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Summary: The red complex [(COD)Pd(OMes)](SbF6)
(OMes ) 2,4,6-trimethylphenolate ) mesitylate) was
prepared and structurally characterized. The molecular
structure reveals that the palladium atom coordinates
η5 to the aryl π system and not to the negatively charged
oxygen atom on the mesitylate ligand.

Introduction

The use of organometallic palladium(II) complexes in
catalysis spans a wide range from small-scale applica-
tions, e.g., in olefin polymerization,1,2 or C-C coupling
reactions,3-5 which have developed enormously in recent
years, to well-established industrial processes such as
the Wacker process.4-8 The latter has motivated us to
explore the chemistry of olefin palladium(II) complexes
especially the reactivity of organometallic palladium-
(II) complexes of the type [(COD)Pd(CH3)(OR)] (COD )
1,5-cyclooctadiene, R ) alkyl or aryl).9 In the presence
of mild proton donators (carbonic acids, phenols) these
compounds undergo loss of methane to give cationic
species [(COD)Pd(OR)]+ which turned out to be highly
reactive and could not be isolated or characterized in
cases where R ) alkyl, whereas the species with R )
aryl seemed to be more stable. In this contribution we
would like to report the preparation and structural
characterization of one example (R ) 2,4,6-trimeth-
ylphenol) of this series.

Results and Discussion
Reaction of the complex [(COD)Pd(CH3)(OR)] (COD

) 1,5-cyclooctadiene, R ) Mes) with HBF4 gave a red
air-sensitive material. First 1H NMR investigations
showed the product to be a complex species containing
only COD and the OMes ligand.

Further trials showed that the best way to obtain good
results is to start from a solvento complex [(COD)Pd-
(CH3)(Solv)]+ as shown in Scheme 1 and reacting it in
situ with trimethylphenol (HOMes). By this procedure
we obtained a red air-sensitive compound in appreciable
yield (66% isolated yield), which turned out to be
[(COD)Pd(OMes)](SbF6).

Suitable deep red crystals for X-ray crystallography
were obtained from a concentrated THF solution. Rep-
resentations of the molecular structure are shown in
Figures 1 and 2.

The crystal structure does not reveal any intermo-
lecular interactions other than van der Waals contacts.
In the molecule the COD ligand is coordinated in a
chelating way by both olefinic groups. Taking the
centroids for the olefinic CdC bonds, the distances to
the palladium atom are 2.113 Å for X1A (C13dC14) and
2.128 Å for X1B (C17dC18), respectively (Table 1). They
are slightly longer than the corresponding distances of
2.092 or 2.097 Å, respectively, found in the dichloro
complex [(COD)Pd(Cl)2].10 The chelate bite angle of the
COD ligand is 86.7°. This lies within the typical range
of 85-87° for this angle in such complexes9 and close
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Figure 1. Molecular structure of [(COD)Pd(OMes)](SbF6)
(30% probability ellipsoids; hydrogen atoms are omitted for
clarity).

Figure 2. Perspective view of [(COD)Pd(OMes)]+ (30%
probability ellipsoids; hydrogen atoms are omitted for
clarity).
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to the value of 86.3° found in the dichloro derivative.10

The palladium(II) atom is further bound to the six C
atoms of the mesitylate ligand with the Pd-C distances
ranging between 2.219(8) and 2.588(8) Å with an
average value of 2.402(8) Å. C3, C4, and C5 are closer
to the palladium atom than C1, C2, and C6 as can be
seen in Figure 1. Nevertheless the coordination mode
of the palladium atom can be described as nearly
regular η6 to the aryl π system of the mesitylate since
the deviation from the average distance is smaller than
0.19 Å and the largest value is still in the range of the
sum of the van der Waals radii.11 The mesitylate ligand
is entirely planar showing no Pd-O interaction. The
C1-O distance (1.23 Å) is markedly shorter than
expected for a single bond in phenolates (1.35-1.37 Å)
and approximately in the same range as the CdO
double bond in free benzoquinone (1.22 Å) or coordinated
benzoquinone in complexes such as [(bpy)Pd(η2-C6H4O2]
where the C-O distance is 1.224(5) Å.12 Furthermore
the C1 atom bound to the oxygen exhibits the longest
distance to the palladium atom and also the C1-C6 and
C1-C2 bonds are elongated. In this view the coordina-
tion mode can also be regarded as η5 in agreement with
work by Wilkinson and co-workers, who have reported
spectroscopic and structural evidence for similar binding
of phenolate (OPh) to ruthenium(II) and rhodium(I).13

