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ABSTRACT
A N,N,N-tridentate ligand (3,3 0-(2-(pyridin-2-yl)ethane-1,1-diyl)bis(1-methylimidazo[1,5-a]pyridine), LCH2Py) based on the bis

(imidazo[1,5-a]pyridine)methane scaffold has been prepared through the introduction of a methylpyridine pendant arm.

This functionalization provides an additional donor site, enabling a different coordination mode compared to previously reported

bidentate systems. The reaction of this ligand with zinc(II) salts led to the formation of mononuclear complexes ([Zn(LCH2Py)X2],

X=Cl, Br, I; [Zn(LCH2Py)Br](BF4); [Zn(L
CH2Py)2](ClO4)2), which were fully characterized both in solution (NMR) and in solid

state (X-ray). The tridentate coordination mode generates a rigid and stereochemically defined coordination sphere around the

zinc center, resulting in the formation of chiral complexes, as supported by NMR analysis. The photophysical properties of ligand

and complexes were investigated, revealing that all the derivatives exhibit intense blue fluorescence (λem= 453 nm for ligand, 419–

437 nm for complexes), comparable to that observed for the parent system with unfunctionalized bis(imidazo[1,5-a]pyridine)

methane (λem= 450 nm). These results demonstrate that the extension from N,N- to N,N,N-coordination enhances the structural

rigidity and stereochemical complexity of the system while preserving the favorable emissive properties. This work further

expands the scope of bis(imidazo[1,5-a]pyridine)-based ligands in coordination chemistry and highlights their potential as build-

ing blocks for the development of chiral luminescent materials.

1 | Introduction

Multidentate ligands play a pivotal role in coordination chemistry
due to their ability to stabilize metal centers and finely tune the
structural and electronic properties of the resulting complexes.
Their versatility has led to widespread applications across different
research areas, including the construction of polynuclear architec-
tures [1], catalysis [2], and the development of functional materials
with tailored optical properties [3]. In particular, the rational
design of ligand frameworks with multiple donor atoms enables
precise control over metal coordination environments, thus
directly influencing reactivity and photophysical behavior.

Within this context, tridentate ligands have attracted consider-
able attention, as they provide an optimal balance between struc-
tural rigidity, stability, and coordination flexibility. Among them,
N,N,N-donor systems represent a prominent subclass, extensively
investigated for their rich coordination chemistry and ability to
support a wide range of metal ions [4, 5]. These ligands often
enforce well-defined geometries and can promote the formation
of discrete mononuclear as well as more complex architectures,
while also offering opportunities to modulate electronic proper-
ties through ligand functionalization.

Zinc(II) complexes coordinated by N,N,N-tridentate ligands
have emerged as particularly appealing systems in the field of
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luminescent materials. Owing to the d10 electronic configuration
of zinc(II), which prevents quenching via d–d transitions, the
emission properties are typically ligand-centered and can be effi-
ciently tuned through structural modifications [6]. As a result, a
variety of zinc(II) complexes displaying intense fluorescence
have been reported, highlighting their potential for applications
in sensing and optoelectronics [7].

Among nitrogen-containing heterocycles, imidazo[1,5-a]pyridines
have drawn valuable attention, thanks to their noteworthy photo-
physical properties [8–12] and their synthetic accessibility [13–16].
Both mono- [17–23] and bis-(imidazo[1,5-a]pyridines) [24–26]
have been widely employed in the synthesis of luminescent coor-
dination compounds, whereas the fluorescent behavior of bis
(imidazo[1,5-a]pyridine)methane species [27–33], featuring a
methylene linker between the two heterocyclic units, has remained
comparatively underexplored. In our recent work [34], we
investigated bis(imidazo[1,5-a]pyridine)methane ligands acting
as N,N-bidentate donors, demonstrating their ability to form fluo-
rescent zinc(II) complexes with attractive blue emission. Building
on these findings and aiming to further expand the coordination
versatility of this class of ligands, herein we report the functional-
ization of the bis(imidazo[1,5-a]pyridine)methane scaffold with a
methylpyridine pendant arm, thus introducing an additional donor
site and generating a N,N,N-tridentate ligand. The coordination
behavior toward zinc(II) has been investigated by operating either
under 1:1 or 1:2 metal:ligand proportions, and particular attention
has been devoted to the structural and photophysical properties of
the resulting blue-emissive complexes.

2 | Results and Discussion

2.1 | Syntheses of Ligands and Complexes

The bis(imidazo[1,5-a]pyridine)methane LH was synthesized as
previously reported [34]. Subsequent functionalization on the
methylene bridge involves the deprotonation with methyl mag-
nesium bromide in diisopropyl ether, followed by reaction with
2-chloromethylpyridine, leading to the formation of the desired
functionalized product LCH2Py in 56% yield (Scheme 1).

Ligand LCH2Py was then used to prepare different zinc(II)
complexes by reaction either with one equivalent of zinc(II) hal-
ides to give [Zn(LCH2Py)X2] (X=Cl, Br, I) or half equivalent of
zinc(II) perchlorate hexahydrate, leading to [Zn(LCH2Py)2]
(ClO4)2 (Scheme 1). Additionally, the [Zn(LCH2Py)Br2] complex
was treated with one equivalent of AgBF4, in acetonitrile at room
temperature, affording complex [Zn(LCH2Py)Br]BF4 in 85% yield
(Scheme 1).

