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Abstract

A series of chromophores containing quinoxalinegornoxalinone electron-acceptor (A) and
dialkylaminostyryl electron-donor (D) units linkday = electronic bridge has been synthesized.
Electronic emission and absorption spectra of theehD-t-A, D-n-A-n-D or D-n-A-n-A-1eD
systems cover a broad range from ultraviolet ta m&fsared. Positions and relative intensities of
their absorption bands are shown to depend stramglgtructural modifications of the molecules,
while emission in solution strongly depends on bttt structure of the solute and the solvent
polarity. Quantum chemical modeling provided aafelle description of the observed absorption
spectra and reproduced the positions of the emmidsands. Quantum yields of emission are shown
to be qualitatively predictable on the basis of i@l rules connecting the luminescence intensity
with the chemical structures of both quinoxalinad auinoxalinone-based luminopohores and the
polarity of the solvents used. Theoretical assessmoé the character of the main electronic
transitions suggests that simultaneous presen€eafd A units conjugated viebridges ensures
the intramolecular charge-transfer effects probabiynderlying the observed similar
solvatochromism for all the studied systems irrespe of their polarity.

Introduction

Organic molecules composed of electron-donor (OJ alectron-acceptor (A) fragments
linked by z electronic bridge (De-A) are widely used in various applications suchnas-linear
optical (NLO) materiald;* organic light-emitting diodes (OLEDs)*® pH/polarity sensoté** and
light-harvesting components of organic solar c&fS. D-n-A systems often demonstrate a
remarkable sensitivity to structural modificatioois environmental effects (solvatochromic shifts,
protonation/deprotonation color changes, thermauism, galochromism, etc.). The introduction
and/or replacement of chemical substituents aewdfft positions of the chromophore core allow
regulation of properties and functions of novel pownnds. The further fine-tuning of these
properties can be achieved through the variatiorthefr-bridges between the D and A units.
Various aromatic heterocycles, such as thiophiéfiethiazole3'* pyrrole ' *® phenothiaziné’ and

various diazine&® have been considered to daterainkers. In our recent works quinoxalinone



(Qon) and quinoxaline @) derivatives extended this 1%t>**° and were tested asbridging

fragments for NLO-phores. Besid&g derivatives were used in emissive layers of thE€D$*%>2

Due to theirt-deficient characte®s andQonrs could act as electron-withdrawing unitstin
conjugated push-pull structures. Similarly to otteromophores of this tygg?2h 53 545557
emission ofQ derivatives is highly sensitive to media effeéCtsn addition, intramolecular charge
transfer (ICT), inherent for such systems, can cedunable luminescence as well.

Typically the development of B-A systems is mainly based on trial and error apgino
because of the absence of general schemes alltheérgredictions of optical properties on grounds
of the chemical structures only. Quite recefithwe have tried to make a small step towards the
development of such a scheme @onbased Dr-A systems. Their absorption and emission turned
out to depend dramatically on simple variation be tposition of the electron-donadd,N-
dimethylaminostyryl (DMAS) group relative to eleatracceptoQoncore.

In the present contribution we take the next stephe attempt to connect the chemical
structures of De-A systems in general, and diazines in particulaith their photophysical
properties. We provide a comprehensive study @fries of novelQ-based structural analogs of the
previously reportedQors*, possessing luminescent properties. Both famiiesw quite similar
dependencies of their optical behavior on the ofegkstructural variations, and in particular, oa th
position of the DMAS moiety. This suggests thatspectra-structure correlations revealed edflier
are not random in character, but are representafiveherent features of such chromophores. To
further check their generality we have also studsedne otherQ- and Qonbased systems of
different architecture, e.g. A-A, D-n-A-n-D or D-nt-A-n-A-Te-D.

In this respect, molecular model and simulatioatsties could significantly help in guiding
the synthesis of fluorophores with targeted propert and providing rationales for their
interpretation. On the basis of density functioti&ory (DFT) and time dependent DFT (TD-DFT)
guantum chemical calculations the experimentalifigsl were reliably interpreted also in terms of
the nature of the excited states and of the eleictrdensity reorganization. The accuracy and
reliability of the electron transition energies qauted at both the grounddjSand the first singlet
excited state (3 equilibrium geometries with the use of hybrid RBEnd long-range (LR)
corrected CAM-B3LYP functionals have also been ss=e.

2. Results and discussion
2.1 Synthesis of dyes

Scheme 1 shows the synthesis of quinoxaline antbgalinone dye4-10 (Chart 1) with two, three
or four cyclic moieties. Knoevenagel condensatiod 6- and 7-bromo-2-phenyl-3-
methylquinoxalines 1(1,12), 3,7-dimethyl-2-phenylquinoxalinesl3), and 7-bromo-3-methyl-1-
propylguinoxalin-2-one 14) with p-N,N-dimethylaminobenzaldehyde leads to 3-styrylquihioes

1, 2, 5 and16, respectively. The Heck reaction between compoudidd?, 14 andN,N-dialkyl-4-
vinylaniline produces 6(7)-aminostyrylquinoxalineriyatives3, 4, 18 while the reaction ot, 2, 16
with N,N-dialkyl-4-vinylaniline results ir6, 8, 9 containing two aminostyryl moieties. The oxidation
of quinoxalinesl5 and18 by selenium dioxide results in aldehyd&sand19 as major products and
dyes7 and10 as by-products, respectively. Furthermore bisquatinones7 and10 have also been



synthesized in moderate vyieldsy condensation of methylquinoxalinones and 18 with
guinoxalinonylcarbaldehyde’ and19, respectively. Coupling constants of the ordet®fHz for
vinyl protons of compounds-10 in their'H NMR spectra indicate that onisans-isomer is formed

in each case. The symmetrical structure of dyesnd10 is confirmed by the presence of a single
singlet with double intensity in th&! NMR spectracorresponding to the proton of the central vinyl
moiety, half the number of carbon signals in tf@ NMR spectra and also by [M+H}jalues in
their MALDI mass-spectra. It should be noted thidutylamino moieties have been introduced to
increase the solubility in the organic solventsd.lse
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Scheme 1. Synthesis of the chromophores. Reagents and Conslit{) p-Me;NCsH,CHO, AcO,
Py 1.5 h, 220°C or NaOH, HO, Aliquat 336, 15-24 h, 108C; (i) p-Me,NCgH4,CH=CH, or p-
Bu,NCegH4,CH=CH,, Pd(OAc), (o-Tol)sP, EtN, DMF, 100-120°C, 4-24 h; {ji) SeQ, 60-70 min,
85-100°C, argon, dioxanej\) Ac,O, 140°C, 40 min. * - for the compountb an alternative name
2-Qon has been used for more convenience upon companghnguionxaline-based analogize
(see the text).

