateau of the oxidation wave of Pd%(PPhs); (cy =
2mMm in DMF containing nBuyNBF,, 0.3 M). The decay
of the oxidation current intensity, proportional to the Pd®
concentration, was recorded versus time, after addition of
the aryl halide in excess.*”!

_—
_—

PAO(PPh,), Pdo(PPhs); + PPhs
Ko

Pdo(PPhs)s —= SPd(PPhg), + PPh,

SPdo(PPh;),+ ArX

ArPdX(PPh;),

Overall reaction:
Pdo(PPh;), + Arxﬂ. ArPdX(PPhs), + 2PPh; (8)

Scheme 1. Mechanism of the oxidative addition of aryl halides to
Pd%(PPhs)y; S = solvent

The plot of 2In(iliy) +1 — iliy = 2In([Pd°)/[Pd°]y) +1 —
[PA°)/[Pd®], versus time was linear (Figure 1) (i: oxidation
current intensity at z; iy initial oxidation current intensity).

0]/[Pd°]0) +1- [PdO]/[PdO]O
<)
w,

2In({Pd

'
-
o

1 1 L J
1000 1500 2000 2500
t/s

i 1
0 500

Figure 1. Oxidative addition of the aryl bromide 6 [0.2 M in DMF
containing nBuyNBF, 0.3 M)] to Pd°(PPh;), (2 mm) at 40 °C, mon-
itored by amperometry at a rotating gold disk electrode (i.d. 2 mm,
® = 105rad-s™") polarized at + 0.35 V; plot of 2In(i/ip) + 1 — i/
ip = 2In([Pd°)/[Pd%]p) + 1 — [Pd)[Pd°], versus time (i: oxidation
current intensity at f; iy initial oxidation current intensity) [see
Equation (7)]

2678

Note that the kinetic law [Equation (7)] is not strictly logar-
ithmic due to the PPh; release during the reaction
(Scheme 1).2%

2n([Pd°)[Pdl,) + 1 — [Pd°Y[Pd’), =
—kapp[ ATX]

_kKo[ArX]t/CO = (7)

The apparent rate constant k,,,, of the overall oxidative
addition [Equation (6)] was determined from the slope of
the regression lines [Equation (7), Figure 1]. From the re-
sults gathered in Table 2, one observes the following order
of reactivity: Arl >> ArBr, for identical ortho substituents,
even when considering that the experimental temperature
was generally lower for Arl (25 °C) than for ArBr (40 °C).
This is consistent with the higher reactivity of nonsubsti-
tuted (Table 2, Entries 1—4) or para/meta-substituted aryl
iodides when compared to the related aryl bromides as ob-
served by Fitton and Rick.[!7]

In the aryl iodides series (Scheme 2), the meta substitu-
tion does not significantly affect the rate of the oxidative
addition. This rules out a preliminary complexation of the
active Pd°(PPhs), by the substituent, which would have af-
fected the rate of the oxidative addition by decreasing the
active Pd%(PPhs), concentration. The ortho substitution
slows down the oxidative addition. Since no precom-
plexation of the Pd°(PPhs), complex by the ortho substitu-
ent occurs before the oxidative addition step, the mechan-
ism of the oxidative addition (Scheme 1) is still valid. The
decelerating effect is then rationalized by the cumulative in-
fluence of steric hindrance and electron-donating property
of the substituent efficient in the ortho position, which both
decrease the reaction rate. Electron-donating groups are in-
deed known to slow down oxidative additions of aryl deriv-
atives to Pd°(PPhs), complexes.'”~!1 However, although
the —CH,—OMe substituent is less electron-donating and
less bulky than —CH,—NEt,, the corresponding aryl iodide
is significantly less reactive, a fact which is difficult to ra-
tionalize. Some stabilization may occur in the transition
state en route to the Pd™ center.

| |
| |
Oy > Oone > OL
q/\ > N > OMe > NO
N )
1 1.1 > 0.28 0.07 0.03

Scheme 2. Relative reactivity of aryl iodides in their oxidative addi-
tion to Pd’(PPhs), at 25 °C

In the aryl bromides series (Scheme 3), the decelerating
effect of the ortho substituent is less important than the
corresponding one in the aryl iodide series (Scheme 2). This
is consistent with the smaller size of the Br atom compared
to that of the I atom, which globally decreases the steric
constraint imposed by an ortho substituent in the aryl
bromide compared to that in the corresponding aryl iodide.

