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Flexible steric bulk of sugar wingtip substituents
on bis(N-heterocyclic carbene) ligands of
diplatinum complexes via chair–twist-boat
conformational changes

Shuhei Nomura,a Itsuki Kobayashi,a Matsumi Doe,b Rika Tanaka,b Tamaki Nagasawab

and Takanori Nishioka *a

In the p-toluenethiolate-bridged diplatinum complex bearing ethylene-bridged bis(N-heterocyclic

carbene) ligands, all four acetyl-protected glucopyranosyl wingtip substituents adopt the chair confor-

mation, giving rise to an open structure around the Pt2S2 core that allows the complex to react with a

Grignard reagent. In contrast, in the corresponding diplatinum complex with o-xylene-bridged bis(N-

heterocyclic carbene) ligands, two of the four acetyl-protected glucopyranosyl groups adopt the twist-

boat conformation to relieve the steric repulsion among the wingtip N-substituents, resulting in a covered

structure around the Pt2S2 core that inhibits reaction with a Grignard reagent.

Introduction

N-Heterocyclic carbenes (NHCs) are widely used ligands for
transition metal complexes, which exhibit intriguing pro-
perties such as catalysis for olefin metathesis,1 coupling reac-
tions2 and reduction of proton or CO2.

3 Steric and electronic
features of NHC ligands in complexes can be tuned by vari-
ation of wingtip N-substituents,4 and the catalytic ability5 and
luminescence6 behaviour of complexes bearing diverse
N-substituents have been extensively investigated. BisNHC
ligands, which consist of two NHC units with a bridging
moiety such as methylene, 1,2-ethylene and 1,3-propylene, are
particularly attractive because they stabilise transition metal
complexes through the chelate effect. Moreover, the relative
orientation of the two NHC units in such a bisNHC ligand
with respect to the coordination plane of the metal centre in
complexes depends on the lengths of the bridging moieties
leading to variations of the dihedral angles between the NHC
planes and the coordination plane7 (Fig. 1). These geometric
differences influence π-back-donation from the metal centre to
the carbene carbon atoms as well as the steric repulsion
between the wingtip N-substituents, thereby affecting the
redox potentials and the catalytic abilities of their complexes,
respectively.8

In our previous reports, glucopyranosyl groups were intro-
duced into NHC ligands to develop water-soluble complex cata-

lysts for coupling reactions in aqueous media.9 The incorpor-
ated D-glucopyranosyl groups not only enhanced the water-
solubility of complexes but also functioned as bulky substitu-
ents. Moreover, glucopyranosyl units can adopt the chair or
twist-boat conformation depending on the steric demands of
their local environments. For example, a monodentate NHC
ligand bearing acetyl-protected α-D-glucopyranosyl and
2-pycolyl groups as the N-substituents affords the chiral-at-
metal rhodium and iridium Cp* complexes with the

Fig. 1 Ligand geometries of (a) methylene-, (b) ethylene- and (c) pro-
pylene-bridged bisNHC ligands in triplatinum complexes and table of di-
hedral angles (°, range [average]) between each NHC plane (blue) and
coordination plane (red) (NHC–M) and distances (Å, range [average])
between wingtip N-methyl carbon atoms in each bisNHC ligand
(CMe⋯CMe, double-headed arrows) obtained from crystallographic ana-
lyses of triplatinum complexes.8k,l
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S-configuration, whereas the complexes bearing the corres-
ponding β-D-glucopyranosyl ligand gave the R-configuration of
the complexes. The α-D-glucopyranosyl units in the complexes
adopt the twist-boat conformation due to steric repulsion and
act like the L-glucopyranosyl groups.10

Inspired by these findings, we sought to control the steric
environments around the metal centres by using the acetyl-
protected β-D-glucopyranosyl (AcGlc) groups as wingtip
N-substituents of bisNHC ligands bearing either a 1,2-ethylene
(bisNHC-C2) or an o-xylene bridge (bisNHC-C4), which are
expected to affect the spatial disposition of the wingtip
N-substituents. This concept was applied to C–S coupling reac-
tions, in which bulky ligands are proposed to promote reduc-
tive elimination of the C–S coupling product despite the strong
affinity of sulfur atoms to transition metal ions.11 Herein, we
report the syntheses and structural characterisation of bis(p-
toluenethiolate)-bridged diplatinum complexes bearing
bisNHC-C2 or -C4 ligands (Scheme 1). In the bisNHC-C4
complex, two of the four AcGlc groups adopt the twist-boat
conformation, resulting in a covered structure around the
Pt2S2 core. Whereas the bisNHC-C2 complex, which features
an open cavity composed of AcGlc units, reacts with 2-fluoro-
phenylmagnesium bromide, the covered structure of the
bisNHC-C4 complex suppresses the corresponding reaction.

Results and discussion
Structures of diplatinum complexes

The diplatinum complexes bearing the ethylene-bridged
bisNHC-C2, [{Pt(bisNHC-C2)}2{μ-(S-p-tol)}2](PF6)2 ([1](PF6)2,
Fig. 2), and the o-xylene-bridged bisNHC-C4,

[{Pt(bisNHC-C4)}2{μ-(S-p-tol)}2](PF6)2 ([2](PF6)2, Fig. 3), were
analysed by X-ray crystallography. Both complexes feature a
Pt2S2 core supported by two bridging p-toluenethiolate ligands
and two chelating bisNHC ligands. The dicationic moiety [1]2+

possesses a crystallographic two-fold axis passing through the
centre of the Pt2S2 core, whereas [2]2+ exhibits a non-crystallo-
graphic two-fold axis. The Pt–S distances (2.362(2) and 2.370(2)
Å for [1]2+, 2.310(3)–2.330 Å for [2]2+), S–Pt–S (84.12(7)° for
[1]2+, 79.41(8)° and 79.68(8)° for [2]2+) and Pt–S–Pt (92.25(7)°
for [1]2+, 91.01(8)° and 91.22(8)° for [2]2+) angles are all within
the ranges reported for diplatinum complexes bridged by ben-
zenethiolate or related ligands (Pt–S, 2.285(1)–2.440(3) Å; S–Pt–
S, 80.03(4)°–85.3(1)°; Pt–S–Pt, 84.55(8)°–99.97(4)°), within
experimental error. Notably, however, the p-toluenethiolate
ligands in both [1]2+ and [2]2+ adopt a syn-arrangement,
whereas previously reported complexes exclusively exhibit anti-
arrangements.12 The preference for the syn-arrangements of
[1]2+ and [2]2+ is most likely a consequence of the substantial
steric demand imposed by the AcGlc substituents.