2.2. Optical properties



Steady-state electronic absorption and fluorescespeetra ofl-10 (Chart 1) have been
registered in solvents of different polarity (Figuk). A rather moderate influence of solvent ptjari
on the absorption spectral characteristic-6fis clearly visible from Figure 1, while the emisi
spectra reveal a notable positive solvatochromiabier. Emission of DeA systemsl-5 covers a
wide spectral range of ca. 450-850 nm, while tmgést-wave electronic absorptions maxifg.
are generally identified as the most intensive kdating in a much narrower range of ca. 400-450
nm. The experimental data @R.x and emission maxima wavelengths.f) are collected in Table 1.

The absorption spectra @¥s 1-5 display three main bands, which differ mainly it
relative intensities. The absorption spectra ofmss1 and2 almost superpose (Figure 1), being
simultaneously rather close to the spectrur@@dn — Qon-based structural analog ®fFigure S1).
The position of the DMAS group strongly influendbge relative intensity of the second absorption
band (~360-362 nm) in the spectra of isong&r and5, but has only a minor impact @p.x values
and extinction coefficients) of the lowest-energy absorption (Table 1). Thkisni contrast to the
case of analogouQonbased systems, where the lowest-energy band dtemiritae spectra of
isomers2Qon, 4Qon and5Qon, but weak in the case 8Qon (analog of3) and thus is hidden under
the much brighter second lowest-energy bénd
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Chart 1. Chemical structures of the compounds under study.
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Figure 1. Experimental electronic absorption and emissipacga of solutions ol-10 in three
solvents of different polarity (1,4-dioxane — diak¢chloromethane — DCM and acetonitrile —ACN).
Presented relative absorption/emission intensitiese normalized to unity for the most intensive
bands.

Emission spectra ofs 1-5 in 1,4-dioxane solutions are quite close to theresponding
spectra of theiQonbased structural analo@®Qon-5Qon (Figure S1):en; for both series almost
coincide, except for the case4{526 nm vs. 497 nm fotQon**), while the quantum yieldg) of
Qs 1-5 differ only moderately from the corresponding \eslueportetf for 2Qon-5Qon (Table S1).

In particular, similarly to the case dQon the maximalp value is found for isomet. The rather
substantial solvatochromic shift8n,;) of 1-5 are also similar to the ones reportedd@on-5Qon,
being maximal for acetonitrile solutions. The maainsimilarity of Alemi is exhibited by the
structural analogd / 4Qon: 0.26 / 0.27 and 0.43 / 0.45 eV for dichloromethamd acetonitrile,
respectively, and relative to 1,4-dioxane (the esgponding shifts in nm equal to 64 / 61 and 115/
112 nm). The quantum yields df/ 4Qon also exhibit very similar dependencies on the exulv
polarity: 0.52 / 0.81, 0.21 / 0.62 and 0.01 / 0ft08B1,4-dioxane, dichloromethane and acetonitrile
solutions, respectively. The same trend for thedetisns is found also fo8 / 3Qon pair: 0.29 /
0.13, 0.09 / 0.03 and 0.01 / <0.01. Almost the sarmmalues are found for solutions of isomérs
5Qon and their brominated derivativ@s/ 2Qon in 1,4-dioxane and dichloromethane. In contrast,
the fluorescence & and2 is almost quenched in acetonitrile, while only Iigggle differences inp
values are found for dichloromethane and acettsm#olutions of their structural analog@on and
5Qon (Table S1).

Table 1. Collected experimental photophysical data on plositions of the most long-wave
electronic absorption maximainfx), fluorescence maximaidm), Stokes shifts, extinction
coefficients §), and quantum yields¢] measured for solutions oi-10 in 1,4-dioxane,
dichloromethane (C¥Cl,) and acetonitrile (CECN).

compound 1,4-dioxane CH.ClI, CH3CN




)\«max )\remi Stsﬁ hcteS }vmax }vemi Stsﬁ ﬁ:tes }vmax }vemi Stsﬁ ﬁ:tes

nm | 445 555 110 453 601 148 448 643 195
1 ev | 2.79 2.23 0.55 2.74 2.06 0.67 2.77 1.93 0.84

el¢ | 26500 0.14 27900| 0.17 27700| 0.01

nm 445 555 110 453 602 149 448 648 200
2 ev | 279 | 2.23 0.55 2.74 2.06 0.68 277 1p1 0.85

el¢ | 24800 0.19 27500| 0.17 27500| 0.01

nm 415 526 111 407 596 189 40[7 646 239
3 ev | 299 | 2.36 0.63 3.05 2.08 0.97 3.05 192 1.13

el¢ | 30200 0.29 28700| 0.09 25800| 0.01

nm | 403 526 123 408 590 182 400 641 241
4 ev | 3.08| 2.36 0.72 3.04 2.10 0.94 3.10 1.83 1.17

elg | 24700 0.52 23800 0.21 25500 0.01

nm | 430 528 98 436 571 135 438 614 181
5 ev | 2.88 2.35 0.54 2.84 2.1y 0.67 2.86 2.02 0.84

el¢p | 29100 0.13 28800| 0.18 28500 0.04

nm | 458 540 82 468 627 159 462 650 188
6 ev | 271 2.30 0.41 2.65 1.98 0.67 2.68 1.01 0.Y8

elp | 44700 0.17 48500 <0.01 45600 <0.01

nm 434 484 50 434 490 56 431 502 71
7 ev | 286 | 2.56 0.30 2.86 2.53 0.33 2.88 247 0.41

el¢p | 33300| 0.20 20000| 0.21 33100/ 0.15

nm 475 549 74 482 615 133 48\ 6461 174
8 ev | 261 2.26 0.35 2.57 2.02 0.56 2.55 1.88 0.67

elp | 52700 0.44 53800 0.24 54000 0.02

nm 481 559 78 494 611 117 488 651 163
9 ev | 258 | 222 0.36 2.51 2.03 0.48 254 1.00 0.64

elp | 54200 0.26 63300 0.20 64100 0.04

nm | 528 630 102 549 736 187 - - -
10 ev | 2.35 1.97 0.38 2.26 1.68 0.58 - - -

el¢p | 82800 0.18 74300 0.01 - -

only for D-t-A, but also for Dr-A-n-D systems:iemi for the newly synthesize@ and Qon
derivatives8 and 9, respectively, almost coincide for all the solgerandy values differ only
moderately, henc8 and 9 demonstrate very similar solvatochromic behavidoreover, the

solvatochromic effects found for thesenbA-n-D systems are practically the same as the ones for

