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ABSTRACT: A series of platinum(II) complexes with the 2,5-bis(α-pyridyl)pyrrolate
(PDP) ligand were synthesized. The ligand (X) trans to the central pyrrole nitrogen of
PDP was found to play a key role in whether tridentate monomeric or bidentate
clamshell dimer complexes were formed. When X = CH3 or C6H5, strong σ-donor
ligands, only dimeric clamshell structures were observed. In contrast, when X = Cl or I,
ligands with π-donor properties, both dimeric and monomeric complexes could be
prepared. The ability of the ligand framework to support monomeric complexes with π-
donor X-type ligands is attributed to the PDP ligand’s ability to act as a competent π-
acid in the monomeric conformation.

Multidentate nitrogen donor ligands have long been used
to provide high stability to metal complexes. Terpyr-

idine (terpy), with its electron-rich nitrogen donors and redox-
active properties, has proven to be a particularly popular choice
as a tridentate ligand.1,2 In contrast, use of the closely related
2,5-bis(α-pyridyl)pyrrolate (PDP) ligand has been much less
common.3 PDP is structurally similar to terpy; it is a tridentate
ligand containing coordinating nitrogen atoms embedded
within a three-ring delocalized π backbone. However, the
central pyrrole nitrogen of the PDP ligand is anionic and, thus,
may be expected to exhibit stronger σ-donation than its terpy
analog. In contrast to the well-known terpy ligand, there are
only two reports of square-planar platinum or palladium PDP-
ligated complexes.4−6 The published PDP complexes are the
monomeric Pt/Pd−Cl or aquo species as shown in Figure 1.
With only these examples to date, little is known about the
bonding and the reactivity of PDP-ligated platinum and
palladium complexes. In this contribution, we report a series of
new PDP-ligated platinum-alkyl, aryl, and halide complexes.
The identity of the X ligand (X = CH3, C6H5, Cl, and I) in
(PDP)Pt−X complexes emerges as a determining factor in

whether monomeric square planar or dimeric clamshell
complexes are formed.
The 2,5-bis(α-pyridyl)pyrrolate (PDP-H) ligand was pre-

pared according to literature procedure.4 Treatment of a
benzene solution of PDP-H with 0.5 equiv of [Pt(CH3)2(μ-
S(CH3)2)]2 and heating to 100 °C resulted in formation of the
dimer species, [(PDP)Pt−CH3]2 (1, 59% isolated yield,
Scheme 1). Single crystals of 1 suitable for X-ray diffraction
were obtained from benzene, and the solid-state structure
displays a clamshell dimer of C2 symmetry (Figure 2a). In
dimer 1, each PDP ligand is bound in a κ2 manner through
pyridine and pyrrole nitrogens to one platinum center, while
the remaining pyridine nitrogen coordinates κ1 to the second
platinum center. This mode of binuclear PDP ligand binding
has not previously been reported3 and differs from the
mononuclear κ3 chelation reported by Wayland, Zdilla, and
co-workers (Figure 1).4 The binding of the PDP ligand to form
a clamshell dimer complex is somewhat similar to that of a
report by Puddephatt and co-workers of a Pt−CH3 dimer with
an NNN type ligand bound κ2 to one metal center and κ1 to
another.7 However, the geometrical configuration of the
binding sites on the 6-dppd ligand (6-dppd = 1,4-di-2-
pyridyl-5,6,7,8,9,10-hexahydrocycloocta[d]pyridazine) used in
that system definitively prohibits κ3-chelation to a single metal
center.
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Figure 1. Previously reported PDP-ligated platinum and palladium
complexes.4,5
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The Pt centers in 1 are offset in the solid-state structure,
inhibiting any Pt−Pt interaction. Both 1H and 13C NMR
spectral data are consistent with 1 maintaining its dimeric
formulation in solution (see the Supporting Information). It
should also be noted that production of the dimeric complex 1
was not simply the result of using a dimeric Pt starting
material, as the same dimer product was also synthesized using
the monomeric Pt−CH3 start ing mater ia ls [Pt-
(CH3)2(DMSO)2] and [Pt(CH3)2(COD)] (COD = 1,4-
cyclooctadiene).
The phenyl analog of Pt−CH3 dimer 1, [(PDP)Pt−C6H5]2

(2), was similarly formed by treating PDP-H with 1 equiv of
the monomeric platinum complex, cis-Pt(C6H5)2(S(CH3)2)2,
in benzene at 100 °C (Scheme 1, top left). Crystals of 2
suitable for single crystal X-ray diffraction were obtained from
benzene, and as shown in Figure 2b, the structure is very
similar to that of 1. Of note, the phenyl ring in 2 is oriented
nearly perpendicular to the plane comprised of each (PDP)Pt

unit. The bond between Pt and the central pyrrole nitrogen
(Pt−Npyrr) of 2 is slightly shorter (2.102 Å) than that of 1
(2.196 Å, Table 1).
Wayland and Zdilla reported the monomeric chloride

complex (PDP)Pt−Cl, which they isolated in a 21% yield
from the reaction of of PDP-H, PtCl2(COD), and triethyl
amine (NEt3) in refluxing THF (66 °C).4 We found that when
PDP-H was combined with 1 equiv of PtCl2(S(CH3)2)2 and 4
equiv of NEt3 in benzene and heated to 100 °C, a
heterogeneous mixture containing both the monomeric
(PDP)Pt−Cl and the dimeric species [(PDP)Pt−Cl]2 (3)
was formed (Scheme 1, bottom right). The 1H NMR data for
the monomeric (PDP)Pt−Cl matched the literature report.4