The most remarkable structural difference between the
complexes lies in the conformation of the acetyl-protected β-D-
glucopyranosyl (AcGlc) substituents. In the bisNHC-C2
complex [1]2+, all the AcGlc units adopt the chair confor-
mation, whereas each bisNHC-C4 ligand in [2]2+ bears one
chair and one twist-boat AcGlc moiety. This conformational
divergence arises from steric repulsion between the AcGlc sub-
stituents. The distances between the anomeric carbon atoms
of the glucopyranosyl groups within each bisNHC ligand are
5.34(1) Å for [1]2+ and 3.96(2) and 4.05(2) Å for [2]2+, indicating
significantly closer proximity of the AcGlc units in [2]2+. These
differences originate from the relative orientations of the NHC
planes imposed by the bridging moieties. The o-xylene bridge,
which is longer yet sterically constrained, enforces larger di-
hedral angles between the coordination plane and the NHC

Scheme 1 Syntheses of Pt complexes bearing ethylene-bridged
bisNHC-C2 and o-xylene-bridged bisNHC-C4 ligands with acetyl-pro-
tected glucopyranosyl wingtip substituents.

Fig. 2 Structure of the cationic moiety of the p-toluenethiolate-
bridged diplatinum complex bearing ethylene-bridged bisNHC-C2
ligands, [1]2+. Disordered AcGlc units and hydrogen atoms are omitted
for clarity (Pt, magenta; S, orange; O, red; N, blue; C, black). Selected
interatomic distances (Å) and angles (°): Pt⋯Pt 3.4109(6); Pt–S 2.362(2),
2.370(2); S–Pt–S 84.12(7), Pt–S–Pt 92.25(7).
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planes (72.7° and 73.0° for NHCs bearing chair-form AcGlc
substituents and 80.6° and 80.8° for those bearing twist-boat
AcGlc substituents), thereby enhancing steric repulsion
between the AcGlc moieties. Consequently, one of the two
AcGlc substituents in each bisNHC-C4 ligand adopts a twist-
boat conformation. In contrast, the dihedral angles in [1]2+

(54.3° and 67.5°) are sufficiently small to allow all four AcGlc
substituents to retain the chair conformation. The influence of
steric repulsion is also reflected in the dihedral angles
between the coordination planes of the two Pt centres, which
is smaller in [2]2+ (139.3°) than in [1]2+ (146.6°), thereby redu-
cing steric repulsion between the AcGlc substituents. In
addition, the AcGlc units with the chair conformation in [1]2+

form a cavity above the Pt2S2 core (Fig. 4(a)), which is occupied
by one of the two crystallographically independent PF6

−

counter anions in the solid state. In contrast, the Pt2S2 unit
in [2]2+ is completely shielded by the AcGlc substituents
(Fig. 4(b)). Although excessively bulky substituents on ligands
often prevent complex formation with transition metal ions,
the AcGlc groups here adapt their conformation from chair to
twist-boat, providing an appropriate steric environment
around the metal centres and thereby enabling complex for-

mation. Other sterically adaptable NHC ligands have been
reported for monodentate13 and bidentate dinucleating
systems,14 and such adaptations typically rely on flexible
hydrocarbon frameworks. In contrast, our system achieves
steric modulation through conformational changes of sugar-
based wingtip substituents.

The structures of [1]2+ and [2]2+ in the solid state are pre-
served in solution, as confirmed by 1H NMR measurements.
The signals of the 1-Glc protons in [1]2+ appeared as two doub-
lets (3JH–H = 9.3, 10.5 Hz, Fig. S7 in the SI), whereas in [2]2+

they were observed as a doublet (3JH–H = 9.5 Hz) and a singlet
(Fig. 5). This distinct signal pattern for [2]2+ clearly indicates
that two of the four AcGlc units retain the twist-boat confor-
mation even in solution. Consistent with this assignment, the
H1-Glc–C–C–H2-Glc torsion angles in the twist-boat AcGlc units
of [2]2+ are 91° and 94°, as determined by the X-ray structural
analysis, accounting for the absence of coupling between
H1-Glc and H2-Glc according to the Karplus relationship. Other
signals associated with the twist-boat glucopyranosyl frame-
works also exhibited smaller coupling constants with the
neighbouring protons, reflecting the near-orthogonal H–C–C–
H torsion angles. In addition, 19F and 31P NMR spectra of the
bisNHC-C2 complex [1](PF6)2 showed only one doublet and
one septet signal for the PF6

− anion, respectively (Fig. S9 and
S10 in the SI). These observations indicate that the PF6

−

Fig. 4 Space-filling models of p-toluenethiolate-bridged diplatinum
complexes (Pt, magenta; S, yellow; O, red; N, blue; C, grey; H, white)
with (a) ethylene-bridged bisNHC-C2 ligands [1]2+ (4c isomer) and (b)
o-xylene-bridged bisNHC-C4 ligands [2]2+ (2c–2tb isomer) obtained by
crystallographic analyses.

Fig. 5 1H NMR spectrum of the diplatinum complex bearing
bisNHC-C4 ligands, [2](PF6)2, in the region corresponding to the gluco-
pyranosyl framework. Signals arising from glucopyranosyl units in the
chair and twist-boat conformations are coloured blue and red,
respectively.