D-n-A systems 1-5 discussed above.
luminescence for compounds and 4 (Table 1) differ rather negligibly. Thus, the iasion of

dibutylaminostyryl (DBAS) substituent tQ core in8 instead of methyl group #h has only a minor
impact on the emission of tig@derivatives. Strikingly similar dependencies o thptical properties

Interestingly,

Close similarity of luminescence Q- andQon-based fluorophores seems to be typical not

all the quamaticharacteristics of



of D-n-A and D#i-A-n-D systems on the position of the D unit relativ&€Xcore are also observed
when comparing DeA isomers3 and4 and their Dr-A-n-D analogs6 and 8. The positions of
DBAS moiety in6 and8 are the same as the positions of DMAS grou@@ end4, respectively,
resulting in similar quantum yields in 1,4-dioxane solutiong (6) and¢ (3) amount to 0.17 and
0.29, respectively, while for isomeBsand4 ¢ values increase up to 0.44 and 0.52, respectiVély.
same close parallelism of tipevalues for these pairs of isomers is also evifandichloromethane
and acetonitrile (Table 1).

The expansion of the conjugateesystem in6, 8 and 9 as compared to the structurally
related D=a-A species3, 4 and5 results in the red shifts of absorption maximga.) by ca. 0.3-0.5
eV (30-78 nm) and an almost two-fold increase efdktinction coefficientse] (Table 1). To assess
the possible impact of a further elongation of tbhejugation on the photophysical behavior the D-
n-A-n-A-T:D chromophorel0 have been synthesized. The bathochromic shift dofor this
compound relative t® amounts to 0.23-0.25 eV (47-55 nm), whiléncreases by ca. 20-50%
(Table 1, Figure 1). In contrast, the absorptioAeof-A system?, i.e. an analog df0 for whom the
bridge’s conjugation pattern has been shorteneolues-shifted relative t® by ca. 0.3 eV (46 nm)
while £ decreases by ca. 60%, clearly demonstrating thgtnoof the aforementioned strong
bathochromic effects is not connected to the pmaseh A«-A core in10. The emission 010 also
differs dramatically from the fluorescence spectmin?: Aemi andg of the former strongly depend
on solvent polarity, while the photophysical chéeastics of the latter remain almost constant for
all solutions.

To better understand the observed photophysicabvwieh of 1-10 quantum chemical
calculations have been performed. Electronic altsorgpectra simulated with the use of hybrid
PBEO functional (Figure 2, Table 2) satisfactor#yproduce the experimental results. The energies
of the first vertical electronic transitionsy-SS;, are predicted by PBEO gas-phase calculations
almost quantitatively, though being slightly und#imated in some cases. Globally, the deviations
from the corresponding experimental values foundlfd-dioxane solutions do not exceed 0.17 eV.
However, if the PBEO simulations well reproduce plositions of the absorption bands the accuracy
of the predictions of their relative intensitiedass remarkable (Figure 2).
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a b
Figure 2. Absorption spectra of the compounds under stéiperimental spectra (black) are

registered for solutions in 1,4-dioxane. Gas-phgsectra simulated with the use of PBEO/def2-
TZVP (a) and CAM-B3LYP/def2-TZVP I§) methods (red lines) are obtained by broadeninipef
vertical straight lines by Gaussian functions wathull-width at half maximum of 0.4 eV. All the
electronic transitions calculated with CAM-B3LYPfAerZVP have been red-shifted (0.4-0.5 eV)
to better match the experimental spectra. The keighthe vertical straight lines correspond to the
calculated oscillator strengths of the correspogdiertical transitions.

Since the electronic excited states of systems BAthA architecture are often characterized
by, at least partial, ICT character, we have careid the use of the LR-corrected CAM-B3LYP
functional, to assess one of the common sourcerrofse experienced by conventional hybrid
functionals. It should be mentioned that an alteveareason of the computational errors could be
related to the absence of vibronic transitions ieration (for details s&d. As already reportéd
LR functionals and CAM -B3LYP systematically overeste the electron transition energies by ca.
0.3-0.5 eV (Table 2), as a consequence and tatéaeithe comparison of the simulated spectra with
their experimental counterparts, the calculateaigdi®dn bands in Figure 2.b are shifted so that the
positions of the lowest-energy absorptions in theotetical and experimental spectra coincide for
each molecule under study. After such correctienGAM -B3LYP simulations reproduce even the
minor spectral features appearing as shouldersar800-400 nm spectral region. Indeed, such an
accurate description of the spectral bands shajmepisrtant for predictions athemical colour$®
®1 Nevertheless, the intensities of all the banétive to the lowest-energy absorption bahgk.g)
are systematically underestimated by CAM-B3LYP ghitions. It should be noted that according
to both functionals (Figure 2 a and b) and fortladl compounds, the minimum energy band should
be ascribed to only one isolated vertical transitioe. $—S,) displaying the largest (the second
largest in the only case d) oscillator strengthf]. Such pattern is also typical for closely related
Qons, 2Qon, 4Qon and5Qon, though excited states of a qualitatively différenaracter was found
for 3Qon ** (vide suprd. Noteworthy, both functionals also preview qualitely similar trends for
the dependence of thg-SS; oscillator strengths on the chromophore strucfliable 2), this trends
being in general agreement with the experiment{se@dues in Table 1)

Table 2. Characteristics of vertical electronic transisocalculated at optimized geometries of
ground (%) and first singlet excited {pstates in comparison to experimental values

Com- Experiment in 1,4- Error®
dioxané and Calculations '
pound i eV
acetonitril@
Amax, Xemi, | Stokes d
nm/ | nmi | shift S-S | s | M _olokes ﬁ'éabﬂ{_
eV eV eV ’ em
5 445/ | 555/ | 0.56' gas PBEO
2.79 | 2.23 f | 0638 | 0.347] 7.40] 0.35 -0.01




