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Herein we report the synthesis of two luminescent branched tetranuclear alkynylplatinum(II) complexes
{[Pt(tBu3-tpy)]2[Ar(C„C)4][Pt(tBu3-tpy)]}2(PF6)4 (I and II; tBu3-tpy = 4,40 ,400-tri-tertbutyl-2,20:60 ,200-ter-
pyridine; Ar = [(C6H4)2(C„CAC„C)]). Two terminal alkyne ligands were synthesized by oxidative
coupling in the air, and subsequently reacted with a chloroplatinum(II) terpyridine complex. Their photo-
physical properties have been studied by both steady-state spectroscopy and transient spectroscopy. The
final two platinum(II) complexes were found to show long-lived excited states in solution at room tem-
perature. The longest lifetime of �17 ls for the twisted branched molecule was observed in toluene at
room temperature. Application of the two complexes as a light-harvesting chromophore in photocatalytic
hydrogen production was further examined.

� 2014 Elsevier Ltd. All rights reserved.
Introduction

The rich luminescent behaviors in functional organic and orga-
nometallic molecules have attracted great interest over the past
few decades. Photoactive organometallic complexes represent
one class of such molecules, showing intriguing photochemical
and photophysical properties.1,2 The main potential applications
of these complexes include organic light-emitting devices, lumi-
nescent sensors, nonlinear optical devices, photovoltaic cells, and
solar energy conversion.1b,3 Although a large number of linear mul-
tinuclear alkynylplatinum(II) complexes have been synthesized
and their optical properties have been studied, the research on
branched molecules based on alkynylplatinum(II) moiety has
barely been explored. In 2011, Yam and co-workers4 and Yang
and co-workers,5 respectively reported a series of tetranuclear
alkynylplatinum(II) phosphine complexes and found that tetra-
and hexanuclear platinum(II) complexes showed better two-pho-
ton absorption and two-photon induced luminescent properties
than their di- and trinuclear analogues. The branched alkynyl
ligands, which directly coordinated to the metallic centers, could
also play a critical role in luminescence properties of the plati-
num(II) complexes. Herein we report the synthesis, characteriza-
tion, and photophysical properties of two branched tetranuclear
alkynylplatinum(II) terpyridyl complexes linking by rigid
conjugated tetrayne backbones, which may be potentially utilized
as photoactive organometallic materials.

Branched tetranuclear complexes I and II are designed and
shown in Scheme 1. We envisage that the steric effect between
the terpyridine part and alkyne part could greatly affect the photo-
physical properties. Therefore, as an isomeric analogue of complex
I, more sterically hindered compound II was designed to examine
how the square-planar or distorted square-planar coordination
geometry changes the photophysical properties of these two
platinum(II) complexes. After investigating the luminescent
properties of I and II in different organic solvents, it was found that
the twisted complex II in toluene has the longest lifetimes.
Furthermore, complexes I and II have been examined for the
application of photocatalytic hydrogen production.

Results and discussion

Starting from the commercially available 2,6-dibromo-4-nitro-
aniline 3, compound 4 was prepared by removal of the amino
group according to the literature procedures,6 followed by hydro-
genation of the nitro group by Raney nickel in ethanol at room
temperature (Scheme 2). Aniline 4 was transformed to iodide 5
by diazotization and iodination. Then, conversion of iodide 5 to
compound 7 was achieved by Sonogashira coupling with trimeth-
ylsilylacetylene (TMSA) and (triisopropylsilyl)acetylene (TIPSA),
successively. Selective desilylation of compound 7 gave terminal
alkyne 8. The branched tetrayne precursor 17 was finally
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Scheme 1. Molecular structures of tetranuclear complexes I and II.

Scheme 2. Synthesis of tetrayne 1 and platinum(II) complex I.
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synthesized by oxidative coupling8 of alkyne 8 catalyzed by CuI in
the air, followed by desilylation using tetrabutylammonium fluo-
ride (TBAF) in THF promoted by a small amount of CH3OH.

Starting from 4-(tert-butyl)aniline 10, compound 11 was pre-
pared by the literature procedures9 (Scheme 3). Removal of the
TMS group of compound 11 provided the terminal alkyne 12.10

Further oxidative coupling of 12 afforded halogenated butadiyne
13.11 Compound 13 was converted to tetrayne 2 by a continuous
operation of Sonogashira coupling and desilylation.12 By a modi-
fied procedure of the related platinum(II) terpyridyl complexes,4,5

upon the reaction between terminal alkynes 1 or 2 and chloroplat-
inum(II) complex [Pt(tBu3-tpy)Cl](PF6), the branched tetranuclear
alkynylplatinum(II) complexes I and II were finally obtained in
89% and 84% yields, respectively.13 Both of these two complexes
have been successfully characterized by 1H NMR, FT-IR, mass spec-
tra, and elemental analysis.
Please cite this article in press as: Xu, P.; et al. Tetrahedron Lett. (2014)
The UV–vis absorption spectra and emission spectra of I and II
were studied in acetonitrile. Both of their electronic absorption
spectra show high-energy absorption bands in the range of 300–
350 nm, which are assigned as the internal ligand (IL) p–p⁄

[(ArC„C)n] and p–p⁄ (tBu3-tpy) transitions (Fig. 1). The character-
istic low energy absorption band of platinum(II) complex I is in the
range of 360–500 nm (maximized at 418 nm with e = 22831 dm3

mol�1 cm�1 for I and 453 nm with e = 19453 dm3 mol�1 cm�1 for
II), which could be tentatively assigned to be the metal-to-ligand
[dp(Pt)–p⁄(tBu3-tpy)] charge transfer (MLCT) character, probably
mixing with ligand-to-ligand (alkynyl-to-terpyridine) charge
transfer (LLCT) transition.14 However, the MLCT/LLCT transition
of distorted complex II shifts to lower energy, a significant redshift
occurred. This could be ascribed that the twisted configuration of
complex II raised the dp(Pt) orbital energy, and thus gave rise to
a lower MLCT/LLCT absorption energy.15
, http://dx.doi.org/10.1016/j.tetlet.2014.04.083
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Scheme 3. Synthesis of tetrayne 2 and platinum(II) complex II.