Fig. 3 (a) Structure of the cationic moiety of the p-toluenethiolate-
bridged diplatinum complex bearing o-xylene-bridged bisNHC-C4
ligands, [2]2+. Disordered AcGlc units and hydrogen atoms are omitted
for clarity (Pt, magenta; S, orange; O, red; N, blue; C, black). Selected
interatomic distances (Å) and angles (°): Pt⋯Pt 3.3103(9); Pt–S 2.310(3),
2.313(3), 2.320(3), 2.330(3); S–Pt–S 79.41(8), 79.68(8); Pt–S–Pt 91.01(8),
91.22(8). (b) One of the {Pt(bisNHC-C4)} units bearing chair and twist-
boat AcGlc wingtip substituents. Chair and twist-boat AcGlc groups are
indicated with white open and black filled bonds, respectively. The
acetyl groups and part of the xylene ring are omitted for clarity.
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anions, which occupy the cavity formed by the AcGlc units of
[1]2+ in the solid state, either are released from the cavity or
undergo rapid exchange with free PF6

− anions in solution on
the NMR timescale.

DFT calculations of possible isomers of diplatinum complexes

Density functional theory (DFT) calculations were performed
on selected isomers of [1]2+ and [2]2+ to evaluate steric effects
arising from the AcGlc substituents. The isomers considered
include those bearing four chair AcGlc units (4c), two chair
and two twist-boat units arranged as observed in the crystallo-
graphy for [2]2+ (2c–2tb), the corresponding isomer in which
the chair and twist-boat positions in the 2c–2tb isomer are
interchanged (2tb–2c) and an isomer containing four twist-
boat units (4tb).

The optimised structure of [1]2+ (4c isomer, Fig. 6(a)) closely
reproduces the X-ray crystal structure, showing an open cavity
formed by the AcGlc substituents of the bisNHC ligands.
Calculations for the [1]2+ series show that the 4c isomer is the
most stable among those examined (Table 1), which is consist-
ent with the crystallographic data and solution NMR measure-
ments. In contrast, the optimised structures of the 2c–2tb
(Fig. 6(b)), 2tb–2c and 4tb (Fig. S23 in the SI) isomers exhibit

covered arrangement of the AcGlc groups. The 2tb–2c isomer is
thermodynamically less stable than the 2c–2tb isomer (ΔG =
+43.1 kJ mol−1), reflecting the more congested disposition of the
D-glucopyranosyl units. In comparison, the 4tb isomer provides
greater spatial separation among the AcGlc substituents and
therefore is more stable than the 2tb–2c isomer. These results
indicate that both the combination and relative arrangement of
chair and twist-boat conformations of the AcGlc units are key
factors governing the stability of the isomers.

The optimised structure of [2]2+ (2c–2tb isomer, Fig. 6(d))
reproduces the covered arrangement of the AcGlc substituents
observed in the solid state. In contrast, the 4c isomer
(Fig. 6(c)) adopts an open-cavity structure similar to that of the
bisNHC-C2 complex [1]2+. DFT calculations indicate that the
2c–2tb isomer is less stable than the 4c isomer, which is incon-
sistent with the observations in the solid state and in solution.
However, the free-energy difference between the 4c and 2c–2tb
isomers of [2]2+ (ΔG = +7.1 kJ mol−1) is substantially smaller
than that of [1]2+ (ΔG = +44.5 kJ mol−1). This small energy
difference suggests that the covered structure of the 2c–2tb
isomer of [2]2+ is stabilised by additional factors, such as
crystal packing in the solid state and solvation in solution. In
addition, as observed for the bisNHC-C2 complex [1]2+, the 4tb
isomer of [2]2+ is more stable than the 2tb–2c isomer.

Reactions of diplatinum complexes with Grignard reagents

The reactions of [1]2+ and [2]2+ with 2-fluorophenylmagnesium
bromide were investigated by 19F NMR spectroscopy and elec-
trospray ionisation mass spectrometry (Scheme 2).

Upon treatment of the bisNHC-C2 complex, [1](PF6)2, with
2-fluorophenyl-magnesium bromide in the presence of CuI in
THF under a N2 atmosphere, the 19F NMR spectrum of the
product showed a singlet signal at approximately −141 ppm

Fig. 6 Optimised structures of the (a) 4c isomer of [1]2+, (b) 2c–2tb
isomer of [1]2+, (c) 4c isomer of [2]2+ and (d) 2c–2tb isomer of [2]2+ (Pt,
magenta; S, yellow; O, red; N, blue; C, grey; H, white).

Scheme 2 Reaction of Pt complexes bearing ethylene-bridged
bisNHC-C2 [1]2+ and o-xylene-bridged bisNHC-C4 ligands [2]2+ with
2-fluorophenylmagnesium bromide.

Table 1 Differences in Gibbs free energies (kJ mol−1) between 4c and
the other isomers of diplatinum complexes [1]2+ and [2]2+ obtained by
DFT calculationsa

4c 2c–2tb 2tb–2c 4tb

[1]2+ 0 44.5 87.6 54.3
[2]2+ 0 7.1 99.8 58.0

aDetails of the data are listed in Tables S11 and S12 in the SI.
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(Fig. 7(b)), in addition to several signals attributable to
decomposition products of the Grignard reagent (Fig. 7(a)).
This upfield-shifted signal is consistent with the formation of
a mononuclear platinum complex, [Pt(bisNHC-C2)(Ph-2-F)(S-p-
tol)] ([3]). The mass spectrum of the product exhibited signals
at m/z ≈ 1234 and 1112, assignable to [3–H]+ and [3–(S-p-tol)]+,
respectively (Fig. S19 in the SI), supporting the formation
of [3]. In contrast, the product of the corresponding reaction of
the o-xylene-bridged complex [2](PF6)2 did not show any 19F
NMR signal attributable to a 2-fluorophenyl-coordinated plati-
num species (Fig. 7(c)). This remarkable difference in reactivity
can be attributed to the distinct steric environments in [1]2+

and [2]2+. The open cavity of [1]2+, defined by four chair AcGlc
substituents, allows access of the Grignard reagent to the plati-
num centres, whereas the covered structure of [2]2+, formed by
two chair and two twist-boat AcGlc units, sterically blocks
approach to the metal centres.