The IR (ATR) spectrum of LCH2Py (Figure S1) displays absorp-
tions at 1631, 1595, 1570, and 1479 cm−1, attributed to coupled
skeletal stretching vibrations (i.e., ring breathing) of the hetero-
aromatic rings. Compared to the precursor bis(imidazo[1,5-a]
pyridine)methane species [34], which exhibits absorptions at
1631, 1550, 1518, and 1479 cm−1, as expected, the introduction
of the pyridyl pendant arm modifies the vibrational pattern in
this region, owing to the contribution of additional pyridyl ring
modes. Upon coordination to zinc(II) (Figures S2–S6), the band
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SCHEME 1 | Functionalization of ligand LH to give LCH2Py and syntheses of [Zn(LCH2Py)X2], [Zn(L
CH2Py)Br](BF4), and [Zn(LCH2Py)2](ClO4)2

complexes.
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at 1631 cm−1 undergoes a shift to 1645 cm−1, while the absorp-
tions at 1595, 1570, and 1479 cm−1 remain essentially unchanged.
These observations suggest that coordination mainly perturbs the
electronic distribution within the imidazo[1,5-a]pyridine core,
whereas the vibrational modes associated with the pendant pyr-
idyl group are only marginally affected. Moreover, the infrared
spectra of complexes Zn(LCH2Py)2](ClO4)2 and [Zn(LCH2Py)Br]
BF4 showed the presence of uncoordinated perchlorate (broad
band at 1082 cm−1) and uncoordinated tetrafluoroborate (broad
band in the range 1036–991 cm−1). Worth noting, the IR spectra
(Figures S2–S6) do not display stretchings in the 3400–3600 cm−1

region associated with O─H groups, indicating the absence of
water in the bulk material.

2.2 | NMR Investigation

In the 1H NMR (CD2Cl2, 25 °C) spectrum of LCH2Py (Figure S7),
the signals attributable to the imidazo[1,5-a]pyridine nucleus are
clearly observed in the 6.30–8.50 ppm range (aromatic protons)
and at 2.43 ppm (CH3). The spectrum also displays the expected
signals associated with the aliphatic bridge: a triplet at 5.56 ppm
(CH, 3J= 7.5 Hz) and a doublet at 3.95 ppm (CH2,

2J= 7.5 Hz).
The corresponding signals in the 13C{1H} NMR spectrum further
confirm the successful synthesis of the ligand (Figure S8): reso-
nances are found at 39.1 ppm (CH2) and 38.0 ppm (CH). Overall,
coordination with the zinc center induces slight variations in the
1H NMR chemical shifts. For [Zn(LCH2Py)Cl2], the signals asso-
ciated with the aliphatic bridge are found at 5.76 ppm
(CH, 3J= 7.5 Hz) and at 3.56 ppm (CH2,

2J= 7.5 Hz), whereas
the methyl group in position 1 of the imidazo[1,5-a]pyridine
framework shifts downfield from 2.43 ppm (in LCH2Py) to
2.75 ppm in the complex (Figure S9). In the 13C{1H} NMR spec-
trum, both the aliphatic bridge resonances are shifted, appearing
at 33.4 ppm (38.0 in LCH2Py) and at 44.9 ppm (39.1 in LCH2Py).
Similarly, the methyl group in position 1 of the imidazo[1,5-a]
pyridine framework shifts upfield from 12.8 ppm (LCH2Py) to
12.2 ppm in the complex (Figure S10). A very similar pattern
is also observed in the spectra of the analogous [Zn(LCH2Py)
Br2] and [Zn(LCH2Py)I2] complexes (Figures S11–S14), with
the only exception of the methyl group in position 1 of the
imidazo[1,5-a]pyridine framework, which appears to be slightly
shifted at 2.79 ppm for [Zn(LCH2Py)Br2] and 2.86 ppm for
[Zn(LCH2Py)I2]. In the corresponding 13C{1H} NMR spectra, these
signals are shifted to 12.6 ppm for [Zn(LCH2Py)Br2] and 13.2 ppm
for [Zn(LCH2Py)I2]. The pattern of the aliphatic protons remains
very similar in both free ligand and the [Zn(LCH2Py)X2] com-
plexes. This suggests that ligand LCH2Py is coordinated in a
N,N-bidentate mode to zinc(II) halides, with the methylpyridine
pendant arm not coordinated to the metal, eventually leading to
the formation of tetrahedral complexes. Conversely, when the
[Zn(LCH2Py)Br2] is reacted with AgBF4, this induces the replace-
ment of one bromide ligand and forces the methylpyridine pen-
dant arm to coordinate to the zinc(II) center. The 1H and the
13C{1H} NMR spectra (CD3CN, 25 °C) of [Zn(LCH2Py)Br]BF4
are reported in the Supporting Information (Figures S15 and
S16). Worthy of note, the two methyl groups in position 1 of each
imidazo[1,5-a]pyridine skeleton generate one single signal reso-
nating at 2.65 ppm, whereas the methinic and methylenic
protons of the bridge are respectively found as triplet at
5.85 ppm (3J= 5.3 Hz) and doublet at 3.73 ppm (3J= 5.3 Hz).

All these features are indicative of a symmetric structure for
the complex [Zn(LCH2Py)Br]BF4.

On the other hand, the 1H NMR spectrum (CD2Cl2, 25 °C) of
[Zn(LCH2Py)2](ClO4)2 appears markedly different, showing a
splitting of the aromatic protons in the range 9.20–6.20 ppm,
as well as two resonances centered at 4.10 and 3.89 ppm attrib-
utable to diastereotopic methylene protons of the pyridyl
pendant arm (Figure S17). More importantly, the methyl groups
of the imidazo[1,5-a]pyridine moieties on the same bis(imi-
dazo[1,5-a]pyridine)methane ligand appear as two separate sin-
glets respectively at 2.29 and 1.68 ppm (1H NMR) and 11.1 and
12.4 ppm (13C{1H} NMR) (Figure S18). This indicates a lack of
symmetry and the presence of two non-equivalent nitrogen
atoms coordinated to the zinc(II) center, leading to a mixture
of enantiomers in solution. As proof, 1H NMR spectra of
[Zn(LCH2Py)2](ClO4)2 were acquired in the presence of 1 and
2 equivalents of tetrabutylammonium Δ-tris(tetrachloro-1,
2-benzenediolato)phosphate(V) (Δ-TRISPHAT) [35]. As expected,
upon addition of Δ-TRISPHAT, a pair of diastereoisomers was
generated, as evidenced by the splitting of the two signals attrib-
uted to the methyl groups in position 1 of the two imidazopyri-
dines (Figure 1). All these features have been subsequently
corroborated by X-ray single-crystal diffraction analysis and den-
sity functional theory (DFT) investigation (vide infra).

