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Platinum Complexes of η2-Thiophenes
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Two novel ligands, 3,4-bis(quinolin-8-yl)thiophene and 3,4-bis-
[6-(trifluoromethoxyl)quinolin-8-yl]thiophene, and their corresponding
diplatinum complexes have been synthesized and fully characteri-
zed. These two complexes feature the inverse sandwich structures
and the η2-C,C thiophenes on platinum centers.

With the increasing demands for sulfur removal from
natural gas and petroleum products, a lot of research efforts
have been expended to develop new hydrodesulfurization
(HDS) catalysts.1 Homogeneous models of heterogeneous
HDS processes have regained a lot of interest recently
because it is difficult to understand the mechanisms of
heterogeneous processes.2 Information obtained from the
homogeneous model systems not only shines light on the
heterogeneous processes but also leads to the discovery of
efficient homogeneous catalytic systems. Several model stu-
dies have focused on the reactions between transition-metal

complexes and thiophenes. Accordingly, a variety of transi-
tion-metal complexes of thiophenes with various coordina-
tion modes have been observed, including the sulfur-bound
η1 mode with groups 6 and 8 metals,3 the η4 mode (π-bound
via four carbon atoms) with group 9 metals,4 the η5 mode
with groups 6, 8, and 9 metals.5 Some of these have been
proposed as relevant intermediates in the HDS processes.
Mas-Ballest�e et al. have proposed that a platinum(II)

complex of η2-thiophene is an important intermediate prior
to hydride transfer in their thiophene activation process.2c

Jones has proposed that a platinum(0) complex of η2-C,C
(π-bound via two carbon atoms at the 2 and 3 positions)
thiophene is an important intermediate prior to the η2-C,S
(π-bound via sulfur and carbon) mode and the C-S bond
activation step.2b,6 Despite the importance of the η2-bound
thiophene, to the best of our knowledge, no η2-thiophene
complex or anyπ-bound thiophene complex of group 10metals
has been isolated and structurally characterized to date. In
fact, the η2-thiophene complexes, in general, are scarce,7

implying the labile nature of such a coordination mode. We
envisioned that an adjacent auxiliary ligand may help to
anchor a metal center onto the thiophene ring and stabilize
the η2-C,C mode through the chelate effect, allowing the
isolation of η2-thiophene complexes. In addition, such an
auxiliary ligand must also block the reaction pathways
toward the η2-C,S mode and cyclometalation. In our latest
ligand design, quinoline moieties, as auxiliary ligands, have
been installed onto a thiophene ring. This strategy allows us
to isolate the unprecedented platinum complexes with η2-C,
C-thiophenes. Herein, we report the synthesis and full char-
acterization of these novel ligands and the corresponding
inverse sandwich diplatinum complexes.
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The ligands 1a and 1b can be synthesized via Suzuki
coupling reactions8 from the appropriate boronic acids9

and 3,4-dibromothiophene catalyzed by Pd(PPh3)4 in N,N-
dimethylformamide/H2O mixed solvents in the presence
of K3PO4 (Scheme 1). X-ray crystallography confirms
the solid-state structures of 1a and 1b (Figure 1). The 1H
and 13C NMR spectra of 1a and 1b show only one set of
quinolinyl signals and one singlet from the thiophene linker,
suggesting fast rotation of the quinolinyl groups in solu-
tion. The thiophene protons resonate as singlets in the typi-
cal aromatic region at 7.66 and 7.70 ppm for 1a and 1b,
respectively.
The air- and moisture-stable complexes 2 can be prepared

in nearly quantitative yield by reacting the corresponding
ligands 1 with 1 equiv of Pt2(CH3)4(SMe2)2 (Scheme 2). The
molecular structures of complexes 2 have been unambigu-
ously confirmed by X-ray crystallography and are shown in
Figure 2. The two platinum centers in each molecule of 2 are
located on opposite sides of the central thiophene ring,
forming an inverse sandwich. Each square-planar PtII center,

displaying typical bond lengths and angles in its coordination
sphere,10 is coordinatedwith twomutually cismethyl ligands,
a nitrogen donor atom from a quinolinyl group, and a CdC
double bond from the thiophene ring. The solution 1H and
13CNMRspectraof compounds2 indicate symmetric structures,

Figure 1. Molecular structures of 1a (top) and 1b (bottom) with thermal
ellipsoids plotted at 50% probabilities. Hydrogen atoms are omitted for
clarity.

