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Abstract

A series of new emissive imidazo[5,l-a]isoquinolines were synthesized, and their electronic
properties investigated, compared, and discussed in light of their chemical structure. The electronic
spectra show absorption bands around 330-350 nm and intense fluorescence emissions between 440
nm and 460 nm, with corresponding huge Stokes shifts (6464-8611 cm!). Depending on the position
and the electronic properties of the substituents on the imidazo[5,1-a]isoquinoline nucleus, the
emission quantum yield in dichloromethane solution enhances from 9% to 37%. The collected data
suggest that two distinct mechanisms are responsible for the enhanced emission: the steric hindering
of the rotation of the substituent and its electronic effect, improved by the molecular planarization
attainable exclusively with electron-withdrawing substituents in para position.



1. Introduction

Small fluorescent molecules are powerful tools employed in a plethora of practical applications and
everyday products. Intense emission, as well as defined absorption, optical tunability, and significant
Stokes shift (to avoid reabsorption), represent the most critical requirements for any luminescent
scaffold designed for possible technological applications in the fields of lighting, down-converting,
fluorescence, and confocal microscopy or any other field applying luminescent molecules [1-8].

In this context, the imidazopyridine skeleton, which consists of an imidazole moiety fused to a
pyridine ring, represents an important biologically-active nitrogen-containing heterocycle and an
intense and versatile fluorogenic nucleus. Among imidazopyridine derivatives, the most reported are:
imidazo[1,5-a]pyridines [9-11], imidazo[1,2-a]pyridines [12—-14], imidazo[5,1-a]quinolones [15—
17] and imidazo[2,1-alisoquinolines (Figure 1); being important classes of nitrogen ring-junction
heterocyclic compounds for optical, technological and medical applications [9,18].

Due to synthetic difficulties, imidazo[5,1-aJisoquinoline is the least investigated imidazopyridine
moiety, despite its promising optical properties and the extended m-system [19]. Recently, some
procedures have been reported, underlining the importance of developing new synthetic approaches
to collect this poorly investigated heterocyclic skeleton [19-21]. In this context, we propose here an
easy synthetic strategy to obtain the 1,3-disubstituted imidazo[5,1-a]isoquinoline nucleus (Figure 1)
starting from substituted aromatic aldehydes and the well-known alkaloid papaverine. The reaction
conditions are similar to those previously reported to synthesize related imidazo[l,5-a]pyridine
derivatives [22,23].
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Figure 1. Chemical structures of the principally investigated imidazopyridine and imidazoquinoline
skeletons.

Among the different families of luminophores, the imidazopyridine core has been widely studied due
toits intense emission combined witha large Stokes shift [24—29]. Moreover, the electroluminescence
of different imidazopyridines and imidazoquinoline has been recently investigated to develop layered
OLEDs based on these fluorogenic nuclei showing promising performances [16,17,30-33]. In this
context, a few previous works highlight a close relationship between optical properties and chemical
modifications in different positions of the imidazopyridine skeleton, pointing out the importance of
hindering the rotation of the substituents in positions 1 and 3 to increase the quantum yield [34-37].
Inspired by these notions, herein we present a study on an innovative synthetic approach to obtain
five new fluorescent imidazo[5,1-alisoquinolines (see molecular structures in Figure 2). The
molecules are designed to investigate the relationship between the chemical structure (position of
electron-donating or electron-withdrawing substituent groups) and the corresponding optical-
electronic behaviour to pave the way, for this class of low-cost fluorophores, to technological
applications in devices or as free emitters in sensors or fluorescence microscopy, as recently reported
for these versatile fluorogenic nuclei [19,21,38—43].



The main target of this work is to investigate the relation between the position and the electronic
nature of inserted substituent groups and the optical behaviour of the resulting emitters. In particular,
to further improve the emissive features, we adopted two different strategies: 1) the introduction of
substituent groups (on the phenyl in position 1) in ortho and para position to exploit the rotational
barrier as previously reported by us on similar imidazo[1,5-a]pyridine emitters; ii) the introduction
of electron-donating or electron-withdrawing substituents to evaluate the specific electronic role of
these groups on the electron-rich imidazo[5,1-a]isoquinoline scaffold.

