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INDUCTION OF LIQUID CRYSTALLINE PROPERTIES IN PT(I1)
COORDINATION COMPLEXES BASED ON TERPYRIDINE AND
GALLATE LIGANDS
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Abstract: This paper describes the induction of liquid crystalline properties into a Pt(ll) complex based on the
tridentate chelating N*N”N ligand 2,6-di(pyridine-2-yl)pyridine-4-(1H)-one, following a strategy reported previously by
our group, respectively using a lipophilic gallate unit. Two structurally different Pt(1l) species containing one or two
gallate units were obtained in the same reaction and were characterized by spectroscopic (FT-IR and *H NMR) and
analytic (elemental analysis) methods. Their liquid crystalline behaviour was assessed by polarized optical microscopy

(POM) observations.
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INTRODUCTION
Metallomesogens (metal containing liquid
crystals) based on d-block metal centres are
appealing for widespread high-tech, due to the
properties arising from both classes: i) metal
centres:  optical, electronic,  magnetic,
conductive, dichroic, etc. (Maet al. 2012, Kettle
1996, Darkwah et al. 2020, Sanda 2014, Pessoa
et al. 2009) and ii) liquid crystals: anisotropy of
the physical properties, fluidity, stimuli
responsiveness,  supramolecular  complex
dynamic and adaptive ordering, etc. (Donnio
2014, Pucci and Donnio 2014). Moreover, their
final properties may be improved due to
cumulative and/or synergistic effects. Owing to
their enhanced properties, metallomesogens are
currently under studies for applications in
electroluminescent displays (Wu et al. 2018a,
Rajendiran et al. 2020), or as active materials for
the fabrication of sensors (Cuerva et al. 2016,
Cuerva et al. 2020, Motoc et al. 2019), etc.

A particular interest has been granted to
Pt(1l) due to the thermodynamic preference of
the metal ions to form square planar complexes
with strong-field ligands (Williams 2007),
property that favours key features regarding
absorption, luminescence and other excited state
properties. Moreover, it makes it favourite for
inducing liquid crystalline properties with
respect to other bulkier geometry metals like
octahedral Ir(lI1), Ru(ll), tetrahedral Cu(l),
Zn(I1) etc. (Wu et al. 2018b). Therefore, Pt(I1)
metallomesogens are intensively researched in
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optoelectronics (Sato et al. 2012, Yang et al.
2018, Qian et al. 2020). Terpyridines (tpy) are
commonly being employed as ligands, due to
their ability to coordinate a wide variety of metal
centres and also because their derivatives show
great potential in inducing structural variations,
thus obtaining five-, six and nine-coordinate
geometries (Kumar et al. 2016).

Previously we showed in the case of a
Pt(ll) complex containing a tpy ligand
substituted in the apical position with a long
alkyl chain (L-tpyOR), that a moderately
coordinating gallate unit (Gal) can function both
as a monodentate ligand, in fulfilling the
coordination sphere of Pt(ll) or as counterion
(Andelescu et al. 2020). Furthermore, this
strategy allowed us to easily induce liquid
crystallinity in the final complex Pt(Il)
complexes.

Herein we report that by using 2,6-

di(pyridine-2-yl)pyridine-4-(1H)-one
(L_tpyOH), the obtainment of two Pt(Il)
species containing one or two gallate units from
a single reaction was achieved (Figure 1).
The two Pt(ll) species containing one or two
gallate units were characterized by FT-IR and
NMR spectroscopies and elemental analysis.
Moreover, in case of Pt_1 and Pt_2 complexes
the liquid crystalline behaviour was assessed by
polarized  optical microscopy  (POM)
observations.
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Figure 1. The proposed structures of the Pt(1l) complexes Pt_1 and Pt_2.

MATERIALS AND METHODS

All commercially available starting materials
were used as received without further
purification. The ligand L_tpyOH,
PtCI>((CH3)2S0)2 and the silver complex of
3,4,5-tridodecyloxybenzoic acid (Ag(Gal))
were obtained according to reported procedures
(Schubert et al. 2002, Kukushkin et al. 2002,
Szerb et al. 2013). Infrared spectra (KBr) in the
range 4000-400 cm™ were recorded on a Cary
630 FT-IR spectrophotometer. 'H NMR
experiments were recorded on a Bruker Fourier
300 MHz spectrometer in DMSO-ds or CDCl3
using tetramethylsilane (TMS) as internal
standard. Elemental analysis C, H and N was
performed on a Flash 2000 analyser, by
ThermoFisher Scientific, using 1 mg of sample.
Two determinations were performed and the
average value was used. The optical textures of
mesophases were carried out using an Olympus
BX53M polarizing microscope (POM) equipped
with Linkam hot-stage. Images of the various
phases were recorded using an Olympus UC90
camera.

