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ABSTRACT

Cyclometalated Pt(II) β-diketonates are widely used as efficient luminescent materials but are typically prepared at high temperatures in low yields
using excess reagents. A one-pot synthesis of these complexes is described employing stoichiometric reagents and short reaction times at
ambient temperature, giving yields of up to 94%. The method is applicable to a broad range of substrates including N∧C, P∧C, and C∧C chelate
Pt(II) complexes and different β-diketonate ligands.

Cyclometalated platinum complexes are among the most
efficient phosphorescent materials and have been widely ex-
plored foruse in chemical sensors1 andorganic light-emitting
diodes (OLEDs).2 In particular, cyclometalated platinum(II)
β-diketonates have been the subject of considerable
research3 due to the excellent stability and high triplet energy

level of typical diketonate ancillary ligands. As a result,
this moiety has been incorporated into materials with
many fascinating structures, including bimetallic com-
plexes,4 photochromic materials,5 liquid crystals,6 and
metallahelicenes.7 Furthermore, the efficient phospho-
rescence of cyclometalated platinum β-diketonates has
led tomany applications in biological imaging,8 nonlinear
optics,9 oxygen sensing,10 and most notably electrolumi-
nescent devices.2b�h Despite this broad research activity,
however, an efficient synthetic method for producing
these compounds has remained elusive. This is of par-
ticular concern due to the high cost of platinum-based
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starting materials, increasing the cost of research and
seriously limiting the commercial viability of these
compounds.

Cyclometalated platinum β-diketonates are typically pre-
pared by amodifiedmethod ofLewis and co-workers,3a,11 a
two-stepprocess inwhich2 to 2.5 equivof a cyclometalating
ligand are heated with K2PtCl4 to give a chloro-bridged
platinum dimer, which is then heated with Na2CO3 and
β-diketone to give the final product (Scheme 1). This pro-
cess has several disadvantages, such as requiring long
reaction times at high temperature and giving typical yields
of only 20�40% over two steps. The need for excess ligand
is particularly problematic, as the organic ligands used for
many applications in advanced materials are often of con-
siderable value themselves. Furthermore, the high tempera-
ture reaction conditions limit the scope of cyclometalat-
ing ligands that can be used to prepare these complexes.
Although recent reports have described stoichiometric
reactions of cyclometalating ligands using PtCl(DMSO)-
(acac) as starting material, long reaction times and low
yields are typical of this method as well.2b,c,12

Inspired by this challenge, we sought to develop an
efficient one-pot synthesis of cyclometalated platinum β-
diketonates under mild conditions. We elected to use
[PtMe2(SMe2)]2 as starting material, which has been
widely used as a precursor in C�H activation chemistry13

and can be easily prepared on a multigram scale from
K2PtCl4 in 85�90% overall yield.
When treated with stoichiometric quantities of 2-

phenylpyridine (ppy) in THF at ambient temperature, this
starting material affords the cyclometalated Pt(ppy)Me-
(SMe2) complex with irreversible loss of CH4. Treatment
of this solution with 1 equiv of trifluoromethane sulfonic
acid (TfOH) leads to rapid loss of a second equivalent of
CH4, giving the corresponding Pt(ppy)(OTf)(SMe2) com-
plex incorporating two labile ancillary ligands.Addition of
a solution of sodium β-diketonate in methanol then gives
clean conversion to the desired Pt(ppy)(acac) product,
which is isolated as analytically pure material in 87% yield
following column chromatography (Scheme 2). This reac-
tion sequence can be conveniently carried out at ambient
temperature under an atmosphere of air in less than 3 h.

This method shows broad substrate scope across N∧C-
chelate ligands incorporating a variety of structures and
functional groups (Table 1). Clean conversion to the
cyclometalated diketonate complex is observed for both
electron-rich (R = �OMe, �NR2) and electron-deficient
(R = F, Cl) arenes, with little change in overall yields
observed in either case. Themethod is equally successful in
the synthesis of heterocyclic N∧C-chelate complexes and
can be used to synthesize benzofuran, benzothiazole, and

Scheme 1. Traditional Preparation Method for Cyclometalated
Pt(II) β-Diketonates

Scheme 2. An Improved One-Pot Synthesis of Cyclometalated
Pt(II) β-Diketonates
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N-phenylindole derivatives in 92, 89, and 83% yield,
respectively (Table 1, entry 9). Incorporation of extended
π-systems is equally facile, as platinum β-diketonate com-
plexes of 2-phenylquinoline and benzo[h]quinoline (entries 6,
7) are readily prepared in yields of 87 and76%.Motivatedby
our own interest in boron chemistry, we also present an
improved synthesis of several triarylboron-functionalized

platinumphosphors (entry 8a�8c), among themost efficient
Pt-based emitter materials incorporated into OLEDs to
date.2b,c,14 The yields of these boryl-functionalized Pt(II)
compounds are about 4 to 5 times greater than those
(∼20%) obtained using the PtCl(DMSO)(acac) precursor
method.2b,cAsapplications inphosphorescentmaterialshave
been a principal driving force behind research in cyclometa-
lated platinum complexes, the photophysical properties of all
complexes reported herein have been determined and are
provided in the Supporting Information. Compounds 2b�c,
4, 5, 9a, 9c, and 10 have not been previously reported and are
fully characterized by 1H NMR, 13C NMR, and elemental
analysis, and the identities of all known compounds were
confirmed by 1H NMR and elemental analysis.
While functionalization of Pt(II) β-diketonates on the