2.3 | X-Ray Characterization

The single crystal X-ray structure analyses of ligand LCH2Py, com-
plexes [Zn(LCH2Py)Br2]·H2O and [Zn(LCH2Py)2(OH2)](ClO4)2 are
presented in Figures 2–4 respectively. Bond lengths and angles
(Table S1) are comparable to those reported in the literature
for similar systems [34]. Brown block single crystals of LCH2Py

were obtained by slow (overnight) evaporation of a diethyl ether
saturated solution of the ligand. As expected, the N-imidazole
atoms exhibit an anti-conformation (Figure 2), while the methy-
lene bridge imposes an angle of 112.71° between the two imi-
dazo[1,5-a]pyridine scaffolds (Figure S19).

Complex [Zn(LCH2Py)Br2]·H2O crystallized as a water solvate
by slow diffusion of hexane in a saturated acetone solution,
giving yellow prism single crystals. The zinc(II) center has a
N2Br2 surrounding (Zn1─Br1= 2.3833(10); Zn1─Br2= 2.3658(10);
Zn1─N2= 2.024(5); Zn1-N4= 2.031(5)), in a faintly distorted tet-
rahedral geometry (τ4= 0.90 [36]). The complex crystallized in
the presence of one adventitious water molecule, which dictates
the orientation of the methyl-pyridinyl pendant arm in the crys-
tal (Figure 3). As emphasized in Figure 3, the N(pyridyl) atom
interacts with the water molecule, forming a hydrogen bond
(O1···N1 distance= 2.940(1) Å, O1─H···N1 angle= 123.69(10)°).
Nevertheless, all these structural findings are fully consistent with
the 1H NMR spectroscopic data. Given the close spectroscopic sim-
ilarities observed for [Zn(LCH2Py)Cl2] and [Zn(LCH2Py)I2], it is rea-
sonable to infer that these halide complexes display analogous
structural features in solution and in the solid state.

Complex [Zn(LCH2Py)2(OH2)](ClO4)2 crystallized with one
coordinated water molecule (Zn1─O1 bond length = 2.072(4)
Å), most likely retained from the crystallization solvent: indeed,
orange plate single crystals of the complex were obtained by
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slow diffusion of technical grade methanol in dichloromethane.
Two LCH2Py molecules are bound to zinc in a N,N-bidentate
mode (Zn─N bond lengths: Zn1─N2 = 2.152(4);
Zn1─N4 = 2.044(4); Zn1─N7 = 2.139(4); Zn1─N9 = 2.051(4)),
resulting in a N4O environment around the metal (Figure 4),
which thus shows a distorted five-coordinate geometry tending
toward trigonal bipyramidal (τ5 = 0.68 [37]). No Zn···OClO3

interactions are observed, thus excluding the coordination of
the anion. In the crystal structure, the two nitrogen atoms of
the methylpyridine pendant arms do not coordinate to
the zinc(II) center, being involved in hydrogen bonds

(O1─H···N1 = 2.822(6) and O1─H···N6 = 2.783(6) Å) with the
bound water molecule, contributing to the stabilization of
the resulting pentacoordinate species. However, according to
the pattern observed in the 1H NMR spectrum, we presume that
in solution the pyridine N atoms are coordinated to zinc in
[Zn(LCH2Py)2](ClO4)2. Consequently, the metal center has an
octahedral geometry, being surrounded by two N,N,N-tridentate
LCH2Py molecules. The two pyridine N atoms reasonably adopt
a cis coordination, which could explain the presence of two
enantiomers in solution. To further clarify this aspect, DFT
calculations were performed by optimizing the geometry of both

FIGURE 1 | 1H NMR spectra (CD2Cl2, 25 °C) of [Zn(L
CH2Py)2](ClO4)2 in the (a) absence and (b) presence of 1 equiv. and (c) 2 equiv. ofΔ-TRISPHAT.

Resonances due to CH3 groups are indicated by black arrows. Asterisks mark signals due to tetrabutylammonium.
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the cis and trans isomers that could potentially be generated
in complex [Zn(LCH2Py)2](ClO4)2 (vide infra).

2.4 | DFT Calculations

The geometries of representative complexes were optimized at
the DFT/PBE0 level of theory. In complex [Zn(LCH2Py)Br2]
(Figure 5A), the expected tetrahedral coordination is obtained,
with ligand LCH2Py being N,N-bidentate and the methylpyridine
pendant moiety not coordinated to the zinc(II) center (Zn–
Npy= 4.47 Å). As described above, the crystal structure of the
complex showed the presence of one water molecule, which

affected the orientation of the methyl-pyridinyl group. How-
ever, the absence of coordination cannot be ascribed to water
but is intrinsic to this system, as supported by DFT calculations.
Furthermore, the two methyl groups of the imidazopyridine moi-
ety appear to be nearly equivalent, in agreement with the experi-
mental data (see 1H NMR), also considering that in solution the
pyridinic ring is free to rotate.

As stated above, to promote the coordination of the methylpyridine
pendant arm to the zinc(II) center, complex [Zn(LCH2Py)Br]BF4
was synthesized by replacement of one bromide ion. Unfortu-
nately, single crystals suitable for X-ray structural characterization
could not be obtained for this species. However, a DFT investiga-
tion was performed also on this compound, providing useful infor-
mation about coordination and symmetry. Geometry optimization
resulted in a tetrahedral complex, with the LCH2Py ligand bound in
N,N,N-tridentate mode and the bromide ion occupying the fourth
site. Bond distances are consistent with the described coordination
environment (Zn–Br= 2.24 Å; Zn–N1= 2.02Å; Zn–N2= 2.02 Å;
Zn–Npy= 2.09 Å). Moreover, the complex displays a high degree
of symmetry. In particular, the two methyl groups in position 1
appear to be equivalent (Figure 5B, right), the distances between
these two methyl groups and the zinc(II) center being respectively
4.91 and 4.92 Å. These observations are in good agreement with the
experimental data, since the two methyl groups give rise to a single
signal in the 1H NMR spectrum (Figure S9). Additionally, a good
agreement between the experimental and calculated stretching in
IR spectra of [Zn(LCH2Py)Br]+ (Figure S20) further supports the
proposed structural model and confirms that the DFT calculations
provide a reliable description of the coordination environment
around the zinc center.