E.nm| 447 | 511 0.19
448/ | 648/ | 0.85 [E ev| 2.77 543
2.77 | 197 PCM Acetonitrile PBEO
£ | 0796 | 1.062
E.nm| 491 | 580 | 1027 | 0.38 '8'22;}’
Eev| 252 | 214
gas CAM-B3LYP
£ | 1.019 | 1.055
E.nm| 376 | 436 | 668 | 0.46 %_%11’
E. ev| 330 | 284
gas PBEO
£ | 0.906 | 0.903
E.nm| 440 | 486 | 4.40 | 027 '8:%’
E.ev| 282 | 255
415/ 526/ | g gn PCM Acetonitrile PBEO
2.99 | 236 £ | 0984 | 1.448
s07/ | eaey | |, ENM|_479 | 579 | 582 | 045 ppe
a0 | 199 | L1% [Eev] 259 | 214
gas CAM-B3LYP
£ | 1.306 | 1.436
E.nm| 362 | 434 | 339 | 057 %_‘é‘(‘)’
E.ev| 343 | 2.86
gas PBEO
£ | 0503 | 0244 o010/
E.nm| 420 | 487 | 413 | 041 | 970
E.ev| 295 | 255
403/-| 526/ | 7 PCM Acetonitrile PBEO
3.08 | 2.3¢ £ | 0643 ] 00919
400/ | 64y | |, E-NM| 455 | 585 | 549 | 045 >3
3.10 | 1.92 : E,ev| 273 2.28
gas CAM-B3LYP
£ | 1341 | 1533
E.nm| 342 | 399 | 336 | 052 %.57%’
E.ev| 362 | 3411
gas PBEO
£ | 0624 ] 0375 oo1
430/ | 528/ E, nm 429 491 4.25 0.36 O..18
ssg | 23% | 054 [Eev| 289 | 253
PCM Acetonitrile PBEO
433/ | 614/ | yop | € | 0777 | 1.106
286 | 202 | ©°7 [Enm| 471 | 558 | 632 | 041 -g.zzgl
E ev| 264 | 222 '

gas CAM-B3LYP




€ 0.980 | 1.029
E.nm| 367 | 428 | 381 | 048 | o2
E,evV| 3.38 2.90
gas PBEO
€ 0.883 | 0.761
E.nm| 469 515 | 5.13 0.24 '8:2?’
E,ev| 264 2.41
458!l 540/ . PCM Acetonitrile PBEO
2717 | 2300 | 0.41 7 1011 | 1346
462/ | 650/ | 078 E.NM| 520 602 | 7.59 0.33 '8'1358/
268 | 197 E,evV| 239 2.06
gas CAM-B3LYP
€ 1.392 | 1.435 0.52/
E,nm| 384 436 | 4.43 039 | g
E,evV| 3.23 2.84
gas PBEO
€ 1.079 | 1.188
E.nm| 447 | 515 | 031 | 036 | 29
E,ev| 277 2.41
;%Aéé ;%Aéé 0.3G° e PCM Acetonitrile PBEO
f 1.216 | 1.572
431/ | 502/ . | E.nm| 469 620 | 0.24 0.64 :8_'421;19/
ogd | 24P | 041 | E,ev| 264 2.00
gas CAM-B3LYP
€ 1.185 | 1.264
E,nm| 390 485 | 0.28 0.62 %?021/
E,ev| 3.18 2.56
gas PBEO
€ 1.560 | 1.637
E.nm| 476.0| 525.6/ 1.54 0.25 %‘%’
E,eV| 260 2.36
;1.765151 %%{1 038 | PCM Acetonitrile PBEO
f 1.717 | 2.327
ss7 | eov E.nm| 530 | 647 | 1.92 | 042 'g@/
oo | 1gg | 067 [Eev| 234 | 102
gas CAM-B3LYP
€ 1.976 | 2.069
E.nm| 395 466 | 1.11 0.47 %‘3%’
E,ev| 3.14 2.66
481/ | 559/ | oo gas PBEO
258 | 222 | T € 2.096 | 2.205 0.05/
0.64 LE.nm| 490 547 | 2.75 026 | o5
488/ | 651/ E,eV| 253 2.27




2548 | 1.90 PCM Acetonitrile PBEO
fe 2.1 .
97 | 2.620 0.27)
E,nm| 545 695 | 4.08 049 | 7
E,evV| 228 1.78 '
gas CAM-B3LYP
fe 2.1 .
84 | 2.176 0.41/
E,nm| 415 501 | 2.89 051 | 4.6
E,eV| 299 2.48 '
gas PBEO
fe 2.647 | 2.949
-0.20/
E,nm| 578 655 | 0.94 0.25 008
E,eV| 214 1.89 '
PCM Acetonitrile PBEO
528/ | 630/ fe 2.635 | 3.356
10 | 238 | 107 | %38 TEoml 676 | 887 | 134 | 043
E,eV| 1.83 1.40
gas CAM-B3LYP
fe 2. .
936 | 2.952 0.39/
E,nm| 453 568 0.97 056 | 557
E,evV| 274 2.18 '

a — 1,4-dioxane was chosen as the least polarrgdinea better comparison with gas-phase cal@nati

b — acetonitrile was used for comparison with PGll¢walations;

¢ — errors for absorption/emissionH,,dAEe) represent the energy difference in eV betweerexntal
Amadremi @Nd respective calculatedsgEsy/Esi.so Values: AEqps = Ama{€V) — Esonsi and AEemi = Aemi€V) —
Esi_so Amadremi fOr comparison with gas-phase computations arentdlom the corresponding experiments
for 1,4-dioxane solutions, while PCM computationse aompared with the experiments for acetonitrile
solutions of all compounds exceft, which is insoluble in acetonitrile.

d — dipole moment calculated at the ground stajeg&metry.

e — oscillator strength.

The energies of the vertical-SS, transitions (k3.sg) computed at the first singlet excited
state (9 in vacuo optimized geometries with the use of BBlctional are slightly overestimated
by ca. 0.2 eV relative to the experimental emisgnargies for all the DeA compounds Z-5) in
the least polar 1,4-dioxane. Smaller, but lessesyatic deviations of -0.15-0.11 eV from the
experiment are found for compoungld0. It should be noted that similar reasonably goodieacy
was demonstrated by analogous PBEO computatiorstiowad variety of phosphol&s

As mentioned above, the deviations of transitioarges obtained with the use of CAM-
B3LYP functional from the corresponding experiméntelues are more pronounced and
systematical. Mean values AE,nsandAEqmi (Table 2) amount to 0.46 and 0.42 eV, respectivély
the corresponding systematic shifts are subtra@teh the overestimated computed transition
energies, standard deviations (SD) of the corre@&d1-B3LYP energies from absorption and
emission experiment for 1,4-dioxane solutions amaoir0.08 and 0.23 eV fords.s1 and Eiso,
respectively.



