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a b s t r a c t

A facile double condensation procedure, through both standard and microwave heating, provides a
versatile one step approach for the synthesis of multidentate nitrogen heterocyclic ligands containing the
imidazo[1,5-a]pyridine moiety. The obtained compounds show interesting optical properties: blue
fluorescent emissions, moderate quantum yields and large Stokes shifts, enabling their technological
application.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

In the last years the polyazine moieties, especially the poly-
pyridine skeletons, have attracted a great attention because of the
unique photophysical properties of their metal complexes [1e7]. In
fact, they have found application in several fields like organic light-
emitting diodes (OLED) [8e11], non linear optics (NLO) [12e14] and
molecular-based photovoltaic (PV) [15] devices as dye-sensitized
solar cells (DSCs) [7,16]. Nevertheless, synthetic approaches to-
ward ligands containing three or four conjugated azine rings have
been poorly reported [17e21], if compared to the vast investigation
on diazines, e.g. bipyridine-based complexes [22]. This is mainly
because the compounds are synthetically difficult to access. Typi-
cally, in order to prepare symmetric as well as non symmetric
functionalized multi azine systems, methods involving multi step
cross-coupling of halo intermediates with organometallic ones
have so far been developed; e.g., halopyridines are coupled with
pyridylstannates (Stille) [17e21], pyridylborates (Suzuki) [7], or
pyridylzinc reagents (Negishi) [1,23,24]. These approaches display
overall yields rarely exceeding 30% and always involve many steps,
requiring harsh and expensive reaction conditions, because of the
use of highly sensitive and perhaps toxic reagents.
x: þ39 011 670 7591.
.

Among the various types of azine ligands, we focused our
attention on the pyridylimidazo[1,5-a]pyridine based ligands that
possess photophysical and coordinating properties similar or su-
perior to the polypyridine skeleton. In fact their peculiar structure
allows large Stokes shift characteristics both in the free ligands and
the related complexes [25]. Moreover, due to their biological
properties [26], such molecules have been used for pharmaceutical
applications [27,28] such as HIV-protease inhibitors [29], cardio-
tonic agents [30], aromatase inhibitors in oestrogen dependent
diseases [31] and thromboxane A2 synthetase inhibitors [32].
Different synthetic methodologies have been used in the past years
to prepare the imidazo[1,5-a]pyridine derivatives, involving the use
of Pd-catalysts [33,34], sensitive Lewis acids [35,36], elemental
sulphur (S8) [37,38] or the oxidization of Schiff bases [39]. However,
also an interesting three component condensation reaction has
been reported to provide imidazo[1,5-a]pyridine with high yields,
using pyridin-2-yl-methanones, aldehydes and ammonium acetate
[40e43].

Our goal is, starting from this simple methodology, to develop a
convenient one step preparation of a tetradentate polyazine skel-
eton, under mild conditions and with minimal waste production.
Here we report the synthesis and characterization of six bis-
substituted bis(1-imidazo[1,5-a]pyridine-3-yl)benzene derivatives
(Fig. 1) showing interesting optical and chelating properties, with
good fluorescent emissions, moderate quantum yields and
remarkable Stokes shifts.
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Fig. 1. General structures of synthesized compounds.

Table 1
General synthetic conditions for the synthesis of compounds 1e6.

Entry (compound) X Y1 Y2 Dialdehyde Method Yields (%)

1 (1) C H H para A 98
2 (1) C H H para B 96
3 (2) N H H para A 96
4 (2) N H H para B 96
5 (3) N H H meta A 98
6 (3) N H H meta B 96
7 (4) C H H meta A 96
8 (4) C H H meta B 95
9 (5) N CH3 H meta A 98
10 (5) N CH3 H meta B 96
11 (6) N H CH3 meta A 97
12 (6) N H CH3 meta B 96

Method A: methanone (3.36 mmol), aldehyde (1.46 mmol), ammonium acetate
(21.85 mmol), 25 mL acetic acid, 118 �C, 12 h; Method B: in sealed MW tube,
methanone (3.36 mmol), aldehyde (1.46 mmol), ammonium acetate (21.85 mmol),
15 mL acetic acid, 180 �C, 50 min.
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2. Results and discussion

2.1. Synthesis

The synthetic pathway proceeded through the direct double
cyclization of differently substituted methanones with iso-
phthalaldehyde or terephthalaldehyde in presence of ammonium
acetate (Scheme 1, Table 1). Notably, this double condensation
provides reaction yields on average much higher respect to the
single condensation previously reported [40e43].