Finally, as mentioned in the previous section, the structure of the
cation [Zn(LCH2Py)2]

2+ was optimized as well. The ligand LCH2Py

can be described as an A2B-type ligand, where A corresponds to a
donor nitrogen atom of the imidazopyridine moiety, while B refers

FIGURE 2 | ORTEP representation of LCH2Py at 50% probability level

ellipsoids, showing the atom labeling scheme.

FIGURE 3 | ORTEP representation (50% probability level ellipsoids) of [Zn(LCH2Py)Br2]·H2O, showing the intermolecular O─H···N hydrogen bond.
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to the pyridine nitrogen atom. When two A2B-type ligands coor-
dinate to a metal center, two isomers may form, commonly
defined as cis and trans, depending on the relative positions of
the two B donor atoms. Hypothesizing the coordination of ligand
LCH2Py as tridentate, the synthesis of [Zn(LCH2Py)2](ClO4)2 can
ideally lead to two possible isomers; therefore, geometry optimiza-
tion was performed for both the cis and trans isomers (Figure 5C).
In the cis-[Zn(LCH2Py)2]

2+ cation, the zinc(II) center adopts a
slightly distorted octahedral geometry. This type of coordination
induces a loss of symmetry: indeed, focusing on the two CH3 sub-
stituents in position 1 of the imidazo[1,5-a]pyridine fragments on
the same ligand (highlighted in green in Figure 5C), it is evident
that their distances from the same pyridinic nitrogen are markedly
different. Specifically, the methyl group closer to the nitrogen (top
left in the figure) is 3.28 Å away, whereas the more distant methyl
group (bottom right in the figure) is 5.86 Å away. A similar obser-
vation applies to the methyl groups highlighted in purple, belong-
ing to the other LCH2Py ligand, which exhibits the same type of
distances. This difference in CH3···Npy distances within the same
ligand confirms that the two CH3 groups in one ligand are not
equivalent, thus supporting the 1H NMR results where the methyl
signals showed separate resonances. For the optimized trans-
[Zn(LCH2Py)2]

2+ cation, the geometry of zinc(II) center is also octa-
hedral, but a higher degree of symmetry is observed. The two CH3

substituents on the same ligand (Figure 5C, again highlighted in
green) exhibit nearly identical distances to the pyridinic nitro-
gen atom (dashed lines), 5.20 and 5.21 Å, respectively. The same
pattern is observed for the methyl groups of the other LCH2Py

ligand (highlighted in purple). In this case, the CH3 on the same
LCH2Py ligand is equivalent and is therefore expected to give rise
to a single signal in the 1H NMR spectrum. DFT calculations
also provided the relative energies of the cis and trans isomers,
which were found to be −18078 and −18077 kcal/mol, respec-
tively, so the two isomers are essentially isoenergetic. The
predominant formation of the cis product under synthetic con-
ditions is likely governed by kinetic factors rather than thermo-
dynamic stability.

The available experimental data (IR and NMR) indicate that the
bulk material isolated from the synthesis of [Zn(LCH2Py)2]

2+ does
not contain water, and that reasonably, the water molecule found
in the crystals comes from technical grade solvents used for
crystallization process. However, the isolation of a hydrated
five-coordinated structure in the solid state (i.e., [Zn(LCH2Py)2
(OH2)](ClO4)2 could suggest that this is the thermodynamically
more stable species in the presence of trace water. Thus, we per-
formed some additional DFT calculations on the hydration process
leading from the octahedral cis-[Zn(LCH2Py)2]

2+ cation to the five-
coordinated aquo-complex observed in the crystal structure (see
Supporting Information). The calculated Gibbs free energy change
for this reaction is ΔG=−1.38 kcal mol−1, indicating that the pro-
cess is essentially isoergonic and that neither species is strongly
favored on thermodynamic grounds. Therefore, the isolation of
the hydrated complex in the single-crystal structure does not nec-
essarily imply that it is the thermodynamically preferred species in
solution, even in the presence of trace amounts of water. Rather,
we believe that crystallization selectively stabilizes the aquo-
complex through packing effects and interactions within the crys-
tal lattice. The good agreement between the experimental and
calculated stretchings in IR spectra of [Zn(LCH2Py)2]

2+ (Figure S20)
further supports this assumption.

2.5 | Fluorescence Properties

The photophysical data for all compounds are summarized in
Table 1, while Figure 6 reports the normalized UV–vis absorption
and emission spectra recorded in dichloromethane (5× 10−5mol L−1)
for the ligand and the complexes. The UV–vis spectrum of the
free ligand exhibits two intense absorption bands in the 230–
280 nm region, together with a lower-energy absorption centered
at 357 nm. The spectral profile closely resembles those of the
corresponding zinc complexes; for complexes [Zn(LCH2Py)X2]
(X=Cl, Br, I), absorptions are not significantly influenced
by the halide (Figure S21). However, upon coordination, a

FIGURE 4 | ORTEP representation (30% probability level ellipsoids) of [Zn(LCH2Py)2(OH2)]
2+, perchlorate anions are omitted for clarity.
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hypsochromic shift (Δ � 20–35 nm) is observed for both the
absorption and the emission bands relative to the free ligand.
Because of this coordination-induced blueshift, all zinc(II) deriv-
atives display a blue fluorescence emission, with CIE (x, y) color
coordinates close to the standard blue [38] (Figure 6).