In order to computationally assess the experimgntabserved solvatochromism, the
polarizable continuum model (PCM) with standardapaeters for acetonitrile has been applied.
According to Figure S2 (ESI) such an implicit treant of solvent effects has only a moderate
impact on the shape of the simulated absorptiom$g@noducing only parallel and systematically
overestimated red shifts of their positions (Tad)leAt the same time, the PCM results for emission
are in reasonable accordance with the experimeatatd reported on solvatochromism. Linear
response PCM fails only in the case of the almast-polar moleculer (cf. dipole moments in
Table 2): indeed PCM computations strongly ovenestie the red shift fokey of 7 in acetonitrile
solutions (Table 2). Formally only state-specifadvation models can provide a physically sound
description of the polarization response of theiremvnent during photon emission, but these
models come at a significantly increased computatiocost. In the present case, the LR
approximation seems sufficient for our purposesith ihe exception of7, providing significant
improvement in the description of the emission 8pécproperties for acetonitrile solutions.
Deviations of ca. 0.2-0.3 eV found for the computeg .so values from the corresponding
experimental emission energies are comparable deetliound for the gas-phase computations
relative to the measured for 1,4-dioxane solutigide supra).

To analyze in more details the nature of the flost-lying excited states the natural
transition orbitals (NTOs) have been consideredyfé 3 and Figure S3 in ESI). The NTOs for the
first electronic excitation are presented in FigWBe Additionally the ICT has been semi-
quantitatively assessed using the recently intreduguantum mechanical descript®®° based
on the topological analysis of detachment/attachinramsition density matrices (for more details
see the computational section). Here we only rerthatip, close to unity corresponds to pure local
transition, while a value of zero represents a jumeklong-range charge transfer state.

compound Occupied NTO Virtual NTO







Figure3. NTOs for the first electronic excitation-SS;. NTOs héve been plotted with threshold
value equal to 0.03.

The visual analysis of the NTOs clearly demonsgratee participation of delocalizedtorbitals
spread on all the fragments of the molecule simalbasly, hence the transitions can be safely
classified ast—n*. For all the compounds, except thet®A system7, the electronic density is
transferred from the entire-conjugated system delocalized over the whole bawibof the
molecule (occupied NTO) to the more electron-widtvdng Q or Qon moieties (virtual NTO),
hence giving a partial ICT state. An almost negligiparticipation of thetr orbitals of the Ph
moieties atQ cores is also seen in Figure 3. These qualitathaervations are confirmed by the
analysis ofgg indexes varying within 0.56-0.79 f@r6, 8-10, which points to partial ICT character
of the transition. The maximal value ¢f = 0.83 calculated for is indicative of a more local
character of the S»S; transition. The less preeminence of ICT for thestate of this molecule
probably explains its peculiarly weak solvatochremialso registered for emission spectrum. It
should be noted that f&@ and8 - 10 all the electronic transitions include a trandfem all D
fragments simultaneously @ or Qon acceptor units (Figure 3). That is, in spite afhstecture
different from strongly polar DeA systemsl1-5, even low-polar molecule8-10 demonstrate a



partial charge transfer in thg State relative to Sstate, this probably being a basis of similarity o
the solvatochromic effects found ftw5 and6, 8 - 10. Note also that the relatively large values of
¢, point to only partial charge-transfer character amgarticular justify the relative good behavior
of hybrid functionals as compared to long-rangeexied ones.

Conclusions

We have introduced a series of novel quinoxalimet quinoxalinone-based chromophores
absorbing and emitting radiation in a broad rarggnaing from the UV to the NIR. The positions
and relative intensities of their absorption baads shown to depend strongly on the structural
modifications of the molecules. Quantum chemicdtudations within the framework of TD-DFT
approach provided reliable theoretical descriptbthe observed spectral features. In particukee, t
energies of theS»>S; excitations were predicted with accuracy to#fal eV.

The positions and intensities of emission bandfeénspectra in solution strongly depend on
both the structure of the solute and the polaritghe solvent. As expected, the precision of the
computational determination of the excitation eresdgor the $—-% transitions in this case is
lowered to cat0.2 eV. The reliable theoretical prediction of quen yields () of emission is all
the more difficult, and we have to rely on empiricales connecting the chemical structures of
luminophores and their luminescence. Present sfudgests thap values of variou€- andQon
based systems of DA, D-n-A-n-D or D-nt-A-n-A-1eD architecture depend on the positions of the
electron-donoiN,N-dialkylaminostyryl groups relative to electron-aptorQ or Qon moieties in a
rather similar way. Moreover, solvatochromic efsedund for similar isomeric forms of a rather
broad variety of structures turned out to be gatliely the same. The theoretical assessment of the
character of the main electronic transitions suggésat the simultaneous presence of electron-
donor and -acceptor units conjugated mihridges favors a partial ICT effect probably urigeg
the similarity of solvatochromism for all the stedisystems irrespective of the concrete type of D-
A architecture.

The capability of the chosen quantum chemical nm#thand empirical spectra-structure
correlations to reproduce the relation betweensthecture and the photophysical properties of a
rather broad variation - andQonbased chromophores suggests the possible usentircation
of the both approaches as a predictive tool inrdt®nal design of the related chromophores
presenting improved optical and photophysical fiestu

3. Experimental and computational details

3.1. Materials and instrumentation

The IR, NMR, UV-vis, MALDI spectra were registered the equipment of Assigned Spectral-
Analytical Center of FRC. Infrared (IR) spectra weaecorded on the Bruker Vector-22 FT-IR
spectrometer. All NMR experiments were performethv@8ruker AVANCE-600 and AVANCE-

400 (600 and 400 MHz folH NMR, 150 and 100 MHz fot’C NMR) spectrometers. Chemical



shifts ¢, in ppm) are referenced to the solvent (CD@ acetonek). The mass spectra were
obtained on Bruker UltraFlex Il MALDI TOF/TOF instment withp-nitroaniline as a matrix. The
melting points of compounds-10 were determined on a Boetius hot-stage apparatspGunds
1-4, 11, 12, 14, 16, 18 and 19 were obtained according to literatyfe' *J. Electronic absorption
(UV-Vis) and steady state fluorescence spectra weeerded at room temperature on a Perkin-
Elmer Lambda 35 spectrometer and a Cary Eclipseréhecence Spectrophotometer (Varian),
respectively, using 10 mm quartz cells. Absorpgpectra were registered with a scan speed of 480
nm/min, using a spectral width of 1 nm. All samplesre prepared as solutions in three solvents:
1,4-dioxane (Dioxane), dichloromethane (£H/DCM), acetonitrile (CHCN) with the
concentrations ranging from ~f@o ~10* molll™. The absorbance at excitation wavelength was
less than 0.1 to avoid the “inner filter effectluérescence quantum yields were measured using
aqueous solution of quinine sulfate(= 350 nmgp = 0.57 in 0.1 M HSQ,) and Rhodamine 6G.4x

