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Abstract

A series of methoxylated imidazo[1,5-a]pyridines is presented and their optical and electrochemical
properties investigated and interpreted on the basis of density functional theory calculations. The
photophysical properties are discussed in relation to the chemical structure. The key role of the 1,3
substitutions on the imidazo[1,5-a]pyridine nucleus on rotational barriers and on frontier molecular
orbitals is discussed in relation to the experimental hyperchromic effect, photoemission quantum
yield and electrochemical properties. Depending on the position of the introduced methoxy
substituents on the imidazo[1,5-a]pyridine nucleus, we are able to tune the Stokes shift and to increase
the emission quantum yield from 22% to 50%.



1. Introduction

Luminescent and electroluminescent small organic molecules are widely employed in everyday
products, like digital displays of televisions, smartphones and wearable devices.[1-3] Defined
emission properties, in a selected spectral region, such as high quantum yield and intense absorption,
optical tunability and large Stokes shift (to avoid reabsorption) are essential requirements for any
fluorophore designed for fluorescence microscopy, down-converting technologies, lighting devices
or any other field in which luminescent molecules are employed.[4-8]

In this context, imidazo[1,5-a]pyridine derivatives are receiving an increasing interest[9] for several
applications in materials science,[10] nonlinear optics (NLO),[11] confocal microscopy,[12,13]
fluorescence sensing,[14—-16] and for pharmaceutical and medical research.[17-20] Meanwhile, the
electroluminescence of imidazo[1,5-a]pyridines has been recently investigated for the first time by
G. Albrecht et al., employing layered OLEDs based on this fluorogenic nucleus as emitting
system.[21,22] Regarding the use of coordination compounds containing imidazo[1,5-a]pyridine
derivatives, up to now only copper complexes bearing imidazo[1,5-a]pyridine ligands have been
employed in light emitting electrochemical cells.[23,24]

Among the different families of luminophores, the imidazo[1,5-a]pyridine core is widely studied
owing to: i) intense blue emission with large Stokes shift, ii) good optical tunability, and iii) moderate
photoluminescence quantum yields (¢).[11,14,25-27] Furthermore, using appropriate substitution
patterns, coordination metal complexes can be obtained and, in general, the modification of the
imidazo[1,5-a]pyridine nucleus by coordinating substituents can lead to substantial modifications of
the optical behaviour.[28-31]

In a few previous works, differently substituted imidazo[1,5-a]pyridines were synthetized and
characterized to find a relationship between optical properties and chemical modifications in position
1 of the imidazo[1,5-a]pyridine skeleton. As clearly reported in these papers,[32—-35] the methoxy
group is regarded as the best substituent to increase the emissive behaviour of the imidazo[1,5-
a]pyridine nucleus. For such reason, herein, we present a systematic study on the synthesis and optical
characterization of differently methoxylated imidazo[1,5-a]pyridine derivatives (Figure 1). The
fluorophores have been designed to investigate the relationship between the chemical structure (i.e.
the position and the number of the conjugated methoxy groups on the dye skeleton) and the electronic
behaviour, in order to further optimize the optical properties and pave the way, also for this class of
simple and low cost emitters, to a real application in sensors, in fluorescence microscopy imaging or

even in energy related devices (from lighting to photovoltaic applications).
Or—-—'

Figure 1. Chemical structures of the studied 1,3-substituted-imidazo[1,5-a]pyridines.