Figure 2. Chemical structures of the studied imidazo[5,1-a]isoquinolines.

2. Results and discussion

2.1. Synthesis

The novel compounds 1-5 are based on the luminescent imidazo[5,1-aJisoquinoline skeleton and
were obtained applying a synthetic approach previously developed to obtain the imidazo[l,5-
alpyridine nucleus [23,44]. Specifically, the reaction consists in the condensation of (6,7-
dimethoxyisoquinolin-1-yl)(3,4-dimethoxyphenyl)methanone (commonly known as
“papaveraldine”) with differently substituted aromatic aldehydes. Compound 1 was obtained using
benzaldehyde, compounds 2 and 3 using 2-methoxybenzaldehyde and 4-methoxybenzaldehyde,
respectively. Similarly, compounds 4 and 5 were obtained using 2-trifluoromethyl benzaldehyde and
4-trifluoromethyl benzaldehyde, respectively.

CH,COOH
CH3COONH,

Scheme 1. Condensation reaction to obtain imidazo[5,1-a]isoquinolines 1-5.

The papaveraldine was synthesised in high yield oxidizing the papaverine in mild conditions, as
previously reported [45]. Papaverine is a well-known antispasmodic drug collected by extraction from
Papaver somniferum (L., 1753). Here, it has been employed as a valuable precursor to obtain a



suitable ketone for the successive heterocyclization; this is particularly remarkable given the
difficulty of finding on the market (or synthesizing) such kind of key reagents.

Compound 1 was selected as a reference for this study due to the absence of chemical groups on the
phenyl ring in position 3 on the imidazo[5,1-aJisoquinoline, and the presence of the intact veratrole
unit in position 1. Indeed, employing the papaveraldine as a ketone reagent, the obtained derivatives
maintain the veratrole unit in position 1 on the imidazo[5,1-a]isoquinoline nucleus.

Since imidazol[5,1-alisoquinoline is an electron-rich nucleus, we planned to investigate the effect of
both electron-donating (methoxy) and electron-withdrawing (trifluoromethyl) groups, adequately
introduced in ortho and para positions on the phenyl in position 3.

The synthetic approach is extremely promising, especially when compared to the previously reported
strategies, which involve the use of either toxic or expensive catalysts such as SeO2 [21] or PACL
[46]. Recently imidazo[5,1-alisoquinolines have been obtained by direct reaction of isoquinolin-1-
yl(phenyl)methanone and 2-formylbenzoic acid in acid conditions [38]. Unfortunately, this last
approach is severely limited by the commercial availability of alternative ketones suitable to obtain
the target imidazo[5,1-alisoquinoline skeleton. For these reasons, using papaveraldine ketone,
derived from highly available and inexpensive papaverine, is an excellent choice for designing 3-
substituted imidazo[5,1-a]isoquinoline emitters.

2.2 Photophysical characterization

The absorption and emission spectra of compounds 1-5 in dichloromethane solution are shown in
Figure 3, and a selection of their photophysical data is reported in Table 1.

All the compounds are characterized by a main absorption band at Amax ~ 330-350, with almost no
absorption beyond 440 nm. The molecules have a moderate molar absorption coefficient, log(e) ~4.
From this point of view, introducing the methoxy or the trifluoromethyl group in different positions
of the 1,3-substituted-imidazo[1,5-a]pyridine nucleus does not cause any appreciable shift in the
absorbance maxima in comparison to compound 1 (see Table 1). Only compound 5 differs slightly,
showing a peculiar bathochromic shift (see Figure 3).

Table 1. Selected photophysical properties of compound 1-5 in dichloromethane solution.

Compound Aabs Aem Stokes shift lﬁog 8, ) Lifetime k, Ko
(nm) (nm) (cm™) (M'cm™) (ns) (10°sh) (10°s™h

1 333 453 7955 4.22 0.10 3.7 0.03 0.24

2 341 445 6854 4.17 0.19 5.0 0.04 0.16

3 330 461 8611 4.19 0.09 3.8 0.02 0.24

4 336 454 7735 421 0.22 3.0 0.07 0.26

5 351 454 6464 4.27 0.37 1.8 0.21 0.35

ke = ¢/t and kar = (1-9)/1
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Figure 3. Absorption and emission spectra of compounds 1-5 in dichloromethane solution.