All compounds exhibit fluorescence lifetimes in the nano-
second range. The decay profiles of LCH2Py, [Zn(LCH2Py)Cl2],
[ZnLCH2Py)Br2], and [Zn(LCH2Py)I2] are satisfactorily fitted with
a mono-exponential function, whereas [Zn(LCH2Py)Br]BF4 and
[Zn(LCH2Py)2](ClO4)2 require a bi-exponential fitting model.
Reasonably, the pyridine pendant arm could exhibit dynamic
coordination behavior at the metal center that could enhance
intramolecular motions and intermolecular interactions, thereby
favoring non-radiative decay pathways. Notably, the fluorescence
lifetime of LCH2Py (5.1 ns) is significantly shorter than that of LH

and is comparable to those of the corresponding zinc complexes

(3.9–10.8 ns). The absolute quantum yields are very high for both
the ligand (0.60) and complexes [Zn(LCH2Py)Cl2] (0.56) and
[Zn(LCH2Py)Br2] (0.50) (Table 1).

The overall similarity between the absorption and emission pro-
files of free LCH2Py and the zinc(II) complexes suggests that the
emissive excited state retains a predominantly ligand-centered
(1LC) character. This behavior is consistent with the d10 elec-
tronic configuration of zinc(II), which does not provide low-lying
metal-centered excited states capable of efficiently competing
with ligand fluorescence. Consequently, metal coordination
mainly affects the photophysical response through geometric
and electronic perturbations of the ligand framework, rather
than by introducing new emissive pathways. In the present case,
coordination induces a moderate hypsochromic shift of both
absorption and emission bands, while preserving the high quan-
tum yields observed for the free ligand. This indicates that

FIGURE 5 | (A) Optimized structure of [Zn(LCH2Py)Br2] (Zn, magenta; N, blue; Br, ochre). (B) Optimized structure of [Zn(LCH2Py)Br]+ (Zn, magenta;

N, blue; Br, ochre; CH3-impy, green). Tetrafluoroborate anion has been omitted for clarity. (C) Optimized structures of cis- (left) and trans- (right)

[Zn(LCH2Py)2]
2+ (Zn, magenta; N, blue; NMePy, light blue; CH3 groups of ligand 1, green; CH3 groups of ligand 2, purple). (DFT: PBE0/QZ4P (Zn,

Br), TZ2P (N, C), DZP (H)).

European Journal of Inorganic Chemistry, 2026 7 of 12
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zinc(II) acts primarily as a structural modulator, maintaining the
intrinsic fluorescence of the bis(imidazo[1,5-a]pyridine)methane
ligand while tuning its emission toward the blue region.
Additionally, TD-DFT calculations were performed to gain further
insight into the nature of the emissive excited state (S1). Figure 7
reports the natural transition orbitals (NTOs) and electron density
difference maps (EDDMs) for the cation [Zn(LCH2Py)2Br]

+, taken
as a representative example. NTOs and EDDMs for the other com-
plexes are reported in the Supporting Information (Figure S22).

Analysis of the NTOs associated with the S1 state reveals that
both the virtual and occupied orbitals are almost entirely

localized on the ligand framework, with negligible contribution
from the zinc center (Figure 7, left). Consistently, the correspond-
ing EDDMs plots (Figure 7, right) show that the electron-density
redistribution upon excitation is confined to the ligand scaffold.
These results confirm that the lowest excited state (S1) possesses a
predominantly ligand-centered character, explaining the close
similarity between the photophysical properties of the free ligand
and the zinc(II) complexes.

Overall, these fluorescent features are consistent with those
observed for the corresponding complexes with the parent Bis
(imidazo[1,5-a]pyridine)methane N,N-bidentate ligand (LH) [34].

FIGURE 6 | (a) Normalized absorption (dashed lines) and emission (full lines) spectra of ligand LCH2Py and complexes recorded in solution (CH2Cl2,

5 · 10−5 mol L−1). (b) Chromaticity plot (CIE 1931) for ligand LCH2Py and complexes in solution (CH2Cl2, 5 · 10
−5 mol L−1). Top right: (x, y) color

coordinates for zinc complexes, compared with standard blue.

FIGURE 7 | Natural transition orbitals (NTOs) (left) and electron density differencemaps (EDDMs) (right) calculated for the first singlet excited state

(S1) for cation [Zn(LCH2Py)2Br]
+ (DFT: PBE0// QZ4P (Zn, Br), TZ2P (N, C), TZP (H)).

TABLE 1 | Photophysical data for ligands LH and LCH2Py and complexes [Zn(LCH2Py)2X2] (X=Cl, Br, I), [Zn(LCH2Py)Br]BF4, and

[Zn(LCH2Py)2](ClO4)2 in solution (CH2Cl2, 5 · 10
−5 M).

λabs, nm λexc, nm λem, nm ΔStokes, eV ФPL τ, ns

LH 356a 356a 450a 0.73a 0.84a 19.7a

LCH2Py 357 357 453 0.74 0.60 5.1

[Zn(LCH2Py)Cl2] 339 339 437 0.82 0.56 10.8

[Zn(LCH2Py)Br2] 338 341 436 0.83 0.50 7.8

[Zn(LCH2Py)I2] 340 339 437 0.81 0.22 3.9

[Zn(LCH2Py)Br]BF4 332 335 424 0.81 0.38 7.6b

[Zn(LCH2Py)2](ClO4)2 330 333 419 0.80 0.22 4.1b

aFrom Ref. [34].
bWeighted average of a biexponential decay. [Zn(LCH2Py)Br]BF4: τ1= 3.8 (14.25%), τ2= 8.2 (85.75%). [Zn(LCH2Py)2](ClO4)2: τ1= 1.9 (43.12%), τ2= 5.8 (56.88%).
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3 | Conclusions