2. Results and discussion

2.1. Synthesis

Compounds 1-6 are based on the luminescent imidazo[1,5-a]pyridine skeleton and were obtained
applying previously reported synthetic approaches. In particular, compounds 1 and 2 were prepared
by condensation of phenyl(pyridin-2-yl)methanone with benzaldehyde or 2-methoxybenzaldehyde,
respectively;[32,34,36] compounds 3-5 were synthesised through the condensation of di(2-
pyridyl)ketone with different aldehydes: 2-methoxybenzaldehyde for compound 3, 4-
methoxybenzaldehyde for 4 and 2,6-dimethoxybenzaldehyde for compound 5;[19,24,37] compound
6 was prepared by condensation of bis(6-methoxypyridin-2-yl)methanone with  2-
methoxybenzaldehyde. Compounds 5 and 6 are new molecules and have never been reported before.
Compound 1 can be considered a well-known reference for fluorescent imidazo[1,5-a]pyridine;
without chemical groups on the aromatic substituents in position 1 and 3. Compound 2 was chosen
as a starting point owing to its excellent emission properties, as highlighted in previous works focused
on the photophysical properties of different 3-substituted-imidazo[1,5-a]pyridine dyes.[31,35,38,39]
In particular, 2 displays the highest ¢ if compared to similar 1,3-substituted-imidazo[1,5-a]pyridine
derivatives. Since compound 2 shows a methoxy group, we decided to investigate the effect of this
specific substituent in different positions.

To further improve the emissive features of 2, we adopted two different structural strategies: i) the
substitution of the phenyl group in position 1 with a pyridine group, and ii) the introduction of
methoxy groups in four different positions (Figure 1). The effects of these structural and electronical
modifications on the emission properties of the studied fluorophores are herein discussed.

2.2 Characterization

The absorption and emission spectra of 1-6 are shown in Figure 2 and 7 and selected photophysical
data are reported in Table 1.

All the compounds are characterized by two main bands peaking at Amax ~ 300 nm and Amax 360-380
nm, with almost no absorption beyond 430 nm. 1-5 show a higher molar absorbance value for the
first peak (300-320 nm) if compared to the second one (340-370). Overall, all the molecules have a
good log(g) value of ~4. Furthermore, the intensity of the lowest-energy band significantly increases
going from compounds 1 and 2 to 3-6. Such hyperchromic effect, induced by the substitution of the
phenyl group (1 and 2) with the pyridine (3-6) in position 1 on the imidazo[1,5-a]pyridine nucleus,
is predicted by TDDFT calculations: upon introduction of a pyridyl moiety, the oscillator strength of
the first electronic transition significantly increases (Figures 3). This behaviour can be rationalized
considering the molecular conformation in the ground state calculated by DFT and the corresponding
frontier orbitals (Figure 4). Indeed, the nitrogen atom of pyridine derivatives 3-6 leads to a
planarization of this peripheral moiety with the imidazo[1,5-a]pyridine core, due to i) the missing
repulsion of the hydrogen atom previously bound to the replaced carbon in 1 and 2, and ii) to the
interaction between the lone pair of nitrogen and the neighbouring hydrogen atom at the core.[40]
The lowest-energy singlet electronic transition can be considered a n-n*, essentially involving the
highest-occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO),
for all the considered compounds (see Tables S1-S6 in the supplementary data section, for details).
The HOMO is spread over the imidazo[1,5-a]pyridine nucleus and the aromatic substituent in
position 1, whereas the LUMO is located mainly on the imidazo[1,5-a]pyridine nucleus of 1 and 2,



in which the phenyl group is twisted out of the imidazo[1,5-a]pyridine plane, and for 3-6 it also
extends over the pyridyl moiety, as a consequence of the structural planarization. In other words, the
planarization directly affects the magnitude of the transition dipole by increasing the overlap of the
wave functions.[35]

The introduction of the methoxy group in different positions of the 1,3-substituted-imidazo[1,5-
a]pyridine (2-6) does not cause a strong shift in the absorbance maxima in comparison to compound
1 (see Table 1). This behaviour is confirmed by TDDFT calculations, as evident by the computed
singlet excited state transitions reported in Figure 3. More in details, observing the EDDM (Electron
Density Difference Map) relative to transition 1 (Figures 3), it is evident how the phenyl or the
pyridine substituent in position 1 are involved in the electronic transition with an opposite effect.
Indeed, the substitution results in a blue-shift of the low energy transition of compounds containing
the pyridine (3-6), compared to those bearing the phenyl (1, 2). TDDFT calculations also point out
the limited involvement of the methoxy groups in the first electronic transition.