All the studied products exhibit an intense emission in the blue region, consistent with previous
findings on similar heterocycles [16,17,19,21,27,38,47—49]. In detail, the fluorescence pick of these
molecules is centred at Amax~450-460 nm, with emission quantum yields ranging from 9% (compound
3) to 37% (compound 5). These values are comparable to the best results reported in the literature for
other imidazopyridine derivatives [50-56]. However, the quantum yield is strongly influenced by
both nature and position of the substituent employed. Indeed, the synthetic strategies adopted to
design 1-5 led to a small shift of the emission, related to a significant modification of the quantum
yield.

In this series, the veratrole unit in position 1 (the 1,2-dimethoxybenzene unit derived from the
papaverine reagent) is present in every prepared compound, as well as the two methoxy substituent
on the imidazo[5,1-a]isoquinoline nucleus, both deriving from the papaverine structure. Thus, any
differences in the optical properties must be attributed to the designed substituent on the phenyl in
position 3 of the heterocyclic nucleus. In the design of fluorophores 1-5, we focused on introducing
electron-donating (methoxy) and electron-withdrawing (trifluoromethyl) groups, employing
adequate aldehydes for the heterocyclization.

As previously reported, the methoxy substituent is considered one of the most efficient groups to
increase the fluorescence of imidazo[1,5-a]pyridines, mainly when introduced in the ortho position
[23,50,57,58]. Compound 2 shows a higher quantum yield than 1 and 3, confirming the substituent's
fundamental structural role in hindering the rotation of the phenyl in 3 on the imidazo[5,1-
alisoquinoline. Conversely, the methoxy introduced in para position (product 3) leads to a quantum
emission yield comparable to that of the unsubstituted compound 1; this result is related to the free
rotation of the phenyl ring in compounds 1 and 3. Thus, the differences in the optical behaviour of 1—-
3 are attributable to the rotational block, while no modifications in the character of the electronic
transition are observable. The values of the radiative (kr) and non-radiative (knr) rate constants are in
agreement with this picture; indeed, k: is the same for 1-3, while knr decreases in the case of the ortho
substituted molecule (2), as a consequence of the rotation hindrance.

Conversely, introducing an electron-withdrawing group (trifluoromethyl) in ortho and para positions
produces a different situation, with a significant increase of both k; and kn:. The rotational block can



still be considered the main influencing factor for compound 4, bearing an electron-withdrawing
group (trifluoromethyl) in the ortho position. Indeed, the steric effect of this substituent is superior to
the corresponding methoxy group of 2 (A-values of 2.4 ad 0.65 kcal/mol, respectively). Thus, the
steric role of the substituent in the ortho position in hindering the rotation of the substituted phenyl
in position 3 is confirmed, and the corresponding quantum yield is comparable (19% and 22% for 2
and 4, respectively). Conversely, compound S shows a further increase in quantum yield that must be
attributed to a different factor. In this case, the suitable planarization of the molecule plays a key role
in obtaining an effective push-pull system driven by the presence of the electron-withdrawing group
(trifluoromethyl) in the para position. The crucial role of planarization in increasing the push-pull
effect and achieving high quantum yield has been widely reported also for other emitting
systems.[59-61] Inour case, this leads compound 5 to the best optical performance, with a significant
increase in quantum yield, which is four times higher when compared with 1 and 3, and double when
compared with 2 and 4. These optical performances are comparable with those of well-known
commercial emitters such as: 4-Methylumbelliferone (Aabs~ 360 nm, Aem~ 450 nm, log £=4.23,
®=0.63), Alexa Fluor 350 (Aabs~ 346 nm, Aem~ 442 nm, log £=4.28), Hoechst 33342 (Aabs~ 350 nm,
Aem~ 461 nm, log €=4.65, ®=0. 0.38), ECFP (Aabs~ 434 nm, Aem~ 477 nm, log £=4.41, ®=0.4) [62,63].
Solvatochromic studies support the correlations between chemical structure and optical behaviour
outlined above (see Figure 4 and Figures S16-20). The emission spectra of all the reported compounds
1-5 are characterized by well-defined peaks in all solvents. On the other hand, in agreement with
calculated values, the ground state absorption is depicted by broad bands for compounds 1, 3, and 5.
In contrast, compounds 2 and 4, most likely dueto the presence of the substituent in the ortho position
that hampers the planarization, are depicted by better-defined peaks. As a function of a solvent
polarity parameter ET(30), the Stokes shift analysis in various solvents highlights very weak
sensitivity to polarity for the unsubstituted 1 and compounds 2 and 4, most likely due to less efficient
planarization due to ortho substituents. On the other hand, compounds 3 and 5 are more sensitive to
solvent polarity, but in a divergent way, as expected considering the presence in para of an electron-
donating or an electron-withdrawing group, respectively.
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Figure 4. (a) Absorption (dashed line) and emission (solid line) spectra of 5§ in different solvents. (b)
Polarity plot of the Stokes shift as a function of solvent polarity parameter E1(30).



