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Synthesis of Novel Binuclear Palladium-Thallium Carboxylates of the Type
PdTl(O,CR), and their Structural Characterization Based on Observation of
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Reactions of palladium(II) carboxylates with thallium(III) carboxylates in toluene yield complexes of

the type PdTl(O,CR)s (I), R = Me, Et, i-Pr, orPdTl(02CR)2(02CR’)3 (II), R = Me, Et, i-Pr, Ph; R’ = Me,
Et, i-Pr. Substitution of the ligands in PdTl(02CMe)s
by free carboxylic acid has shown to be a second
preparative route for compounds of type I. No reaction was observed for Pd(OzCMe)z with Hg(02CMe)2,
PhHg(02CMe) or Ag(02CMe) nor was any reaction
observed between (Pd(02CMe)(C6H&NC6Hs)]
2 and
Tl(O,CMe),. Reaction of Pd(02CMe)2 with Hg(02Ci-Pr)z yields Hg(02CMe)(02C-i-Pr).
The PdTl(02CR)5 complexes are the first examples of heterobinuclear palladium compounds lacking
CO or phosphine ligands. Interaction of PdT1(02CR)s
with CO or phosphines leads to a breakdown of the
binuclear unit. On the basis of ‘H and 13C NMR
spectra, which reveal coupling of the thallium nucleus
with the respective carbon and hydrogen atoms, a
structure is proposed which contains four carboxylato ligands bridging the PdTl unit and one apical
ligand bonded to thallium. This structure does not
involve a direct Pd-to-T1 bond. The dynamic ‘H and
13C NMR spectra show in solution the occurrence of
two distinct processes, i.e. dissociation of the apical
ligand and exchange of bridging and apical ligands.

Introduction
During the last few years an increasing number of
binuclear metal VIII B complexes has been reported
[l] . In these studies special attention has been paid
to the factors governing the formation of metalmetal bonds resulting in structures consisting either
of one-dimensional
linear metal stacks [2] or of
binuclear units [3]. The greater part of the latter
type of complexes contain bidentate ligands bridging
two equal (e.g. {RhZ(OzCMe)d} [4] and {Pd(Sz-
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CMe)2)2 [S]) or two different metal centers (e.g.
(PhsP)&O)IrAg(O&CF&
[61, PWMCOXMeC0dJfW~CMe)~
171and (Ph3P)Z(CO(MeC02)ClIrHg(O*CMe)
[S]). Heterobinuclear
metal compounds containing a 2c-2e metal-metal
bond have
been synthesized via the insertion of a mono-nuclear
metal VIII B complex in a Tl-X or Hg-X bond in
which X can be a halogen or a bidentate anion [7,8].
Complexes with a dative metal-metal bond stabilized
by a bridging ligand have been obtained from the reaction of metal VIII B complexes with metal IB salts [6] .
Interestingly,
interaction of binuclear platinum complexes of the type (Pt(II)R2(SR:)}2
with Tl(III),
Hg(I1) or Ag(I) acetate resulted in direct formation of
complexes containing a Pt(III)-Pt(II1) bond [9]. The
electron transfer from Pt to the oxidizing metal
acetate might proceed via formation of a direct Ptmetal interaction or via acetato groups bridging between the Pt and the other metal center.
In the present paper we report reactions of palladium
carboxylates
with thallium
carboxylates,
which do not comprise complete electron transfer
reactions leading to a binuclear Pd-Pd compound,
but instead give rise to a novel type of stable Pd-Tl
carboxylato
compounds
PdTl(O,CR),.
Observation
of J(203*“5T1-1H) and J(203~205Tl-13C) in the ‘H and
13C NMR spectra enabled elucidation of the structure
and the dynamic behaviour of these compounds in
solution. The occurrence of these exchange processes
necessarily leads to the formation of mixed PdTl(02CR),(02CR’),_,
species when R f R’.