Table 1. Selected photophysical properties of compound 1-6 in dichloromethane solution (10° M).

Compound | Aabs (NmM) Aem (NM) Stokes shift (nm) | Log(e) (M'cm™) | ¢
306 4.30
1 34 sh 481 175 409 0.22
301 4.36
2 374 sh 474 173 386 0.38
320 4.07
3 370 457 87 406 0.36
320 4.25 0.24
4 375 469 % 3.88
330 411 0.50
> 367 455 88 3.98
413 sh
6 43(7)2h 433 58 4.11 0.36
460 sh
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Figure 2. Normalized absorption spectra of 1-6 in dichloromethane solution (10> M).
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Figure 3. Experimental electronic absorption spectra of 1-6 in dichloromethane solution (10° M)
together with calculated singlet excited state transitions computed from the ground state, as vertical
excitation with linear response solvation (vertical bars with height equal to the oscillator strength
values). EDDM for the lowest energy singlet electronic transition computed by TDDFT (black
indicates a decrease in electron density while green indicates an increase).
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Figure 4. DFT calculated frontier molecular orbitals of 1-6.

Table 2. Redox potentials (vs. ferrocenium/ferrocene reference) of 1-6 in dichloromethane solution
(5 mM) together with DFT calculated energy of frontier molecular orbitals.

Compound Electrochemistry DFT
E%onset (V) | E12™ (V) Exomo (eV) | Ernomo (V) | ELumo (eV)
1 0.409 0.482 -5.17 -5.06 -1.16
2 0.355 0.435 -5.10 -5.03 -1.11
3 0.389 0.438 -5.14 -5.10 -1.25
4 0.344 0.422 -5.08 -5.02 -1.28
5 0.348 0.417 -5.09 -5.07 -1.20
6 0.079 0.128 -4.71 -4.93 -1.10
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Figure 5. Normalized cyclic voltammetry: oxidation process of 1-6 in dichloromethane solution (5
mM).

Electrochemical properties of a new fluorophore are of paramount importance, in view of possible
applications. For example, the absolute energy-level position of frontier orbital is a fundamental



information for the choice of electro-active materials, to effectively inject charge carriers into thin
films of organic molecules or act as hole transporting materials. Table 2 and Figure 5 summarize the
oxidation process of 1-6, analysed by cyclic voltammetry in dichloromethane solution. The six
compounds display a monoelectronic oxidation, characterized by half-wave potential E1/, of about
400 mV (versus ferrocene/ferrocenium reference, Fc/Fc*), as previously reported for imidazo[1,5-
a]pyridine derivatives.[21,22,38-41] 1-4 show chemically reversible oxidation waves, while in the
case of 5 and 6 they are quasi-reversible. Moreover, the trimethoxylated derivative 6 is oxidized at
less-positive potential, attesting the significant electron-donating effect of the methoxy substituent
directly bond on the imidazo[1,5-a]pyridine nucleus (less positive E1/2%%, E%onset, and an increase in
HOMO energy). The energy of the HOMO was estimated by cyclic voltammetry and compared whit
the result of DFT calculations. The oxidation onset potential E®onset Was derived by cyclic
voltammogram traces and converted according to its relationship to the ionization energy (Ei), as
proposed by D’ Andrade et al.:[42]

Enomo = —Ei = —(4.6 eV + 1.4-E™onset)

The energies of the HOMO determined by electrochemistry match very well those calculated by DFT.
In dichloromethane solution, all the imidazo[1,5-a]pyridines exhibit an intense emission in the blue
region of the spectrum, as previously reported by us.[43-46] In detail, the intense fluorescence is
centred at Amax~ 450-480 nm, with ¢ values ranging from 22% to 50% (1 and 5 respectively). These
values are comparable to the best results previously reported in literature for imidazo[1,5-a]pyridine
derivatives.[33,35,44,45,47-49] The emission maximum is strongly influenced by the chemical
structure. Indeed, the synthetic strategies employed to design compounds 1-6 allow obtaining 50 nm
of blue shift for the emission, going from 1 to 6 (Figure 6).
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Figure 6. Normalized emission spectra of 1-6 in dichloromethane solution (10> M).

