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Introduction

Bridging aryl groups are common in the chemistry of main-
group elements and Group 11 transition metals. They are far
less common for palladium and platinum complexes, and
only a few examples of stable derivatives have been report-
ed.[1] Nonetheless, they are proposed to be involved in the
transfer of aryl groups between palladium centers,[2,3] and in
the transmetalation of aryl groups in some Pd-catalyzed
cross-coupling reactions [Eq. (1)], such as the Stille and the
Hiyama reactions.[4,5]

The transfer of aryl groups between palladium atoms has
been used to synthesize monoaryl palladium derivatives,[6] as

in the process shown in Equation (2).[6a] Again, intermedi-
ates with bridging aryl groups should be involved.

This aryl rearrangement is also relevant in Pd-mediated
cross-coupling reactions [Eq. (1)], since, provided it is fast
enough relative to the reductive elimination step leading to
the final cross coupling products, it opens a pathway to un-
desired homocoupling products (Scheme 1).
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Abstract: Stable dimeric palladium(ii)
complexes of general formula [Pd2(m-
R)2(h

3-allyl)2] (R=haloaryl, mesityl)
have been prepared. Their X-ray crys-
tal structures, determined for some of
the complexes, show that the two coor-
dination square planes are usually co-
planar. The haloaryl complexes are
fluxional in solution, showing exchange
between cis and trans isomers (relative
to the orientation of the two allyl
groups in the dimer) through solvent-

assisted associative bridge splitting. A
number of other ancillary ligands (O,O,
S,S, or C,N donors) failed to stabilize
the bridging situation. Also, bridging
phenyls were unstable. The reasons for
this behavior and the formation of al-

ternative compounds in attempts at
synthesizing them are fully analyzed
and explained. Stable aryl bridges seem
to be favored by a combination of fac-
tors: the use of ancillary ligands of
small size and lacking electron lone
pairs, and the use of aryl ligands reluc-
tant to homo and hetero C�C coupling.
These seem to be more important fac-
tors in the stabilization of bridging aryl
complexes than the strength of the
bridges themselves.

Keywords: allyl ligands · associa-
tive bridging ligand splitting ·
electron-deficient compounds ·
palladium

Scheme 1. Formation of homocoupling products in Pd-catalyzed cross-
coupling reactions.
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In the course of a study of the Stille reaction with allyl
halides we found that, in the absence of other ligands, h3-
allyl complexes of palladium with bridging aryl groups were
very stable.[1a] This remarkable stability prompted us to ex-
plore the synthesis of other complexes of this type and to
look into the factors that contribute to the stabilization of
these electron-deficient bridges. Only one other Pd complex
with aryl bridges, (NBu4)2[Pd2(m-C6F5)2(C6F5)4], and one
mixed Pd/Pt complex, (NBu4)2[PdPt(m-C6F5)2(C6F5)4], have
been reported to date,[1b] but these were not characterized
by X-ray diffraction and were reported to decompose slowly
in solution at room temperature.

Results

Synthesis of complexes : Several allyl–palladium complexes
with bridging perhalophenyl ligands were synthesized fol-
lowing the route described in Scheme 2. The cationic ace-

tone complexes were prepared and used “in situ”. The syn-
thesis and isolation of a cationic 5-C6F5-1,3-h

3-cyclohexenyl-
palladium·solvato derivative has been reported in detail.[1a]

The bis-aryl anionic complexes (NBu4)[Pd(h
3-allyl)(Rf)2],

{h3-allyl=h3-C3H5, Rf=C6Cl2F3 (1), C6F5 (2); h
3-allyl=h3-cy-

clohexenyl, Rf=C6Cl2F3 (3), C6F5 (4); h
3-allyl=5-C6F5-1,3-

h3-cyclohexenyl, Rf=C6F5 (5)} were prepared by arylation
of the allyl, halo-bridged dimers with (NBu4)[Ag(Rf)2].
They displace acetone from the cationic complexes, afford-
ing the dimeric compounds 6–10 as orange solids.
The bridging nature of the fluorinated aryl ligands in 6–10

is shown by the characteristic downfield shift of the Fortho sig-
nals in their 19F NMR spectra. They display chemical shifts
close to �100 ppm for C6F5 or �75 ppm for 3,5-C6Cl2F3 (in

CDCl3, reference CFCl3). These shifts are about 10–15 ppm
downfield from the corresponding signals in terminal per-
haloarylpalladium complexes. In CDCl3 each complex ap-
pears as a mixture of two isomers (ca. 1:1 ratio) arising from
the mutual cis and trans arrangement of the two allyl ligands
in the dimer (see later). Coordinating solvents, such as ace-
tonitrile, cleave the aryl bridges to form monomeric solvato
complexes. In less coordinating solvents, such as Et2O or
acetone, equilibria of dimeric aryl-bridged complexes with
monomeric solvent complexes are observed.
A similar synthetic route was attempted with other auxili-

ary chelating X^L ligands different from allyl groups
(Scheme 3). For this purpose the bis-aryl derivatives 11–13

were synthesized by transmetalation with the appropriate di-
arylsilver reagents and were fully characterized. It is worth
noting that the rotation of the dichlorotrifluorophenyl rings
around the Rf�Pd bond in the complex with the orthometal-
lated dimethylbenzylamine ligand (13) falls well in the slow
exchange limit at room temperature. This rotation is fast in
analogous allylic derivatives 1–5, which are less sterically de-
manding. The coordination plane of palladium is a symme-
try plane in 13, due to the presence of the planar k2-C,N-di-
methylbenzylamine ligand; this results in the equivalence of
the two Fortho atoms in a perhaloaryl ring. The hindrance to
rotation of the perhaloaryl groups in 13 was detected by
analysis of the through-space coupling constants between
Fortho atoms of different inequivalent rings: the values of J
for these syn (relative to the coordination square plane, i.e. ,
tsJ(F1

o�F2
o)=

tsJ(F10o�F20
o )) and anti (tsJ(F1o�F20

o )=
tsJ(F10o�F2

o))
Fortho–Fortho couplings (Figure 1) are unequal (7.1 and
4.2 Hz), as determined by computer simulation of the ob-
served AA’XX’ spin system, whereas they should average in
value in a fast rotation process of the haloaryl group around

Scheme 2. Synthesis of haloaryl-bridged dimeric allylic palladium com-
plexes.

Scheme 3. Attempted synthesis of aryl-bridged palladium complexes with
auxiliary ligands different from allyl groups.
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the aryl�Pd bond. In complexes 1–5 the two aryl rings are
equivalent by symmetry, but the two Fortho at each side of
the coordination plane should be inequivalent. However,
equivalence of all the Fortho atoms is observed and indicates
fast rotation of the perhaloaryl rings. This different hin-
drance to aryl rotation for 1–5 relative to 13 is steric in
origin, and the phenomenon has been discussed in detail in
previous papers.[7]

Attempts at synthesizing aryl-bridged dimeric complexes
by using 11–13 as starting materials (Scheme 3), following a
route similar to that in Scheme 2, were unsuccessful. For
X^L=acac or diethyldithiocarbamate the product isolated
from the reaction showed only broad signals in the 19F NMR
spectrum in CDCl3; these signals appeared in the chemical
shift range of terminal fluoroaryl groups, with no indication
of bridging aryl groups. Upon addition of a small amount of
acetonitrile to these ill-identified complexes, they slowly re-
arranged to [Pd(Rf)2(NCMe)2] and [Pd(X^L)2]. However,
for X^L=k2-C,N-C6H4CH2NMe2 the products of the reac-
tion were monomeric solvato complexes [Pd{k2-C,N-
C6H4CH2NMe2}(Rf)(s)] (Rf=3,5-C6Cl2F3; s=acetone (14)
or OEt2 (15) depending on the reaction solvent and the iso-
lation procedure).
The reaction of AgR with halobridged dimers [Eq. (3)]

might be an alternative method to synthesize aryl-bridged
complexes. Indeed this is a suitable route to compounds 6–
10, although it usually produces somewhat lower yields than
the process in Scheme 2.