The dimeric [(PDP)Pt−Cl]2 complex, 3, was isolated in 65%
yield. A single-crystal X-ray diffraction study found a dimer
structure for 3 similar to that of 1 and 2 (Figure 2c). When the
Pt−Cl dimer structure of 3 was compared to its monomeric κ3

analog, the central Pt−Npyrr bond was found to be longer
(2.013 Å) than that of the monomeric complex (1.893 Å,4

Table 1).

The monomeric iodide, (PDP)Pt−I (4) was formed by
heating equivalent amounts of PDP-H and PtI2(S(CH3)2)2
together with 4 equiv of NEt3 in benzene to 60 °C (Scheme 1,
bottom left, 44% isolated yield). An X-ray crystal structure
clearly shows a monomeric structure for 4 with a tridentate κ3-
PDP ligand and the iodide in a square planar configuration
about the platinum center (Figure 2d). The solid-state

Scheme 1. Synthesis of Complexes 1−5

Figure 2. Thermal ellipsoid plots of 1−5 with ellipsoids set to 50%
probability. Hydrogens omitted for clarity. (a) 1 [(PDP)Pt−CH3]2;
(b) 2 [(PDP)Pt−C6H5]2; (c) 3 [(PDP)Pt−Cl]2; (d) 4 (PDP)Pt−I;
(e) 5 [(PDP)Pt−I]2.

Table 1. Pt−Npyrr Bond Lengths for Complexes 1−5 and the
Reported (PDP)Pt−Cl Complex4
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structure of 4 displays a Pt−Npyrr bond length of 1.823 Å,
which is slightly shorter than that in (PDP)Pt−Cl monomeric
complex (1.893 Å,4 Table 1).
The dimeric iodide complex [(PDP)Pt−I]2 (5) was not

observed as a product of the reaction of PDP-H with
PtI2(S(CH3)2)2. However, it was found that the dimeric
iodide complex could be prepared by treatment of the dimeric
methyl complex 1 with I2 (Scheme 1). As observed by 1H
NMR spectroscopy, this reaction proceeded to form dimeric
iodide complex 5 and CH3I, with no evidence of 4. Compound
5 was isolated in 53% yield, and single-crystal X-ray diffraction
confirmed its dimeric structure (Figure 2e). The Pt−Npyrr
bond length was determined to be 2.031 Å. Similar to the
chloride complexes, the Pt−Npyrr bond for dimeric iodide 5 is
longer than in corresponding monomeric iodide 4. Notably,
however, while the Pt−Npyrr bond for monomeric iodide 4 was
shorter than that of the monomeric chloride, the situation is
reversed for the dimeric species where the Pt−Npyrr bond in
dimeric iodide 5 is longer than that of dimeric chloride 3
(Table 1).
Comparison of the solid-state structures of 1−5 along with

the reported monomeric (PDP)Pt−Cl complex reveals that the
identity of the X group plays a significant role in the
stabilization of the monomeric vs dimeric motifs. When X is
a strong σ-donor and a poor π-donor (X = CH3 and C6H5),
only dimeric structures are observed. The strong trans
influence enacted by these types of X ligands would be
expected to promote elongation of the trans Pt−Npyrr bond
(Table 1) and, as such, disfavor coordination of the third
nitrogen atom in the PDP ligand to the same metal center.
Rotation of the pyridine arm allows for the coordination to a
second platinum center, resulting in a clamshell dimer
complex.
When X = Cl and I (weaker field ligands displaying π-donor

properties), both monomeric and dimeric complexes are
observed. In the monomeric halide complexes, the Pt−Npyrr
bond length is significantly shorter than observed in the
dimeric analogs (Table 1). The shorter trans Pt−Npyrr bond
allows for all three nitrogen atoms of the PDP ligand to
coordinate to the same platinum center. The apparent
stabilization of the pyrrole-platinum interaction in the
monomeric complexes is likely a consequence of the ability
of the PDP ligand to act as a π-acid which is enhanced by π-
donation from the halide ligands.3,4 Of note, the Pt−Npyrr bond
is shorter for X = I than for X = Cl,8 which is contrary to what
might be expected based on either the trans influence9 or the
π-donor abilities of the halide ligands.10,11 Although the shorter
trans Pt−Npyrr bond observed for X = I is unusual, a similar
observation was recently reported with respect to the Ni−C
bond length in a series of monomeric 1,3-di(2-pyridyl)phenyl
Ni−X (X = Cl, Br, and I) complexes.12