400 450

According to literature data, the introduction of the pendant pyridine group in position 1 on the
imidazo[1,5-a]pyridine, compared to the introduction of e.g. a phenyl pendant group, could increase
the ¢ values.[25,50,51] However, compounds 2 and 3 show comparable ¢ of 38% and 36%,
respectively, indicating that the introduction of the pyridine is not particularly effective from this
point of view. Nevertheless, the important presence of the pendant pyridine guarantees the typical
bidentate ligand motif, which is well-known for allowing suitable complexation reactions and
optoelectronic applications. [29,41,52-55] Moreover, the substitution of the benzene ring with a



pyridine in position 1 on the imidazo[1,5-a]pyridine causes a blue shift of the emission spectra of
about 20 nm, as evidenced comparing 2 and 3.

Besides the modification in position 1 on the imidazo[1,5-a]pyridine nucleus, we focused our
attention on the introduction of electro-donating methoxy groups in different positions. This
substituent is considered one of the more effective to increase the emissive behaviour of imidazo[1,5-
a]pyridines.[32—-35] Comparing the absorption and emission profiles of 1 and 2, no significant
differences are evidenced; however, the quantum yield doubles, suggesting the fundamental structural
role of the methoxy in blocking the rotation of the phenyl substituent in position 3. The comparison
between 3, 4 and 5 emphasizes the importance of the substitution in position 3 on the imidazo[1,5-
a]pyridines nucleus. The best results are obtained when the methoxy group is introduced in ortho on
the phenyl pendant group (3, 5 and 6). Indeed, the methoxy group in para, as for compound 4, leads
to a ¢ comparable to that of the unsubstituted compound 1. This decrease can be attributed to the
unlocking of the rotation in compound 4. The hypothesis is further supported by the excellent results
obtained by introducing two methoxy substituents in ortho (5). Indeed, in this case a large Stokes
shift and the highest quantum yield among all the compounds considered are successfully achieved
(¢ enhanced up to 50%). Finally, compound 6 shows three methoxy groups: one on the imidazo[1,5-
a]pyridine nucleus and two on the pendant (phenyl and pyridine) substituents. Compound 6 shows
the strongest blue shift and an intermediate quantum yield (36%), comparable to other mono-ortho
substituted compounds 2 and 3.

The analysis of rotational energy barriers, calculated using DFT for the phenyl substitute in position
3, supports this interpretation (Figure 7). Compounds 1 and 4 have the lower emission quantum yield,
the methoxy group is absent or is in para position, the rotational energy barrier (67 kJ mol™?) is lower
than the thermal energy available for molecules at room temperature and the free internal rotation
favours non-radiative transition back to the ground state. In compounds 2 and 3 the barriers are higher
(100 kJ mol? for synperiplanar and 750 kJ mol™ for antiperiplanar conformations), the steric
hindrance of the methoxy group in ortho position avoids the complete rotation, increasing the
emission quantum vyield. Finally, in compounds 5 and 6, the two methoxy substituents in ortho
position (5) and the steric interaction of the two overlapping methoxy groups (6) completely preclude
the rotation of the phenyl ring (both energy barriers greatly exceed the critical threshold of 100 kJ
mol™). In 5, this results in a marked increase of the emission quantum yield up to 50%. In the case of
6, despite the rotation blocking, the quantum yield does outperform the results of 2 and 3, suggesting
the existence of alternative deactivation pathways, established with the introduction of three methoxy
groups.
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Figure 7. Rotational barrier energy profile calculated for the rotation of the phenyl substituent in
position 3 on the imidazo[1,5-a]pyridine skeleton of 1-6.