The reaction is straightforward: it consists of a single reaction
step and does not require the use of any highly sensitive Lewis acids
or catalysts. Moreover, the reaction can give a variety of bis(1-
imidazo[1,5-a]pyridin-3-yl)benzene in quantitative yields with
only water as a byproduct.

As previously reported in the case of monocyclization [44] this
reaction is tolerant to various aldehyde substrates [40e43] and also
to differently substituted methanones. A first cyclization reaction
was carried out between phenyl(pyridin-2-yl)methanone and ter-
ephthalaldehyde in acetic acid and ammonium acetate. The prod-
uct 1 was recovered quantitatively as a yellow powder. The same
procedure, using isophthalaldehyde, gave the position isomer 4.

The synthetic versatility of this double cyclization met the
challenge to prepare a variety of compounds in a single step. Then,
using the di(pyridin-2-yl)methanone we got products (2 and 3)
containing the imidazo[1,5-a]pyridine nucleus and two pendant
pyridine. Finally, with the same approach but using the two
methyl-substituted di(pyridin-2-yl)methanones, we obtained
compounds 5 and 6 which have the typical structural motif of
tetrapyridine ligands.

It is noteworthy that using two different aldehydes, namely
isophthalaldehyde and terephthalaldehyde, it is possible to obtain
two similar tetradentate ligands (2 and 3). Unfortunately,
attempting the same reaction using the o-phthalaldehyde was
unsuccessful. Indeed, the product of the cyclization is represented
by the isoindole core instead of a tetradentate ligand [44]. All the
Scheme 1. General synthes
reported reactions were carried out both with standard heating and
in a sealed microwave tube reactor. In all the cases the microwave
irradiation allowed to reduce significantly solvent amount and re-
action times, maintaining quantitative yields (see ESI for details).

The molecules reported in this work can be also considered as
potential tetradentate ligands. In fact compound 2 was already
employed (even if its synthesis is not described) as bidentate ligand
for the synthesis of Os and Ru bimetallic complexes [45]. Similarly,
the core imidazo[1,5-a]pyridine substituted in 1 with a pendant
pyridine was used to coordinate transition metal ions, as in the case
of 3-substituted-1-(pyridin-2-yl)imidazo[1,5-a]pyridine [46e48].
Furthermore, the phenylimidazole unit has been reported to act as
a cyclometalating ligand [49e54], like the more widespread 2-
phenylpyridine.
2.2. Optical properties

The imidazo[1,5-a]pyridine nucleus is known in literature also
for its photophysical properties [25,37,38,46e48]. It is reasonable to
think that the introduction of additional p-system into imidazo
[1,5-a]pyridine nucleus influences their photophysical properties
[33,34]. Electronic absorption and emission properties of com-
pound 1e6 have been investigated in solution (CH3CN). The main
photophysical parameters are reported in Table 2 while the elec-
tronic absorption and emission spectra of all the compounds in
acetonitrile solution are depicted in Fig. S1 in the ESI.

For all the compounds, the absorption maximum does not
extend beyond 380 nm and ε values are comprised between 11,000
and 46,000 m2 mole1. The solvent effects on the absorption
behaviour of all the compounds were evaluated (see Figure S2eS7
of the Supporting Information). Solvent polarity little influences the
absorption spectra of 1e6 heterocycles suggesting low charge
is of compounds 1e6.



Table 2
Absorption and Emission Properties of compounds 1e6 (CH3CN).

labs (nm) ε (M�1 cm�1) lem (nm) Stokes shift (nm) fa

1 305 28,571 480 101 9
379 31,797

2 233 30,111 465 86 22
289 23,580
333 25,364
379 35,567

3 331 43,794 460 102 17
358 38,113

4 282 11,055 480 131 11
349 26,717

5 236 45,526 470 109 16
252 43,688
288 40,900
334 35,550
361 36,504

6 332 33,578 475 107 10
358 28,473

a determined using as reference quinine sulphate in 0.1 M aqueous sulphuric acid.
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transfer character of the electronic transitions. Under UVevis
excitation, all the synthesized compounds present an emission
band at about 460e480 nm, with quantum yields ranging from 9 to
22%, comparable to the best reported result for imidazo[1,5-a]pyr-
idine based compounds [40e43]. All the compounds show a wide
Stokes shift of about 100 nm, with 4, 5 and 6 displaying the greatest
bathochromic shift. Comparison of 1 with 2 and of 4 with 3 shows
that the substitution of a benzene ring with a pyridine one greatly
increases the quantum yield and causes a blue shift in the emission
spectra.
2.3. Computational modelling