= 530 nm,p = 0.92 in HO) as the standards. Appropriate corrections weadenfor the optical
density of the solutions and the refractive ind&she mediunt®

3.2 Synthesis @E)-3-(4-(dimethylamino)styryl))-7-methyl-2-phenyltpxalin )

A mixture of 3,7-dimethyl-2-phenylquinoxaline 13) (100 mg, 0.43 mmol), N,N-
dimethylaminobenzaldehyde (65 mg, 0.43 mmol), AdigB36 (14 mg, 0.42 mmol) and aqueous
sodium hydroxide (5M, 2 mL) was refluxed for 24 The reaction mixture was cooled, and
extracted with CkCl,. The organic layer was separated, washed withrwateed over anhydrous
MgSQO, and filtered. The solvent was removed at reducedsure, and the residue was purified by
silica gel column chromatography (eluent petroleather — EtOAc, 100:1) to give compoudd70
mg). Yield 45%, red-orange powdd®=0.32 (hexane : ethyl acetate=10:1); mp 119-120"FLC.
NMR (600 MHz, acetonek): 6 7.99 (d,J=15.4 Hz, 1H, H ethene), 7.90 (&8.2 Hz, 1H, H-5
qguinoxaline), 7.84 (s, 1H, H-8 quinoxaline), 7. 66 J=7.8 Hz, 2H,0-Ph), 7.62-7.54 (m, 4Hn,p-Ph,
H-6 quinoxaline),7.40 (d}J=8.6 Hz, 2H, 3,5-H aniline), 7.18 (d=15.6 Hz, 1H, H ethene), 6.73 (d,
J=8.6 Hz, 2H, 2,6-H aniline), 3.0 (s, 6H, Me), 2@03H, Me).**C NMR (150 MHz, acetones): &
154.1, 152.2, 150.2, 142.6, 141.1, 140.2, 140.0,5.3131.8, 130.6, 129.7, 129.6, 129.1, 128.3,
125.4, 120.1, 113.0, 40.2, 21.8. N\, cmi’, KBr): 3024 (C-H), 2917 (C-H), 2854 (C-H), 2804(C-
H), 1601 (C=N, C=C), 1522 (C=C), Elemental Analylsis C,sH,3N3: found C, 82.06; H, 6.29; N,
11.56%, requires C, 82.16; H, 6.34; N, 11.50%.

3.3 Synthesis of dyés8 and9

A mixture of bromoquinoxalineg, 2, 16 (0.12 mmol),N,N-dibutyl-4-vinylaniline (27 mg, 0.12
mmol), tri(e-tolyl)phosphine (4.0 mg, 0.012 mmol), Pd(OA€¢).3 mg, 0.006 mmol), Bl (0.30 g,
0.30 mmol), and anhydrous DMF (1 mL) was stirred4cd at 120 °C. The reaction mixture was
cooled, poured into water, and extracted with,Clkl The organic layer was separated, washed with
water, dried over anhydrous Mgg@énd filtered. The solvent was removed at reducedsore, and
the residue was purified by silica gel column chatmgraphy (eluent petroleum ether — EtOAc,
100:1-15:1) to give compound 8, 9, respectively.



3.3.1 6-((E)-4-(Dibutylamino)styryl)-3-((E)-4-(dinilamino)styryl)-2-phenylquinoxaliné)(

Yield 33% (23 mg), red-orange powdBr=0.52 (hexane : ethyl acetate=10:3); mp 179-183HC.
NMR (600 MHz, CDC}): 6 8.04 (s, 1H, H-5 quinoxaline), 7.99 15.5 Hz, 1H, H ethene), 7.98
(d, J=8.7 Hz, 1H, H-7 quinoxaline), 7.87 (858.7 Hz, 1H, H-8 quinoxaline), 7.75 (@7.5 Hz, 2H,
o-Ph), 7.54 (ddJ=7.5, 7.3 Hz, 2Hm-Ph), 7.50 (ddJ=7.3, 7.3 Hz, 1Hp-Ph), 7.46 (dJ=8.7 Hz, 2H,
3,5-H aniline), 7.44 (d)=8.7 Hz, 2H, 3,5-H aniline), 7.27 (8:16.2 Hz, 1H, H ethene), 7.18 (d,
J=15.5 Hz, 1H, H ethene), 7.08 @16.2 Hz, 1H, H ethene), 6.69 (#8.7 Hz, 2H, 2,6-H aniline),
6.67 (d,J=8.7 Hz, 2H, 2,6-H aniline), 3.32 @7.6 Hz, 4H, NCH), 3.00 (s, 6H, Me), 1.64-1.59 (m,
4H, NCH,CH,), 1.42—-1.35 (m, 4H, N(CHLCH.), 0.98 (t,J=7.5 Hz, 6H, CH). **C NMR (150

MHz, CDCh): 6 153.0, 150.9, 149.9, 148.3, 142.4, 140.4, 14(B%,Qd, 136.7, 131.4, 129.7, 129.03,
129.00, 128.8, 128.5, 128.2, 127.1, 125.0, 12£#8,11, 122.7, 120.0, 112.1, 111.7, 50.8, 40.3, 29.5,
20.4, 14.0. IR\inax cm %, KBr): 2956 (C-H), 2927 (C-H), 2871 (C-H), 1501, C=0), 1517
(C=C). MALDI-TOF: 581 [M+HT, Elemental Analysis for £gH44N4: found C, 82.81; H, 7.58; N,
9.71%, requires C, 82.72; H, 7.64; N, 9.65%.