According to these observations, the reported structural modifications have different and definite
effects on the optical properties. The substitution of the benzene ring with a pyridine in position 1 on
the imidazo[1,5-a]pyridine causes a blue shift of the emission spectra of about 20 nm (as evidenced
comparing 2 and 3). The electronic role of the methoxy substituent is modest but evident, as
demonstrated by the marked blue shift obtained for 6, introducing three methoxy substituents. Even
more noteworthy is the structural role of the methoxy introduced in ortho (2, 3, 4, 6), allowing to
block the rotation of the phenyl ring with a marked increase of the emission quantum yield. In general,
compound 5 represents the best candidate for optical application because of its intense emission with
great quantum vyield and large Stokes shift. A preliminary test of the photostability of these
compounds, performed by multiple emission experiments in dichloromethane solution (see Figure S1
in supplementary data section for 2 and 5), reveals good medium-term stability (3.5% degradation
after 3 hours), compatible with the use of these compounds as free emitters in sensors or fluorescence
microscopy imaging.

3. Experimental details

3.1 Materials and techniques

All solvents and raw materials were used as received from commercial suppliers (Sigma-Aldrich and
Alfa Aesar) without further purification.

TLC was performed on Fluka silica gel TLC-PET foils GF 254, particle size 25 nm, medium pore
diameter 60 A. Column chromatography was performed on Sigma-Aldrich silica gel 60 (70-230 mesh
ASTM).

Elemental composition was determined using a Thermo FlashEA 1112 Series elemental analyser.
Three replicas were performed and values were presented as % mass mean value.

'H and 3C NMR spectra were recorded on a JEOL ECP 400 FT-NMR spectrometer (*H NMR
operating frequency 400 MHz). Chemical shifts are reported relative to TMS (6 = 0) and referenced



against solvent residual peaks. The following abbreviations are used: s (singlet), d (doublet), t
(triplet), dd (doublet of doublets), m (multiplet).

Mass spectra were recorded on a Thermo-Finnigan Advantage Max lon Trap Spectrometer equipped
with an electrospray ion source (ESI) in positive and negative ion acquiring mode.

UV-Vis absorption spectra were recorded on a Cary60 spectrometer. Photoemission spectra,
luminescence lifetimes and quantum vyields were acquired with a HORIBA Jobin Yvon IBH
Fluorolog-TCSPC spectrofluorometer, equipped with a Quanta-¢ integrating sphere. The spectral
response was corrected for the spectral sensitivity of the photomultiplier.

Cyclic voltammetry experiments were performed using a Metrohm Autolab 302 N potentiostat. The
electrochemical cell was a single-compartment cell equipped with a standard three-electrode set-up:
a glassy carbon working electrode (& = 1 mm), a Pt-wire counter electrode and a Ag/AgCl (KCI 3
M) reference electrode. All measurements were carried out in dichloromethane solution (5 mM) with
tetrabutylammonium hexafluorophosphate (0.1 M) as supporting electrolyte.

All calculations were performed with the Gaussian 16 program package,[56] employing the Density
Functional Theory (DFT) and its Time-Dependent extension TD-DFT.[57,58] The Becke three-
parameter hybrid functional,[59] and the Lee— Yang — Parr’s gradient corrected correlation functional
(B3LYP)[60] were used together with the 6-31G** basis set.[61] The solvent effect was included
using the polarizable continuum model (CPCM method),[62,63] with acetonitrile as solvent.
Geometry optimizations were carried out for ground states, without any symmetry constraints. The
nature of all stationary points was verified via harmonic vibrational frequency calculations, no
imaginary frequencies were found, indicating we had located minima on potential energy surfaces.
Rotational energy barriers were computed performing rigid potential energy surface scans (rotation
of a dihedral angle between the imidazo[1,5-a]pyridine core and the phenyl substitute in position 3),
and setting to zero the energy of the ground state optimized geometries. Electronic transitions were
computed from the ground state, as vertical excitation with linear response solvation by TD-
DFT,[57,58] employing the ground state optimized geometries. A total of 128 singlet excited states
was computed for each compound, the electronic distribution and the localization of the singlet
excited states were visualized using Electron Density Difference Maps. GaussSum 2.2.5[64] was used
to simulate the theoretical UV-Vis spectra and for EDDMs calculations.[65,66] Molecular-graphic
images were produced by using the UCSF Chimera package from the Resource for Biocomputing,
Visualization, and Informatics at the University of California, San Francisco.[67]