Experimental
Reactions
involving
tertiary
phosphines
were
carried out under a nitrogen atmosphere. Solvents
were dried prior to use by standard methods. ‘H
NMR spectra were recorded on a Varian T-60 and
Varian XLIOO, 13C NMR spectra were recorded on a
Bruker WP-80 and Varian XL100 and “P NMR
spectra were recorded on a Varian XL-100 spectro-
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meter. The IR spectra were recorded on a PerkinElmer 283 instrument. Molecular weights were determined with a Hewlett-Packard vapour-pressure osmometer, Model 320 B. Elemental analyses were carried
out at the Institute
for Organic Chemistry TNO,
Utrecht. Analytical data and characteristic IR absorptions for the carboxylato groups are given in Table I
while ‘H and 13C NMR data are presented in Tables
II and III, respectively.
Pd(OzCR)2
[lo],
Tl(O&R)s
[7] and Pd(OzCCH3)(C6HsNZC6H4)s
[ 111 were prepared
according to literature methods.
General Method for the Preparation of the Complexes
PdTl(02CR), (I) (R = Me, Et, i-Pr) and PdTl(02CR)2(O,CR’), (II) (R = Me, R’ = Et, i-Pr; R’ = Me, R = Et,
i-Pr, C,H,, Cd-r,-m-OMe)
Pd(O,CR),
(0.5 mmol) was dissolved in toluene
(15 ml). Tl(O,CR’)s (0.5 mmol) was added and the
solution was stirred for 2 h at 80 “C. The colour of
the solution changed from brown-red to light yellow.
Filtration and concentration
of the solution to 2 to
3 ml followed by addition of hexane (15 ml) afforded
a light yellow precipitate (yield 50-70%). A further
fraction was obtained by concentration
of the filtrate
and washing of the resulting residue with a small
portion of hexane.
Crystals of the non-mixed compounds (I) were obtained as follows: CHzClz was added to a suspension
of I in hot hexane until the complex just dissolved.
Slow cooling and evaporation of the solvent in the
open air afforded orange crystals up to 1 cm. The
same procedure did not yield crystals for the mixed
compounds
II. However, in the case of PdTl(02CMe)z(OzC-i-Pr)a a small amount of pure PdTl(02C-i-Pr), could be obtained. For PdTl(0,CMe)2(02CEt)a slow crystallization
yielded fractions with
ligand ratios deviating from 2/3.
Alternative Method for the Preparation of the Complexes PdTl(02CR)s (I), (R = Et, i-Pr)
PdTl(02CMe)s (0.300 g, 0.5 mmol) was dissolved
in toluene (15 ml) and propionic or isobutyric acid
(0.8 ml, approx. 10 mmol) was added. The solution
was stirred for 1.5 h at 80 “C and then evaporated to
dryness to remove the liberated acetic acid. This complete procedure was repeated. The oily residue was
washed with hexane (15 ml) yielding a yellow precipitate which was filtered off and vacuum dried. Yield
0.3 g 90%.
Preparation of PdTl(O&-Cd,-m-Me),
HO~C-C6H4-m-Me (0.340 g, 2.5 mmol) was added
to a solution of PdTl(02CMe), (0.300 g, 0.5 mmol)
in toluene (15 ml), stirred for 2 h at 80 “C and
evaporated
to dryness in order to remove the
liberated acetic acid. Toluene (15 ml) was added, the
solution stirred for 2 h at 80 “C and then evaporated
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R’
Me
Et
Me
i-Pr
Me
Me
2.06(5.0)
2.05(5.0)
2.05(5.0)
2.05(4.5)
2.00(5.2)
2.05(5.1)

2.06(5.2)

2.17
1.98
2.02(26)=

2.30
2.29
2.33
2.30
2.35
2.35

R= E’;z.3S

2.35
2.25
2.43

2.53
2.48

2.71

2.30(4.8)
2.33(4.0)

2.42(4.0)

1.10
0.95
1.17

1.30
1.29

1.35

apical

1.03(15.5)
1.03(14.5)

7.5
7.5
7.5

7.8
7.2

7.7

JH-H

2.45
2.43
2.47

2.89
e

e

apical

~HCH

2.58d
2.60d

2.60d

bridge

OzCH(CH&

(X = H, Pd, Tbaqb

1.06(14.5)

bridge

6HCH 3

(II) and X(OzUOy

1.11
0.92
1.23

1.37
1.37

1.37

apical

6HCH 3

1.06(15.0)
1.04(14.5)

1.06(14.5)

bridge

6.8
7.0
6.9

7.0
6.7

6.7

JH-H

8.3; 8.0; 7.4(aryl)
7.7; 7.4; 7.l(aryl);