Solutions of Ag(C6F5) in CDCl3 can be generated, as de-
scribed in the literature,[8] by mixing (NBu4)[Ag(C6F5)2] and
Ag(BF4) in Et2O, filtering the (NBu4)BF4 formed, evaporat-
ing the solvent, and dissolving the residue in CDCl3. These
solutions were used for testing, by NMR monitoring, the
possible formation of other aryl-bridged compounds, but it
is necessary to consider that it is extremely unlikely that
these solutions are strictly free of Et2O and H2O, which can
act as bridge-splitting ligands. The reaction with the cationic
complex [Pd2(m-Cl)2(PEt3)4](BF4)2 produced cis-

[Pd(C6F5)2(PEt3)2] and [Pd2(m-OH)2(PEt3)4](BF4)2, along
with some unreacted material.[9] Similarly, the reaction of
[Pd2(m-Cl)2(py)4](BF4)2 with Ag(C6Cl2F3) (prepared by
mixing (NBu4)[Ag(C6Cl2F3)2] and Ag(BF4), as described for
the pentafluorophenyl derivative) showed no indication of
bridging aryl groups in the 19F NMR spectra of reaction mix-
tures, in chloroform or acetone.
The synthesis of dimeric complexes with bridging aryl

groups other than fluoroaryl groups was also attempted. The
reaction of [Pd2(m-Br)2(5-C6F5-1,3-h

3-cyclohexenyl)2] with
Ag(2,4,6-C6H2Me3) in Et2O, gave the purple complex
[Pd2(m-(2,4,6-C6H2Me3))2(5-C6F5-1,3-h

3-cyclohexenyl)2] (16)
in moderate yield (51%, [Eq. (4)]).

This is the most convenient preparation procedure, since
the reaction of [Pd2(m-Br)2(5-C6F5-1,3-h

3-cyclohexenyl)2]
with (2,4,6-C6H2Me3)MgBr (Pd:Mg=1:1), leads to a mixture
of 16 and starting material. The use of a higher amount of
MgBr(2,4,6-C6H2Me3) did not lead to 16 as a pure complex.
An equilibrium between 16 and [Pd2(m-Br)2(5-C6F5-1,3-h

3-
cyclohexenyl)2] was reached because of the presence of bro-
mide salts in solution. Complex 16 is a mixture of cis and
trans isomers (cis :trans=1:1.3) as a result of the two possi-
ble mutual allyl arrangements in the dimer, as observed for
6–10. Low temperature reactions of [Pd2(m-Br)2(5-C6F5-1,3-
h3-cyclohexenyl)2] and LiPh (Pd:LiPh=1:1) in Et2O were
also carried out. Deep red solutions were obtained upon
mixing, but the characterization in solution and the isolation
of solid complexes were prevented by rapid decomposition.
Biphenyl and benzene were observed as decomposition
products.
A rough estimation of the strength of the electron-defi-

cient aryl bridges can be obtained from the extent of bridge
splitting in coordinating solvents to give [Pd(aryl)(allyl)(sol-
vent)]. In acetone, the mesityl bridges in 16 remain unal-
tered, whereas about 20% of 10 is split. The previously re-
ported complex [Pd2(m-C6Cl2F3)2(5-C6F5-1,3-h

3-cyclohexen-
yl)2] (17) behaves like 10. Compound 16 is not soluble in
acetonitrile, whereas 10 and 17 are fully converted to the
monomeric solvato complex. The decomposition of 16 at
50 8C in CDCl3 is analogous to that observed for 17;[1a] it
does not lead to the homocoupling product bimesityl, but to
b-H elimination in the allylic moiety and formation of 1,3,5-
C6H3Me3.

Crystal structures of some aryl-bridged complexes : X-ray
crystal-structure determinations were carried out for com-

Figure 1. Through-space 19F–19F coupling constants for complex 13.
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plexes 6, 7, 9, and 16. The four complexes show very similar
features, also in common with the complex [Pd2(m-
C6Cl2F3)2(5-C6F5-1,3-h

3-cyclohexenyl)2] (17) previously re-
ported.[1a] Selected bond lengths and angles are given in
Table 1 for two representative complexes, 6 and 16. Figure 2
shows the corresponding ORTEP drawings. Complex 16
crystallized with a molecule of solvent (Et2O), which is not
shown in Figure 2. Bond lengths, angles, and ORTEP draw-
ings for 7 and 9 are given as Supporting Information.

The bridging aryl rings lie perpendicular to the Pd�Pd
axis (Figure 2) and are coplanar. The Pd�Pd distance is
short in all cases: it ranges from 2.681(2) to 2.6310(12) U, in-
dicating a Pd�Pd bonding interaction consistent with the
presence of electron-deficient aryl bridges. The aryl groups
bridge the palladium centers in a symmetrical way for 6 (we
consider a bridge to be symmetrical when both Pd�Cipso dis-
tances are equal within �3s), but more often they are
slightly asymmetrical (16, 17). The two Pd and two Cipso
atoms are coplanar.
The Pd�allyl bond lengths and angles are within the

normal ranges.[10, 11] Only the trans isomer was found in the

solid state for 6 and 16, as was also the case for 17. The cy-
clohexenyl ring in 16 shows a pseudoboat conformation.
Substituted h3-cyclohexenylpalladium complexes can be
found in the literature in either the pseudoboat or pseudo-
chair conformations, depending on whether the substituents
are placed in an equatorial, less sterically demanding ar-
rangement.[11, 12]

The X-ray crystal structure of complex 18 (its anion is
shown in Figure 3) was determined to make a comparison
between terminal and bridged aryl groups. The synthesis has

been reported previously.[1a] Selected bond lengths and
angles are given in Table 2. The allyl moiety is symmetrically
coordinated, with very similar Pd�C1 and Pd�C3 bond

lengths (2.170(3) and 2.187(3) U). The fluoroaryl rings are
not perpendicular to the palladium coordination plane, but
tilted in the same direction 24.28 (C13 fluoroaryl) and 12.58
(C19 fluoroaryl) from the ideal perpendicular position. The
Pd�C(aryl) bond lengths are 2.070(4) and 2.068(3) U, no-
ticeably shorter than those of Pd�fluoroaryl in the dimeric
complexes.

The cis/trans exchange : In CDCl3 complexes 6–10 exist as
approximate 1:1 mixtures of cis and trans isomers, whereas a
1:1.3 mixture was found for complex 16 [Eq. (5)]. This mix-
ture was seen clearly at room temperature for all the com-
plexes in the 19F NMR spectra in CDCl3, but only for 10 and
16 in the 1H NMR spectra. The cis/trans exchange was ob-
served for the haloaryl complexes as the temperature was
raised.
A variable-temperature study was undertaken for complex

6, which provides a simple NMR pattern. The low-tempera-

Table 1. Selected bond lengths [U] and angles [8] for complexes 6 and
16.