Eur. J. Inorg. Chem. 2001, 2675—2681
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Br
OMe

Br Br
PhBr > @QN N @QN/\ ~
@ >

0.32 0.26

1 0.36

Scheme 3. Relative reactivity of aryl bromides in their oxidative
addition to Pd°(PPhs), at 40 °C

Oxidative Addition to Pd’(dba), + 1 equiv. of dppp

As already reported, a major complex Pd’(dba)(P,P) is
formed from Pd%dba), and 1 equiv. of bidentate P,P li-
gands.?'2?2 The mechanism of the oxidative addition of
aryl halides has been established for P,P ligands (Scheme 4).
The most reactive complex is the minor complex SPd’(P,P)
but the major complex Pd’(dba)(P,P) is also reactive (k;
> k)12

Pdo(dba), + P,P ——= Pdo(dba)(P,P) + dba

Ko
Pdo(dba)(P,P) —~——= SPdo(P,P) + dba

Aerko ArX lkl

ArPdX(P,P) ArPdX(P.P)

Scheme 4. Mechanism of the oxidative addition of aryl halides to
the Pd° complexes generated from Pd’(dba), and 1 equiv. of bident-
ate P,P ligand.

In DMEF, the formation of the major complex
Pd°(dba)(dppp) from Pd°(dba), and 1 equiv. of dppp is a
slow reaction because of the formation of the intermediate
complex Pd%(dppp)-.1?2 Therefore, the reactivity of aryl iod-
ides or bromides in oxidative addition to Pd’(dba)(dppp)
was investigated at least 90 min after mixing Pd°(dba),
(2 mm in DMF) and dppp (2 mm) at room temperature, to
ensure the total formation of Pd°(dba)(dppp). The apparent
rate constant k,p, of the overall oxidative addition [Equa-
tion (8)] was determined as explained above for Pd°(PPhs),,
except that the rotating disk electrode was polarized at +0.7
V vs. SCE because Pd’(dba)(dppp) is less easily oxidized
than Pd°(PPh;);.

k.
Pdo(dba)(dppp) + ArX ———= ArPdX(dppp) + dba ®)

The reactions were considerably slower compared to that
of Pd°(PPhs),. They were then performed at 40 °C even
for aryl iodides (Table 2). It has already been observed that
Pd°(PPhs), is generally considerably more reactive than
Pd°dba), + 1 equiv. of P,P,2%221 despite the fact that P,P
ligands are usually more basic and possess a smaller
P—Pd—P angle than PPh;. This arises from the fact that
the concentration of SPd°(PPh;), in the equilibrium with
Pd®(PPh;); (Scheme 1) is higher than that of SPd°(P,P) in
the equilibrium with Pd%(dba)(P,P) (Scheme 4).[%]

As observed above for Pd°(PPhs),, Phl is more reactive
than PhBr (Table 2, Entries 2, 4). The kinetics of the oxidat-
ive addition was only investigated for ortho-substituted aryl
iodides, because reactions with ortho-substituted aryl brom-
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ides were too slow, even in the presence of ArBr in very
large excess. The concomitant decomposition of the Pd®
complex could not be excluded. In the aryl iodides series
(Scheme 5), the ortho substitution slows down the oxidative
addition, but the decelerating effect is less important than
that observed with Pd°(PPhs), (Scheme 2).