8.0; 7.75; 7.20(aryl)

Other Carboxylato

3.75(Me)

2.30(Me)

Ligands

Vhemical
shifts (in ppm) downfield from TMS measured in CDC13 at ambient temperature.
bProton-thallium
coupling constants (in Hz) between parentheses;
the doublets due
to ?03Tl (30%) and 205Tl (70%) were not resolved. CFrom reference 16, measured in CDaOD at -80 “C. dDue to the complexity
of this multiplet resonance the J(Tl-H) could not
be assigned. eObscured by neighbouring
resonances.
fAveraged values for shifts and coupling constants for the various isomers (see text).

m(02CR)3

Pd(WR)a

H02CR

e C6H5
f C6H4-m-OMe

R
a Et
bMe
c i-Pr
d Me

II PdTl(02CR)a(02CR’)sfVg

I PdTl(02CR)s
a’ R = Me;b’
c, R = Pr; d, R = CeH4-m-Me

apical

apical

bridge

6HrX-r 2

6HCH 3
bridge

02CCH2CH3

(I), PdTl(OaCR)s(OaCR’)a

OsCCH3

II. ‘H NMR Data for PdTl(OaCR)s

Compound

TABLE

R’
Me
Et
Me
i-Pr
Me
Me

d

21.6(145)
21.8(146)
21.5(147)
21.6(141)
21.6(158)
21.6(152)

20.7
23.1
19.9e

177.7
188.8
174Y

21.8(153)
18.4(758)

180.9(228)
181.2(605)

180.9(224)
181.0(218)
180.7(225)
180.9(214)
180.9(229)
180.9(228)

QH,

Q0,

OzCCH3

181.2
191.3
182.6

183.7(248)
183.9(247)

183.6(241)
183.6(605)

6Cc0,

02CCH2CH3

27.7
29.8
26.5

28.8(145)
28.8(139)

28.8(138)
25.7(680)

GH,

8.9
10.1
9.6

10.0(8.1)
10.1(7.7)

10.0(8.8)
10.0(50)

6CCH,

184.0
194.4
185.9

186.3(269)
186.6(267)

186.3(254)
186.3(607)

6CC0,

O$CH(CH&
GO,

19.8(5.3)
19.5(6.8)

18.8
19.4
19.7

34.2
36.1
34.7

174.2(216)
174.0(214)

129.2(182)
131.2(178)

128.80 79)

6Cc-co,

Other Carboxylato Ligands

19.6(6.6) 174.5(235)
19.6(40)

sCH3

35.8(138)
35.8(132)

35.6(123)
32.5(613)

Q!H

(II) and X(02CR&, (X = H, Pd, Tl).a’b

WI); 20.9(C&

55.2(C&

128(m, aryl)
158.8(CCoMe);
123(m, aryl)

130(?

Other Carbon Atoms

coupling constants (in Hz) between parentheses. The doublets due to 203Tl
aChemical shifts (in ppm) downfield from TMS measured in CDC13 at -60 “C. bCarbon-thallium
(30%) and 205Tl (70%) were not resolved. ‘Values for shifts and coupling constants as observed for the bridging and apical ligandsare given in the upper andlowerrowsrespectively
dThe values given for the bridging ligands are averaged values for the various isomers (see text). Noteworthy is that the lowfield resonances of all the doublets were better resolved
than the hightield part. Signals for the apical ligands were only observed under optimal conditions of the spectrometer and sample. The values obtained, but not given here, were
similar to those observed for the apical ligands in Pd(02CR)5 (I). eFrom reference 16, measured in DMSO.

H02CR
Pd(OKR)2
Tl(OzCR13

R
a Et
b Me
c i-Pr
d Me
e C6H5
f C6H4-m-OMe

II PdT1(02CR)2(02CR’)3

I PdT1(02CR)s ’