3.3.2 7-((E)-4-(Dibutylamino)styryl)-3-((E)-4-(dinfylamino)styryl)-2-phenylquinoxaling)(

Yield 41% (29 mg), red-orange powd&=0.52 (hexane : ethyl acetate=10:3); mp 115-1164C.
NMR (600 MHz, CDC}): 6 8.03 (s, 1H, H-8 quinoxaline), 8.02 8.7 Hz, 1H, H-6 quinoxaline),
7.98 (d,J=15.6 Hz, 1H, H ethene), 7.94 @8.7 Hz, 1H, H-5 quinoxaline), 7.76 (7.3 Hz, 2H,
o-Ph), 7.55 (ddJ=7.3, 7.3 Hz, 2Hm-Ph), 7.52 (ddJ=7.3, 7.3 Hz, 1Hp-Ph), 7.45 (dJ=8.8 Hz, 2H,
3,5-H aniline), 7.43 (dJ=8.8 Hz, 2H, 3,5-H aniline), 7.25 (d716.2 Hz, 1H, H ethene), 7.18 (d,
J=15.6 Hz, 1H, H ethene), 7.06 16.2 Hz, 1H, H ethene), 6.68 (8.7 Hz, 2H, 2,6-H aniline),
6.66 (d,J=8.7 Hz, 2H, 2,6-H aniline), 3.32 @7.3 Hz, 4H, NCH), 3.00 (s, 6H, Me), 1.64-1.57 (m,
4H, NCHCH,), 1.42-1.35 (m, 4H, N(CHLCH,), 0.98 (t,J=7.3 Hz, 6H, CH). **C NMR (150
MHz, CDCk): 6 154.3, 150.8, 148.6, 148.2, 141.5, 141.3, 13989, 136.3, 131.1, 129.7, 128.9,
128.8, 128.6, 128.4, 128.2, 127.9, 125.3, 125.8,11222.7, 120.0, 112.1, 111.7, 50.8, 40.2, 29.5,
20.3, 14.0. IR \{nax CM Y, KBr): 2953 (C-H), 2924 (C-H), 2857 (C-H), 1597, C=0), 1519
(C=C). MALDI-TOF: 581 [M+HT, Elemental Analysis for £H44N4: found C, 82.79; H, 7.70; N,
9.69%, requires C, 82.72; H, 7.64; N, 9.65%.

3.3.3 7-((E)-4-(Dibutylamino)styryl)-3-((E)-4-(dinmslamino)styryl)-1-propylquinoxalin-2(1H)-one
9).

Yield 28% (19 mg), dark-red powdeR=0.40 (hexane : ethyl acetate=10:3); mp 113-115'FC.
NMR (400 MHz, CDC})): 6 8.06 (d,J=16.0 Hz, 1H, H ethene), 7.75 (d+8.4 Hz, 1H, H-5
qguinoxaline), 7.59 (dJ=8.8 Hz, 2H, 3,5-H aniline), 7.56 (d716.0 Hz, 1H, H ethene), 7.50 (dd,
J=8.4, 1.4 Hz, 1H, H-6 quinoxaline), 7.42 8.7 Hz, 2H, 3,5-H aniline), 7.21 (d71.4 Hz, 1H,
H-8 quinoxaline), 7.13 (dJ=16.2 Hz, 1H, H ethene), 6.95 (@16.2 Hz, 1H, H ethene), 6.71 (d,
J=8.8 Hz, 2H, 2,6-H aniline), 6.65 (d78.7 Hz, 2H, 2,6-H aniline), 4.29 @=7.8 Hz, 2H, NCH),
3.31 (t,J=7.6 Hz, 4H, NCH), 3.02 (s, 6H, Me), 1.92-1.82 (m, 2H, N&FH,), 1.64-1.54 (m, 4H,
NCH,CH,), 1.42-1.33 (m, 4H, N(ChCH,), 1.11 (t,J=7.4 Hz, 3H, CH), 0.97 (t,J=7.3 Hz, 6H,



CHs). *C NMR (100 MHz, CDGJ): 6 155.2, 151.5, 151.1, 148.3, 139.3, 138.0, 13382,3], 131.0,
129.7, 129.4, 128.2, 125.1, 123.9, 122.7, 121.0,711112.1, 111.7, 110.9, 50.8, 43.7, 40.2, 29.5,
20.7, 20.3, 14.0, 11.5. IR/fay cmi ', KBr): 2956 (C-H), 2928 (C-H), 2871 (C-H), 1648<Q),
1595 (C=N, C=C), 1521 (C=C). MALDI-TOF: 563 [M+H]Elemental Analysis for £HsN4O:
found C, 78.82; H, 8.30; N, 9.91%, requires C, 8819, 8.24; N, 9.96%.

3.4 Synthesis of dy@sand10

Method I.A mixture of 3-methylquinoxalin-2-ong5 or 18 (1.50 mmol), selenium dioxide (196 mg,
1.76 mmol) and dioxane (6 mL) was stirred at 1006CL h under argon and then cooled to room
temperature. After removal of the solvent by rotavgporation, the residue was purified by silica-
gel column chromatography (eluent petroleum ethetGAc, 30:1-2:1) to give aldehyd&7 or 19

as major product and bis-quinoxalinorresr 10 as by-product, respectively.

Method II. A mixture of 3-methylquinoxalin-2-on&5 or 18 (0.11 mmol), aldehydé&7 or 19 (0.13
mmol), respectivelyandacetic anhydride (1 mL) was stirred at 140 °C fomdin and then cooled
to room temperature. After removal of the solventdiary-evaporation, the residue was purified by
silica-gel column chromatography (eluent petroleather — EtOAc, 30:33:1).

3.4.1 (E)-1,2-Bis(7-methyl-1-propylquinoxalin-2(16t)-3-yl)ethene?®)

Yield 4% (13 mg, method 1), 24% (11 mg, method ygllow powder.R=0.23 (hexane : ethyl
acetate=10:3); mp 268-279 °@&4 NMR (400 MHz, CDCJ): & 8.57 (s, 2H, H ethene), 7.78 (d,
J=8.1 Hz, 2H, H-5 quinoxaline), 7.15 (d=8.1 Hz, 2H, H-6 quinoxaline), 7.07 (s, 2H, H-8
qguinoxaline), 4.25 (t)=7.7 Hz, 4H, NCH), 2.52 (s, 6H, Me), 1.86-1.79 (m, 4H, N&HH,), 1.07

(t, J=7.3 Hz, 6H, CH). *C NMR (100 MHz, CDC)): § 154.9, 151.0, 141.2, 132.6, 132.1, 130.6,
130.4, 125.1, 113.6, 43.7, 22.3, 20.6, 11.4.JRax, cm-1, KBr): 3089 (CH), 2959 (CH), 2874
(CH), 1650 (C=0), 1609 (C=N, C=C), 1572 (C=C). MALDOF: 429 [M+HTJ, 451 [M+NaJ, 467
[M+K] *, Elemental Analysis for £gH2sN4O>: found C, 72.91; H, 6.62; N, 13.10% requires C872

H, 6.59; N, 13.07%.