The thermal decomposition of [3] was examined to probe
the formation of the C–S coupling product, (2-fluorophenyl)(4-
tolyl)sulfide (Scheme 3). A crude sample containing [3],
obtained from the reaction of [1](PF6)2 with 2-fluorophenyl-
magnesium bromide in acetonitrile, was heated at 80 °C for
17 h. The 19F NMR spectrum of the residue obtained after
removal of the solvent displayed a small singlet signal at
−109.8 ppm (Fig. S22 in the SI), which is consistent with the
reported chemical shift for the 19F NMR signal of (2-fluorophe-
nyl)(4-tolyl)sulfide (−110.1 to −109.9 ppm).15

Conclusions

We synthesised p-toluenethiolate-bridged diplatinum com-
plexes supported by bisNHC ligands bearing acetyl-protected
glucopyranosyl (AcGlc) groups as wingtip N-substituents and
either an ethylene or an o-xylene linker between two NHC
units. The steric repulsion among the AcGlc substituents
strongly depends on the length of the bridging moiety and is
more pronounced in the o-xylene-bridged complex, which fea-
tures a longer and yet sterically restricted bridging unit. This
congestion includes a conformational change of two of the
four glucopyranosyl units from chair to twist-boat, thereby
relieving steric repulsion. As a consequence, the o-xylene-
bridged complex adopts a covered structure, in which the
AcGlc substituents shield the metal centres, preventing reac-
tion with a Grignard reagent. In contrast, the ethylene-bridged
complex forms an open cavity defined by the AcGlc units
around the metal centres, allowing access of the Grignard
reagent to the platinum centres and leading to the formation
of a mononuclear platinum complex bearing p-tolylthiolate
and 2-fluorophenyl ligands. Subsequent thermal decompo-
sition of this complex affords (2-fluorophenyl)(4-tolyl)sulfide
as the C–S coupling product.

Our results demonstrate that the bridging moieties of
bisNHC ligands provide an effective means to tune the steric
repulsion between wingtip substituents. Although excessively
bulky ligand substituents often impede complex formation,
precise control of steric demand enables the generation of an
optimal steric environment. In this context, the AcGlc groups
adapt their conformation from chair to twist-boat, thereby
relieving steric congestion while maintaining sufficient steric
protection around the metal centres to allow complex for-
mation. These finding highlight the utility of sugar units as
bulky substituents that can automatically modulate steric
repulsion through conformational flexibility without inhibiting
coordination to metal ions. Given the wide diversity of accessi-
ble three-dimensional structures of pyranoses, such motifs
represent promising candidates for the design of sterically
adaptive ligands capable of fine-tuning the coordination
environments of metal complexes.

Experimental
General procedures

All chemicals were purchased from Sigma-Aldrich, Nacalai
Tesque and Wako Pure Chemical Industries and were used as
received without further purification. [(bisNHC-C2)H2](PF6)2
was prepared according to a reported procedure.9d 1H, 13C and
19F NMR spectra were recorded on a Bruker AVANCE 400 or
600 FT-NMR spectrometer. Chemical shifts (δ, ppm) and coup-
ling constants ( J, Hz) for 1H and 13C NMR signals are reported
relative to SiMe4 and were referenced to residual solvent reso-
nances. Chemical shifts for 19F signals were externally refer-
enced to CFCl3. Elemental analyses were performed on a
J-Science Lab JM-10 elemental analyser. Electrospray ionisation

Fig. 7 19F NMR spectra of (a) decomposition products of 2-fluorophe-
nylmagnesium bromide (2-FPhMgBr), (b) products of the reaction of the
bisNHC-C2 complex [1](PF6)2 with 2-FPhMgBr and (c) products of the
reaction of the bisNHC-C4 complex [2](PF6)2 with 2-FPhMgBr.

Scheme 3 Thermal decomposition reaction of Pt complex [3] gener-
ated by the reaction of ethylene-bridged bisNHC-C2 [1]2+ with 2-fluoro-
phenylmagnesium bromide.
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mass spectrometry was performed on a JEOL AccuTOF LC-plus
JMS-T100LP spectrometer.

Synthesis of the bisNHC ligand precursor bearing an o-xylene
bridge and acetyl-protected β-D-glucopyranosyl groups
([(bisNHC-C4)H2] (PF6)2)

A mixture of α,α′-dibromo-o-xylene (0.48 g, 1.6 mmol) and 1-
(2,3,4,6-tetra-O-acethyl-β-D-glucopyranosyl)imidazole (2.1 g,
5.3 mmol) in MeCN (25 mL) was heated at 70 °C for 24 h in a
sealed tube. The solvent was removed under reduced pressure
to afford a white solid, which was treated with water. Insoluble
solids were removed by filtration and NH4PF6 (1.4 g,
8.5 mmol) was added to the filtrate to give the corresponding
hexafluorophosphate salt as a white precipitate. The product
was collected by filtration and air-dried. Yield: 1.6 g (85%). MS
(ESI+, CH3CN): m/z = 569.27 (569.23 calcd for [(bisNHC-C4)H2–

AcGlc]+), 1045.29 (1045.41 calcd for [(bisNHC-C4)H2 + PF6]
+).