Complex 6 Complex 16

Pd1�C1 2.172(14) Pd1A�C13 2.198(4)
Pd1A�C1 2.191(12) Pd1�C13 2.267(5)
Pd1�Pd1A 2.681(2) Pd1�Pd1A 2.6310(12)
Pd1�C7 2.133(13) Pd1�C1 2.146(6)
Pd1�C8 2.119(19) Pd1�C2 2.099(5)
Pd1�C9 2.080(18) Pd1�C3 2.175(4)

C1-Pd1-C1A 104.2(4) C13-Pd1-C13A 107.83(14)
Pd1-C1-Pd1A 75.8(4) Pd1-C13-Pd1A 72.17(14)
C6-C1-C2 115.4(12) C14-C13-C18 116.3(4)
C7-C8-C9 131.0(2) C1-C2-C3 116.4(5)
C7-Pd1-C9 66.6(7) C1-Pd1-C3 66.6(2)

Figure 2. ORTEP drawings of the molecular structures for complexes 6
and 16.

Figure 3. ORTEP drawing for the structure of the anion in complex 18.

Table 2. Selected bond lengths [U] and angles [8] for complex 18.

Pd1�C13 2.070(4) C19�Pd1�C13 92.73(13)
Pd1�C19 2.068(3) C1�Pd1�C3 66.53(15)
Pd1�C1 2.170(3) C13�Pd1�C1 99.58(14)
Pd1�C2 2.106(4) C19�Pd1�C3 100.99(13)
Pd1�C3 2.187(3) C3�C2�C1 117.5(4)
C1�C2 1.405(5) C14�C13�C18 112.6(3)
C2�C3 1.390(5) C24�C19�C20 112.1(3)
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ture spectrum of 6 corresponds to the slow exchange limit
(213 K, Figure 4) and shows distinct signals for each isomer.
Two singlets are observed for the Fpara resonance in the

19F NMR spectrum. The symmetry of each isomer deter-
mines that the Fortho resonances appear as one singlet for the
four equivalent atoms in the trans isomer, and as two sin-
glets for the two nonequivalent Fortho atoms of each of the
two equivalent aryl groups in the cis isomer (Figure 4a).
Two sets of allylic protons are observed in the 1H NMR
spectrum (Figure 4b). At higher temperature coalescence of
the signals of both isomers occurs and only one set of allylic
resonances is observed in the 1H NMR spectrum at 313 K
(Figure 4b). Coalescence is also seen for the corresponding
signals in the 19F NMR spectrum (Figure 4a). The exchange
does not operate through the frequent pQsQp rearrange-
ment in this case, since it should lead to exchange of the syn
and anti protons in the allyl moiety; this type of exchange is
not observed (Figure 4b).[13] Line-shape analysis of the
1H NMR spectra in CDCl3 in the range 213–313 K afforded
the exchange rates,[14] and an Eyring plot led to the follow-
ing activation parameters for the process: DH�=43�
3 kJmol�1, DS�=�73�9 Jmol�1K�1 (DG�

298=65�
4 kJmol�1). The exchange was faster in acetone and was
also accelerated when a small amount of H2O was added to
a solution of 6 in CDCl3 (Figure 4c, note the similarity of

this spectrum at 213 K with the spectrum at 313 K in CDCl3
without added water).
Bridge cleavage and statistical rearrangement of dimers is

commonly observed for electron-precise halogen-, carboxy-
late-, or aryloxide-bridged allylic compounds.[15] In the case
of the electron-deficient bridges discussed here, our observa-
tions suggest a solvent-assisted cleavage of the aryl bridges
(adventitious water in the case of CDCl3, the exchange rate
increasing when water is added on purpose). The highly neg-
ative value of DS� rules out a dissociative mechanism for
bridge cleavage, and further supports the intervention of the
solvent (or the water in the case of CDCl3) in an associative
mechanism. The cis/trans conversion cannot be achieved in
a monobridged intermediate. It requires the complete cleav-
age of the dimer into monomeric species, even if these are
formed only in undetected concentration (Scheme 4). In fact
an equimolar mixture of complexes 6 and 8 in CDCl3 produ-
ces a statistical mixture of 6, 8, and [Pd(h3-cyclohexenyl)(m-
C6Cl2F3)2Pd(h

3-C3H5)] (19).

Discussion

Judging by the frequent observations of processes requiring
aryl transmetalation between Pd atoms, or between Pd and
other metals not very dissimilar in electronegativity (Sn, Si,
B, etc.), aryl bridges must pervade palladium chemistry as
transient intermediates and in transition states, but they are
extremely elusive to observation in isolated compounds.
These two facts are not in contradiction, since palladium
compounds are very efficient catalysts and a stable inter-
mediate should make the overall reaction slow.
Only two kinds of Pd complexes featuring electron-defi-

cient aryl bridges have been unambiguously observed so far:
The anionic complexes (NBu4)2[PdM(m-C6F5)2(C6F5)4] (M=

Pd, Pt), which were not studied by X-ray diffraction and de-
compose slowly in solution; and the series of complexes
[Pd2(m-Ar)2(allyl)2] discussed here, which are fairly stable in
solution. There are a number of closely related complexes in
the literature that have been structurally characterized, for
example, compounds with PtII or PtIII and bridging perha-
loaryl groups or bridging halogenated alkylidene ligands de-
rived from them (Scheme 5).[1e,f,g]

Figure 4. The cis/trans isomerization and 19F and 1H NMR spectra of com-
plex 6 in CDCl3 in different conditions.

Scheme 4. Proposed mechanism for the cis/trans exchange in aryl-bridged
dimeric palladium complexes.

I 2005 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim www.chemeurj.org Chem. Eur. J. 2005, 11, 242 – 252246

A. C. Alb1niz, P. Espinet et al.

www.chemeurj.org


All these systems with bridging aryl or alkylidene groups
have a planar or nearly planar “M2(Cipso)2” fragment. The
molecular orbitals pertinent to the bridge “M2(m-R)2” in sev-
eral geometries, including square-planar complexes and sp2-
and sp3-hybridized bridging atoms, have been thoroughly an-
alyzed on model compounds using DFT and ab initio calcu-
lations, in order to find a rationale for the planar or bent
structure of the bridge.[16] In the bridged systems containing
terminal aryl groups (20–24) the angles at the metal deter-
mined by the terminal aryl groups are below 85.18 and can
be as low as 82.58.[1e,f,g] These values are in the lower range
of angles found for cis-(C6F5)2M fragments in electron-pre-
cise square-planar complexes (82.7–91.88,[10,17] 92.738 for cis-
(C6Cl2F3)2Pd in 18) and suggest that the bridging aryl groups
or alkylidenes are exerting some repulsion on the terminal
aryl groups (the thickness of an aryl ring is estimated to be
about 3.50 U).[18] Scheme 6 clearly shows that the separation
between terminal aryl groups in a conventional square-
planar structure (A) is larger (they make angles of 908 in an

ideal geometry) than the separation between terminal and
bridging aryl groups (B) (they make angles of 458 in an
ideal square-planar coordination geometry). Consequently
the angle between terminal aryl groups (a) needs to be re-
duced in order to minimize the overall steric repulsive inter-
actions in the molecule, whether the bridge is electron defi-
cient (20, 21, 22) or not (23, 24) (see the Ct�M�Ct angle
84.88 found for 20,[1g] compared to 89.908 for the related
complex with a small bridging group (NBu4)2[Pd2(m-
OH)2(C6F5)4]