2.3 Theoretical calculations

To gain insight into the scenario of electronic excited states involved in the photophysics of 1-5, DFT
and TD-DFT calculations were performed.

In detail, for 1-3, the electron density redistribution upon the lowest electronic transition (tr. 1)
highlights the n—mn* nature of the first singlet excited state (S1), deriving from a n—n* excitation
centred on the imidazo[5,1-a]isoquinoline portion of the molecule, albeit with a contribution of
electronic density donated by the veratrole unit in position 1 (see electron-density difference maps
EDDMs and orbital composition Figure 5, Figure S21 and Tables S1-S4).
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Figure 5. Experimental electronic absorption spectra of 2 (top, red curve) and 5 (bottom, orange
curve) in dichloromethane solution, together with calculated singlet excited state transitions (vertical
bars with height equal to the oscillator strength values). EDDMs of selected electronic transitions
(black indicates a decrease in electron density, and white indicates an increase).

Inthe case of compounds 4 and §, the role of the electron-withdrawing trifluoromethyl group becomes
evident. Indeed, the phenyl in position 3 on the imidazo[5,1-a]isoquinolines nucleus is involved in
the lowest electronic transition (tr. 1), accepting electronic density. The phenomenon is particularly
evident in the case of 5, for which the bathochromic shift of the absorption band can be assigned to
the predominant contribution of tr. 1, showing an electronic density displacement from the veratrole
portion toward the electron-withdrawing trifluoromethyl group (see electron-density difference maps
and orbital composition in Table S5-6, Figure 5 and Figure S21).

To substantiate this point, the geometry of the corresponding singlet excited state (Si) has been
optimized and compared with the ground state (So). Table 2 collects the dihedral angles a1 and o2 that
have been identified as the most convenient to evaluate the planarization of the excited state. As can
be seen from these computational data, the structures of compounds 1, 3, and 5 in their electronic



excited state (S1) show a marked planarization with respect to the ground state (So). The push-pull
effect is precluded in the case of compound 4, where the ortho-substituted CF3 group while attracting
electronic density, hinders the planarization. Likewise, the same transition (tr. 1) is present also in the
absorption of compound 4 but falls at a shorter wavelength and is characterized by a lower oscillator
strength.

Table 2. Calculated dihedral angles o1 and o2 in the ground and excited states of 1-5 in
dichloromethane solution.

State  a(N2-C3-C4-C5)  02(N2-C1-C6-C7)

©) ©) R
1(R=H,R’=H) So 35.3 42.7
Si 23.5 27.6
2(R=0CHs3,R’=H) So 57.6 42.9
S1 42.0 28.0
3(R=H,R’=0CH3) So 35.8 42.3
St 21.0 29.1
4 (R=CF;3,R’=H) So 57.5 437
Si 42.2 25.0
5(R =H, R’=CF3) So 33.2 43.3
S1 219 26.3

Summarizing, the analysis of the optical properties of compounds 1-5 suggests that two different and
fundamental roles must be evoked to justify the increase of the optical behaviours: the structural role
of the substituent in ortho position in hindering the rotation of the phenyl in position 3 (as previously
demonstrated by us on similar heterocyclic emitters) and the electronic role of the electron-
withdrawing group able to generate a push-pull effect in the excited state (allowed by the
planarization of the emitter). These two essential requisites are simultaneously satisfied only in the
case of compound 5.