1H NMR (DMSO-d6, 400 MHz, 298 K): δ 9.62 (2-Im, s, 2H), 8.17
(5-Im, s, 2H), 7.85 (4-Im, s, 2H), 7.50 (4-, 5-Xy, dd, 2H, J = 5.7
Hz, 3.4 Hz), 7.22 (3-, 6-Xy, dd, 2H, J = 5.6 Hz, 3.5 Hz), 6.04
(1-Glc, d, 2H, 3J = 8.3 Hz), 5.66–5.51 (CH2, 3-Glc, 2-Glc, m, 8H),
5.27 (4-Glc, t, 2H, 3J = 9.6 Hz), 4.39 (5-Glc, dt, 2H, 3J = 10.0, 4.0
Hz), 4.16 (6-Glc, d, 2H, 3J = 3.7 Hz), 2.04 (MeAcO, s, 3H), 2.01
(MeAcO, s, 3H), 1.98 (MeAcO, s, 3H), 1.90 (MeAcO, s, 3H). 13C
NMR (DMSO-d6, 100 MHz, 298 K): δ 170.1 (COAcO), 169.6
(COAcO), 169.5 (COAcO), 169.2 (COAcO), 136.9 (Xy), 132.5 (Xy),
129.8 (2-Im), 129.3 (Xy), 123.7 (4-Im), 121.3 (5-Im), 83.7 (1-Glc),
73.8 (5-Glc), 71.3 (2- or 3-Glc), 71.0 (2- or 3-Glc), 67.2 (4-Glc),
61.7 (6-Glc), 49.5 (CH2), 20.6 (MeAcO), 20.4 (MeAcO), 20.2
(MeAcO), 20.0 (MeAcO).

Synthesis of [Pt(bisNHC-C2)(NCMe)2](PF6)2 ([4](PF6)2)

A mixture of [(bisNHC-C2)H2](PF6)2 (558 mg, 0.50 mmol),
K2[PtCl4] (208 mg 0.50 mmol) and NaOAc (123 mg, 1.50 mmol)
in DMSO (30 mL) was heated at 70 °C for 28 h in a sealed tube
to give an orange solution. NH4Cl (265 mg, 0.50 mmol) was
added, and the mixture was stirred for 1 h. The solvent was
removed under reduced pressure, and the resulting white solid
was triturated with water, collected by filtration and air-dried.
A suspension of the white solid and KI, which was ground in a
mortar, in CH2Cl2 (40 mL) was stirred at room temperature for
48 h. The insoluble solid was removed by filtration, and the fil-
trate was washed with water (3 × 20 mL). The organic layer was
separated and dried over MgSO4, and the solvent was removed
under reduced pressure to give a yellow solid. The solid was
dissolved in MeCN (30 mL), and AgPF6 (253 mg, 1.0 mmol)
was added. After stirring for 1 h, the resulting yellow solid was
removed by filtration. After the solvent was removed under
reduced pressure, Et2O was added to the residue to afford the
product as a white solid, which was collected by filtration and
air-dried. Yield: 584 mg (84%). MS (ESI+, CH3CN): m/z =
508.66 (508.62 calcd for [Pt(bisNHC-C2)]2+), m/z = 1243.41
(1244.26 calcd for [{Pt(bisNHC-C2)(NCMe)2} + PF6]

+). 1H NMR
(CD3CN, 600 MHz, 298 K): δ 7.46 (4-Ima, d, 1H, 3J = 2.2 Hz),
7.42 (4-Imb, d, 1H, 3J = 2.2 Hz), 7.35 (5-Imb, d, 1H, 3J = 2.1 Hz),
7.17 (5-Ima, d, 1H, 3J = 2.1 Hz), 6.32 (1-Glca, d, 1H, 3J = 9.3 Hz),

6.26 (1-Glcb, d, 1H, 3J = 9.3 Hz), 5.59 (2-Glca, t, 1H, 3J = 9.6 Hz),
5.534 (3-Glca or 3-Glcb, t, 1H, 3J = 9.7 Hz), 5.528 (3-Glca or
3-Glcb, t, 1H, 3J = 9.7 Hz), 5.47–5.44 (CH2-Imb, m, 1H), 5.45
(2-Glcb, t, 1H, 3J = 9.5 Hz), 5.41 (4-Glca, t, 1H, 3J = 9.8 Hz), 5.27
(4-Glcb, t, 1H, 3J = 9.7 Hz), 4.76 (CH2-Ima, dt, 1H, 2J = 14.9 Hz,
3J = 4.1 Hz), 4.63 (CH2-Imb, dt, 1H, 2J = 15.3 Hz, 3J = 4.5 Hz),
4.60–4.58 (5-Glca, m, 1H), 4.55 (CH2-Ima, dt, 1H, 2J = 15.0 Hz,
3J = 5.3 Hz), 4.35 (5-Glcb, ddd, 1H, 2J = 10.0 Hz, 3J = 3.7 Hz, 3J =
2.8 Hz), 4.27 (6-Glcb, dd, 1H, 2J = 12.8 Hz, 3J = 4.0 Hz), 4.23
(6-Glca, dd, 1H, 2J = 13.2 Hz, 3J = 1.9 Hz), 4.17 (6-Glcb, dd, 1H,
2J = 12.7 Hz, 3J = 2.6 Hz), 4.12 (6-Glca, dd, 1H, 2J = 13.2 Hz, 3J =
2.4 Hz), 2.04 (MeAcO, s, 3H), 2.021 (MeAcO, s, 3H), 2.019 (MeAcO,
s, 3H), 1.99 (MeAcO, s, 3H), 1.97 (MeAcO, s, 3H), 1.91 (MeAcO, s,
3H), 1.89 (MeAcO, s, 3H), 1.23 (MeAcO, s, 3H). 13C NMR (CD3CN,
150 MHz, 298 K): δ 171.3 (COAcO), 171.23 (COAcO), 171.20
(COAcO), 170.69 (COAcO), 170.67 (COAcO), 170.4 (COAcO), 170.1
(COAcO), 169.9 (COAcO), 137.3 (2-Imb), 134.1 (2-Ima), 127.0
(5-Ima), 125.5 (5-Imb), 120.9 (4-Ima, 4-Imb), 86.4 (1-Glca), 86.1
(1-Glcb), 75.2 (5-Glca), 75.0 (5-Glcb), 73.3 (3-Glca), 72.6 (3-Glcb),
70.8 (2-Glca), 70.4 (2-Glcb), 68.9 (4-Glcb), 67.7 (4-Glca), 62.6
(6-Glcb), 61.4 (6-Glca), 49.8 (CH2-Ima), 47.3 (CH2-Imb), 21.0
(MeAcO), 20.93 (MeAcO), 20.90 (MeAcO), 20.82 (MeAcO), 20.76
(MeAcO), 19.6 (MeAcO), 20.82 (MeAcO), 20.76 (MeAcO), 19.6
(MeAcO).