[19]). This suggests that favorable sterics is a
factor for the special stability of aryl-bridged complexes
with allyl groups as ancillary terminal ligands. Since allyl
groups have small bite (668) and cone angles, the repulsive
bridge–terminal ligand interactions are basically absent and
the complexes gain stability relative to complexes with other
terminal ligands. At the other extreme, if we consider termi-
nal ligands extended in the coordination plane (model struc-
tures C and D in Scheme 6), the bridged structure D can be
discarded as a low-energy one, simply on the grounds of the
severe steric hindrance. This suffices to explain why aryl-
bridged complexes could not be obtained when X^L=k2-
C,N-C6H4CH2NMe2 as terminal ligand, and the formation of
monomeric solvato complexes [Pd{k2-C,N-
C6H4CH2NMe2}(Rf)(s)] was preferred. For the same reason
one should not expect [Pd2(m-haloaryl)2(PEt3)4](BF4)2 to be
a favored species due to the steric requirement of PEt3.

[20] In
fact, this kind of structure could not be prepared.
However, steric hindrance cannot be argued as an impor-

tant factor of instability in other attempted cases such as
[Pd2(m-haloaryl)2(py)4](BF4)2 or [Pd2(m-Ph)2(allyl)2], since
py, disposed perpendicularly to the coordination plane as
terminal ligand, is sterically similar to the haloaryl groups as
terminal ligands, for which anionic, bridged complexes are
known. Other factors need to be considered that should
make the bridged system unstable versus other alternative
outcomes, such as the intrinsic stability of the bridges, the
susceptibility to attack by external ligands, and the ease of
decomposition by intramolecular coupling.
It is difficult to extract fine conclusions on the intrinsic

stability of the bridges from inspection of the structural data
(see complexes 6 and 16), but an experimental assessment
of the relative strength of the bridges for the bridging aryl
groups used in this work can be obtained from the extent of
bridge splitting by coordinating solvents to give monomeric
solvato complexes in acetone. The dimer/monomer ratios
found (see Results) lead to the following stability trend: me-
sityl>C6F5�C6Cl2F3. Thus, although the dimeric complexes
are the major species in every case, the electron-deficient
bridges are more stable the higher the electron density
available in the aryl group, as indicated by the sum of
Hammet parameters for the substituents in the ring (�s :
mesityl<C6F5�C6Cl2F3).[21]
When the compounds are made cationic by replacing the

allyl group by two neutral ligands (py or PEt3) the metal
center becomes harder and more electrophilic. Whether this
should stabilize or destabilize the bridges cannot be experi-
mentally assessed, because in practice the metal center be-

Scheme 5. Dimeric platinum complexes with halogenated hydrocarbyl
bridges.

Scheme 6. Steric constraints in monomeric and dimeric arylpalladium
complexes.
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comes too reactive towards hard nucleophiles in solution
(OEt2, adventitious H2O), which will split the electron defi-
cient bridges. In fact, cationic, bridged complexes are not
detected. This reactivity explains the different behavior of
py versus C6F5 as terminal ligands, in spite of its steric simi-
larity.
The ligands acetylacetonate or diethyl dithiocarbamate,

particularly the latter with a bite angle of about 758,[22]

should not offer unbearable steric hindrance to aryl-bridge
formation. Hence the failure to produce aryl-bridged com-
plexes using these groups as terminal ligands should be im-
puted to them possessing lone pairs, which facilitates their
transfer through electron-precise (3c, 4e) bridges
(Scheme 7). It is interesting to note that the orthometallated
terminal ligand, which lacks lone pairs, behaves quite differ-
ently and it is the perhaloaryl ring that is transferred.

The combination of allylic ligands and haloaryl groups or
mesityl is well suited to prevent the occurrence of fast cou-
pling/decomposition reactions. Allyl–aryl coupling is not an
easy process according to our previous studies on the de-
composition of complex 17 in the context of a Stille cou-
pling.[1a] Cyclohexenylhaloaryl and -mesityl derivatives even-
tually decompose by b-H elimination from the cyclohexenyl
and aryl�H formation by reductive elimination. This decom-
position takes place most probably on monomeric electron
poor solvato complexes [Pd(allyl)(Ar)(s)] in solution. On
the other hand, aryl–aryl homocoupling reactions might
occur from minute amounts of [Pd(allyl)(Ar)2]

� complexes
in equilibrium with the aryl-bridged and the cationic mono-
meric solvato complexes (the reversal of Scheme 2). These
are kinetically disfavored for Ar=haloaryl groups,[23] and
also for the sterically hindered mesityl group.[24] This homo-
coupling is, however, a decomposition process that is ob-
served for Ar=Ph in competition with b-H elimination and
C6H6 formation, and the deep red solutions formed at low
temperature from [Pd2(m-Br)2(5-C6F5-1,3-h

3-cyclohexenyl)2]
and LiPh (which probably contain the corresponding
phenyl-bridged derivative) undergo fast decomposition to
biphenyl and benzene as the temperature is raised, or
during workup. Easy homocoupling and formation of biaryl
moieties has been reported in the decomposition of monoar-

ylpalladium derivatives both for phenyl and for meta- or
para-substituted aryl groups in which the Cipso atoms are not
hindered.[25] Since the strength of phenyl bridges should be
intermediate between those of mesityl and C6F5, it is clear
that the instability of Ph bridges is not due to an intrinsic
weakness, but to a higher efficiency of the undesired decom-
position pathways.
Finally it is worth commenting on the reaction mecha-

nisms operating in these perhaloaryl-bridged palladium sys-
tems. In the preceding paragraphs we have proposed asso-
ciative mechanisms both for the NMR fluxionality and for
the reactivity observed (involving ligand substitution and
transmetalation processes). Dissociative mechanisms might
alternatively be invoked, involving splitting of the electron-
deficient bridges to give three-coordinate intermediates.
However, we have discussed elsewhere the unlikeness of ki-
netically relevant 14e intermediates in ligand-substitution
processes.[26] There are indications in some of the reactions
observed here or reported in the literature that in our opin-
ion are clear hints for associative pathways. Thus, in contrast
to the symmetric splitting by PPh3 of the bridges in [M2(m-
C6F5)2(C6F5)4]

2� (M=Pd, Pt), which affords only
[M(C6F5)3(PPh3)]

� , the splitting of [PdPt(m-C6F5)2(C6F5)4]
2�

gives cis-[Pd(C6F5)2(PPh3)2] and [Pt(C6F5)4]
2�. This remarka-

ble difference, which was not discussed in the original
paper,[1b] can be understood only taking into account that as-
sociative reactions for Pd are much faster than for Pt.[27]

Hence the asymmetric bridge splitting is the logical result of
a double associative substitution on Pd of the bridging Rf
ligand (Rf=C6F5) by the incoming ligand (Scheme 8). The

kinetic products are sufficiently stable and do not rearrange
easily to the expected thermodynamic products (those of
symmetric splitting). We have shown previously that the cis/
trans isomerization of complexes [Pd(Rf)2(PR3)2] (Rf=C6F5,
C6Cl2F3) is extremely slow.