Scheme 1. Syntheses of Ligands 1a and 1b
Figure 2. Molecular structures of 2a (top) and 2b (bottom)with thermal
ellipsoids plotted at the 50%probability. All hydrogen atoms are omitted
for clarity. Selected bond lengths (Å) and angles (�): for 2a, Pt(1)-C(24)
2.046(4), Pt(1)-C(23) 2.047(4), Pt(1)-N(1) 2.130(3), Pt(1)-C(1) 2.218(3),
Pt(1)-C(2) 2.256(3), Pt(2)-C(26) 2.041(4), Pt(2)-C(25) 2.047(4), Pt(2)-
N(2) 2.130(3), Pt(2)-C(4) 2.218(4), Pt(2)-C(3) 2.245(3), C(24)-Pt(1)-
C(23) 86.2(2), C(24)-Pt(1)-N(1) 173.8(1), C(23)-Pt(1)-N(1) 92.2(2),
C(24)-Pt(1)-C(1) 96.1(1), C(23)-Pt(1)-C(1) 158.4(2), N(1)-Pt(1)-
C(1) 87.6(1), C(24)-Pt(1)-C(2) 100.9(1), C(23)-Pt(1)-C(2) 163.2(2),
N(1)-Pt(1)-C(2) 79.1(1), C(1)-Pt(1)-C(2) 36.8(1), C(26)-Pt(2)-
C(25) 85.4(2), C(26)-Pt(2)-N(2) 174.2(1), C(25)-Pt(2)-N(2) 91.2(1),
C(26)-Pt(2)-C(4) 95.8(1), C(25)-Pt(2)-C(4) 159.7(2), N(2)-Pt(2)-
C(4) 89.1(1), C(26)-Pt(2)-C(3) 103.0(1), C(25)-Pt(2)-C(3) 161.8(2),
N(2)-Pt(2)-C(3) 79.1(1), C(4)-Pt(2)-C(3) 36.9(1);for 2b, Pt(1)-C(18)
2.041(4), Pt(1)-C(17) 2.048(4), Pt(1)-N 2.134(3), Pt(1)-C(1) 2.197(4),
Pt(1)-C(2) 2.251(4), C(18)-Pt(1)-C(17) 84.4(2), C(18)-Pt(1)-N
174.0(2), C(17)-Pt(1)-N 93.1(2), C(18)-Pt(1)-C(1) 97.6(2), C(17)-
Pt(1)-C(1) 158.9(2), N-Pt(1)-C(1) 86.8(1), C(18)-Pt(1)-C(2)
101.9(2), C(17)-Pt(1)-C(2) 162.9(2), N-Pt(1)-C(2) 79.1(1), C(1)-
Pt(1)-C(2) 36.9(1).

Scheme 2. Syntheses of 2a and 2b
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consistent with the solid-state structure established byX-ray
crystallography. The two protons of the thiophene ring
resonate as a singlet at 5.82 and 5.86 ppm for 2a and 2b,
respectively, significantly upfield-shifted compared to those
of the free ligands. These large upfield shifts presumably
originate from the back-donation from the electron-rich
platinum centers to the thiophene rings and the consequent
decrease in the aromaticity of the thiophene ring. The well-
resolved platinum satellites around the thiophene-proton
signal also suggest that the bonds between platinum and the
thiophene ring are retained in solution. The Pt-H coupling
constant (2JPt-H = 50 Hz) is slightly larger than that of
[(COD)Pt(CH3)2] (

2JPt-H = 40 Hz).10b The two types of
methyl groups give rise to two singlets in the 1H NMR
spectra at 1.16 and -0.19 ppm for 2a and at 1.23 and
-0.06 ppm for 2b. Platinum satellites are observed for all of
these methyl signals. We tentatively assign the relatively
downfield methyl signals to the methyl groups trans to
the CdC double bond because of the deshielding effect of
theπ-accepting ligand. The crystal structures of complexes 2
show that the methyl groups trans to the quinoline nitrogen
are located in the shielding regions of the thiophene rings,
consistent with the relatively upfield chemical shifts.
It is worth pointing out that a few important structural

features of the ligands allow the isolation of complexes 2. The
nitrogen donors fromquinolinemoieties alongwith theCdC
double bonds create a chelating situation and, therefore,
provide sufficient thermodynamic stability to the complexes.

Moreover, the existence of the two adjacent quinoline moie-
ties helps to prevent cyclometalation, which would cause the
twoquinolinyl groups tobe in close contact and thus generate
repulsions. In addition, the positions of the quinolinyl groups
prevent the metal centers from reaching the C-S bonds
without breaking the Pt-N bonds first and thus block
another reaction pathway.
In summary, we have synthesized two novel multidentate

quinoline-functionalized thiophene ligands, which have al-
lowed the isolation of the first group 10 complexes with η2-C,
C thiophenes. The possibility of using a related ligand design
(i.e., blocking cyclometalation but allowing the metal center
to reach the CS bond) to probe the relevance of the η2-C,C
thiophene intermediate in the CS activation process is being
investigated in our laboratory.
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