Synthesis of [Pt(bisNHC-C4)(NCMe)2](PF6)2 ([5](PF6)2)

[Pt(bisNHC-C4)(NCMe)2](PF6)2 was synthesised following the
same procedure as that used for [Pt(bisNHC-C2)(NCMe)2]
(PF6)2, except that [(bisNHC-C4)H2](PF6)2 (596 mg, 0.50 mmol)
was used in place of [(bisNHC-C2)H2](PF6)2. Yield: 588 mg
(80%). MS (ESI+, CH3CN): m/z = 546.67 (546.66 calcd for [Pt
(bisNHC-C4)]2+), m/z = 1320.44 (1320.30 calcd for [{Pt
(bisNHC-C4)(NCMe)2} + PF6]

+). 1H NMR (CD3CN, 600 MHz,
298 K): δ 7.78 (4-, 5-Xy, m, 2H), 7.53 (3-, 6-Xy, m, 2H), 7.49
(5-Ima, d, 1H, 3J = 2.3 Hz), 7.48 (5-Imb, d, 1H, 3J = 2.3 Hz), 7.45
(4-Imb, d, 1H, 3J = 2.3 Hz), 7.42 (4-Ima, d, 1H, 3J = 2.3 Hz), 6.54
(1-Glca, d, 1H, 3J = 8.9 Hz), 6.40 (CH2-Ima, d, 1H, 2J = 15.1 Hz),
6.38 (CH2-Imb, d, 1H, 2J = 14.9 Hz), 6.18 (1-Glcb, d, 1H, 3J = 9.4
Hz), 5.68 (2-Glcb, 3-Glca, m, 2H), 5.47 (4-Glca, t, 1H, 3J = 9.7
Hz), 5.36 (2-Glca, dd, 1H, 3J = 10.0 Hz, 3J = 8.9 Hz), 5.29 (3-Glcb,
4-Glcb, m, 2H), 5.20 (CH2-Imb, d, 1H, 2J = 14.9 Hz), 5.16 (CH2-
Ima, d, 1H, 2J = 15.0 Hz), 4.51 (5-Glca, 5-Glcb, m, 2H), 4.27
(6-Glcb, d, 1H, 3J = 2.8 Hz), 4.26 (6-Glcb, d, 1H, 3J = 2.8 Hz),
4.22 (6-Glca, dd, 1H, 2J = 13.1 Hz, 3J = 2.0 Hz), 4.12 (6-Glca, dd,
1H, 2J = 13.1 Hz, 3J = 2.6 Hz), 2.08 (MeAcO, s, 3H), 2.05 (MeAcO,
s, 3H), 2.04 (MeAcO, s, 3H), 2.01 (MeAcO, s, 3H), 1.99 (MeAcO, s,
3H), 1.97 (MeAcO, s, 3H), 1.89 (MeAcO, s, 3H), 1.42 (MeAcO, s,
3H). 13C NMR (CD3CN, 150 MHz, 298 K): δ 171.4 (COAcO),
171.2 (COAcO), 171.1 (COAcO), 170.6 (COAcO), 170.3 (COAcO),
170.0 (COAcO), 169.7 (COAcO), 137.1 (2-Imb), 136.3 (2-Ima),
135.4 (1- or 2-Xy), 134.6 (1- or 2-Xy), 133.0 (3- or 6-Xy), 132.6 (3-
or 6-Xy), 131.5 (4- or 5-Xy), 131.4 (4- or 5-Xy), 125.4 (5-Ima),
124.5 (5-Imb), 122.4 (4-Imb), 122.0 (4-Ima), 86.8 (1-Glcb), 85.8
(1-Glca), 75.2 (5-Glca), 74.8 (5-Glcb), 73.4 (3-Glcb), 72.4 (3-Glca),
72.3 (2-Glca), 68.7 (2-Glcb and 4-Glcb), 68.0 (4-Glca), 61.8
(6-Glca), 61.7 (6-Glcb), 53.0 (CH2-Ima), 52.8 (CH2-Imb), 20.97
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(MeAcO), 20.95 (MeAcO), 20.91 (MeAcO), 53.0 (CH2a), 52.8 (CH2b),
20.97 (MeAcO), 20.95 (MeAcO), 20.91 (MeAcO), 20.85 (MeAcO),
20.83 (MeAcO), 20.81 (MeAcO), 20.4 (MeAcO).