EXPERIMENTAL SECTION

Synthesis of the [L_tpyOH(PtCI)]*CI precursor
[L_tpyOH(PtCIH]*CIl- was synthesized by a
slight modification of a method reported in
literature for similar derivatives (Annibale et al.
1995): a solution of L_tpyOH (0.450 g, 1.749
mmol) in 20 mL CH2Cl, was added dropwise
over a suspension of PtCl2((CHs).S0)2 (0.739 g,
1.749 mmol) in 130 mL CHCl,. The reaction
mixture was stirred at room temperature for 4
hours, filtered and washed diethyl ether,
yielding a yellow precipitate

43

[L_tpyOH(PtCD]*CI:  yellow
(0.7569, 1.467 mmol, 84%).
FT-IR (KBr, cm): 3317 (br, H20), 1607-
1455(v( C=C) and v (C=N)), 442 (v (Pt-N)).
IH-NMR (300 MHz, DMSO-ds, &- ppm): 8.90
(d,J=5.2 Hz, 2H), 8.43 (d, J = 5.8 Hz, 6H), 7.86
(s, 2H), 7.65 (s, 2H).

precipitate

Synthesis of Pt_1 and Pt_2

A solution of Ag(Gal) (0.456 g, 0.582 mmol) in
20 mL CHCI; was added dropwise over a
suspension of [L_tpyOH(PtCI]*Cl (0.15 g,
0.291 mmol) in 20 mL CHCls. The reaction
mixture was stirred at room temperature for 2
hours, filtered and washed with CHCIs. The
mother liquor was taken to dryness. The residue
was triturated with hexanes, separated by
centrifugation vyielding a yellow precipitate
(Pt_2). The supernatant was evaporated under
reduced pressure to give Pt_1.

Pt_1: yellow precipitate (0.275 g, 0.195 mmol,
67%)

FT-IR (KBr, cm™): 2955, 2922, 2852 (C-H
stretch), 1635 (vas (COQ)), 1585-1425 (v (C=C)
and v (C:N)), 1338 (Vs,coordinated (COO-)), 445 (1)
(Pt=N)).

'H NMR (300 MHz, CDCls, &-ppm): 8.49 (d, J
=5.72 Hz, 1.52 Hz, 2H), 8.09 (td, J = 7.89 Hz,
7.87 Hz, 1.56 Hz, 2H), 7.83 (d, J = 8.02 Hz,
2H), 7.42 (overlapped peaks, 4H), 7.35 (s, 2H)
4.05 (overlapped peaks, 6H), 3.69 (broad s, 1H,
OH), 2.01-1.65 (m, 6H), 1.62-1.14 (overlapped
peaks, 54 H), 0.97- 0.73 (m, 9H).

Anal. Calcd. for Cs9Hg1CIN3OgPt-H2O (MW = :
C, 59.7; H, 7.95; N, 3.54; Found: C, 59.83; H,
7.68; N, 3.31.
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Pt_2: orange precipitate (0.02 g, 0.0109 mmol,
3.75 %)

IR (KBr, cm™): 2953, 2920, 2851 (C-H stretch),
1635 (vas (COOY)), 1585-1425 (v (C=C) and v
(C:N)), 1555 (Vs,ionic (COO_)), 1342 (Vs,coordinated
(COQ0Y)), 445 (v (Pt-N)).

'H NMR (300 MHz, CDCls, -ppm): 8.48 (dd, J
=5.7,1.5Hz, 2H), 8.09 (td, J =7.9, 1.6 Hz, 2H),

RESULTS AND DISCUSSIONS

The synthesis of L_tpyOH and the silver
complex of 3,4,5-tridodecyloxybenzoic acid
were carried out as previously reported
(Schubert et al. 2002, Szerb et al. 2013).
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7.78 (d,J=7.9 Hz, 2H), 7.53-7.34 (overlapped
peaks, 4H), 7.32 (s, 2H), 7.05 (s, 2H), 4.06 (dt,
J=10.5, 6.4 Hz, 12H), 2.88 (broad s, 1H, OH),
1.96 — 1.68 (m, 12H), 1.57 — 1.18 (m, 108H),
0.91 -0.80 (m, 18H).

Anal. Calcd. for Cio1H16sN3011Pt (MW
1791.21 g/mol): C, 67.68; H, 9.28; N, 2.34;
Found: C, 67.99; H, 9.68; N, 2.31.

Complex [L_tpyOH(PtCI)]*CI" was used as
precursor to obtain Pt 1 and Pt_2 complexes,
by reacting it with 2 equivalents of Ag(Gal)
(Scheme 1).
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Scheme 1. Reaction pathway of complexes Pt 1 and Pt 2 with L_tpyOH (atom labelling in blue). Reagents and
conditions: (i) PtClz((CH3).S0)2, MeOH, r.t., 2 h; (ii) Ag(Gal), CHCI3, r.t, 2 h.
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Differently from the previously employed Pt(11)
complex containing the ligand L_tpyOR that
when reacted with the silver salt of the gallate

Ag(Gal) (Andelescu et al. 2020) yielded
exclusively the complex containing two gallates,
herein two species were obtained, probably due
to the strong activating group in the apical
position. Pt_1 was obtained as major product and
complex Pt 2 as side product (Scheme 1). All
attempts to obtain Pt_2 as major product complex by
changing the reaction conditions (temperature,
solvent or reaction time) or reactants ratio failed.
Due to the higher solubility of Pt 2 in hexane, we
were able to separate and characterize the
compounds. Also, we have investigated the
mesomorphic behaviour by POM.