To gain an insight into the structural, electronic, and optical
properties of 1e6, we performed DFT/TDDFT calculations at the
B3LYP/6-31G**/PCM level of theory (See the computational section
of the ESI for details), using acetonitrile as solvent. The six com-
pounds are characterized by a structural arrangement that slightly
deviates from planarity. The isodensity plots of the frontier mo-
lecular orbitals (see Table S7 in the ESI) show that the HOMO and
HOMOe1 are delocalized over the whole molecule while the five
lowest virtual orbitals are localized on the 1-substituted-imidazo
[1,5-a]pyridine moiety of 3e6 and on the bis(1-imidazo[1,5-a]pyr-
idine-3-yl)benzene in the case of 1 and 2. A full summary of the
computational results is reported in the ESI.

The comparison of experimental and calculated absorption
spectra (Fig. 2 and Fig. S8 in the ESI) shows an excellent agreement
along the series, allowing to characterize the absorption of the
investigated compounds as essentially originating from pep*
electronic transitions even if a limited intramolecular charge-
transfer character is also observable for the transitions at higher
energy.
Fig. 2. Experimental electronic absorption (left) and emission (right) spectra of 1 in
CH3CN solution together with calculated singlet excited state transitions (vertical bars
with height equal to the oscillator strength (f) values).
2.4. Crystallographic characterization

Crystals of compound 3, suitable for single crystal X-ray analysis,
were obtained by slow evaporation of a saturated ethanol solution.
The compound has twofold crystallographic symmetry in the solid
state (Fig. 3) and the structure was solved by ab-initio methods in
non-centrosymmetric group P21212. The molecule shows helical
chirality arising from thehindered rotation along the C3eC5 axis. The
C4eC3eC5eN1 torsional angle of 34.52� found in the crystallized
molecule confirms the theoretical calculations. The absolute
configuration could not be determined due to the lacking of strong
anomalous scatterers. In the crystal, the moieties are linked by a
networkof intermolecularCeH,,,N interactionsand they formazig-
zag pattern along the a axis (for details see Fig. S9, S10 and S11 in the
ESI). pep interactions are present between the
C12eC13eC14eC15eC16eN3 ring of one molecule and the
C7eC8eC9eC10eC11eN2 ring of another molecule at a distance of
3.9 Å.
3. Conclusions

In conclusion, we have presented a convenient methodology to
perform an efficient one-step double cyclization providing new
large Stoke shift poliazine compounds. These compounds represent
an unexplored class of fluorescent polidentate ligands easily
tuneable with potential interest in the fields of DSCs, OLED, NLO
and for pharmaceutical applications. Moreover, quantitative yields,
absence of catalysts, high accessibility and stability, ease of
handling and preparation, no toxicity of reagents and derivatives
make this microwave based synthetic approach useful for a sys-
tematic screening and up-scaling of a large number of these
compounds.



Fig. 3. Crystal structurey (A) and packing (B) of 3.

G. Volpi et al. / Dyes and Pigments 128 (2016) 96e100 99
Acknowledgements

Authors gratefully acknowledges financial support by DSSCX
project (PRIN 2010-2011, grant number 20104XET32) from Minis-
tero dell'Istruzione, dell'Universit�a e della Ricerca.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.dyepig.2015.12.005.

References

[1] Walesa-Chorab M, Kubicki M, Patroniak V. Tetrahedron 2014;70:805e9.
[2] Yoshida J, Nishikiori SI, Yuge H. J Coord Chem 2013;66:4344e54.
[3] Adamski A, Kubicki M, Pawluc P, Grabarkiewicz T, Patroniak V. Catal Commun

2013;42:79e83.
[4] Franski R, Kowalska M, Czerniel J, Zalas M, Gierczyk B, Ceglowski M, et al. Cent

Eur J Chem 2013;11:2066e75.
[5] Cao DP, Qin L, Yao XQ, Hu JS, Zheng HG. Inorg Chem Commun 2013;29:27e9.
[6] Leung CF, Ng SM, Ko CC, Man WL, Wu JS, Chen LJ, et al. Energy Environ Sci

2012;5:7903e7.
[7] Coluccini C, Manfredi N, Salamone MM, Ruffo R, Lobello MG, De Angelis F,

et al. J Org Chem 2012;77:7945e56.
[8] Yersin H. Highly efficient OLEDs with phosphorescent materials. Berlin:

Wiley-VCH Verlag GmbH & Co. KGaA; 2008.
[9] Wong WY, Ho CL. Coord Chem Rev 2009;253:1709e58.