Synthesis of [{Pt(bisNHC-C2)}2{μ-(S-p-tol)}2](PF6)2 ([1](PF6)2)

A mixture of p-toluenethiol (82 mg, 0.66 mmol) and NaOMe
(60 mg, 1.10 mmol) in degassed MeOH (24 mL) was stirred for
1 h. The mixture was added to a solution of [Pt(bisNHC-C2)
(NCMe)2](PF6)2 (306 mg, 0.22 mmol) in MeCN (25 mL) and
stirred for 3 h. The solvent was removed under reduced
pressure to give a yellow solid, which was redissolved in
MeCN. Insoluble solids were removed by filtration, and the
solvent was removed under reduced pressure to afford a yellow
crude product. The crude product was dissolved in CH2Cl2,
and insoluble solids were removed by filtration through Celite.
Addition of Et2O to the filtrate gave a yellow solid, which was
collected by filtration and air-dried. Yield: 220 mg (78%).
Single crystals suitable for X-ray crystallographic analysis were
obtained by recrystallisation of crude crystals, which were pre-
pared by slow diffusion of m-xylene into a mixture of [Pt
(bisNHC-C2)(NCMe)2](PF6)2 and p-toluenethiol in MeCN, in
CH2Cl2 by slow diffusion of toluene and MeOH. Anal. calcd for
[1](PF6)2·2CH2Cl2 (C88H110Cl4F12N8O36P2Pt2S2): C, 38.55; H,
4.04; N, 4.09. Found: C, 38.44; H, 4.28; N, 4.32. MS (ESI+,
CH3CN): m/z = 1140.73 (1140.27 calcd for [1]2+ and [(1)/2]+),
2425.49 (2425.51 calcd for [(1) + PF6]

+). 1H NMR (CD3CN,
600 MHz, 298 K): δ 7.69 (2-tol, d, 4H, 3J = 8.0 Hz), 7.11 (4-Ima,
d, 2H, 3J = 1.8 Hz), 7.08 (4-Imb, d, 2H, 3J = 1.9 Hz), 6.952 (3-tol,
d, 4H, 3J = 7.7 Hz), 6.946 (1-Glcb, d, 2H, 3J = 10.5 Hz), 6.93
(5-Ima, d, 2H, 3J = 1.9 Hz), 6.79 (5-Imb, d, 2H, 3J = 1.7 Hz), 6.42
(1-Glca, d, 2H, 3J = 9.3 Hz), 5.81 (CH2-Ima, m, 2H), 5.69 (2-Glcb,
t, 2H, 3J = 9.7 Hz), 5.62 (3-Glca, t, 2H, 3J = 9.6 Hz), 5.45 (2-Glca,
t, 2H, 3J = 9.9 Hz), 5.43 (3-Glcb, t, 2H, 3J = 10.1 Hz), 5.42
(4-Glca, t, 2H, 3J = 10.0 Hz), 5.26 (4-Glcb, t, 2H, 3J = 9.8 Hz),
4.86 (6-Glca, d, 2H, 3J = 12.4 Hz), 4.68 (5-Glcb, d, 2H, 3J = 9.9
Hz), 4.62 (5-Glca, d, 2H, 3J = 10.0 Hz), 4.43 (6-Glca, dd, 2H, 2J =
12.9 Hz, 3J = 1.6 Hz), 4.36–4.29 (6-Glcb, CH2-Ima, CH2-Imb, m,
6H), 4.13 (CH2-Imb, m, 2H, 2J = 14.0 Hz), 2.20 (Metol, s, 6H),
2.091 (MeAcO, s, 12H), 2.087 (MeAcO, s, 6H), 2.06 (MeAcO, s, 6H),
1.99 (MeAcO, s, 6H), 1.93 (MeAcO, s, 6H), 1.63 (MeAcO, s, 6H), 1.31
(MeAcO, s, 6H). 13C NMR (CD3CN, 150 MHz, 298 K): δ 171.5
(COAcO), 171.4 (COAcO), 171.3 (COAcO), 170.9 (COAcO), 170.8
(COAcO), 170.7 (COAcO), 170.4 (COAcO), 170.2 (COAcO), 157.6
(2-Ima), 153.0 (2-Imb), 138.5 (1-tol), 133.4 (2-tol), 132.9 (4-tol),
130.2 (3-tol), 125.4 (5-Imb), 123.1 (5-Ima), 119.8 (4-Ima), 119.7
(4-Imb), 86.1 (1-Glcb), 85.6 (1-Glca), 75.8 (5-Glcb), 74.7 (5-Glca),
74.1 (3-Glcb), 73.0 (3-Glca), 70.6 (2-Glca), 69.3 (4-Glcb), 68.9
(2-Glcb), 68.4 (4-Glca), 62.7 (6-Glca), 61.3 (6-Glcb), 49.8 (CH2-Imb),
46.9 (CH2-Ima), 21.22 (MeAcO), 21.15 (MeAcO), 21.0 (MeAcO), 20.93
(MeAcO), 20.90 (Metol), 20.8 (MeAcO), 19.8 (MeAcO).

Synthesis of [{Pt(bisNHC-C4)}2{μ-(S-p-tol)}2](PF6)2 ([2](PF6)2)

[2](PF6)2 was synthesised following the same procedure as that
used for [1](PF6)2, except that [Pt(bisNHC-C4)(NCMe)2](PF6)2
(323 mg, 0.22 mmol) was used in place of [Pt(bisNHC-C2)
(NCMe)2](PF6)2. Yield: 251 mg (84%). Single crystals suitable

for X-ray crystallographic analysis were obtained in a similar
manner to that used for [1](PF6)2. Anal. calcd for [2]
(PF6)2·0.5CH2Cl2·0.5tol (C101.5H119F12N8O36.5P2Pt2S2): C, 43.86;
H, 4.32; N, 4.03. Found: C, 43.92; H, 4.61; N, 4.29. MS (ESI+,
CH3CN): m/z = 1216.59 (1216.31 calcd for [2]2+ and [(2)/2]+),
2577.56 (2577.57 calcd for [(2) + PF6]