3.2 Syntheses

Compounds 1-4 were prepared as previously reported: 1 and 2 [32,68-70], 3 [24], 4 [37,71];
compound 5 was prepared using a previously reported synthetic approach involving 2,6-
dimethoxybenzoic acid, di(pyridin-2-yl)methanamine and propylphosphonic anhydride,[51,72]
compound 6 has been prepared with a slight modification of a previously reported procedure.[23]

3-(2,6-dimethoxyphenyl)-1-(pyridin-2-yl)H-imidazo[1,5-a]pyridine (5).

2,6-dimethoxybenzoic acid (2.0 mmol, 364 mg) was added to a solution of di(pyridin-2-
yl)methanamine (2.0 mmol, 370 mg), in n-butyl acetate (25 mL) at rt. The resulting slurry was added
with 7.5 mL of T3P (propylphosphonic anhydride 50% solution in ethyl-acetate), the solution was
stirred at room temperature for 1 h, before being heated at reflux for 16 h. The reaction mixture was
cooled to room temperature and the n-butyl acetate was removed by evaporation under vacuum. The
solid was dissolved in saturated sodium carbonate solution and the mixture extracted with CH2Cl> (3



x 10 mL). The organic layer was separated, dried and the solvent evaporated under vacuum. The
formed solid was washed several times with diethyl ether and dried under vacuum obtaining the
product as a yellow powder (yield: 558 mg, 84%), melting point 178 °C. *H NMR (400 MHz, CDCls)
08.67 (d,J=9.2 Hz, 1H), 8.61 (d, J=4.8 Hz, 1H), 8.25 (d, J = 8.1 Hz, 1H), 7.67 (td,J =7.7, 1.8 Hz,
1H), 7.42-7.46 (m, 2H), 7.05 (dd, J = 7.3, 4.8 Hz, 1H), 6.91 (dd, J = 9.2, 6.4 Hz, 1H), 6.69 (d, J = 8.5
Hz, 2H), 6.55 (t, J = 6.8 Hz, 1H), 3.73 (s, 6H). *C NMR (100 MHz, CDCl3) § 160.21, 155.61, 148.96,
136.13, 132.19, 131.93, 130.10, 129.66, 122.56, 121.42, 120.88, 120.23, 120.11, 112.82, 107.09,
104.25, 77.16, 56.13 MS (ESI) m/z calculated for CxoH1sN3O2 ([M+H]") 332.16; found 332.20.
C20H17N302 requires C, 72.5; H, 5.2; N, 12.7%; found: C, 72.1; H, 5.3; N, 12.5%.

5-methoxy-3-(2-methoxyphenyl)-1-(6-methoxypyridin-2-yl)H-imidazo[1,5-a]pyridine (6).