[10] Evans RC, Douglas P, Winscom CJ. Coord Chem Rev 2006;250:2093e126.
[11] Chou P-T, Chi Y. Chem.- Eur J 2007;13:380e95.
[12] Dalton LR, Sullivan PA, Bale DH. Chem Rev 2010;110:25e55.
[13] He GS, Tan LS, Zheng Q, Prasad PN. Chem Rev 2008;108:1245e330.
[14] Luo JD, Zhou XH, Jen AKY. J Mater. Chem 2009;19:7410e24.
[15] Brabec CJ, Dyakanov V, Parisi J, Sariciftci NS. In: Springer Ser. Mater. Sci.

Berlin: Springer; 2003. p. 320.
[16] Gratzel M. Nature 2001;414:338e44.
[17] Renouard T, Gratzel M. Tetrahedron 2001;57:8145e50.
[18] Renouard T, Fallahpour RA, Nazeeruddin MK, Humphry-Baker R, Gorelsky SI,

Lever ABP, et al. Inorg Chem 2002;41:367e78.
[19] Barolo C, Nazeeruddin MK, Fantacci S, Di Censo D, Comte P, Liska P, et al. Inorg

Chem 2006;45:4642e53.
[20] Abbotto A, Sauvage F, Barolo C, De Angelis F, Fantacci S, Graetzel M, et al.

Dalton Trans 2011;40:234e42.

http://dx.doi.org/10.1016/j.dyepig.2015.12.005
http://dx.doi.org/10.1016/j.dyepig.2015.12.005
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref1
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref1
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref2
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref2
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref3
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref3
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref3
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref4
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref4
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref4
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref5
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref5
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref6
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref6
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref6
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref7
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref7
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref7
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref8
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref8
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref8
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref9
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref9
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref10
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref10
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref11
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref11
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref12
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref12
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref13
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref13
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref14
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref14
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref15
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref15
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref16
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref16
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref17
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref17
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref18
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref18
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref18
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref19
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref19
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref19
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref20
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref20
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref20


G. Volpi et al. / Dyes and Pigments 128 (2016) 96e100100
[21] Barolo C, Yum JH, Artuso E, Barbero N, Di Censo D, Lobello MG, et al. Chem-
suschem 2013;6:2170e80.

[22] Swavey S, Brewer KJ. In: Meyer JAMJ, editor. Compr. Coord. Chem. II. Oxford:
Pergamon; 2003. p. 135e57.

[23] Bouillon A, Voisin AS, Robic A, Lancelot JC, Collot V, Rault S, et al. Chem
2003;68:10178e80.

[24] Constable EC, Elder SM, Hannon MJ, Martin A, Raithby PR, Tocher DA. J Chem
Soc Dalton Trans 1996:2423e33.

[25] Blanco-Rodríguez AM, Kvapilova H, Sykora J, Towrie M, Nervi C, Volpi G, et al.
J Am Chem Soc 2014;136:5963e73.

[26] Joule JA, Mills K. In: Heterocycl. Chem., 4th Revised edition. Oxford: John
Wiley & Sons Ltd; 2000.

[27] El Khadem HS, Kawai J, Swartz DL. Carbohydr Res 1989;189:149e60.
[28] Montgomery JA. In: Katritzky AR, Rees CW, editors. Compr. Heterocycl. Chem.

Oxford: Pergamon Press; 1984.
[29] Kim D, Wang LP, Hale JJ, Lynch CL, Budhu RJ, MacCross M, et al. Bioorg Med

Chem Lett 2005;15:2129e34.
[30] Davey D, Erhardt PW, Lumma WC, Wiggins J, Sullivan M, Pang D, et al. J Med

Chem 1987;30:1337e42.
[31] Browne LJ, Gude C, Rodriguez H, Steele RE, Bhatnager A. J Med Chem 1991;34:

725e36.
[32] Ford NF, Browne LJ, Campbell T, Gemenden C, Goldstein R, Gude C, et al. J Med

Chem 1985;28:164e70.
[33] Yamaguchi E, Shibahara F, Murai T. J Org Chem 2011;76:6146e58.
[34] Yamaguchi E, Shibahara F, Murai T. Chem Lett 2011;40:939e40.
[35] Krapcho AP, Powell JR. Tetrahedron Lett 1986;27:3713e4.
[36] Hlasta DJ. Tetrahedron Lett 1990;31:5833e4.
[37] Shibahara F, Sugiura R, Yamaguchi E, Kitagawa A, Murai T. J Org Chem

2009;74:3566e8.
[38] Shibahara F, Yamaguchi E, Kitagawa A, Imai A, Murai T. Tetrahedron 2009;65:
5062e73.