[2a]

Similarly, the formation of cis-[Pd(C6F5)2(PEt3)2] in our at-
tempts to prepare [Pd2(m-C6F5)2(PEt3)4]

2+ can be explained
assuming that this dimer is formed as an unstable (because
of steric hindrance) and very reactive (because of the high
electrophilicity and hard character of the Pd centers) inter-
mediate, which immediately reacts with water in the solvent
according to Scheme 9.

Scheme 7. Reaction pathways observed for aryl palladium complexes
with orthometallated or dithiocarbamate auxiliary ligands.

Scheme 8. Bridge splitting by associative substitution on palladium.
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Conclusion

The formation of stable aryl bridges is favored by a combi-
nation of factors, which should mainly avoid other evolution
pathways of the reaction. The use of small ancillary ligands
to reduce steric crowding in the bridged complex, and the
use of aryl ligands and ancillary ligands reluctant to homo
or hetero C�C coupling, seem to be determinant. Donor
atoms in the molecule or in the solvents are to be avoided,
as they can induce bridge splitting. The tolerance to hard,
weakly coordinating solvents can be fairly good in the less
electrophilic, anionic or neutral, bridged complexes. The re-
activity of the aryl-bridged complexes is often connected to
an initial homolytic or heterolytic cleavage of the aryl
bridges, which for PdII usually follows a fast associative
mechanism. Electron-poor bridges seem to be slightly
weaker and, in addition, this increases the electrophilicity of
the metal. This makes these complexes particularly suscepti-
ble to cleavage, initiated by associative attack of an external
nucleophile (e.g., solvent or adventitious water). The higher
inertia of Pt towards associative processes can be a reason
for the higher stability of aryl-bridged Pt complexes report-
ed in the literature.

Experimental Section

General : 1H, 19F, and 31P NMR spectra were recorded on Bruker AC-300
and ARX-300 spectrometers. Chemical shifts (in d units, ppm) were ref-
erenced to TMS for 1H, to CFCl3 for

19F, and to H3PO4 for
31P. The spec-

tral data were recorded at 293 K unless otherwise noted. C, H, and N ele-
mental analyses were performed on a Perkin–Elmer 240 microanalyzer.
Solvents were dried following standard procedures and distilled before
use. Complexes [Pd2(m-Cl)2(h

3-C3H5)2],
[28] [Pd2(m-Cl)2(h

3-cyclohexen-
yl)2],

[29] [Pd2(m-Br)2(5-C6F5-1,3-h
3-cyclohexenyl)2],

[11d] [Pd2(m-
Cl)2(acac)2],

[30] [Pd2(m-Cl)2(Et2NCS2)2],
[31] [Pd2(m-Cl)2{k

2-C,N-
C6H4CH2N(CH3)2}],

[32] [Pd2(m-Cl)2(PEt3)4](BF4)2,
[33] (NBu4)[Ag(C6F5)2],

[8]

(NBu4)[Ag(C6Cl2F3)2],
[1a] and Ag(2,4,6-C6H2Me3)

[34] were prepared as de-
scribed elsewhere.

Synthesis of bisarylpalladium derivatives

Complex 2 : [Pd2(m-Cl)2(h
3-C3H5)2] (0.1260 g, 0.344 mmol) and

(NBu4)[Ag(C6F5)2] (0.4710 g, 0.688 mmol) were dissolved in CH2Cl2
(10 mL). The mixture was stirred for 30 min in the dark. The grayish sus-
pension that formed was filtered, and the filtrate evaporated to dryness.

Isopropanol (5 mL) and n-hexane (20 mL) were added to the residue.
The white solid formed was filtered, washed with hexane, and air-dried
(0.4292 g, 86% yield). Elemental analysis calcd (%) for C31H41F10NPd: C
51.42, H 5.71, N 1.93; found: C 51.71, H 5.42, N 1.93; 19F NMR
(282 MHz, CDCl3): d=�165.32 (m; Fmeta, Fpara), �109.75 ppm (m; Fortho);
1H NMR (300 MHz, CDCl3): d=5.13 (tt, J=12.6 Hz, 6.3 Hz, 1H; H2),
3.58 (d, J=6.3 Hz, 2H; H1

syn, H
3
syn), 3.02 (m, 8H; CH2-a NBu4), 2.58 (d,

J=12.6 Hz, 2H; H1
anti, H

3
anti), 1.60 (m, 8H; CH2-b NBu4), 1.31 (m, 8H;

CH2-g NBu4), 0.95 ppm (m, 12H; CH3 NBu4).

Complexes 1, 3–5, and 11–13 were prepared in a similar way, starting
from the corresponding dimeric chloro (bromo for complex 5) and
(NBu4)[Ag(Rf)2] derivatives. n-Hexane, instead of a mixture of isopropa-
nol/n-hexane, was used to obtain complexes 5, 11 and 12.

Complex 1: Yield, 81%; elemental analysis calcd (%) for
C31H41Cl4F6NPd: C 47.14, H 5.23, N 1.77; found: C 46.69, H 4.89, N 1.81;
19F NMR (282 MHz, CDCl3): d=�123.70 (s; Fpara), �83.90 ppm (s; Fortho);
1H NMR (300 MHz, CDCl3): d=5.11 (tt, J=13.2, 6.6 Hz, 1H; H2), 3.53
(d, J=6.6 Hz, 2H; H1

syn, H
3
syn), 3.02 (m, 8H; CH2-a NBu4), 2.57 (d, J=

13.2 Hz, 2H; H1
anti, H

3
anti), 1.60 (m, 8H; CH2-b NBu4), 1.31 (m, 8H; CH2-g

NBu4), 0.95 ppm (t, 12H; CH3 NBu4).

Complex 3 : Yield, 62%; elemental analysis calcd (%) for
C34H45Cl4F6NPd: C 49.21, H 5.47, N 1.69; found: C 48.79, H 5.05, N 1.47;
19F NMR (282 MHz, CDCl3): d=�124.04 (s; Fpara), �84.76 ppm (s; Fortho);
1H NMR (300 MHz, CDCl3): d=5.16 (t, J=6.0 Hz, 1H; H2), 4.62 (m,
2H; H1, H3), 3.02 (m, 8H; CH2-a NBu4), 2.06 (m, 1H; H

5), 1.89 (m, 4H;
H4, H6), 1.60 (m, 8H; CH2-b NBu4), 1.31 (m, 8H; CH2-g, NBu4), 1.08 (m,
1H; H5’), 0.95 ppm (t, 12H; CH3 NBu4).

Complex 4 : Yield, 79%; elemental analysis calcd (%) for C34H45F10NPd:
C 53.44, H 5.94, N 1.83; found: C 52.99, H 5.38, N 1.85; 19F NMR
(282 MHz, CDCl3): d=�165.60 (t; Fpara), �165.20 (m; Fmeta),
�110.60 ppm (m; Fortho);

1H NMR (300 MHz, CDCl3): d=5.15 (t, J=
6.6 Hz, 1H; H2), 4.65 (brm, 2H; H1, H3), 3.02 (m, 8H; CH2-a NBu4),
2.07 (m, 1H; H5), 1.92 (m, 4H; H4, H6), 1.60 (m, 8H; CH2-b NBu4), 1.31
(m, 8H; CH2-g NBu4), 1.10 (m, 1H; H

5’), 0.95 ppm (t, J=6.6 Hz, 12H;
CH3 NBu4).