Figure 1. UV–vis spectra of complexes I and II in acetonitrile with a concentration
of 1 � 10�5 M.

Table 1
Emission and lifetimesa of complexes I and II in different solutions at 298 K

I II

kem (nm) s (ls) kem (nm) s (ls)

CH3CN 568 0.24 578 1.46
Acetone 570 0.43 578 2.32
CH2Cl2 520 4.6 578 2.02
Toluene 600 0.24 600 17
/ (�10�3)b 6.29 6.61

a Concentration = 1 � 10�5 M.
b In acetonitrile.
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Excitation of complex I at 450 nm in acetonitrile leads to an
emission band at 475–850 nm, maximized at 568 nm with
Uem = 6.3 � 10�3, which is tentatively assigned to be derived from
3MLCT [dp(Pt)–p⁄(tBu3-tpy)] character (Fig. 2).14 The photolumi-
nescence quantum yields (Uem) were determined by using a
degassed CH3CN solution of [Ru(bpy)3](PF6)2 as the reference
(Table 1).16 In contrast, the spectrum of II shows the emission band
between 500 and 850 nm, maximized at 578 nm with Uem = 6.6
Figure 2. Normalized emission spectra for complexes I and II in acetonitrile with a
concentration of 1 � 10�5 M at 298 K. The excitation wavelength is 450 nm.

Figure 3. Luminescent decays of complexes I and II in acetonitrile (red line) and
toluene (magenta line) solution at 298 K.
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Figure 4. Luminescent decay profiles of complex II in nitrobenzene (left) and toluene (right) solution at 298 K.

Figure 5. Comparison of hydrogen production under the conditions of
1.61 � 10�2 M TEOA, 1.11 � 10�5 M photosensitizer I and II, and 1.99 � 10�4 M
Co(dmgH)2PyCl (dmgH = dimethylglyoxime, py = pyridine) in a mixture of CH3-

CN:water (3:2, v/v) at pH = 8.5.
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� 10�3. Interestingly, a new low-energy shoulder at ca. 630 nm
appeared, which could be predominantly assigned to be derived
from IL transitions and/or 3LLCT transition character.1b

Upon excitation at 450 nm in deaerated solution, both I and II
show long excited-state lifetimes, which are in the range of micro-
seconds in various solvents, such as acetonitrile and toluene. The
data are shown in Figure 3 and Table 1. The lifetime of complex
II is longer than complex I. Interestingly, for distorted complex II,
the longest lifetime of �17 ls was observed in toluene, which is
much higher than the lifetimes obtained in other solvents. This
observation may be attributed to the electronic effects of the sol-
vents, which significantly affected the electron transfer between
the excited state of complex II and solvent molecules. We com-
pared the luminescent decay profiles of complex II in nitrobenzene
and toluene (Fig. 4). As seen from the data, the lifetimes follow the
order of toluene > nitrobenzene, which is consistent with the order
of the electron accepting ability of the solvents. On the other hand,
complex II has a longer lifetime than complex I because the
twisted configuration raises the dp(Pt) orbital based HOMO, as evi-
denced by the absorption spectra in Figure 1. The nonradiative
deactivation (resulting in short lifetimes) via d–d states pathway
decreases and the energy difference between the MLCT and the
d–d states increases.1,3 As a result, complex II shows longer life-
times than complex I.

Further application of these two complexes as a light-harvest-
ing chromophore was examined for photocatalytic generation of
hydrogen. The system consists of the chromophore I or II
(1.11 � 10�5 M) for visible light harvesting, TEOA (1.61 � 10�2 M)
as the sacrificial electron donor, and Co(dmgH)2PyCl (1.99 �
10�4 M) as the catalyst for hydrogen production in a CH3CN/water
mixture (3:2, v/v).17 As shown in Figure 5, the photocatalytic activ-
ity for H2 generation under visible light irradiation (k > 420 nm)
was remarkably enhanced by adding complex II, the corresponding
H2 evolution rate is 23 mol h�1, which is about 52 times higher
than that of complex I. Therefore, complex II largely improved
the photocatalytic activity of the hydrogen evolution from water,
probably due to its long lifetimes in solution.

In conclusion, two branched tetranuclear alkynylplatinum(II)
complexes I and II were synthesized via the reaction between
the corresponding terminal alkynes and chloroplatinum(II) com-
plex [Pt(tBu3-tpy)Cl](PF6), which were fully characterized by 1H
NMR, FT-IR, mass spectra, and elemental analysis. Their photo-
physical properties have also been investigated. It was found that
twisted complex II shows longer emission lifetimes than its planar
counterpart in various solvents. The longest lifetime of �17 ls has
been observed, which could be used for potential applications in
Please cite this article in press as: Xu, P.; et al. Tetrahedron Lett. (2014)
various photocatalytic reactions, such as photocatalytic generation
of hydrogen.
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