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Tamami Koshiyama, Ai Omura, and Masako Kato*
Division of Material Science, Graduate School of Humanities and Sciences, Nara Women’s University, Nara, 630-8506

(Received June 23, 2004; CL-040724)

A cyclometalated dinuclear platinum(I) complex bridged
with pyridine-2-thiolate ions, [Pty(ppy)2(pyt)2] (Hppy = 2-phe-
nylpyridine, Hpyt = pyridine-2-thiol) and its oxidized platinu-
m(IIl) complex, [Pt,Cly(ppy)2(pyt)2] have been synthesized
and characterized. The divalent complex exhibits intense red lu-
minescence both in solution and in the solid states. Correspond-
ing to the short Pt--Pt distance (2.849(1) A) for [Pt2(ppy)2-
(pyt).2], the reversible conversion between the divalent and triva-
lent complexes occurs easily with appearance and disappearance
of the luminescence.

Recent progress in the development of the luminescent met-
al complexes is noteworthy. We also reported interesting lumi-
nescent properties of a dinuclear (2,2'-bipyridine)platinum(II)
complex bridged with two pyridine-2-thiolate ions (pyt),
[Pt2(pyt)2(bpy)21>:! The anti isomer with a head-to-tail config-
uration of two pyt’s emits intense red luminescence originating
from the Pt--Pt interaction and more interestingly, the syn
isomer with a head-to-head configuration exhibits remarkable
luminescence change by sensing particular organic vapors. By
replacing the bpy ligand with 2-phenylpyridinate ion (ppy)
known for the stronger ligand field, we can expect stronger
Pt---Pt interaction that would significantly affect the luminescent
properties.” In addition, much attention has been recently fo-
cused on mononuclear Pt(II) and Ir(Ill) complexes containing
such cyclometalating ligands as promising light-emitting materi-
als.? In this paper, we report a new cyclometalated dinuclear
platinum(II) complexes, [Ptx(ppy)2(pyt)2] (Pt2(II-II)) and its
oxidized platinum(IIl) complex, [PtXY(ppy)2(pyt)2] (Pta(11I-
II)XY), which are easily interconverted following the redox-
controlled luminescence change.
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The divalent complex was synthesized by the reaction of an
equimolar amount of (BuyN)[PtCl,(ppy)]* and Hpyt in acetoni-
trile by adding an EtOH solution of tri-n-butylamine as a reduc-
ing agent. After stirring the mixture for 1 day at room tempera-
ture, the red precipitate of Pt,(II-II) was purely produced as in-
dicated by 'HNMR spectrum.> When the reaction was per-
formed without amine, the trivalent complex, Pt,(III-IIT)Cl,
was selectively precipitated.® Recrystallization of these products

from acetonitrile gave red plate and orange needle crystals, re-
spectively. Pt (III-IIT)Cl, was also obtained by the recrystalli-
zation of Pty(II-IT) from chloroform.

Figures 1 and 2 show the molecular structures of Pt,(II-II)
and Pty (ITI-IIT)Cl,, respectively.7 Pt,(II-IT) takes a similar ge-
ometry to that found for the anti form of [Pt,(pyt),(bpy)2]>*.!
However, much shorter Pt--Pt distance (2.8491(4) A) than that
of the bpy complex (2.997(1) A) is realized as expected. This
is the shortest Pt..Pt" distance among the dinuclear platinum
complexes bridged with two ligands ever reported.® Tt suggests
the strong Pt---Pt electronic interaction for Pt,(II-II). It is inter-
esting to note that the anti configuration is stereospecifically
formed for the cyclometalated dinuclear complex. The strong
Pt—C bonds also influence their trans positions preferring the
N-coordination to the S-coordination of the pyt ligand where
Pt—N distances at the trans positions definitely lengthen as usual.

Figure 1. Molecular structure of Pt,(II-II). Pt1-S1 = 2.284(2),
Pt1-N1 = 2.037(7), Pt1-N4 = 2.142(7), Pt1-C1 = 1.986(8),
Pt2-S2 = 2.284(2), Pt2-N2 = 2.037(7), Pt2-N3 = 2.144(7),
P2-C12 = 1.983(9), Pt1--P2 = 2.8491(4) A.

Figure 2. Molecular structure of Pt,(III-III)Cl,. Pt1-Pt2 =
2.6150(8), Pt1-Cl1 = 2.482(4), Pt1-S1 = 2.310(4), Pt1-N1 =
2.09(1), PtlI-N4 = 2.19(2), Ptl1-Cl1 = 2.01(2), Pt2-CI2 =
2.442(4), Pt2-S2 = 2.302(5), Pt2-N2 = 2.08(1), Pt2-N3 =
2.20(1), P2-C12 = 2.03(2) A.
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Table 1. Emission spectral data for Pt,(II-II)

298 K 77K
Ama/nm*  T/ns® ¢ Apa/nm* T/us®
neat crystals 641 87 — 643 3.1
solution? 648 94 0.005 616 4.8

A0 = 500nm. PAe = 337nm. in DMF, Ao = 370nm. Yin
EtOH/MeOH (4/1 v/v).

£/ 10* mol* dm® cm™"
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Figure 3. Absorption and emission spectral changes of Pt,(II-
II) in CH3CN (3.0 x 107> mol dm™>) at room temperature by
the addition of HClin 1) 0, 2) 0.5, 3) 1.0, 4) 1.5, and 5) 2.0 molar
ratios (A), followed by the addition of NEt; in 6) 0, 7) 0.25, 8)
0.5, 9) 1.0 and 10) 2.0 molar ratios (B). For emission spectra,
Aex = 300 nm.

Thus the thiolate ions occupy the trans positions to the N atoms
of ppy. As a result, the only one configuration shown in Figure 1
should be produced as the most stable configuration. The prefer-
ential geometry of the anti configuration is also found for
Pt (III-III)Cl, which includes the two CI™ ions at the axial po-
sitions (Figure 2). The shorter Pt—Pt distance (2.615(1) A) than
that of Pty(II-II) clearly indicates the formation of the single
bond between the Pt(III) ions.”

Pt,(II-II) exhibits intense red luminescence both in solution
and in the solid states which is assignable to the emission from
the SMMLCT state arising from the Pt---Pt interaction.! As sum-
marized in Table 1, both neat crystals and solution show similar
luminescence indicating that the dinuclear framework is rigid
and the Pt---Pt interaction is kept in any states.

Figure 3a shows luminescence spectral changes of an aceto-
nitrile solution of Pt,(II-II) by the addition of HCI as well as the
absorption spectral changes. The emission intensity decreased
with increasing concentration of HCI. The absorption spectral
changes indicate the facile oxidative addition occurred for
Pt,(II-11).'° After the luminescence disappeared, the addition
of NEt; to the solution revived the emission intensity as shown
in the Figure 3b.!! Thus the dinuclear system with the strong
Pt---Pt interaction exhibits the reversible change in the lumines-
cence intensity by the control of the redox states (Scheme 1).
The oxidation potential of Pt,(II-II) in CH;CN was estimated
at +0.58V (Ep) vs NHE as the two-electron oxidation
though the process is irreversible as is usual for (diimine)Pt(II)
complexes.

By the combination of the redox behavior and the photo ex-
citation of Pty(II-II), a promising photocatalytic system would
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be constructed. The preliminary experiments indicated that the
photoinduced decomposition of [Co(acac);] (Hacac = acetyl-
acetone) occurred in the presence of Pt,(II-II). The studies are
now in progress.
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