+). 1H NMR (CD3CN,
600 MHz, 298 K): δ 7.58 (Xy, 4H, m), 7.46 (tol, 4H, d, 3JH–H =
6.7 Hz), 7.38 (Xy, 4H, m), 7.14 (4-Imtb, 2H, d, 3JH–H = 2.0 Hz),
7.08 (5-Imtb, 2H, d, 3JH–H = 2.2 Hz), 7.05 (tol, 4H, d, 3JH–H = 7.5
Hz), 7.02 (5-Imc, 2H, d, 3JH–H = 1.9 Hz), 6.89 (4-Imc, 2H, d,
3JH–H = 2.0 Hz), 6.83 (CH2-Imtb, 2H, d, 3JH–H = 14.5 Hz), 6.67
(CH2-Imc, 2H, d, 3JH–H = 14.7 Hz), 6.58 (1-Glcc, 2H, d, 3JH–H =
9.4 Hz), 6.49 (1-Glctb, 2H, s), 5.73 (2-Glctb, 2H, d, 3JH–H = 3.7
Hz), 5.54 (3-Glcc, 2H, t, 3JH–H = 9.5 Hz), 5.46 (2-Glcc, 2H, t,
3JH–H = 9.0 Hz), 5.40 (4-Glcc, 2H, t, 3JH–H = 9.6 Hz), 5.33
(3-Glctb, 2H, d, 3JH–H = 3.2 Hz), 5.04 (CH2-Imtb, 2H, d, 3JH–H =
13.8 Hz), 5.03 (4-Glctb, 2H, d, 3JH–H = 9.4 Hz), 4.92 (CH2-Imc,
2H, d, 3JH–H = 14.9 Hz), 4.66 (6-Glcc, 2H, dd, 2JH–H = 13.2 Hz,
3JH–H = 2.1 Hz), 4.59 (6-Glcc, 2H, dd, 2JH–H = 13.2 Hz, 3JH–H =
1.6 Hz), 4.35 (5-Glctb, 2H, m), 4.31 (5-Glcc, 2H, d, 3JH–H = 10.2
Hz), 4.08 (6-Glctb, 2H, dd, 2JH–H = 12.7 Hz, 3JH–H = 2.6 Hz), 4.03
(6-Glctb, 2H, dd, 2JH–H = 12.7 Hz, 3JH–H = 5.5 Hz), 2.55 (Metol,
6H, s), 2.32 (MeAcO, 6H, s), 2.12 (MeAcO, 6H, s), 2.11 (MeAcO,
6H, s), 2.06 (MeAcO, 6H, s), 1.94 (MeAcO, 6H, s), 1.81 (MeAcO,
6H, s), 1.75 (MeAcO, 6H, s), 0.65 (MeAcO, 6H, s). 13C NMR
(CD3CN, 150 MHz, 298 K): δ 171.4 (COAcO), 171.3 (COAcO),
171.1 (COAcO), 170.7 (COAcO), 170.5 (COAcO), 170.4 (COAcO),
169.43 (COAcO), 169.41 (COAcO), 155.3 (2-Imc), 152.7 (2-Imtb),
140.2 (tol), 135.6 (Xy), 134.9 (Xy), 134.4 (tol), 131.8 (Xy), 130.8
(Xy), 130.2 (3-tol), 126.1 (4-tol), 123.8 (5-Imc), 122.6 (4-Imtb),
121.4 (5-Imtb), 120.6 (4-Imc), 87.6 (1-Glcc), 87 (1-Glctb), 76.4
(5-Glcc), 73.5 (3-Glcc), 72.4 (5-Glctb), 71.8 (2-Glctb), 70.1 (2-Glcc),
69.1 (3-Glctb), 68.8 (4-Glcc), 68.5 (4-Glctb), 63.9 (6-Glctb), 61.5
(6-Glcc), 53.2 (CH2-Imtb), 52.6 (CH2-Imc), 21.8 (Metol), 21.1
(MeAcO), 21.1 (MeAcO), 21 (MeAcO), 20.9 (MeAcO), 20.84 (MeAcO),
20.78 (MeAcO), 18.9 (MeAcO).

Reactions of diplatinum complexes [1](PF6)2 or [2](PF6)2 with a
Grignard reagent

A solution of 2-fluorophenylmagnesium bromide (4.8 μmol)
was added to a solution of [1](PF6)2 (5.1 mg, 2.0 μmol) or [2]
(PF6)2 (5.4 mg, 2.0 μmol) in the presence of CuI (1.0 mmol L−1

solution in THF, 0.100 mL, 0.1 μmol) in THF (0.5 mL), and the
mixture was stirred under a N2 atmosphere for 3 h. A saturated
solution of NH4Cl (1 mL) was added, and the products were
extracted with CH2Cl2 (1 mL). The solvent of the separated
organic layer was removed under reduced pressure. The
residue was dissolved in CDCl3 for NMR measurements.

X-Ray crystallographic analyses of [1](PF6)2 and [2](PF6)2

Single crystals of [1](PF6)2 and [2](PF6)2 were mounted on
loops using Paratone oil. X-ray diffraction data were collected
on a Rigaku VariMax Saturn724 diffractometer using the
rotation method with 0.5° frame widths, controlled by
CrystalClear16 software. The data were integrated, scaled,
sorted and averaged using CrysAlisPro (version 1.171.44.85).17
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Absorption corrections were applied using the multi-scan
method. The structures were solved by direct methods using
SHELXS9718 and refined by full-matrix least-squares on F2

using SHELXL (version 2018/3).19 All hydrogen atoms were
placed in calculated positions and refined as a riding model.
Crystallographic data are summarised in Tables S1 and S2 in
the SI. The structures exhibit positional disorder in AcO
groups and solvent molecules. Owing to difficulties in achiev-
ing satisfactory refinement of the disordered solvent regions, a
solvent mask was applied using the PLATON/SQUEEZE
procedure.20

DFT calculations of diplatinum complexes

DFT calculations were performed on [1]2+ and [2]2+, as well as
their selected C2-symmetric isomers, using Gaussian 16.21

Geometry optimisations were carried out at the B3LYP/
LanL2DZ level of theory. Initial geometries for [1]2+ and [2]2+

were taken from the corresponding crystallographic structures,
while those for the isomers were generated by appropriate
structural modification. Vibrational frequency calculations
were performed for all optimised structures, and no imaginary
frequencies were observed, confirming that the structures
correspond to true minima on the potential energy surface.
The atomic coordinates of the optimised structures are listed
in Tables S3–S10 in the SI.
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