The formation of both monomeric and dimeric (PDP)Pt−X
complexes contrasts the coordination preferences previously
observed with the terpy ligand, which favors monomeric Pt−X
complexes regardless of the identity of the fourth (X) ligand. It
is notable that the bite angles for terpy square planar
complexes and PDP square planar complexes are approx-
imately 81 and 78° respectively.13 The smaller bite angles in
the PDP system presumably introduce more strain which is
somewhat relieved in the dinuclear coordination mode.14

Solutions of the monomeric (PDP)Pt−Cl or dimeric 3 in
common laboratory solvents (e.g., chlorocarbons, acetone, and
arenes) are stable at room temperature, indicating that there is

a reasonable kinetic barrier for interconversion. To investigate
whether interconversion is possible between the monomer and
dimer complexes, a homogeneous solution of the monomeric
(PDP)Pt−Cl was heated in dry toluene. No changes were
observed by UV−vis spectroscopy when the solution was
heated to 100 °C for several days. However, upon the addition
of a donor ligand, L (L = H2O, CH3OH, and DMF), new
absorbance features corresponding to the dimer, 3, were
observed. The poor solubility of 3 resulted in precipitation;
thus, it was not possible to determine Keq for the reaction.
Further studies to investigate monomer and dimer

interconversion were carried out using 1H NMR spectroscopy.
Similar to the UV−vis studies, the addition of a donor ligand
was found to facilitate the interconversion, and poor solubility
of the complexes prevented determination of Keq. When
suspensions of pure monomer (either (PDP)Pt−Cl or iodide
4) were heated at 100 °C in C6D6 for 4 days (the solvent
originally used during metalation experiments), no evidence of
the dimeric species was observed.15 However, when
suspensions of pure monomer (either (PDP)Pt−Cl or the
iodide 4) in C6D6 were heated for 4 days at 100 °C with added
exogenous donor ligand S(CH3)2 (10 μL), dimer formation
was detected. In the case of the iodide (4/5), some 5 was
directly detected by 1H NMR in the C6D6 reaction mixture.
However, in the case of the less soluble chloride system,
detection of dimer 3 required removal of the volatiles under
reduced pressure followed by dissolution of the residue in
CDCl3. Thermolysis of the monomeric Pt−Cl complex directly
in CDCl3 provided similar results, with formation of dimeric 3
only observed in the presence of exogenous ligand. It was also
found that when suspensions of dimeric Pt−Cl complex 3 in
CDCl3 or dimeric Pt−I complex 5 in C6D6 were heated at 100
°C for 4 days no conversion to the monomer was observed,
even with addition of S(CH3)2 (10 μL).
The addition of S(CH3)2 to the monomer solutions of

(PDP)Pt−X (X = Cl and I) was important in facilitating the
conversion of monomer to dimer. This result is consistent with
S(CH3)2 acting as an incoming ligand to displace one arm of
the PDP ligand in an associative substitution mechanism as
shown in Scheme 2.9,16,17 The dissociated pyridine arm can

Scheme 2. Proposed Mechanism for Conversion of
Monomer to Dimer Promoted by Addition of
Dimethylsulfide
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then act as the incoming ligand to a second metal center to
form the dimer product. While limited solubility thwarted
measurement of Keq for this reaction, our observations of
monomer conversion to dimer, but not dimer conversion to
monomer imply that dimeric Pt−Cl and Pt−I complexes 3 and
5 are thermodynamically preferred over their monomeric
analogs. The higher temperatures used in the syntheses of
dimeric halide complexes 3 and 5 as well as the change in Pt
starting materials (from PtCl2(COD)

4 to PtCl2(S(CH3)2)2)
could explain why previously only a monomeric (PDP)Pt−Cl
complex4 was reported. It is notable, however, that monomeric
PDP complexes with Pt−CH3 or Pt−C6H5 groups remain
unknown.
In conclusion, both monomeric (PDP)Pt−X and dimeric

[(PDP)Pt−X]2 complexes were synthesized and fully charac-
terized. The ability of the PDP-H ligand to form both
monomeric and dimeric complexes when X has π-donor
properties (X = Cl and I) is rationalized on the basis that the
PDP ligand can act as a competent π-acid in monomeric
square-planar PDP-ligated platinum complexes. In the
presence of an exogenous ligand and at elevated temperatures,
the monomeric halide complexes undergo an associative
substitution to form the thermodynamically favored dimeric
species. When X is a strong σ-donor (X = CH3 and C6H5), the
dimeric [(PDP)Pt−X]2 complex is formed exclusively, and no
evidence of the monomeric complexes was detected. The
ability to influence the formation of monomeric or dimeric
complexes based on the identity of X in (PDP)Pt−X
complexes is not a characteristic of terpy-ligated metal
complexes18,19 and highlights a key difference between these
seemingly analogous ligand systems.
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