A mixture consisting of bis(6-methoxypyridin-2-yl)methanone (2.00 mmol, 488 mg), 2-
methoxybenzaldehyde (2.00 mmol, 272 mg), and ammonium acetate (10.00 mmol) in 25 mL of
glacial acetic acid was stirred at 118 °C. After 12 h, the reaction mixture was cooled to room
temperature and the acetic acid was removed by evaporation under vacuum. The solid was dissolved
in an aqueous solution of NaCOsz and the mixture extracted with CH2Cl,. The organic layer was
separated and the solvent evaporated under vacuum. The formed solid was washed several times with
diethyl ether and dried under vacuum obtaining a quantitative yield of the product as a yellow powder
(yield: 506.99 mg, 70%), melting point 169 °C. *H NMR (400 MHz, acetone-d6) & 8.38 (d, J = 8 Hz,
1H), 7.51-7.62 (d, 2H), 7.36-7.45 (m, 2H), 6.99-7.07 (m, 3H), 6.55 (d, J = 6.47 Hz, 1H), 6.07 (d, J =
6.47, 1H), 4.06 (s, 3H), 3.70 (s, 3H), 3.68 (s, 3H). 13C NMR (100 MHz, acetone-d6) § 138.71, 131.78,
130.77, 123.98, 120.30, 113.62, 112.73, 110.81, 109.78, 89.67, 66.11, 57.72, 56.72, 55.71, 54.96,
53.66, 18.90, 15.60. MS (ESI): m/z calculated for C2:H20N303 [(M+H")] 362.14; found 362.18.
C21H19N303 requires C, 69.8; H, 5.3; N, 11.6%; found: C, 69.5; H, 5.4; N, 11.5%.

4. Conclusions

This series of fluorescent 1,3-substituted imidazo[1,5-a]pyridine derivatives was designed to increase
the optical performances of this well-known luminescent heterocyclic nucleus. The imidazo[1,5-
a]pyridine core was substituted in different positions with one or more methoxy groups, and in
position 1 with phenyl or pyridine pendant groups, employing convenient and highly accessible
synthetic approaches.

The discussed compounds are characterized by absorption maxima in the near-UV region and no
significant absorption in the visible range (Amax < 430 nm), with a respectable transparency. The
intense emissions in the spectral range between 400 and 550 nm, with quantum yield up to 50%, are
associated to large Stokes shifts from 60 to 175 nm.

Investigating, both experimentally and computationally, the optical properties of the six molecules
we unravelled and rationalized the possible correlations between the chemical structure and the
electronic behaviour of these fluorophores, highlighting the key role of the rotation of the substituent
group in position 1 and 3 on the imidazo[1,5-a]pyridine skeleton in increasing the emission quantum
yield and in influencing the frontier molecular orbitals. Indeed, the comparison of the optical
properties along the series emphasizes the importance of the substitutions in position 1 and 3.

We can conclude that the introduction of methoxy groups in different positions, and the change of
the pendant group in position 1 on the imidazo[1,5-a]pyridine skeleton, have a modest effect on the
absorption and emission ranges. On the other hand, 2, 3, 5 and 6 show a strong increase (up to 50%)
of the emission quantum yield with respect to 1 and 4 (~20%). In particular, it is evident how



fundamental is the role of the steric hindrance of the methoxy groups introduced in ortho positions
(2, 3, 4, 6), allowing to partially or completely block the rotation of the phenyl ring, with a marked
increase of the emission quantum yield.

Despite the explanation for the remaining 50% of non-radiative decay at this stage could be
speculative, we believe that limiting the rotation of the substituent in position 1 could be crucial.
Similarly, the quantum yield of 6, which is lower than what can be inferred from the PES scan profile,
suggests the existence of alternative deactivation pathways, established with the introduction of the
three methoxy groups.

Moreover, different roles could be designed for this series of compounds. The practically null
absorbance (very little for 5 and 6) in the visible region, the relatively good quantum yield coupled
with a large Stokes shift and an interesting photostability make them suitable for application as down-
shifters for building integrated photovoltaic devices (e.g. smart window, greenhouse roofs, etc.).
However, due to the reversible chemistry, they could be further employed as standing alone (or
embedded in metal complexes) redox mediators for liquid or quasi-solid photovoltaic cells (e.g.
DSSCs). In view of these possible applications, further studies are therefore needed, especially to
verify the stability or their photo and electrochemical properties in environmental conditions.

In conclusion, this work gives a clear insight for the design of new derivatives towards application in
fluorescence microscopy, down-converting technologies, lighting devices and other technological
fields.
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