Compound

TABLE III. 13C NMR Data for PdTl(OzCR)s (I), PdTl(&CR)z(OzCR’)3
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CMe)2 and Ag(O&Me),
Hg(OzCMe)z or PhHg(02CMe). However, reaction of Pd(OzCMe)2 with
Hg(OIC-i-Pr)z yielded the compound
Hg(O#Me)(OZC-i-Pr) indicating that exchange of carboxylato
ligands between palladium
and mercury
occurs.
Possibly, this exchange proceeds via a binuclear PdHg
intermediate
in which the transferred carboxylato
ligands bridge over both metal nuclei (de infnz).
No reaction was observed between the orthometallatated
compound
[ {Pd(02CMe)(CsH4NNC6H5)}*] and Tl(O,CMe)3. This result contrasts with the
successful oxidation of [ {PtMe,(SEt&
21 by Ag(I),
Hg(I1) or Tl(II1) acetates yielding the compound
[ (PtMe2(02CMe)(SEt2)}2]
containing a Pt(III)-Pt(III) bond [9]. These facts suggest that in the case of
the palladium compounds the redox potential of the
respective couples Ag(O)/Ag(I),
Hg(O)/Hg(II) and
Tl(I)/Tl(III)
are too low to oxidize Pd(I1) to Pd(II1)
or Pd(IV).
The binuclear palladium-thallium
carboxylates I
and II are unstable towards neutral donor molecules.
The reactions of PdTl(02CMe),
with CO in toluene
resulted in decomposition
to metallic palladium,
while in acetic acid no reaction occurred. The reaction of PdTl(02CMe),
with PPh3 quantitatively
yielded
the
complex
Pd(OzCMe)z(PPh3),
as
evidenced
by elemental
analysis and molecular
weight. Also the use of DPPM, which is known to be
a powerful
bridging ligand and thus might be
expected to stabilize the Pd-Tl unit, results in breakdown of for example PdTl(02CMe)5
into Pd(OZCMe)2(DPPM)*. Similarly, DPPE gave Pd(OzCMe)z (DPPE)“. Apparently, interaction with donor ligands
promotes the dissociation of the binuclear unit into
Tl(02CMe)3 and stabilized Pd(OzCMe)2L, complexes.

of PdTl(02CR)2(0,CR’)3
in Solution
The compounds exist as monomers in CHCl3 with
the stoichiometry
PdTl(02CR),(OzCR’)3.
The nature
of the IR spectra which show broad absorptions
arising from the COZ moiety did not allow detailed
conclusions concerning the bonding mode of the carboxylato
groups. In contrast
detailed structural
information
could be obtained from the ‘H and 13C
NMR data, which together with the data for the
related
compounds
H(O*CR),
Pd(02CR)2
and

Tl(O2CR)3 (R = Me, Et, i-Pr), are summarized in
Tables II and III. The assignments of chemical shifts
and coupling constants are based on 60 and 100 MHz
‘H and 20.1 and 25.2 MHz 13C NMR experiments.
Comparison of the multiplet patterns in the 60
and 100 MHz ‘H NMR spectra of the non-mixed
compounds PdTl(02CR)5 (R = Me, Et, i-Pr), revealed
that four of the carboxylato groups are isochronous
and couple with thallium: 4J(203*205Tl-1H) = 5 Hz,
R = Me; sJ(2”3*20sTl-1H) = 15 Hz, R = Et, i-Pr. The
resonances belonging to the fifth carboxylato group
appeared at lower field without thallium coupling.
This is illustrated for R = Et in Fig. 1.
CH3b

CH2b
CH2a
.!

,..
JH _ H

;

F:11111:1
”
‘:

4J
TI-H

n
30

15

2.0

15

Pig. 1. 60 MHz ‘H NMR spectrum
at 3 7 “C; a = apical; b = bridge.

10

ppm

of PdTl(O$Et)s

in CDC13

Structure

*In separate experiments Pd(OzCMe)z was reacted with
DPPM and DPPE respectively.
31P NMR data for Pd(OzCMe)z(DPPM):
6 P = -48.2
ppm (CDCl$,
and for Pd(OzCMe)z(DPPE)
6 P = 59.3 ppm (CDC13). These values are
comparable
to those reported
recently
for the adducts of
Pd(OC(S)Me)z
and have been ascribed to the presence of 4
and 5 membered
rings, respectively
[ 121. In the spectra of
Pd(02CMe)2
with DPPM additional
resonances
of minor
intensity
are observed at approx.
-5 ppm, which might be
assigned to binuclear
compounds
containing
bridging DPPM
ligands.