N∧C-chelate backbone is more common, considerable
research has also been devoted to the functionalization
of Pt complexes on the β-diketonate itself.2d,e,4a,6a While
acetylacetonate (acac) is by far themostwidely used of these,
dibenzoylmethane (dbm) anddipivaloylmethane (dpm) have
also appeared in numerous studies, with notably different
physical properties.Using these as representative examples in
the reaction with 2-phenylpyridine, this method is shown to
be applicable using alternative β-diketonate ligands with no
significant reduction in overall yield (entry 1b,c).
Our initial investigations made use of TfOH, due to the

high lability of its conjugate base, when acting as a ligand
tometal centers.However, its high toxicity anddifficulty in
handling make it less than ideal for use on an industrial
scale. We therefore studied the use of other strong organic
acids, namely p-toluenesulfonic acid (TsOH) and tri-
fluoroacetic acid (TFA) in the demethylation of Pt(ppy)
Me(SMe2). After reaction with acetylacetonate, these re-
actions gave product 1a in 91 and 92% yield respectively,
indicating that strong acids that are more easily handled
may be used in a similar manner.
Encouraged by these results, we sought to determine if

this method could be applied to other cyclometalated plati-
num systems. P∧C-chelate phosphines have recently found
use as highly efficient emitter materials for OLEDs,2h,15

though platinum-containing examples are comparatively
less well studied. In particular, very few reports describe the
preparation of platinum β-diketonate P∧C-chelate com-
plexes,16 presenting numerous opportunities for materials
research. We thus examined the reaction of (1-naphthyl)-
diphenylphosphine with [PtMe2(SMe2)]2, carried out under
a nitrogen atmosphere to prevent oxidation of the phos-
phine. The cyclometalation of this ligand is readily achieved
under mild heating at 55 �C for 4 h, and following reaction
with acid and acetylacetonate at room temperature, the

Table 1. Preparation of N∧C Chelate Pt(II) β-Diketonates

aYields are of analytically pure material. bMes = Mesityl (2,4,6-
trimethylphenyl), Ar2 = Ph(1-Naphthyl).
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corresponding Pt(P∧C)(acac) complex was successfully ob-
tained in 65% yield (Scheme 3).
Similarly, recent years have witnessed a surge of interest

in platinum complexes of N-heterocyclic carbenes, with
applications as broad as catalysis,17 cancer therapy,18 and
organic electronics.19 This presented a unique synthetic
challenge, and we sought to determine if our methodology
could be applied to the synthesis of C∧C-chelate carbene
complexes of platinum β-diketonates. Few examples of
such products have appeared in literature, requiring sev-
eral days at high temperature to prepare.19a,b Literature
methods require initial formation of a silver(I) carbene
species, followed by transmetalation with Pt(COD)Cl2
(COD= 1,4-cyclooctadiene) at 100 �C for 16 h, followed
by reactionwithβ-diketone andNa(O-t-Bu) at 100 �C for a
further 16 h.
Using N-methyl-N0-phenylimidazolium iodide as a re-

presentative example, we have found that our synthetic
methods can be adapted successfully to give C∧C chelate
carbene complexes of platinum β-diketonates (Scheme 4).
These complexes remain most conveniently prepared via

Ag(I) carbene starting materials, which can be easily
isolated after reaction of imidazolium salt with Ag2O at
room temperature.20This species is then stirred for 1 hwith
[PtMe2(SMe2)]2 and filtered to remove precipitated AgI.
Mild heating is then required for cyclometalation of the
pendant phenyl group, with complete reaction observed
after 2 h at 55 �C followed by reaction with acid at room
temperature.
Surprisingly, addition of Na(acac) as a neat solid or in

methanol led to rapid decomposition, giving a complex
mixture of products not isolable by column chromato-
graphy. This undesired reactivity in the final step is readily
avoided by cooling the reaction mixture to �40 �C, and
after 2 h the corresponding Pt(C∧C)(acac) complexmay be
successfully isolated in 61% yield (Scheme 4).
In summary,wehave describeda simpleone-potmethod

for the preparation of cyclometalated platinum β-diketo-
nates in significantly higher yield at lower cost. This
method requires only stoichiometric equivalents of the
N∧C-chelate ligand, with typical yields of 80�90% after
a 3 h reaction time at ambient temperature. The method is
versatile toward a broad array of functional groups and
heterocyclic systems and can be further adapted to the
preparation of P∧C-chelate phosphine compounds and
C∧C-chelate complexes of N-heterocyclic carbenes.
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Scheme 3. Synthesis of a P∧C Chelate Pt(II) β-Diketonate
Complex

Scheme 4. Synthesis of a Pt(II) β-Diketonate Complex Using a
C∧C Chelate Carbene Ligand
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