2.4 Electrochemical characterization

The electrochemical properties of a new fluorophore are paramount for any technological application.
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 3 summarizes the redox processes of compounds 1-5, analyzed by cyclic voltammetry in
dichloromethane solution (3 mM), while Figure 6 compares the value of the first oxidation peak along
the series. All the studied compounds display multiple mono-electronic oxidations (except 4, which
shows a single irreversible oxidation).

Table 3. Redox potentials (vs. Ag/Ag" reference) of compounds 1-5 in dichloromethane solution (3
mM).

Oxidation Reduction

E12=0.81,Ei2n=1.25 Eirr =-1.89
E12=0.79,E=128,E=1.34 Eix=-1.79
E12=0.76,E=125,E=1.33 Eixr=-1.72
Eir = 0.98 Eirr =—1.83
E12,=088, E=132,E=140 Eir=-1.80
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Albrecht et Al previously investigated the electrochemistry behaviors of similar 1,3-disubstituted
imidazo[1,5-a]quinolines reporting that their compounds “in this study do not show chemical
reversibility in their oxidation waves” [47] at the contrary the products here reported show complete
reversibility at the first oxidation step. Similarly, a large number of imidazo[1,5-a]pyridines have
been reported confirming reversible oxidation at about 600-800 mV (vs. Ag/Ag") centered on the
electron-rich heterocyclic nucleus [16,17,30,34,47,64—66].

The first oxidation of compounds 1-5 is characterized by a potential of about 800 mV (vs. Ag/Ag™).
In the case of compounds 1-3 and 5, this oxidation is reversible (see Figure 6), while in the case of
compound 4, it is also irreversible at a high scan rate (until 800 mV/s). The peculiar irreversibility of
compound 4 remembers the cyclic voltammetry reported by Albrecht et al. 1. for 3-fluorophenyl-
imidazo[1,5-a]quinoline. It could be caused by a chemical reaction that removes the oxidized
molecules from the electrode surface and thereby hinders the reduction [47].
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Figure 6. Cyclic voltammetry: first oxidation process of compounds 1-5 in dichloromethane solution
(3 mM).

In general, the methoxylated compounds 2 and 3 are oxidized at less-positive potentials when
compared to compound 1, attesting to the significant electron-donating effect of the methoxy
substituent on the imidazol[5,1-a]isoquinoline nucleus in different positions. On the contrary, the
trifluoromethylated compounds 4 and 5 are oxidized at higher values, demonstrating the opposite role
of the electron-withdrawing inserted functional group independently by its position (ortho or para).
A similar trend can be observed for the second oxidation (if present) and the reduction process (at
about —1.80 V for all the products, see Table 3).

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).

"Hand '3C NMR spectra were recorded on a JEOL JNM-ECZR 600 spectrometer ('"H NMR operating
frequency 600 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).

ESI-HRMS electrospray ionization high-resolution mass experiments were obtained with a Thermo
Orbitrap Fusion mass spectrometer.

UV-Vis absorption spectra were recorded on a Cary60 spectrometer. Photoemission spectra,
luminescence lifetimes, and quantum yields were acquired with a HORIBA Jobin Yvon IBH
Fluorolog-TCSPC spectrofluorometer equipped with a Quanta-¢ integrating sphere.

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 an Ag/AgCl (KC13
M) reference electrode. All measurements were carried out in dichloromethane with
tetrabutylammonium hexafluorophosphate 0.1 M as the supporting electrolyte.

3.2 Syntheses

(6,7-dimethoxyisoquinolin-1-yl)(3,4-dimethoxyphenyl)methanone has been obtained, as previously
reported, by direct oxidation of papaverine reagent in mild conditions [45]. This ketone was employed
with differently substituted aldehydes for a successive one-pot heterocyclization to obtain the
imidazo[5,1-alisoquinoline derivatives employing a previously reported procedure to synthesize
imidazo[1,5-a]pyridine products [23,26,52,67,67-70].