37Oc

200

180

160+-

40

2’0

0
PPm

Fig. 2. 25.2
CDC13 at -60

MHz 13C NMR spectra of PdTl(02CMe)s
“C and 37 “C; a = apical; b = bridge.

in
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The 20.1 and 25.2 MHz 13C NMR spectra also
show the presence of two different types of carboxylato groups in these compounds. This is illustrated
for PdT1(02CMe)s in Fig. 2. At low temperature both
types of carbon resonances show coupling with
thallium (vi& infra).t
These observations can be explained by a structure
containing
four equivalent
carboxylato
groups
bridging Pd and Tl. The fifth carboxylato group acts
as an apical ligand either being bonded to Pd or to Tl.
Figure 3 shows these two possibilities. Structure A

implies that in these compounds a dative PdTl interaction is possible.
On the basis of these structural considerations
a
structure for the mixed carboxylato compounds can
also be proposed. The observation of chemical shifts
and coupling constants in ‘H and 13C NMR spectra
(Tables II and III) which are comparable with those
observed for the non-mixed compounds indicates that
the mixed compounds can likewise be formulated as
binuclear
palladium-thallium
species. In principle
species which contain two types of ligands in the
ratio of 2 to 3 can exist in three distinct isomeric
forms as is shown in Fig. 4. However, it will be shown
that as a result of ligand exchange between these
isomers the actual situation is much more complex.

A&Al
%--g&L
~%--(01

Fig. 3. Possible

structures

for PdTl(02CR)s

implicates the presence of either a dative or a 2c-2e
Pd-Tl bond, which would be in accord with the
metal-metal
interactions
found in other heterobinuclear compounds [7]. However, the observation of
a rather large J( 203~20sTl-13C) for the apical carboxylato ligand makes structure A less likely, because
in this case the coupling has to be transmitted via the
Pd nucleus. For this reason we prefer structure B in
which the geometry around the Tl center will be
similar to that found previously in thallium(II1) octaethylporphyrin
acetate [14]. A large number of
homobinuclear
transition metal complexes have been
reported
which contain
four bidentate
bridging
ligands as a common structural feature [15]. Coordination of Pd by four bridging ligands as is implied by
structure B is also observed in Pd(S2CMe)2 dimer
[5]. The structure of the latter compound contains
short Pd-Pd distances of 2.755 (2) A within the
dimer while the intermolecular
Pd-Pd distances between the dimers which stack in columns is 3.398 (2)
A. The novel Pd-Tl complexes might have similar
intermolecular
structural features with the d,l orbital
of the Pd atom lined up with the Pd-Tl axis. This

7 Systematic
trends are observed in the ‘H and r3C chemical shifts and J(203*205Tl-1H)
and J(203*205Tl-13C) coupling
values as function
of substituent
R in PdTl(02CR)s
and as
function
of X in [X(02CR),]
(X = H, y = 1; X = Pd, y = 2;
X = Tl, y = 3; X = PdTl, y = 5) (see Tables II and III). These
differences
are only marginal compared
with the differences
between
the values of the bridging and apical ligands. Interpretation
of these results would be arguable (cf: discussions,
concerning
long range J( zo3*205~~l-r3C) for aryl-thallium
compounds
[ 131).

Fig. 4. Stereoisomers
PdTl(02CA)a(02CB)2.

of

compounds

with

stoichiometry

Exchange Mechanism
The palladium-thallium
carboxylates are unique
in the sense that by observation
of thallium
coupling on the hydrogen and carbon atoms of the
bridging and apical ligands* information
can be obtained about the dynamic behaviour of these compounds in solution. At least two processes can be
distinguished: i) dissociation of the apical ligand with
retention
of the binuclear
unit bridged by four
ligands and ii) exchange of the bridging and apical
ligands.

Scheme I
Dissociation of the apical ligand (scheme I) could
be unambiguously
deduced from the 13C NMR
spectra and is illustrated for PdTl(02CMe)S in Fig. 2.
At -60 “C a 2J(zo3~20sTl-13C) of 605 Hz and a ‘J(zo3*?05Tl-13C) of 758 Hz has been observed for the
apical ligand, which reveals that at this temperature
the RC02-Tl interaction is inert on the NMR time
scale. At room temperature these resonances were
completely absent. The occurrence of dissociation is

*Coupling
of thallium
observed
previously
for
low temperature
[ 161.

through
the ester linkage is only
T1(02CCHa)s
and Tl(O&CFa)s
at
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,

20

Hz

,

AA
65%

5o”c

37%

-::i_A
3.0

2.5

Fig. 5. Dynamic
CMe), in CDzCi2.