Phl > Q/N; = @[/NO> @:/OMe

1 0.7 0.7 0.43

Scheme 5. Relative reactivity of aryl iodides in their oxidative addi-
tion to the Pd® complexes generated in the mixture Pd’(dba), and
dppp at 40 °C

Conclusion

Determination of the rate constant of the oxidative addi-
tion of ortho-substituted aryl halides 0-ZCH,—CgH;4—X
[X = I, Br; Z = OMe, NEt,, N(CH,)s] with Pd°(PPh;), or
with the Pd® complexes generated from Pd%(dba), and 1
equiv. of dppp shows that the oxidative addition is slower
for ortho-substituted aryl halides than for the correspond-
ing nonsubstituted or meta-substituted aryl halides. This
means that the ortho substituents do not participate in the
oxidative addition by a preliminary complexation of the
active Pd°(PPhj), or Pd°(dppp) complex. Oxygen and nitro-
gen ligands are indeed poor ligands for Pd° centers, unless
they are involved in a bidentate complexation as for P,O or
P,N ligands.”®! The observed decelerating effect induced by
the ortho substituent is due to steric hindrance and elec-
tronic effects caused by the electron-donor properties of the
substituents. These effects are less important for ortho-sub-
stituted aryl bromides than for ortho-substituted aryl iod-
ides. Considering the same substituent, ortho-substituted
aryl iodides remain more reactive than ortho-substituted
aryl bromides, whatever the ligand. No inversion of reactiv-
ity occurs in the oxidative addition due to the ortho substi-
tution. Were an inversion of reactivity observed in a Pd-
catalyzed cross-coupling reaction, it should then arise at the
level of the transmetallation step, which follows the oxidat-
ive addition. This probably lies at the origin of the inversion
of reactivity observed in the palladium-catalyzed coupling
of organomanganese derivatives with aryl halides, for which
ortho-substituted aryl iodides were found to be less reactive
than ortho-substituted aryl bromides.[*”)

In this respect, it is worth to emphasize that an equilib-
rium results between trans-(o-ZCH,—CgHy)PdX(PPhs),
complexes formed in the oxidative addition and (o-
ZCH,—C4H,)PdX(PPh3)(Z— Pd) exhibiting an intramolec-
ular complexation of the ortho substituent. Nitrogen ligands
are indeed good ligands for Pd" centers, and the intramole-
cular character of the complexation enhances this effect.
The latter complex might be involved in reactions with
nucleophiles  (transmetallation  step). The  cis-(o-
ZCH,—CgH,4)PdX(dppp) complexes are formed when the
Pd° is ligated by a bidentate ligand such as dppp. The bi-
dentate character of this P,P ligand with a small bite angle
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makes the intramolecular complexation by the ortho sub-
stituent less probable.

Experimental Section

General: All experiments were performed using standard Schlenk
techniques under argon. — DMF was distilled from calcium hy-
dride under vacuum. Toluene was distilled from sodium. — Iodo-
and bromobenzene were commercial (Acros) and used after filtra-
tion through alumina. The dppp was commercial (Aldrich) and
used without purification. Pd(PPh;),,?81 Pd(dba),,*! and
PhPdI(PPh;), "1 were synthesized according to published proced-
ures, as well as compounds 5,130311 6,1321 7 311 8 331 9,134 and 10.1321
— 3P NMR spectra were recorded with a Bruker spectrometer
(162 MHz) using H3PO, as an external reference, 'H NMR spectra
with a Bruker spectrometer (250 MHz) using TMS as an internal
reference.

Diethyl(3-iodobenzyl)amine (4): Synthesis according to a published
procedure*?! by treating 3-iodobenzyl bromide with diethylamine
in anhydrous diethyl ether at room temperature. — 'H NMR
(250 MHz, CDCls): & = 0.86 (t, J = 7.0 Hz, 6 H, CH3), 2.33 (q,
J =17.0Hz, 4 H, CH,—CHj;), 3.31 (s, 2 H, CH,—N), 6.83 (t, J =
7.7Hz, 1 H, 5-H), 7.13 (d, J = 7.7Hz, 1 H, 6-H), 7.37 (d, J =
7.7Hz, 1 H, 4-H), 7.57 (s, 1 H, 2-H).