Complex 5 : Yield, 79%; elemental analysis calcd (%) for C40H44F15NPd:
C 51.65, H 4.77, N 1.50; found: C 51.08, H 4.55, N 1.63; 19F NMR
(282 MHz, CDCl3): d=165.43 (t, 2F; Fpara Rf-Pd), �165.13 (m, 4F; Fmeta Rf-Pd),
�163.96 (m, 2F; Fmeta Rf-C), �159.27 (t, 1F; Fpara Rf-C), �141.73 (m, 2F;
Fortho Rf-C), �110.37 ppm (m, 4F, Fortho Rf-Pd);

1H NMR (300 MHz, CDCl3):
d=5.47 (t, J=6.0 Hz, 1H; H2), 4.83 (t, J=6.0 Hz, 2H; H1, H3), 3.03 (m,
8H; CH2-a NBu4), 2.70 (m, 1H; H

5), 2.49 (m, 2H; H4, H6), 2.16 (m, 2H;
H4’, H6’), 1.55 (m, 8H; CH2-b NBu4), 1.32 (m, 8H; CH2-g NBu4),
0.94 ppm (t, J=7.0 Hz, 12H; CH3 NBu4).

Complex 11:[35] Yield, 91%; elemental analysis calcd (%) for
C33H43F10NO2Pd: C 50.68, H 5.54, N 1.79; found: C 49.94, H 5.48, N 1.83;
19F NMR (282 MHz, CDCl3): d=�167.81 (t; Fpara), �167.18 (m; Fmeta),
�111.28 ppm (m; Fortho);

1H NMR (300 MHz, CDCl3): d=5.42 (s, 1H;
CH acac), 3.02 (m, 8H; CH2-a NBu4), 2.08 (s, 6H; CH3 acac), 1.60 (m,
8H; CH2-b NBu4), 1.31 (m, 8H; CH2-g NBu4), 0.95 ppm (t, 12H; CH3

NBu4).

Complex 12 : Yield, 90%; elemental analysis calcd (%) for
C34H46F10N2PdS2: C 47.68, H 5.58, N 3.37; found: C 47.22, H 5.40, N 3.49;
19F NMR (282 MHz, CDCl3): d=�165.40 (m; Fmeta), �164.60 (t; Fpara),
�112.20 ppm (m; Fortho);

1H NMR (300 MHz, CDCl3): d=3.75 (q, 4H;
J=9.0 Hz, CH2 Et2NCS2), 3.20 (t, 6H; J=9.0 Hz, CH3 Et2NCS2), 3.02 (m,
8H; CH2-a NBu4), 1.60 (m, 8H; CH2-b NBu4), 1.31 (m, 8H; CH2-g
NBu4), 0.95 ppm (t, 12H; CH3 NBu4).

Complex 13 : Yield, 65%; elemental analysis calcd (%) for
C37H48Cl4F6N2Pd: C 50.33, H 5.48, N 3.17; found: C 49.28, H 5.05, N 3.17;
19F NMR (282 MHz, CDCl3): d=�125.10 (t, J=2.0 Hz, 1F; F1para),
�123.20 (s, 1F; F2para), �87.12 (m, AA’XX’ spin system J=7.0, 4.2 Hz,
2F; F2ortho), �84.33 (m, AA’XX’ spin system, J=7.0, 4.2, 2.0 Hz, 2F;
F1ortho);

1H NMR (300 MHz, CDCl3): d=6.96 (d, J=7.8 Hz, 1H; C6H4),
6.82 (td, J=7.8, 0.9 Hz, 1H; C6H4), 6.70 (td, J=7.0, 0.9 Hz, 1H; C6H4),
6.49 (d, J=7 Hz, 1H; C6H4), 3.88 (s, 2H; CH2), 2.88 (m, 8H; CH2-a

Scheme 9. Final products obtained by evolution of a putative cationic hal-
oaryl-bridged palladium complex.
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NBu4), 2.52 (s, 6H; CH3), 1.45 (m, 8H; CH2-b NBu4), 1.29 (m, 8H; CH2-
g NBu4), 0.92 ppm (t, J=6.6 Hz, 12H; CH3 NBu4).

Synthesis of dimeric palladium derivatives with aryl bridges

Method A [Pd2(m-C6F5)2(h
3-C3H5)2] (7): [Pd2(m-Cl)2(h

3-C3H5)2] (0.0438 g,
0.120 mmol) was added to a solution of AgBF4 (0.0466 g, 0.239 mmol) in
acetone (15 mL). The mixture was stirred for 15 min in the dark and the
suspension was filtered. Upon addition of complex 2 (0.1891 g,
0.239 mmol) to the filtrate the solution immediately changed from yellow
to orange. The solvent was evaporated to dryness and iPrOH (5 mL) was
added to the residue. The orange solid formed was filtered, washed with
iPrOH, and air-dried (0.1197 g, 72% yield). The solid obtained is a 1:1
mixture of cis and trans isomers. Elemental analysis calcd (%) for
C18H10F10Pd2: C 34.37, H 1.60; found: C 34.00, H 1.52; 19F NMR
(282 MHz, CDCl3): d=�163.90 (m, 1F; Fmeta,cis), �163.48 (m, 2F;
Fmeta,trans), �163.04 (m, 1F; Fmeta,cis), �148.02 (t, 2F; Fpara,cis–trans),
�99.37 ppm (m, 4F; Fortho,cis–trans);

1H NMR (300 MHz, CDCl3): d=5.32
(brm, 2H; H2

cis�trans), 3.64 (d, J=7.0 Hz, 4H; Hsyn,cis+ trans), 2.91 ppm (brm,
4H; Hanti,cis–trans);

1H NMR (300 MHz, CDCl3, 213 K): d=5.33 (brm, 2H;
H2

cis�trans), 3.62 (d, J=6.6 Hz, 2H; Hsyn,cis)*, 3.65 (d, J=6.6 Hz, 2H;
Hsyn,trans)*, 3.02 (d, J=13.2 Hz, 2H; H3

anti,trans)*, 2.87 ppm (d, J=13.2 Hz,
2H; Hanti,cis)*; *: cis and trans assignments for these signals are only tenta-
tive.
Complexes 6, 8–10 can be prepared in a similar way.