In this work, we extended our previous investigation on bis
(imidazo[1,5-a]pyridine)methane ligands by introducing a meth-
ylpyridine pendant arm on the ligand framework, thus obtaining
a tripodal N,N,N-tridentate ligand. This ligand was successfully
coordinated to zinc(II) centers, affording mononuclear com-
plexes that were fully characterized from both structural and
spectroscopic viewpoints. Notably, the tridentate coordination
mode in [Zn(LCH2Py)2](ClO4)2 imposes a cis arrangement
around the metal center, leading to the formation of a couple
of enantiomers, as supported both by NMR analysis and DFT
calculations. The photophysical investigation revealed that
these zinc(II) complexes exhibit intense blue fluorescence, with
emission profiles comparable to those observed in the earlier
series, confirming that the introduction of an additional donor
arm does not compromise the emissive properties of the system.
On the contrary, the increased rigidity and defined coordination
environment provided by the tripodal ligands may represent a
valuable feature for the development of advanced luminescent
materials. Overall, this study further expands the scope of bis(i-
midazo[1,5-a]pyridine)-based ligands in coordination chemis-
try, demonstrating their versatility in accessing structurally
diverse and luminescent zinc(II) complexes, including chiral
species of potential interest for circularly polarized lumines-
cence (CPL) applications. Future work will focus on the reso-
lution of the racemic mixtures and on the isolation and
detailed investigation of the fluorescence properties of the indi-
vidual enantiomers.

4 | Experimental Section

4.1 | General Information

Infrared spectra were acquired on a Shimadzu Prestige-21 spec-
trometer with a 1 cm−1 resolution. Elemental analyses were
obtained with a Perkin-Elmer CHN Analyzer 2400 Series II.
NMR spectra were recorded with an AVANCE 400 Bruker spec-
trometer operating at 400MHz for 1H NMR and 100MHz for
APT 13C{1H} NMR. Chemical shifts are given as δ values in
ppm relative to residual solvent peaks as the internal reference.
J values are given in Hz. The UV–vis, excitation, and emission
spectra were measured using a fluorescence spectrometer
(Edinburgh Instruments FS5) equipped with a 150W continuous
Xenon lamp as a light source and a detector for transmittance. All
spectra were corrected for the wavelength response of the instru-
ment; lifetime measurements were performed on the same FS5
Edinburgh Instruments equipped with an EPLED-320 (Edinburgh
Instruments) as the pulsed source. Analysis of the lifetime decay
curves was done using Fluoracle Software package (Ver. 1.9.1),
which runs the FS5 instrument. Absolute fluorescence quantum
yields were determined on a Photon Technology International
(PTI) QuantaMaster QM-40 spectrometer (Xe arc lamp, 75W)
with a PhotoMed GmbH K-Sphere Integrating Sphere (3.2 inch.
diameter). All chemicals have been purchased (TCI Chemicals,
Fluorochem, Carlo Erba) and used without further purification.
Bis(1-methylimidazo[1,5-a]pyridin-3-yl)methane (LH) was pre-
pared as previously reported [34].

4.2 | Synthesis of 2-Chloromethylpyridine

2-Chloromethylpyridine is commonly stored in its hydrochloride
form to enhance its stability. 2-(Chloromethyl)pyridine hydro-
chloride (1.00 g, 6.10 mmol) was dissolved in water (10 mL),
and K2CO3 (1.69 g, 12.20 mmol) was carefully added in small por-
tions. The reaction mixture was stirred for 15 min, after which
dichloromethane (20 mL) was added and stirring was continued
for an additional 15min. Then 50mL of water was added, and the
layers were separated. The aqueous phase was extracted with
dichloromethane (3 × 50mL). The combined organic layers were
dried over anhydrous Na2SO4, filtered, and concentrated under
reduced pressure to afford a red liquid, which was used without
further purification. Yield: 0.73 g (92%). 1H NMR (400MHz,
CDCl3, 298 K, J [Hz]): δ= 8.58 (d, J = 4.5 Hz, 1H), 7.72
(td, J= 7.7, 1.6 Hz, 1H), 7.47 (d, J= 7.8 Hz, 1H), 7.34–7.04 (m,
1H), 4.68 (s, 2H). 13C{1H} NMR (100MHz, CD2Cl2, 298 K): δ
156.3, 149.2, 136.8, 122.8, 122.6, 46.6. NMR data (Figures S23
and S24) are consistent with those reported in the literature [39].

4.3 | Synthesis of 3,3 0-(2-Pyridylethane-1,1-diyl)
bis(1-methylimidazo[1,5-a]pyridine) (LCH2Py)

A solution of methylmagnesium bromide (4 mL of a 3M solution
in diethyl ether, 12 mmol) diluted in diisopropyl ether (5 mL)
was added dropwise at room temperature to a suspension of
LH (1.5 g, 5.43 mmol) in diisopropyl ether (15mL). After com-
plete addition, the reaction mixture was refluxed and stirred
for 4 h under an inert atmosphere. After cooling to room temper-
ature, 2-chloromethylpyridine (16.30mmol) was added slowly.
The resulting red suspension was stirred at 55 °C for an addi-
tional 12 h. The reaction was quenched with an aqueous NH4Cl
solution (150 mL), and the organic layer was extracted with
dichloromethane (3 × 100mL). The combined organic extracts
were dried over anhydrous Na2SO4, filtered, and the solvent
was removed under reduced pressure. The crude residue was dis-
solved in diethyl ether (10 mL), and the suspension was filtered to
remove any unreacted LH. Concentration of the filtrate under
vacuum afforded a yellow-to-orange solid. Yield: 1.12 g (56%).
Anal. Calcd (%) for C23H21N5: C, 75.18; H, 5.76; N, 19.06.
Found (%): C, 74.80; H, 5.70; N, 18.79. 1H NMR (400MHz,
CD2Cl2, 298 K, J [Hz]): δ= 8.46 (d, J= 4.4 Hz, 1H), 7.87
(t, J= 9.0 Hz, 2H), 7.50–7.36 (m, 1H), 7.27 (d, J= 9.2 Hz, 2H),
7.11–6.97 (m, 2H), 6.58–6.44 (m, 2H), 6.36 (t, J = 6.7 Hz, 2H),
5.53 (t, J= 7.5 Hz, 1H), 3.95 (d, J= 7.5 Hz, 2H), 2.44 (s, 6H).
13C{1H} NMR (100MHz, CD2Cl2, 298 K): δ= 159.6, 149.7,
136.5, 134.9, 127.9, 127.3, 124.3, 122.0, 121.7, 118.4, 116.9,
112.5, 39.1, 38.0, 12.8. IR: νC═N= 1640 cm−1.

