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A series of alkynylchalcogenophene platinum(II) complexes have
been synthesized and characterized by multinuclear NMR and UV−
visible absorption spectroscopies; the NMR spectra show unprec-
edented long-range heteronuclear coupling, and clear correlations
emerge between spectroscopic data and theoretical analysis of
their electronic structures.

Both platinum acetylide complexes1-3 and purely organic
thiophene-basedπ-conjugated systems4 have generated inter-
est in recent years because of their potential applications in
molecular electronics. This interest has duly led to examina-
tion of platinum acetylide complexes of oligothiophenes.5

However, no reports on complexes of the higher chalco-
genophenes exist despite substitution having been shown to
clearly affect molecular properties in solely organic sys-
tems.6,7 To date, only one report describes metal complexes
of alkynylselenophenes,8 where the alkyne C atoms contrib-
ute to an Ir2M2C2 cluster (M ) Mo, W), and a single
alkynyltellurophene compound is known.9 With this in mind,
the homologous series of platinum ethynylchalcogenophenes,
1-4 (Scheme 1), was synthesized in order to investigate the
effect of the chalcogen on their electronic structures and
properties.

The usual synthetic route to such species is via a
dehydrohalogenation reaction involving a free alkyne and a

transition-metal halide in the presence of an amine base, with
a copper(I) iodide catalyst under anaerobic conditions.10

However, such reactions often prove difficult because of
thermal or photochemical instability of the free alkyne.
Moreover, in the synthesis of1-4, the free alkyne is highly
volatile, and so an in situ deprotection of the silylated alkyne
under dehydrohalogenation conditions was developed. The
reaction of 2-(trimethylsilyl)ethynylchalcogenophene, sodium
methoxide, methanol, andtrans-[PtCl2(PnBu3)2] (Scheme 1)
affords1-4 in good yield. Notably, omission of methanol
hampers the progress of the reaction, implying that the
protonated alkyne plays a significant role in the coupling
process.

The molecular structure of211 (Figure 1) comprises a
pseudo-square-planartrans-PtL2X2 system. The Pt atom lies
on a crystallographic center of symmetry, and so the P-Pt-
P# and C(13)-Pt-C(13)# angles are linear by symmetry.
The orientation of the thiophene ring planes [S(1) C(15)
C(16) C(17) C(18)] with respect to the platinum square plane
[Pt P P# C(13) C(13)#] is approaching perpendicularity with
angles of 74.0°.

Complexes1-4 have been fully characterized by multi-
nuclear NMR spectroscopies. For3 and4, the chalcogen has
NMR-active isotopes withI ) 1/2 and appreciable sensitivities
and natural abundances (77Se, 7.58%;125Te, 6.99%), and
indeed the1H NMR spectra for these complexes clearly show
proton-chalcogen couplings within the chalocogenophene
ring. The 31P{1H} NMR spectra of1-4 show only small
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Scheme 1a

a (i) NaOMe, CuI, MeOH, Et2NH, CH2Cl2, 12-48 h, 72-80%.
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downfield shifts inδ31P from E) O to Te (Table 1). The
1J(195Pt31P) values are typical of a trans platinum bis-
(phosphine) bis(alkyne) arrangement12 (195Pt: I ) 1/2,
33.83%) and show little dependence on the identity of the
chalcogen, suggesting that the alkyne substituent does not
influence the nature of the Pt-P bond significantly (Table
1).

Compounds3 and4 have also been characterized by77Se/
77Se{1H} and 125Te/125Te{1H} NMR experiments, respec-
tively. The 125Te NMR spectrum of4 (Figure 2) appears
complex but clearly shows Te-H coupling, which mirrors
that seen in the1H NMR spectrum.3JTeH involving tel-
lurophene protons in positions 3 and 4 affords a pseudotriplet.
The tellurium nuclei also couple to the platinum,4JPtTe )
57 Hz, and two equivalent phosphorus nuclei, exhibiting a
5JTeP ) 9.0 Hz. The 125Te{1H} NMR spectrum better
illustrates this long-range coupling; all coupling constants
are consistent throughout the1H, 31P, 125Te, and125Te{1H}
NMR spectra. This is to the best of our knowledge the first
observation of any coupling across more than two bonds
between77Se and31P or195Pt13,14and the first report of195Pt-
125Te and125Te-31P coupling through more than one bond

(for analogous77Se/77Se{1H} NMR spectra, see Table 1 and
the Supporting Information).

The195Pt{1H} NMR spectra of1-4 exhibit triplets through
coupling to two equivalent phosphorus nuclei (Table 1), as
shown for4 in Figure 3. On closer inspection of the peaks,
spin dilute side bands due to tellurium coupling are observed,
confirming the4JPtTe ) 57 Hz (see the inset). From E) O
to Te,δ195Pt shifts downfield by 42 ppm. The chemical shifts
of nuclei are influenced in part by the paramagnetic shielding
termσpara, which dominates when heavy elements are present.
σpara is inversely proportional to the energy gap between
ground and electronic excited states of the molecule (or the
gap between occupied and unoccupied molecular orbitals,
MOs) due to mixing of the excited-state wavefunction into
the ground state. The downfield shift ofδ195Pt therefore
indicates that the relative magnitude ofσpara is increasing,
and so the relative energy difference between the HOMO
and LUMO is decreasing in the order O to Te.