Method B [Pd2(m-C6F5)2(h
3-C6H9)2] (9): A solution of Ag(C6F5) was pre-

viously prepared by mixing AgBF4 (0.0511 g, 0.262 mmol) and
(NBu4)[Ag(C6F5)2] (0.1797 g, 0.262 mmol) in Et2O (20 mL). The suspen-
sion was stirred at 0 8C for 10 min in the dark and the insoluble
(NBu4)BF4 was filtered. [Pd2(m-Cl)2(h

3-C6H9)2] (0.1064 g, 0.239 mmol)
was added to the filtrate and a deep orange solution was immediately
formed. The solvent was evaporated to dryness and n-hexane (10 mL)
was added to the residue. An orange solid was obtained which was fil-
tered, washed with n-hexane and air-dried (0.091 g, 55% yield). The solid
obtained is a 1:1 mixture of cis and trans isomers. Elemental analysis
calcd (%) for C24H18F10Pd2: C 40.65, H 2.37; found: C 40.66, H 2.37;
19F NMR (282 MHz, CDCl3): d=�164.40 (m, 1F; Fmeta,cis), �164.00 (m,
2F; Fmeta,trans), �163.80 (m, 1F; Fmeta,cis), �150.40 (t, 2F; Fpara), �103.20
(m, 1F; Fortho,cis), �101.60 (m, 2F; Fortho,trans), �100.00 ppm (m, 1F Fortho,cis);
1H NMR (300 MHz, CDCl3): d=5.40 (brm, 2H; H

2), 4.65 (m, 4H; H1,
H3), 1.96 (m, 2H; H5), 1.50 (m, 8H; H4, H6), 1.20 ppm (m, 2H; H5).

Complexes 6, 8–10 can also be prepared by using method B, but yields
are generally lower than when method A is used.

Complex 6 : Yield 66% (method A); elemental analysis calcd (%) for
C18H10Cl4F6Pd2: C 31.11, H 1.45; found: C 31.02, H 1.61; 19F NMR
(282 MHz, CDCl3): d=�107.50 (s, 4F; Fpara,cis–trans), �74.04 (s, 2F; Fortho,

cis), �73.91 (s, 4F; Fortho,trans), �73.64 ppm (s, 2F; Fortho,cis);
19F NMR

(282 MHz, CDCl3, 213 K): d=�107.50 (s, 1F; Fpara,cis), �107.53 (s, 1F;
Fpara,trans), �74.60 (s, 1F; Fortho,cis), �74.45 (s, 2F; Fortho,trans), �74.03 ppm, (s,
1F; Fortho,cis);

1H NMR (300 MHz, CDCl3): d=5.32 (brm, 2H; H
2), 3.62

(d, J=7.0 Hz, 4H; Hsyn), 2.88 (brm, 4H; Hanti) ;
1H NMR (300 MHz,

CDCl3, 213 K): d=5.36 (tt, J=12.6, 6.6 Hz, 1H; H2, cis)*, 5.30 (tt, J=
12.9, 6.4 Hz, 1H; H2, trans)*, 3.67 (d, J=6.6 Hz, 2H; Hsyn,cis)*, 3.64 (d,
J=6.4 Hz, 2H; Hsyn,trans)*, 2.98 (d, J=12.9 Hz, 2H; Hanti,trans)*, 2.84 (d, J=
12.6 Hz, 2H; Hanti,cis)*; *: cis and trans assignments for these signals are
only tentative.

Complex 8 : Yield 76% (method A); elemental analysis calcd (%) for
C24H18Cl4F6Pd2: C 37.20, H 2.34; found: C 33.87, H 2.29; 19F NMR
(282 MHz, CDCl3): d=�110.11 (s, 2F; Fpara), �77.87 (s, 1F; Fortho,cis),
�76.40 (s, 2F; Fortho,trans), �74.96 ppm (s, 1F; Fortho,cis);

1H NMR (300 MHz,
CDCl3): d=5.34 (m, 2H; H

2), 4.60 (m, 4H; H1, H3), 1.98 (m, 2H; H5),
1.46 (m, 8H; H4, H6), 1.20 ppm (m, 2H; H5).

Complex 10 : Yield 64% (method A); elemental analysis calcd (%) for
C36H16F20Pd2: C 41.52, H 1.55; found: C 41.58, H 1.76. 19F NMR
(282 MHz, CDCl3): d=�163.73 (m, 1F; Fmeta,cis), �163.18 (m, 2F;
Fmeta,trans), �162.92 (m, 1F; Fmeta,cis), �162.11 (m, 4F; Fmeta,Rf-C), �156.58 (t,
1F; Fpara,Rf-C,cis)*, 156.52 (t, 1F; Fpara,Rf-C,trans)*, �149.26 (t, 1F; Fpara,cis)*,
�149.15 (t, 1F; Fpara,trans)*, �141.80 (m, 4F; Fortho,Rf-C), �100.50 (m, 1F;
Fortho,cis), �100.03 (m, 2F; Fortho,trans), �99.40 ppm (m, 1F; Fortho,cis);
1H NMR (300 MHz, CDCl3): d=5.61 (t, J=5.7 Hz, 1H; H

2, cis)*, 5.50 (t,

J=5.7 Hz, 1H; H2
trans)*, 4.78 (t, J=5.7 Hz, 2H; H1, H3

cis)*, 4.76 (t, J=
5.7 Hz, 2H; H1, H3

trans)*, 2.63 (m, 2H; H
5
cis�trans), 2.20–1.80 ppm (m, 8H;

H4, H4’, H6, H6
cis�trans *: cis and trans assignments for these signals are only

tentative.

[Pd2(m-(2,4,6-C6H2Me3))2(5-C6F5-1,3-h
3-C6H8)2] (16): A solution of

Ag(2,4,6-C6H2Me3) (0.1309 g, 0.5767 mmol) and [Pd2(m-Br)2(5-C6F5-1,3-
h3-C6H8)2] (0.2000 g, 0.2307 mmol) in Et2O (10 mL) was stirred at 0 8C for
30 min in the dark and the insoluble AgBr was filtered. The solvent was
evaporated under reduced pressure to about 5 mL and cooled. A purple
solid was obtained which was filtered and air-dried (0.1107 g, 51% yield).
The solid obtained was a 1:1.3 mixture of cis and trans isomers. Elemen-
tal analysis calcd (%) for C42H38F10Pd2: C 53.35, H 4.05; found: C 52.66,
H 3.60. 19F NMR (282 MHz, CDCl3): d=�162.75 (m, 4F; Fmeta,cis–trans),
�157.75 (t, 1F; Fpara,cis), �157.67 (t, 1F; Fpara,trans), �142.69 (m, 2F;
Fortho,cis), �142.60 ppm (m, 2F; Fortho,trans);

1H NMR (300 MHz, CDCl3):
d=6.77 (s, 1H; Hortho,Mes,cis), 6.71 (s, 2H; Hortho,Mes,trans), 6.63 (s, 1H;
Hortho,Mes,cis), 5.26 (t, J=5.7 Hz, 1H; H2

trans), 5.18 (t, J=5.7 Hz, 1H; H2
cis),

3.98 (m, 4H; H1, H3
cis�trans), 2.83 (s, 3H; Meortho,cis), 2.57 (s, 6H;

Meortho,trans), 2.28 (s, 3H; Meortho,cis), 2.24 (s, 6H; Mepara,cis–trans), 2.52 (m,
2H; H5

cis�trans), 1.90–1.78 ppm (m, 8H; H
4, H4’, H6, H6

cis�trans).

Formation of [Pd(h3-C6H9)(m-C6Cl2F3)2Pd(h
3-C3H5)] (19) in solution :

Complexes 6 (0.0069 g, 0.010 mmol) and 8 (0.0077 g, 0.010 mmol) were
dissolved of CDCl3 (0.6 mL) and the mixture was analyzed by NMR
spectroscopy after 5 min. Complexes 6, 8, and 19 were detected.