FT-IR spectroscopy.

By comparing the spectra of the free ligand
(L_tpyOH) with that of [L_tpyOH(PtCH]*CI",
Figure 2, the shifts of the characteristic
absorption bands corresponding to vc=c and vc=n
confirm the successful coordination of Pt(ll)
centre via the nitrogen atoms of the ligand
(Burger et al. 2001). Also, in the spectra of the
complex, the characteristic absorption band
corresponding to v(Pt—N) is observed at 442
cm ! (Allen and Theophanides 1964).
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Figure 2. FT-IR spectra of [L_tpyOH(PtCI)]*ClI" plotted
against L_tpyOH free ligand.

Moreover, after the exchange of the
chlorine ligand and/or counterion with the
gallate unit, the dual coordination mode of the
gallate group can be noticed by comparing the
spectra of the Pt_1 and Pt_2 complexes (Figure
3). In particular, the FT-IR spectra of complex
Pt 1 presents the characteristic absorption
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bands specific of COO" stretching frequencies:
the vas at 1635 cm™, and vs at 1340 cm™ (A =295
cm™). Based on literature data (Deacon and
Phillips 1980), this value corresponds to a
carboxylate unit, which is coordinated to the
metal centre. In case of Pt 2, two different
symmetric COO™ stretching frequencies are
observed at: 1555 cm™ (ionic carboxylate) and
1340 (coordinated carboxylate), thus giving a
separation (A) of 80 and respectively 295 cm™
as seen from Figure 3. The first value
corresponds to an ionic carboxylate unit, while
the later to a coordinated one.

T (%0}

17 {cm I]-

Figure 3. FT-IR spectra of Pt_1 and Pt_2.

'H-NMR spectroscopy

In the *H-NMR spectra, significant shifts of the
aromatic signals associated with the tpy protons
were observed after complexation. The dual
coordination mode of gallate unit is
demonstrated also by the !H-NMR
spectroscopy, respectively the aromatic protons
belonging to the gallate (Gal) groups have
different chemical shifts when coordinated to
the metal centre as monodentate ligand (H®) or
when they ensure the neutrality of the complex
as negatively charged anion (H®’), as shown in
Figure 4. In the case of Pt 1 and Pt_2, the
aromatic protons belonging to the gallate (Gal)
groups have different chemical shifts (Figure 4).
In particular, the aromatic proton (H®) of the
gallate unit is observed at 7.35 ppm for complex
Pt 1 and at 7.32 ppm for complex Pt 2,
showing a coordinated mode, whereas for Pt_2
the aromatic protons H®', corresponding to the
gallate counterion appear at 7.05 ppm.
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8 (ppm)

Figure 4. 'H-NMR spectra of ligand L_tpyOH, Pt_1 and
Pt_2 recorded in CDCls.

Mesomorphic properties

The mesomorphic properties of both Pt_1 and
Pt 2 complexes was assessed by POM
observations. Pt 1 decomposes before the
transition into the isotropic phase, while Pt _2
has a clearing point at 213°C.

The investigation of the monosubstituted
specie Pt 1 by POM microscopy revealed
mesomorphic behaviour on heating. A transition
around 83°C from a solid state to a liquid
crystalline state is observed, the texture pointing
towards a lamellar phase (Figure 5a). The
compound decompose before melting around
250°C. Regarding complex Pt_2, it exhibit
between 70°C and 213°C a columnar phase as
identified by the focal-conic texture with
homeotropic zones developed on cooling
(Figure 5b).

(a)

Figure 5. POM micrographs obtained for complexa) Pt_1
on heating at 200°C and b) Pt_2 at 175°C on cooling from
the isotropic liquid.
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CONCLUSIONS

The synthesis of two Pt(ll) species, Pt _1 and
Pt_2, containing one or two gallate units from a
single reaction was achieved using 2,6-
di(pyridine-2-yl)pyridine-4-(1H)-one as
tridentate ligand. The final complexes were
characterized through FT-IR and *H-NMR and
elemental analysis.

FT-IR spectroscopy provided information
regarding the dual coordination mode of the
gallate unit. In case of Pt_1 the large separation
value of the characteristic absorption bands of
the carboxylate unit (asymmetrical and
symmetrical, A = 295 cm™) suggest that the
gallate unit is coordinated to the Pt(Il) metal
centre, having chlorine as counterion, whereas
in case of Pt _2 two different symmetric COO
stretching frequencies were observed, indicating
that in this case both the displacement of the
chlorine counterion and ligand took place.
Furthermore, the chemical shifts of complex
Pt_1 of the aromatic and aliphatic protons were
assigned based on *H NMR acquisitions.

The mesomorphic properties of both Pt_1 and
Pt _2 complexes were investigated by POM.
Pt _1 developed a texture pointing towards a
lamellar phase, while Pt_2 showed a typical
columnar texture.
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