General procedure for compounds 1-5:

A mixture of (6,7-dimethoxyisoquinolin-1-yl)(3,4-dimethoxyphenyl)methanone (150 mg, 0.42
mmol), substituted benzaldehyde (0.63 mmol), ammonium acetate (160 mg, 2.1 mmol) and 10 ml of
acetic acid was refluxed overnight. After, the reaction mixture was cooled to 80 °C, and the acetic
acid was removed by vacuum distillation. The resulting solid was dissolved in a saturated aqueous
sodium carbonate solution, and the mixture was extracted with dichloromethane. The organic layer
was separated and dried over sodium sulphate, and the solvent was evaporated under a vacuum. The
desired product was purified by flash chromatography on silica gel using dichloromethane/methanol
(99:1).

1-(3,4-dimethoxyphenyl)-8,9-dimethoxy-3-phenylimidazo(5,1-a]isoquinoline (1)

The product was isolated as a yellow powder (120 mg, 65%). Ry (silica gel): 0.25 (95:5
dichloromethane/methanol). 'H-NMR (600 MHz, CDCl3,RT): § 7.98-7.99 (d, J = 7.4 Hz, 1H, Ar-
H), 7.83-7.85 (m, 2H, Ar-H), 7.52-7.56 (m, 3H, Ar-H), 7.45-7.47 (tt,J="7.4 Hz,J= 1.9 Hz, 1H, Ar-
H), 7.34-7.36 (dd,J = 8.1 Hz, J=2.0 Hz, 1H, Ar-H), 7.31 (d, /J=2.0 Hz, 1H, Ar-H), 7.01-7.02 (d, J
= 8.2 Hz, 1H, Ar-H), 6.99 (s, 1H, Ar-H), 6.72-6.73 (d, J = 7.5 Hz, 1H, Ar-H), 3.96 (s, 3H, -CH3),
3.95 (s, 3H, -CH3), 3.92 (s, 3H, -CH3), 3.65 (s, 3H, -CH3) ppm. 3C-NMR (151 MHz, CDCl3, RT): §
149.55, 149.11, 148.87, 139.41, 133.63, 130.24, 129.24, 129.17, 129.09, 128.84, 128.36, 125.43,
124.24,122.67,121.95,119.97,119.31, 113.69, 113.45, 111.17, 108.25, 104.85, 56.22, 56.11, 56.09,
55.88 ppm. MS (ESI*, MeOH): m/z 441.1843 [M+H]"; calculated for C27H24N204: 441.1809 (+1).

1-(3,4-dimethoxyphenyl)-8,9-dimethoxy-3-(2-methoxyphenyl)imidazo[5,1-a]isoquinoline (2)



The product was isolated as a yellow powder (118 mg, 61%). Ry (silica gel): 0.40 (95:5
dichloromethane/methanol). "H-NMR (600 MHz, CDCI3, RT): § 7.68-7.70 (dd,J=7.5 Hz,J = 1.4
Hz, 1H, Ar-H), 7.62 (s, 1H, Ar-H), 7.47-7.50 (m, 1H, Ar-H), 7.37-7.40 (m, 2H, Ar-H), 7.35(d, J =
1.9 Hz, 1H, Ar-H), 7.11-7.13 (td,J = 7.5 Hz, J = 1.1 Hz, 1H, Ar-H), 7,05-7,06 (d, J = 8.3 Hz, 1H,
Ar-H), 6.99-7.01 (m, 2H, Ar-H), 3.96 (s, 3H, -CH3), 3.95 (s, 3H, -CH3), 3.92 (s, 3H, -CH3), 3.83 (s,
3H, -CH3), 3.67 (s, 3H, -CH3) ppm. 3C-NMR (151 MHz, CDCl3, RT): 8 157.61, 149.25, 149.01,
148.71, 148.67, 137.27, 133.36, 133.06, 131.06, 129.50, 123.82, 122.63, 121.99, 121.29, 120.79,
119.89, 113.49, 112.47, 111.24, 111.03, 108.15, 104.81, 56.17, 56.08, 56.05, 55.90, 55.68 ppm. MS
(ESI*, MeOH): m/z 471.1949 [M+H]"; calculated for C28H26N205: 471.1914 (+1).