4.4 | Syntheses of [Zn(LCH2Py)X2] Complexes

Zinc(II) halide (ZnX2, X=Cl, Br, I) (0.40 mmol) was added to a
solution of ligand LCH2Py (150mg, 0.40 mmol) in methanol
(15 mL), and the reaction mixture was stirred at room tempera-
ture for 4 h under an inert atmosphere. A suspension was formed,
and the product was collected by filtration and washed with
diethyl ether, affording a pale yellow solid.

European Journal of Inorganic Chemistry, 2026 9 of 12
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4.4.1 | [Zn(LCH2Py)Cl2]

Yield: 139mg (70.0%). Anal. Calcd (%) for C23H21Cl2N5Zn:
C, 54.84; H, 4.20; N, 13.90. Found (%): C, 54.68; H, 4.19; N, 13.60.
1H NMR (400MHz, CD2Cl2, 298K, J [Hz]): δ= 8.59 (d, J= 4.4Hz,
1H), 7.95 (d, J= 7.2Hz, 2H), 7.41 (d, J= 9.2Hz, 2H), 7.33
(td, J= 7.6, 1.5 Hz, 1H), 7.08 (dd, J= 7.1, 5.2 Hz, 1H), 6.78–6.69
(m, 3H), 6.64 (t, J= 6.7Hz, 2H), 5.76 (t, J= 7.5Hz, 1H), 3.56
(d, J= 7.5Hz, 2H), 2.75 (s, 6H). 13C{1H} NMR (100MHz,
CD2Cl2, 298K): δ= 156.8, 150.1, 137.6, 134.0, 128.5, 127.4,
124.7, 123.1, 120.9, 119.4, 118.9, 115.5, 44.9, 33.4, 12.2. IR:
νC═N= 1648 cm−1.

4.4.2 | [Zn(LCH2Py)Br2]

Yield: 227mg (83.0%). Anal. Calcd (%) for C23H21Br2N5Zn:
C, 46.61; H, 3.57; N, 11.82. Found (%): C, 46.40; H, 3.60; N, 11.61.
1H NMR (400MHz, CD2Cl2, 298K, J [Hz]): δ= 8.58 (d, J= 4.4Hz,
1H), 7.96 (d, J= 7.2Hz, 2H), 7.42 (d, J= 9.2Hz, 2H), 7.32
(td, J= 7.6, 1.7 Hz, 1H), 7.08 (dd, J= 6.9, 5.1 Hz, 1H), 6.78–6.68
(m, 3H), 6.65 (dd, J= 10.0, 3.5 Hz, 2H), 5.79 (t, J= 7.6Hz, 1H),
3.55 (d, J= 7.6Hz, 2H), 2.79 (s, 6H). 13C{1H} NMR (100MHz,
CD2Cl2, 298K): δ= 156.7, 150.1, 137.6, 133.8, 128.6, 127.5,
124.7, 123.1, 120.8, 119.5, 118.9, 115.6, 44.9, 33.6, 12.6. IR:
νC═N= 1655 cm−1.

4.4.3 | [Zn(LCH2Py)I2]

Yield: 210 mg (87.0%). Anal. Calcd (%) for C23H21I2N5Zn:
C, 40.23; H, 3.08; N, 10.20. Found (%): C, 40.02; H, 3.15; N, 9.91.
1H NMR (400MHz, CD2Cl2, 298 K, J [Hz]): δ= 8.60 (d, J= 4.4Hz,
1H), 7.92 (d, J= 7.3Hz, 2H), 7.47 (t, J= 19.1 Hz, 2H), 7.36–7.24
(m, 1H), 7.09 (dd, J= 7.0, 5.2 Hz, 1H), 6.75 (dd, J= 9.1, 6.5 Hz,
2H), 6.66 (dd, J= 14.2, 7.2 Hz, 3H), 5.81 (t, J= 7.4 Hz, 1H),
3.50 (d, J= 7.4 Hz, 2H), 2.86 (s, 6H). 13C{1H} NMR (100MHz,
CD2Cl2, 298 K): δ= 156.6, 150.2, 137.6, 133.7, 128.7, 127.9,
124.6, 123.2, 120.8, 119.5, 118.9, 115.7, 44.7, 33.9, 13.2. IR:
νC═N= 1652 cm−1.

4.5 | Syntheses of [Zn(LCH2Py)Br]BF4

NaBF4 (38.84 mg, 0.35 mmol) and AgNO3 (60.10 mg, 0.35 mmol)
were dissolved in CH3CN (5 mL), and the reaction mixture was
stirred for 45 min at room temperature, in the dark. A white
solid (NaNO3) formed, was removed by filtration, and washed
with CH3CN. The resulting filtrate, containing AgBF4, was
added to a solution of complex [Zn(LCH2Py)Br2] (150 mg,
0.26 mmol), and the reaction mixture was stirred for 1.5 h at
room temperature, under inert atmosphere, in the dark. A sus-
pension formed, and the solid (AgBr) was removed by filtration
and washed with CH3CN. The filtrate was concentrated by
reduced pressure to afford an oil. The residue was triturated
with diethyl ether, and the resulting precipitate was collected
by filtration to give the product as a pale yellow solid. Yield:
129 mg (90.0%). Anal. Calcd (%) for C23H21BBrF4N5Zn:
C, 46.08; H, 3.53; N, 11.68. Found (%): C, 45.71; H, 3.45;
N, 11.30. 1H NMR (400MHz, CD3CN, 298 K, J [Hz]): δ = 8.74
(s, 1H), 8.30 (t, J = 22.1 Hz, 2H), 7.85 (t, J = 7.4 Hz, 1H), 7.64–
7.50 (m, 2H), 7.51–7.39 (m, 1H), 7.15 (d, J = 7.5 Hz, 1H), 6.93
(dd, J = 6.5, 2.7 Hz, 4H), 5.85 (t, J = 5.3 Hz, 1H), 3.73

(d, J = 5.3 Hz, 2H), 2.60 (s, 6H). 13C{1H} NMR (100MHz,
CD3CN, 298 K): δ = 155.9, 151.7, 140.8, 134.4, 128.8, 128.3,
127.6, 124.7, 122.6, 121.1, 119.2, 116.6, 38.6, 31.0, 11.8. IR:
νC═N = 1650 cm−1, νBF4 = 1100 cm−1.