General Procedure for the Oxidative Addition: Complexes m-4a, Sa,
6a, 7a, 8a, and 9a were synthesized according to a Fitton proced-
ure.l'” In a Schlenk flask containing a solution of the aryl halide
(from 4-103 mol for the aryl iodides 4, 5, 7, and 8 to 0.05 mol for
the aryl bromides 6 and 9) in 5 mL of degassed toluene was added
0.58 g (0.5-1073 mol) of Pd(PPhs),. The solution was kept over-
night at room temperature for aryl iodides and heated during 4 h
for aryl bromides. After filtration, the toluene was removed under
vacuum, and the crude mixture was triturated with diethyl ether to
eliminate the excess phosphane and aryl halide. The solid com-
plexes were then characterized by 3'P NMR spectroscopy (Table 1).

(0-CH;0CH,—C¢H,)PdI(PPh;), (8a): 'H NMR (250 MHz,
CDCly): = 2.85 (s, 3 H, OCHS), 4.14 (s, 2 H, CH,), 6.18 (t, J =
70Hz, 1 H, 5-H), 635 (d, J = 7.0 Hz, | H, 3-H), 6.45 (t, J =
7.0Hz, 1 H, 4-H), 6.74 (d, J = 7.0 Hz, 1 H, 6-H), 7.1—-7.4 (m, 30
H, H of PPhy).

Complexes m-4c, 5c, 8¢, and 9¢ were synthesized according to an
adapted version of the Herrmann procedure.[® In a Schlenk flask,
containing a solution of 0.28 g (0.5-1073 mol) of Pd(dba), in 5 mL
of degassed toluene, was added 0.21 g (0.5:10~3 mol) of dppp. After
2 h, 0.05 mol of the aryl halide was added. The solution was heated
during 4 h for aryl iodides 4, 5, 8 and 6 h for the aryl bromide 9.
After filtration, the toluene was removed under vacuum, and the
crude mixture was triturated with diethyl ether to eliminate the
excess aryl halide. The pale-yellow complexes were then crystallized
from chloroform/petroleum ether and characterized by 3'P NMR
spectroscopy (Table 1).

Electrochemical Set-up for Amperometry and Kinetic Measurements
of the Oxidative Addition: Electrochemical experiments were car-
ried out in a three-electrode cell connected to a Schlenk line. The
cell was equipped with a double envelope to maintain a constant
temperature (Lauda RC20 thermostat). The working electrode con-
sisted of a gold disk (i.d. 2 mm, Tacussel EDI 65109). The counter
electrode was a platinum wire of ca. 1 cm? apparent surface area.
The reference was a saturated calomel electrode separated from the
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solution by a bridge filled with a solution of nBuyNBF,
(0.3 mol dm~3) in 3 mL of DMF. 15 mL of DMF containing the
same concentration of supporting electrolyte was poured into the
cell followed by 34 mg (0.03:1073 mol) of Pd(PPhs),. The kinetic
measurements were performed using the rotating gold disk elec-
trode with an angular velocity of 105 rad s~! (Tacussel controvit).
The potential of the rotating disk electrode was set at +0.35 V on
the oxidation plateau wave of Pd°(PPhs),. The suitable amount of
the aryl halide was added and the decay of the oxidation current
was then monitored as a function of time. — In other experiments,
17 mg (0.03:1073 mol) of Pd(dba), was added, followed by 12 mg
(0.03-1073 mol) of dppp. After 2 h, the potential of the rotating
disk electrode was set at +0.70 V on the oxidation plateau wave of
Pd(dba)(dppp). The decay of the oxidation current was monitored
as a function of time after addition of the suitable amount of the
aryl halide.
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