[39] Grigg R, Kennewell P, Savic V, Sridharan V. Tetrahedron 1992;48:10423e30.
[40] Siddiqui SA, Potewar TM, Lahoti RJ, Srinivasan KV. Synth.-Stuttg 2006:

2849e54.
[41] Wang J, Mason R, VanDerveer D, Feng K, Bu XR. J Org Chem 2003;68:5415e8.
[42] Wang J, Dyers L, Mason R, Amoyaw P, Bu X. J Org Chem 2005;70:2353e6.
[43] Rahmati A, Zahra K. Int J Org Chem 2011;01:15e9.
[44] Do Minh T, Johnson AL, Jones JE, Senise PP. J Org Chem 2014;42:4217e21.
[45] Guckian AL, Doering M, Ciesielski M, Walter O, Hjelm J, O'Boyle NM, et al.

Dalton Trans 2004:3943e9.
[46] Garino C, Ruiu T, Salassa L, Albertino A, Volpi G, Nervi C, et al. Eur J Inorg Chem

2008:3587e91.
[47] Salassa L, Garino C, Albertino A, Volpi G, Nervi C, Gobetto R, et al. Organo-

metallics 2008;27:1427e35.
[48] Volpi G, Garino C, Salassa L, Fiedler J, Hardcastle KI, Gobetto R, et al. Chem.-

Eur J 2009;15:6415e27.
[49] Baranoff E, Fantacci S, De Angelis F, Zhang XX, Scopelliti R, Gratzel M, et al.

Inorg Chem 2011;50:451e62.
[50] Herbst A, Bronner C, Dechambenoit P, Wenger OS. Organometallics 2013;32:

1807e14.
[51] Tam AYY, Tsang DPK, Chan MY, Zhu NY, Yam VWW. Chem Commun 2011;47:

3383e5.
[52] Wu WH, Zhao JZ, Guo HM, Sun JF, Ji SM, Wang ZL. Chem.- Eur J 2012;18:

1961e8.
[53] Yang WW, Zhong YW, Yoshikawa S, Shao JY, Masaoka S, Sakai K, et al. Inorg

Chem 2012;51:890e9.
[54] Yellol GS, Donaire A, Yellol JG, Vasylyeva V, Janiak C, Ruiz J. Chem Commun

2013;49:11533e5.

http://refhub.elsevier.com/S0143-7208(15)00492-1/sref21
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref21
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref21
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref22
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref22
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref22
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref23
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref23
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref23
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref24
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref24
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref24
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref25
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref25
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref25
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref26
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref26
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref26
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref27
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref27
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref28
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref28
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref29
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref29
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref29
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref30
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref30
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref30
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref31
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref31
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref31
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref32
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref32
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref32
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref33
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref33
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref34
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref34
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref35
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref35
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref36
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref36
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref37
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref37
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref37
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref38
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref38
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref38
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref39
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref39
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref40
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref40
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref40
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref41
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref41
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref42
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref42
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref43
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref43
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref44
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref44
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref45
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref45
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref45
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref46
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref46
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref46
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref47
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref47
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref47
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref48
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref48
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref48
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref49
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref49
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref49
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref50
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref50
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref50
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref51
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref51
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref51
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref52
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref52
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref52
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref53
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref53
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref53
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref54
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref54
http://refhub.elsevier.com/S0143-7208(15)00492-1/sref54

	Facile synthesis of novel blue light and large Stoke shift emitting tetradentate polyazines based on imidazo[1,5-a]pyridine
	1. Introduction
	2. Results and discussion
	2.1. Synthesis
	2.2. Optical properties
	2.3. Computational modelling
	2.4. Crystallographic characterization

	3. Conclusions
	Acknowledgements
	Appendix A. Supplementary data
	References