Complex 19 : 19F NMR (282 MHz, CDCl3): d=�74.62 (s, 2F; Fortho),
�75.72 (s, 2F; Fortho), �108.99 ppm (s, 2F; Fpara).

Synthesis of [Pd(C6Cl2F3){k
2-C,N-C6H4CH2N(CH3)2}(acetone)] (14): A

solution of Ag(C6Cl2F3) was previously prepared by mixing AgBF4
(0.0723 g, 0.371 mmol) and (NBu4)[Ag(C6Cl2F3)2] (0.2786 g, 0.371 mmol)
in Et2O (20 mL). The suspension was stirred at 0 8C for 10 min in the
dark and the insoluble (NBu4)BF4 was filtered. The filtrate was evaporat-
ed to dryness and acetone was added (30 mL). [Pd2(m-Cl)2{k

2-C,N-
PhCH2N(CH3)2}] (0.2050 g, 0.371 mmol) was added to this solution and
the mixture was stirred for 20 min. The AgCl formed was filtered, the so-
lution was evaporated to about 5 mL, and n-hexane (10 mL) was added.
The yellow solid that formed was filtered, washed with n-hexane, and
vacuum-dried (0.1655 g, 46% yield). Elemental analysis calcd (%) for
C18H18Cl2F3NOPd: C 43.34, H 3.63, N 2.81; found: C 43.00, H 3.48, N
2.65; 19F NMR (282 MHz, CDCl3): d=�120.06 (s, 1F; Fpara), �87.29 ppm
(s, 2F; Fortho);

1H NMR (300 MHz, CDCl3): d=6.94 (m, 2H; C6H4), 6.75
(m, 1H; C6H4), 6.35 (d, J=7.6 Hz, 1H; C6H4), 3.92 (s, 2H; CH2), 2.74 (s,
6H; CH3, NMe2), 2.28 ppm (s, 6H; CH3, acetone).

Preparation of 15 : Complex 15 can be prepared in a similar way but
using an Et2O solution of Ag(C6F5).

19F NMR (282 MHz, CDCl3): d=
�119.39 (s, 1F; Fpara), �87.40 ppm (s, 2F; Fortho);

1H NMR (300 MHz,
CDCl3): d=6.92 (m, 2H; C6H4), 6.72 (m, 1H; C6H4), 6.30 (m, 1H; C6H4),
3.90 (s, 2H; CH2), 3.51 (q, 4H; CH2 Et2O), 2.72 (s, 6H; CH3, -NMe2),
1.38 ppm (t, 6H; CH3 Et2O).

The analogous reactions with 11 and 12 led to unidentified products
showing broad signals in the NMR spectra (see Results).

Determination of the activation parameters for the cis–trans exchange :
Variable-temperature NMR spectra were recorded using a VT-100 tem-
perature control unit on Bruker AC300 and ARX300 spectrometers. The
temperature was calibrated by measuring the difference between the
chemical shifts of MeOH signals at each temperature.[36] First-order rate
constants for exchange (kexch) were obtained from line-shape analysis by
matching the observed variable-temperature 1H NMR spectra of complex
6 in CDCl3 with those simulated using the computer program
gNMRV3.6.5.[14] An Eyring plot of ln(kexch/T) versus 1/T afforded the acti-
vation parameters, DH� and DS�, as the slope and the intercept respec-
tively of the best fit line drawn by a least-squares analysis. Uncertainties
in the activation parameters were calculated from the uncertainties of
the slope and the intercept of the best fit line, as reported previously.[2a,37]

X-ray crystal-structure determinations : Crystals of 6 and 18 were ob-
tained by slow diffusion of n-hexane in solutions of the complexes in di-
chloromethane at �20 8C. Crystals of complex 16 were obtained from
Et2O at �20 8C. A colorless prism of dimensions 0.05Y0.11Y0.14 mm3
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(18), a purple prism of dimensions 0.07Y0.29Y0.29 mm3 (16), and an
orange prism of dimensions 0.02Y0.12Y0.16 mm3 (6) were mounted on
the tip of glass fibers. X-ray measurements were made using a Bruker
SMART CCD area-detector diffractometer with MoKa radiation (l=
0.71073 U). Reflections were collected, intensities integrated, and the
structure was solved by direct-methods procedure.[38] Non-hydrogen
atoms were refined anisotropically and hydrogen atoms were constrained
to ideal geometries and refined with fixed isotropic displacement param-
eters. CCDC-209044 (6), CCDC-209043 (16) and CCDC-209040 (18) con-
tain the supplementary crystallographic data for this paper. These data
can be obtained free of charge via www.ccdc.cam.ac.uk/conts/retrie-
ving.html (or from the Cambridge Crystallographic Data Centre, 12
Union Road, Cambridge CB21EZ, UK (Fax: (+44) 1223 336033; or de-
posit@ccdc.cam.uk). Relevant crystallographic data for the three com-
plexes are given below. Data and comments for the crystal structure de-
termination of complexes 7 (CCDC-209042) and 9 (CCDC-209041) are
included as Supporting Information.

Complex 6 : Crystal data: triclinic P1̄: a=7.305(3), b=7.368(3), c=
10.291(4) U; a=74.914(8)8, b=70.111(8)8, g=84.992(9)8 ; V=

502.8(4) U3; formula unit: C18H10Cl4F6Pd2 with Z=1; formula weight=
694.86; 1calcd=2.295 gcm

�3 ; F(000)=332; m(MoKa)=2.377 mm
�1. 2315 re-

flections were collected (1.658 > q > 23.318). Full-matrix least-squares
refinement (on F2) based on 1431 independent reflections converged with
136 variable parameters and no restraints. R1=0.0758, for F2 > 2s(F2);
wR2=0.1921.[39] GoF (F2)=1.020. D1max=2.256 (close to Pd) D1min=

�1.721 e U3.

Complex 16 : Crystal data: monoclinic P-1: a=9.254 (5), b=9.352 (5), c=
13.109 (5) U; a=103.654 (5)8, b=97.362 (5)8, g=91.872 (5)8 ; V=1091.0
(9) U3; formula: C23H19F5O0.5Pd, Z=2; Mr=504.78; 1calcd=1.537 gcm

�3 ;
F(000)=504; m(MoKa)=0.900 mm

�1. 2711 reflections were collected
(1.618>q>23.258). Full-matrix least-squares refinement (on F2) based on
2277 independent reflections converged with 274 variable parameters
and no restraints. R1=0.0292 for F2>2s(F2); wR2=0.0807.[39] GoF
(F2)=1.102. D1max=0.298 eU

3, D1min=�0.263 eU3.

Complex 18 : Crystal data: monoclinic P21/n : a=15.0723(15), b=
14.6622(15), c=19.657(2) U; a=90.008, b=93.290(2)8, g=90.008 ; V=

4336.9(8) U3; formula: C40H44Cl4F11NPd, Z=4; Mr=995.96; 1calcd=

1.525 gcm�3 ; F(000)=2016; m(MoKa)=0.751 mm
�1. 20345 reflections

were collected (1.668>q>23.288). Full-matrix least-squares refinement
(on F2) based on 6249 independent reflections converged with 518 varia-
ble parameters and no restraints. R1=0.0310, for F2>2s(F2); wR2=
0.0727.[39] GoF (F2)=0.914. D1max=0.433 eU

3, D1min=�0.323 eU3.
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