Their IR data as well as the crystal structure of [(PPh3)2-
(H)Ru(η6-OPh)]‚MeOH (C-O 1.277 Å) suggest a large
contribution from a η5-oxacyclohexadienyl resonance
structure of the phenoxo ligand. Similar η5-arene coor-

dination has also been concluded from spectroscopic
data for cyclopentadienyl ruthenium(II) complexes with
phenol or benzoic acid ligands,14 and from structural
data of [(COD)Rh(OPh*)]‚HOPh* (Ph* ) 2,6-t-Bu-4-
MeC6H2; C-O 1.258 Å),15 or [(PPh3)2Rh(OPh)]‚3HOPh
(C-O 1.278 Å).16 The very short C-O distance in
[(COD)Pd(OMes)](SbF6) probably reflects the good elec-
tron accepting ability of the formal [(COD)Pd]2+ unit.
Note that, e.g., the C-O distance in pentachloropheno-
late is reduced to 1.285 Å.17 A simple electron count for
the η5-coordination gives 18 valence electrons, which is
unusual for palladium(II) complexes.18

There are only few examples of phenolato complexes
of palladium. One is the dimeric complex [{(R2HP)2Pd2-
(µ-P(R)2)}(µ-η2;η2-C6H5O)]‚3HOC6H5 (R ) t-Bu), where
a phenolate ligand bridges two palladium(I) atoms both
η2.19 In agreement with our findings the phenolate
oxygen does not show interaction with the palladium
centers, but is involved in aggregation of three hydrogen-
bonded phenol molecules. π-Arene coordination is also
reported in a related Pd(I)-Pd(I) dimeric complex
[(AlCl4)2Pd2(µ-η2:η2-C6H6)2], where two benzene mol-
ecules coordinate in the same way.20 Recently Campora
et al. reported the crystal structure (at 223(2) K) of the
homoleptic complex [(Pd(OR)2] (R ) 2,6-t-Bu2C6H3) in
which both aryloxo ligands show a η3 coordination to
palladium.21 From NMR investigations the authors
assume a very fast exchange of the metal center
between the two possible η3-allylic sites. We assume that
at lower temperatures the coordination might approach
a η5 coordination like we found for [(COD)Pd(OMes]+.

Phenolate ligands are however in principle able to
bind to 4d elements in complexes through their oxygen
atom as shown in palladium(II) complexes of the type
[(PR3)2Pd(H)(OAr)] (R ) cyclohexyl, Ar ) C6H5 or
C6F5)22 or [(PR3)2Pd(Me)(OAr)] (R ) CH3 or C6H5, Ar )
C6H5),23 and also in the rhodium(I) complex [(PMe3)3-
Rh(OTol)]‚(HOTol).24 As a conclusion from these results
it seems that η-arene coordination is favored in cases
where the number of valence electrons and the coordi-
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Scheme 1. Preparation of [(COD)Pd(OMes)](SbF6)

Table 1. Selected Structural Parameters in
[(COD)Pd(OMes)](SbF6)

Distances (Å)
Pd-C1 2.588(8) Pd-C13 2.234(7) Pd-O 3.534(8)
Pd-C2 2.447(8) Pd-C14 2.213(7) C1-O 1.230(9)
Pd-C3 2.345(8) Pd-X1A 2.113(7) C1-C2 1.467(10)
Pd-C4 2.219(8) Pd-C17 2.238(7) C2-C3 1.394(10)
Pd-C5 2.353(7) Pd-C18 2.234(7) C3-C4 1.428(10)
Pd-C6 2.468(8) Pd-X1B 2.128(7) C4-C5 1.422(10)
C12-C13 1.517(11) C16-C17 1.535(10) C5-C6 1.378(10)
C13-C14 1.382(10) C17-C18 1.373(10) C6-C1 1.499(10)
C14-C15 1.529(10) C18-C19 1.512(10) CAr-CAr 1.431(10)
C15-C16 1.531(10) C19-C12 1.547(11) (av)a

Angles (deg)
C17-Pd-C18 35.8(3) C18-C17-C16 125.6(7)
C13-Pd-C14 36.2(3) C14-C13-C12 126.1(8)
C17-Pd-C14 82.6(3) C17-C18-C19 125.6(7)
C18-Pd-C13 80.8(3) X1A-Pd-X1B 86.7
C15-C14-C13 125.1(7)

a Averaged values within the mesitylato ligand.
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nation number are low. In the cases of the 12-electron
fragments [(COD)Pd]+, [(PPh3)2Rh]+, [(PR3)2(H)Ru]+,
and [Cp*Ru]+ the η-arene coordination formally adds
three ligands and 6 electrons to yield 18 valence electron
species and a complete coordination sphere. In cases
where the metal fragment contains already 14 valence
electrons such as in [(PCy3)2Pd(H)]+ or [(PMe3)3Rh]+ the
aryloxo ligands need only to coordinate via their O-donor
atom to yield fully coordinated square planar 16 valence
electron species, which is satisfying for the d8-configured
metals.