4.6 | Synthesis of [Zn(LCH2Py)2](ClO4)2

Zinc(II) perchlorate hexahydrate (70.0 mg, 0.19 mmol) was added
to a solution of ligand (150mg, 0.41 mmol) in 10 mL of methanol,
and the mixture was stirred at room temperature for 5 h. A sus-
pension was formed, and the yellow solid was filtered off, washed
with diethyl ether, and dried under vacuum. Yield: 148mg
(80.0%). Anal. Calcd (%) for C46H42Cl2N10O8Zn: C, 55.30;
H, 4.24; N, 14.02. Found (%): 54.89; H, 4.33; N, 13.69. 1H NMR
(400MHz, CD2Cl2, 298 K, J [Hz]): δ= 8.79 (d, J= 6.6 Hz, 2H),
8.24 (t, J= 12.2 Hz, 2H), 8.07 (d, J= 4.5Hz, 2H), 7.77 (d, J= 7.8Hz,
2H), 7.65 (tt, J= 15.7, 7.9 Hz, 2H), 7.36 (dd, J= 19.7,
9.2 Hz, 4H), 7.04 (dd, J= 6.9, 5.4 Hz, 2H), 6.93 (dd, J= 17.2,
8.0 Hz, 4H), 6.81–6.73 (m, 2H), 6.68 (t, J= 6.3 Hz, 2H),
6.32 (t, J= 8.1Hz, 2H), 3.97–3.70 (m, 4H), 2.41 (s, 6H), 1.65
(s, 6H). 13C{1H} NMR (100MHz, CD2Cl2, 298 K): δ= 155.9,
148.8, 138.6, 135.7, 134.2, 128.2, 127.9, 126.7, 126.4 126.2,
123.3, 122.9, 122.2, 121.4, 120.7, 118.1, 117.2, 116.7, 115.8, 44.6,
33.3, 12.4, 11.1. IR: νC═N= 1650 cm−1, νClO4= 1070 cm−1.

4.7 | X-Ray Structure Determination

Crystals of LCH2Py, [Zn(LCH2Py)Br2]·H2O, and [Zn(LCH2Py)2
(OH2)](ClO4)2 were obtained by slow evaporation of a concen-
trated diethylether solution (LCH2Py), by slow diffusion of hexane
into an acetone solution ([Zn(LCH2Py)Br2]·H2O) and slow diffu-
sion of methanol into a dichloromethane solution ([Zn(LCH2Py)2
(OH2)](ClO4)2). All crystals were mounted on a STOE
STADIVARI Eulerian 4-circle diffractometer equipped with a
Pilatus300K detector, using Cu-Kα radiation (λ = 1.54186 Å).
The structures were solved and refined by direct methods using
the OLEX2 platform [40]. The H-atoms were included in calcu-
lated positions and treated as riding atoms, while the non-H
atoms were refined anisotropically, using weighted full-matrix
least-square on F2. Crystallographic details are summarized in
Table S2. Figures 2–4 were drawn with Mercury [41]. In
[Zn(LCH2Py)2(OH2)](ClO4)2 a void of 71 Å3 (�20 electrons)
was observed. This void was considered to be a highly disordered
methanol molecule retained in the crystal growth process, and it
was removed during refinement using the Mask algorithm from
OLEX2, thus explaining the alerts-A associated to this structure.
Nevertheless, the structure of the complex is sound, and it con-
firms the formation of the penta-coordinated complex during the
crystallization process.

CCDC-2549139 (LCH2Py), 2549140 ([Zn(LCH2Py)Br2]·H2O), and
2549141 ([Zn(LCH2Py)2(OH2)](ClO4)2) contain the supplementary
crystallographic data for this paper. These data can be obtained
free of charge via www.ccdc.cam.ac.uk/data_request/cif, by
e-mailing data_request@ccdc.cam.ac.uk, or by contacting The
Cambridge Crystallographic Data Centre, 12, Union Road,
Cambridge CB2 1EZ, UK; fax: +44 1223 336033.

10 of 12 European Journal of Inorganic Chemistry, 2026

 10990682c, 0, D
ow

nloaded from
 https://chem

istry-europe.onlinelibrary.w
iley.com

/doi/10.1002/ejic.70289 by U
niversity O

f N
euchatel, W

iley O
nline L

ibrary on [05/08/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://www.ccdc.cam.ac.uk/data_request/cif
mailto:


4.8 | Computational Details

All calculations were carried out at the density functional level
of theory with the ADF2022.101 program package [42–44].
The PBE0 functional [45] was employed for all calculations.
Frequency analyses were performed for all optimized structures
to establish the nature of the stationary points. For geometry
optimizations, C and N atoms were described through TZ2P basis
sets [triple-ξ Slater-type orbitals (STOs) plus two polarization
functions], Zn and Br atoms were described through QZ4P basis
sets [quadruple-ξ STOs plus four polarization functions], and H
atoms were described through DZP basis sets [double-ξ STOs
plus one polarization function]. Restricted formalism, no-fro-
zen-core approximation (all-electron), and no-symmetry con-
straints were used in all calculations. Solvent effects (CH2Cl2)
were simulated employing the conductor-like continuum solvent
model (COSMO) [46–48] as implemented in the ADF suite.
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