1-(3,4-dimethoxyphenyl)-8,9-dimethoxy-3-(4-methoxyphenyl)imidazo[5,1-a]isoquinoline (3)

The product was isolated as a yellow powder (122 mg, 63%). Ry (silica gel): 0.30 (95:5
dichloromethane/methanol). 'H-NMR (600 MHz, CDCI3,RT): § 7.91-7.92 (d, J = 7.4 Hz, 1H, Ar-
H), 7.75-7.77 (m, 2H, Ar-H), 7.55 (s, 1H, Ar-H), 7.34-7.35 (dd,J= 8.2 Hz, J= 1.9 Hz, 1H, Ar-H),
7.31 (d,J=1.8 Hz, 1H, Ar-H), 7.05-7.07 (m, 2H, Ar-H), 7.00-7.01 (d,J = 8.2 Hz, 1H, Ar-H), 6.98
(s, 1H, Ar-H), 6.70-6.71 (d, J = 7.4 Hz, 1H, Ar-H), 3.96 (s, 3H, -CH3), 3.95 (s, 3H, -CH3), 3.92 (s,
3H, -CH3), 3.89 (s, 3H, -CH3), 3.65 (s, 3H, -CH3) ppm. '*C-NMR (151 MHz, CDCls, RT): 8 160.31,
149.50, 149.09, 148.83, 148.78, 139.36, 133.20, 130.30, 129.18, 128.38, 123.87, 122.66, 121.86,
120.00, 119.34, 114.54, 113.55, 113.43, 111.14, 108.26, 104.80, 56.21, 56.10, 56.08, 55.88, 55.55
ppm. MS (ESI*, MeOH): m/z 471.1948 [M+H]"; calculated for C2sH26N205: 471.1914 (+1).

1-(3,4-dimethoxyphenyl)-8,9-dimethoxy-3-(2-(trifluoromethyl)phenyl)imidazo[5,1-a]isoquinoline
“4)

The product was isolated as a yellow powder (79 mg, 37%). Ry (silica gel): 0.40 (95:5
dichloromethane/methanol). 'H-NMR (600 MHz, CDCl3,RT): § 7.87-7.88 (d, J = 7.7 Hz, 1H, Ar-
H), 7.70-7.73 (t,J= 7.5 Hz, 1H, Ar-H), 7.65-7.68 (m, 3H, Ar-H), 7.37-7.39 (dd,J=8.1 Hz, J=1.9
Hz, 1H, Ar-H), 7.34 (d, J= 1.7 Hz, 1H, Ar-H), 7.27-7.29 (d, J = 7.4 Hz, 1H, Ar-H), 6.99-7.01 (m,
2H, Ar-H), 6.68-6.69 (d, J= 7.3 Hz, 1H, Ar-H), 3.94-3.96 (m, 9H, -CH3), 3.69 (s, 3H, -CH3) ppm.
BC-NMR (151 MHz, CDCI3,RT): § 149.61, 149.06, 148.97, 148.83, 135.56, 133.30, 132.15, 131.44,
131.24, 130.23, 129.05, 127.08, 124.64, 123.52, 122.82, 122.56, 121.91, 119.62, 119.07, 113.61,
113.38, 110.99, 108.37, 104.87, 56.18, 56.10, 56.08, 55.96 ppm. MS (ESI*, MeOH): m/z 509.1715
[M+H]"; calculated for C2sH23F3N204: 509.1683 (+1).

1-(3,4-dimethoxyphenyl)-8,9-dimethoxy-3-(4-(trifluoromethyl)phenyl)imidazo[5,1-a]isoquinoline
)

The product was isolated as a yellow powder (145 mg, 68%). Ry (silica gel): 0.50 (95:5
dichloromethane/methanol). '"H-NMR (600 MHz, CDCl3, RT): 8 7.99-8.00 (m, 3H, Ar-H), 7.78-7.80
(d,J=8.2 Hz, 2H, Ar-H), 7.55 (s, 1H, Ar-H), 7.32-7.34 (dd,J= 8.1 Hz, J=2.0 Hz, 1H, Ar-H), 7.29
(d,J=19Hz 1H, Ar-H), 7.01-7.03 (m, 2H, Ar-H), 6.79-6.81 (d, J = 7.5 Hz, 1H, Ar-H), 3.95-3.97
(m, 6H, -CH3), 3.92 (s, 3H, -CH3), 3.65 (s, 3H, -CH3) ppm. '3C-NMR (151 MHz, CDCIl3, RT): &
149.77, 149.19, 149.14, 149.04, 137.72, 134.28, 133.77, 130.75, 130.53, 128.90, 128.81, 126.09,
126.07, 125.00, 123.25, 122.67, 122.01, 119.84, 118.81, 114.40, 113.37, 111.22, 108.24, 104.86,
56.23, 56.11, 55.90 ppm. MS (ESI*, MeOH): m/z 509.1716 [M+H]"; calculated for C28H23F3N204:
509.1683 (+1).