The red color exhibited by the complex is due to an
absorption at 475 nm (in CH2Cl2) that appears only as
a weak shoulder in the absorption spectrum (Figure 3).
A strong broad band at 372 nm dominates the spectrum.
Further intense absorption maxima are found at 258
and 249 nm. In [(COD)Pd(Cl)2], which exhibits a similar
spectrum, the weak lowest electronic transition is
assigned to a ligand-field (LF) transition, followed by a
ligand-to-metal charge transfer (LMCT).25 The lowest
absorption of [(COD)Pd(OMes)]+ is found at lower
energies, which might be due to reduced ligand-field
strength compared to [(COD)Pd(Cl)2]. On the other hand
the lowest transition might also be assigned to a ligand-
(mesitylate)-to-ligand(COD) charge transfer (L’LCT).26,27

Both assignments would imply photochemical reactivity,
what remains to be investigated in the near future.

Conclusion

Making use of the stabilizing effect of the mesityl
substituent we were able to stabilize the species [(COD)-

Pd(OMes)]+, isolate it as a red SbF6 salt in good yields,
and determine the crystal and molecular structure of
the compound [(COD)Pd(OMes)](SbF6). The mesitylato
ligand coordinates in a η5 fashion with no Pd‚‚‚O
interaction. Further investigations will comprise other
bulky phenolate ligands to stabilize such cationic spe-
cies. Since we expect these complexes to show fluxional
behavior at ambient temperature, we intend to study
their spectroscopy (NMR or IR) in detail in the near
future and also add some calculations of the molecular
geometry.

Experimental Section

Instrumentation. 1H NMR spectra were recorded on a
Bruker AC 250 spectrometer. UV/vis absorption spectra were
recorded on a Bruins Instruments Omega 10 spectrophotom-
eter.

Preparation of [(COD)Pd(OMes)](SbF6). To a solution
of 370 mg of [(COD)PdMeCl] (1.39 mmol) in 50 mL of CH2Cl2

was added 481 mg of AgSbF6 (1.4 mmol), whereupon AgCl
precipitated. The reaction mixture was stirred for 30 min at
ambient temperature and filtered carefully. To this solution
was added 190 mg of 2,4,6-trimethylphenol (1.4 mmol), and
the color of the solution slowly turned orange. After 30 min of
stirring, all volatiles were removed. The brown sticky residue
was recrystallized from CH2Cl2/n-heptane (1:5) several times
to yield 537 mg (0.92 mmol, or 66%) of orange microcrystalline
material. Elemental anal. Calcd for C17H23O1Pd1Sb1F6: C,
34.87; H, 3.96. Found: C, 34.51; H, 3.91. 1H NMR (CD2Cl2): δ
6.92 (s, 2H, HMes), 6.18 (m, br, 4H, HCd), 2.81-2.42 (m, 8H,
-CH2-), 2.31 (s, 6H, o-CH3), 2.24 (s, 3H, p-CH3). UV/vis (CH2-
Cl2): 475sh, 372, 282 sh, 258 nm.

Crystallography. Crystal data for [(COD)Pd(OMes)](SbF6):
C17H23O1Pd1Sb1F6 (585.5), red cubes, 0.3 × 0.2 × 0.2 mm;

Siemens P4 diffractometer, Mo KR, λ ) 71.073 pm; monoclinic,
P2(1)/c; cell dimensions a ) 14.7109(5), b ) 11.018(3), c )
12.064(3), â ) 102.50(3); V ) 1908.8(10) Å3; Z ) 4; δcalcd )
2.037 mg/m3; µ ) 2.416 mm-1; F(000) ) 1136; 5044 reflections
were collected (21.33-27.49°), 4123 independent reflections
were used for refinement (Rint ) 0.0063), final R indices [I >
2σ(I)] were R1 ) 0.0510 and wR2 ) 0.0876; GOF on F2 ) 0.988
with 260 parameters and 0 restraints; largest difference peak
and hole 0.897 and -0.693 e‚Å-3.
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Figure 3. Absorption spectrum of [(COD)Pd(OMes)](SbF6)
in CH2Cl2.

2342 Organometallics, Vol. 21, No. 11, 2002 Notes

D
ow

nl
oa

de
d 

by
 C

A
R

L
I 

C
O

N
SO

R
T

IU
M

 o
n 

Ju
ne

 2
9,

 2
00

9
Pu

bl
is

he
d 

on
 M

ay
 3

, 2
00

2 
on

 h
ttp

://
pu

bs
.a

cs
.o

rg
 | 

do
i: 

10
.1

02
1/

om
01

09
22

q