The electronic absorption spectra of1-4 (Figure 4 and
Table 2) show that, from E) O to Te, there is a
bathochromic (red) shift ofλmax of the lowest energy optical
transition, indicating a decrease in the magnitude of the
optical gap, a phenomenon also observed in the parent
chalcogenophenes.15 The high ε values for the transitions
imply significant degrees of charge-transfer character, and
evidence for strong vibronic coupling is provided by the
observation of shoulders to higher energy.

To further investigate the electronic structure of1-4,
theoretical calculations have been carried out using density
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Figure 1. Molecular structure of211 illustrated as a thermal ellipsoid plot
(50% probability level). H atoms and atoms corresponding to disorder in
the thiophene rings have been omitted for clarity. See the Supporting
Information for full structural details.

Figure 2. 125Te{1H} and 125Te NMR spectra of4 in a CDCl3 solution.

Table 1. Selected NMR Spectral Data for1-4 in a CDCl3 Solution

δ31P 1JPtP/Hz δ195Pt δ77Se/125Te 4JPtE/Hz 5JEP/Hz

1 5.42 2327 -4713
2 5.73 2339 -4702
3 5.91 2338 -4688 665.7 27 4.1
4 6.29 2343 -4671 890.6 57 9.0

Figure 3. 195Pt{1H} NMR spectra of4 in a CDCl3 solution.

Figure 4. Electronic absorption spectra for1-4 in a CH2Cl2 solution at
room temperature.
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functional theory (DFT) usingGaussian0316 on the model
compoundstrans-PtL2(PMe3)2, 1′-4′, underCi symmetry
(see the Supporting Information). It is worth noting that a
PH3 model of2 has previously been reported.17 The potential
energy surfaces of1′-4′ exhibit shallow energy minima for
geometries in which the chalcogenophene and platinum
square planes are practically coplanar.

The frontier MOs for1′ (Figure 5) show that the HOMO
is mainly comprised of the ethynylchalcogenopheneπ
orbitals in an out-of-phase combination with the Pt 5dxz

orbital; contribution from the E npz orbitals to the HOMO
is low. Conversely, the LUMO is largely based on the empty
Pt 6pz orbital in phase with both the ethynylchalcogenophene
and Pπ* orbitals. The frontier MOs calculated for2′-4′
are directly analogous to those illustrated for1′. However, a
decrease in the energy of the LUMO in the order O to Te is
observed as a result of decreasing antibonding interactions
between the C 2pz and E npz orbitals, whereas the energy
level of the HOMO is less affected. Consequently, there is
an overall decrease in the HOMO-LUMO energy gap from
E ) O to Te. This decrease correlates with the optical gap
trend seen in the UV-visible spectra of1-4 and also
provides evidence for the relative chemical shift trends
observed in the195Pt and31P NMR spectra of the complexes.

Time-dependent DFT (TDDFT)18 calculations yielded
vertical transition energies of high oscillator strength cor-
responding predominately to the HOMO to LUMO gap
transition for each of the four models (Table 2). The
correlation between the calculated excitation wavelength and
the experimentally observedonset of absorption, i.e., that
which does not involve a change of the vibrational or
rotational state of the molecule, appears excellent and clearly
confirms the delocalization of the frontier MOs across the
whole of the molecularπ system. TDDFT calculations also
substantiate the charge-transfer character of the experimen-
tally observed lowest-energy transition because the HOMO

is primarily a ligand-based orbital and the LUMO is
dominated by the Pt 6pz orbital.

In addition, the DFT calculations imply free rotation about
the alkyne bonds in the molecules, with no particular strong
preferences observed for alignment of the ethynylchalco-
genophene ligand with or perpendicular to the platinum
square plane.19 Thus, returning to the unusual5JEP couplings,
there is a clear indication that the values observed are
averages over all rotamers observed in solution. Indeed, one
can consider the P-Pt-Cipso-E long-range dihedral angle,
φ, to be analogous to the Karplus vicinal dihedral angle in
purely organic systems. However, when the dihedral angle
is φ, there will always be an equivalent relationship in
existence with the other Pt-P vector of 180-φ, and given
that the two phosphorus centers are chemically equivalent,
an aVerage coupling constant will be observed for any
possible rotamer. The5JEP and 4JPtE couplings observed in
these systems are very large given both the internuclear
distances involved and the∼90° angle at platinum that is
encountered in the five-bond coupling. Given that coupling
between nuclei is dominated by their interaction with
electrons in the s orbitals that contribute to the bonding MOs,
the high s character in the hybridization of the carbon and
chalcogen centers must play a significant role.

In conclusion, the first homologous series of ethynylchal-
cogenophenes and their platinum complexes have been
prepared via a developed in situ deprotection-dehydro-
halogenation reaction. Unprecedented long-range hetero-
nuclear coupling has been observed in the NMR spectra of
the complexes, evidencing strong electronic and nuclear
communication. An elegant synergy is also demonstrated
between experiment and theory in the investigation of
molecular electronic structures.
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Table 2. Observed Electronic Absorption Data for1-4 in a CH2Cl2 Solution and Calculated Data for the Equivalent Model Compounds1′-4′

observed calculated

λmax/nm energy/eV ε/M-1 cm-1
excitation

wavelength/nm
excitation
energy/eV

oscillator
strength (f)

1 340 3.65 32 600 1′ 365 3.40 0.697
2 349 3.55 32 900 2′ 376 3.30 0.774
3 357 3.47 32 400 3′ 385 3.22 0.783
4 360, 371 3.44, 3.34 27 200, 27 000 4′ 397 3.13 0.731

Figure 5. MO plots for the frontier MOs of1′. (H atoms have been omitted
for clarity.)
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