100

2.0

MHz

‘H NMR

PPm

spectra

of PdTl(Oz-

further supported by the dynamic ‘H NMR spectra
of PdTl(OsCMe)s in CD2Clz (-85 “C-+3.5 “C) (see
Fig. 5). The bridging ligands do not take part in this
process as evidenced by the unaffected doublet (4J( 203~2”5Tl-rH) = 5 Hz) in the spectra. The methyl
resonance at 2.87 ppm at -85 “C corresponds with
the coordinated
apical ligand. Upon raising the
temperature this signal broadens and finally gives rise
to a new resonance at 2.42 ppm (35 “C), which corresponds with the fast exchange situation.
Intermolecular
exchange
of acetato
anions between
binuclear
compounds
and free acetic acid was
separately studied by recording the ‘H NMR spectra
of mixtures
of PdTl(OsCMe),
and HO?CMe. It
appeared that indeed depending on the molar ratio
PdTl(Os CMe),/HO* CMe
both
the
coalescence
temperature (t5 “C, pure PdTI(O,CMe)S; -45 “C, l/l;
-65 “C, l/4) and the chemical shift of the methyl
signal at 37 “C (2.42 ppm, pure PdTl(02CMe),; 2.26
ppm, l/l; 2.14 ppm, I/4) changed.
The second process i.e. exchange of bridging and
apical ligands, as was studied for PdT1(02CMe)s in
toluene-ds occurred at high temperatures. At 102 “C,
which is just below coalescence, one broadened signal
was observed for the bridging and apical ligands (see
Fig. 6). Addition of free acetic acid lowered the

+ECl+--BCOp-

Scheme II

Fig. 6. Dynamic
in toluene-ds.

100 MHz ‘H NMR spectra

of PdT1(02CMe)5

coalescence temperature (65 “C, PdTl(O,CMe)s/HOsCMe = l/4), leading to one sharp resonance (2.09
ppm) at 80 “C. Intermolecular
exchange of carboxylato ligands via the reaction:
PdTl(O,CR),

f

Pd(02CR)2 + Tl(OzCR)3

could be excluded, because addition of free Pd(02CMe)2 did not affect the ‘H NMR pattern.
On the basis of these qualitative measurements the
pathway shown in Scheme II involving both interand intramolecular steps might be considered for the
exchange of bridging and apical ligands.
A cationic PdTl(O,CX)i species might be attacked
by a carboxylato anion either at the Pd or at the Tl
site. In the resulting neutral species the bridging and
apical ligands exchange via an intramolecular
rearrangement. Attack of a second carboxylato anion at
the Pd site in the neutral species PdT1(02CX), might
be an alternative route.
The occurrence
of these exchange processes
necessarily leads to the formation of mixed PdTl(02CR),(02CR’)s-,
species when R # R’. This is
supported by the ‘H and r3C NMR spectra of a 1 to 1
mixture
of PdT1(02CMe)S and PdTl(02C-i-Pr),,

-AC02-+AC02-

Bin&ear

Pd-Tl Complexes

261

\
-----Ab-

p

1

Bb1

Ppm

t

A2a -

r-4

J

50

40

30

10

20

0

PPrr

Fig. 7. 20.1 MHz 13C NMR spectrum of a 1 to 1 mixture of PdTl(OzC-i-Pr)s and PdTl(OzCMe)s in CDCl3 at -60 “C. A = acetato
ligand; B = isobutyrato &and; a = apical; b = bridge; Cl = carbonyl C-atom; Cz = c-C-atom; C3 = @C-atom.

which reveals a random distribution of both carboxylato ligands in the palladium-thallium
species. The
equilibrium
is reached after dissolution within the
time necessary for recording the spectra. The 13C
NMR spectrum measured at -60 “C (see Fig. 7) is
almost equal to the superposition of the 13C spectra
of PdT1(02CMe),(02C-i-Pr)+,
(x = 2,3) and clearly
shows the presence of at least three inequivalent
bridging acetato and isobutyrato ligands.
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