3.3 Calculations



All calculations were performed with the Gaussian 16 program package [71], employing the Density
Functional Theory (DFT) and its Time-Dependent extension TD-DFT [72,73]. The Becke’s three-
parameter hybrid functional [74] and the Lee-Yang-Parr’s gradient corrected correlation functional
(B3LYP) [75] were used together with the 6-31G** basis set [76]. The solvent effect was included
using the polarizable continuum model (CPCM method) [77,78], with dichloromethane as the
solvent. Geometry optimizations were carried out for ground (So) and first electronic excited (S1)
states without any symmetry constraints. The nature of all stationary points was verified via harmonic
vibrational frequency calculations, and no imaginary frequencies were found, indicating we had
located minima on potential energy surfaces. Electronic transitions were computed from S as vertical
excitation with linear response solvation by TD-DFT [72,73], employing the ground state optimized
geometries. A total of 128 singlet excited states was computed for each compound, and the electronic
distribution and the localization of the singlet excited states were visualized using Electron Density
Difference Maps. GaussSum 2.2.5 [79] was used to simulate the theoretical UV-Vis spectra and for
EDDMs calculations [80,81]. 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 [82].

4. Conclusions

Five new imidazo[5,1-a]isoquinolines derivatives have been designed to improve the optical
performances of this promising but poorly studied luminescent nucleus, belonging to the widely
investigated class of imidazopyridine emitters. The adopted synthetic strategy is innovative because
it employs the well-known alkaloid papaverine as a source of suitable ketone for the direct one-pot
heterocyclization. This approach represents a convenient alternative to using expensive and hardly
achievable ketones required for this peculiar class of emitters.

The new luminescent imidazo[5,1-alisoquinolines have been successfully substituted in different
positions with both electron-donating (methoxy group) and electron-withdrawing groups
(trifluoromethyl group) in ortho and para positions on the fluorogenic nucleus, tuning the
corresponding optical and electrochemical properties.

The electronic absorption and emission properties have been investigated experimentally and
computationally and rationalized to clarify the correlations between chemical structure and optical
behaviour. All the compounds show an absorption maximum in the UV region without significant
absorption in the visible range (Amax > 420 nm), with a useful transparency in the visible range for
possible applications in down shift technology. The studied imidazo[5,1-a]isoquinolines show intense
emissions in the spectral range between 400 and 550 nm with large Stokes shifts of ~6500 to ~8600
cm !,

The introduction of electron-donating and electron-withdrawing groups in different positions on the
imidazo[5,1-alisoquinolines skeleton slightly modifies the absorption and emission range but highly
enhances the photoluminescence quantum yield. The comparison of the optical properties along the
series emphasizes the importance of the substitution in position 3, dueto different reasons. As a matter
of fact, the emission properties of compounds 2, 4 and 5 show a strong increase (more than doubled)
of the quantum yield with respect to compounds 1 and 2.

The main contribution of this work is to identify two complemental key roles (steric and electronic)
of the nature and position of the introduced substituents in tuning the optical properties: 1) the
rotational hindering of the substituent group in position 3 on the imidazo[5,1-aJisoquinoline skeleton
in increasing the emission quantum yield and 2) the strong electronic effect driven by electron-



withdrawing group (trifluoromethyl group) allowed by planarization of the emitters. These two key
requisites justify the peculiar trend of the optical performances along the series.

In conclusion, the reported imidazo[5,1-aJisoquinolines show good or better electronic properties in
comparison to the other widely reported imidazopyridines such as imidazo[1,5-a]pyridine and
imidazo[1,2-a]pyridine, comparable with those of well-known commercial emitters [62,63]. For this
reason, this work represents a clear insight for the design of new emissive molecules towards the
application in lighting devices, down-converting technologies, fluorescence microscopy and other
technological fields in which new emitters are strongly required.
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