3.4.2 (E)-1,2-Bis(7-((E)-4-(dibutylamino)styryl)gtepylquinoxalin-2(1H)-on-3-yl)ethené()

Yield 5% (32 mg, method I), 33% (31 mg, method Miplet powder.R=0.26 (hexane : ethyl
acetate=10:3); mp 245-246 °@&4 NMR (400 MHz, CDCJ): & 8.53 (s, 2H, H ethene), 7.78 (d,
J=8.4 Hz, 2H, H-5 quinoxaline), 7.50 (dd;8.4, 1.2 Hz, 2H, H-6 quinoxaline), 7.40 (8.8 Hz,
4H, 3,5H aniline), 7.17 (d=1.2 Hz, 2H, H-8 quinoxaline), 7.14 (8516.2 Hz, 2H, H ethene), 6.93
(d, J=16.2 Hz, 2H, H ethene), 6.63 (@8.8 Hz, 4H, 2,6-H aniline), 4.28 @=7.6 Hz, 4H, NCH),
3.31 (t,J=7.7 Hz, 8H, NCH), 1.91-1.81 (m, 4H, NCiLH,), 1.64-1.56 (m, 8H, NC}€H,), 1.42—
1.33 (m, 8H, N(CH),CHy), 1.11 (t,J=7.4 Hz, 6H, CH), 0.98 (t,J=7.4 Hz, 12H, CH). **C NMR
(100 MHz, CDC}): 6 155.0, 150.3, 148.4, 140.8, 133.2, 133.0, 13138,9, 130.2, 128.3, 123.7,
122.5,121.1, 111.6, 110.8, 50.8, 43.7, 29.5, 22D, 14.0, 11.5. IRvfiax cmi -, KBr): 2955 (C-H),
2925 (C-H), 2856 (C-H), 1657 (C=0), 1590 (C=N, C=0319 (C=C). MALDI-TOF: 859 [M+H],
881 [M+Na], Elemental Analysis for £H7oNsO,: Found C, 78.39; H, 8.17; N, 9.72% requires C,
78.28; H, 8.21; N, 9.78%.

3.4.3 7-Methyl-1-propylquinoxalin-2(1H)-one-3-calthehyde 17)



Yield 73%(239 mg), yellow powdeR = 0.09 (hexane : ethyl acetate=10:3); mp 138-140'C
NMR(400 MHz, CDC}): 10.45 (s, H, CHO), 7.94 (d,J=8.3 Hz, H, H-5), 7.24 (ddJ=8.3 Hz, 1.1
Hz, 1H, H-6), 7.14 (s, H, H-8), 4.25 (tJ=7.8 Hz, H, NCH_), 2.56 (s, 8I, CH3), 1.77-1.87 (m, H,
CH,CHs), 1.08 (t,J=7.4 Hz, 31, CH). *C NMR (100 MHz, CDC}): 5 189.5, 154.5, 145.8, 145.6,
134.2, 132.6, 131.4, 126.0, 113.9, 43.5, 22.6,,20163. IR ymax, cm—-1, KBr): 3073 (CH), 3045
(CH), 2963 (CH), 2933 (CH), 2874 (CH), 1704 (C=0§52 (C=0), 1606 (C=N, C=C), Elemental
Analysis for GsHi14N20,: Found C, 67.74; H, 6.09; N, 12.11%, requires T886; H, 6.13; N,
12.17%.

3.4.4 (E)-7-(4-(Dibutylamino)styryl)-1-propylquinaixn-2(1H)-one-3-carbaldehydd ).
Yield: 68% (455 mg)T].

3.5 Synthesis of 3,7-Dimethyl-1-propylquinoxalios (5)

In three-neck round bottom flask ethanol (1L) waklem, then a solution of 4-methyl-1,2-
diaminobenzene (27.40 g, 224 mmol) in ethanol [Q.&nd a solution of ethyl pyruvate (26.10 g,
224 mmol) in ethanol (0.5 L) were added dropwige3fd at room temperature under stirring. The
reaction mixture was stirred for 6 h and left ovght in a refrigerator at temperature of°CO
Precipitated crystals were filtered, washed withaabl. Isomeric mixture (17.0 g) of 3,7-, and 3.6-
dimethylquinoxalin-2(H)-ones of 5:1 ratio (according tél NMR spectrum) was obtained. Ethanol
was evaporated from the filtrate under reducedspires the precipitate was washed with ethanol.
Isomeric mixture (17.5 g) of 3,7 -, and 3.6-dimédgjoynoxalin-2(H)-ones of 1:1 was obtained.
Total yield 88%. A suspension of isomeric mixtufe3¢/- and 3,6-dimethylquinoxalin-2f)-ones
(212.0 g, 69 mmol)KOH (7.75 g, 138 mmol), and dioxane (40 ml) wagedirfor 2 minutes at 100
°C and then cooled. The solution of Prl (14.05 §,n@mol) in dioxane (20 ml) was added. The
reaction mixture was stirred for 4 h at 100 °Cntle@oled, poured into water and extracted with
CH.Cl,. The organic layer was dried overJS&, filtered, and evaporated under reduced pressure.
The isomers mixture (14.2 g, yield 95%) was obtair®7-dimethyl derivativd2 was isolated by
the fourfold recrystallization from hexane. Yiel®% (4.12 g), white powderRf = 0.40
(ethylacetate: hexane = 1:3); mp 66-&7 (hexane)'H NMR (acetoned6): 7.59 (d,J=8.1 Hz H,
H5), 7.33 (s, H, H8), 7.13 (dd,J=8.1, 1.0 Hz, H, H6), 4.20 (tJ=7.7 Hz, 2, NCH>), 2.48 (s, B,
CHs), 2.43 (s, B, CHs), 1.70-1.79 (m, B, CH,CH3), 1.09 (t,J=7.4 Hz 3, CHs). **C NMR (100
MHz, acetoned6): 6 156.6, 154.6, 139.9, 132.6, 131.0, 129.1, 12414.01, 43.0, 21.0, 20.5, 20.4,
10.6. IR (Nujol mull),v, cni:1649 (C=0), 1613 (C=N, C=C), 1566 (C=C). Elemedtahlysis for
Ci13H16N20: found C, 72.00; H, 7.39; N, 13.05%, require§Z.19; H, 7.46; N, 12.95; O, 7.40%.

3.7. Computational details

All density functional theory (DFT) calculations keeperformed with the Gaussian 09
program packag¥.In general the spherical def2-TZVP atomic orbi#sD) basis set was uséd *°

All the structures were optimized with the use gibfid PBEO functiondf "*and long-range
corrected CAM-B3LYP? functional. The nature of (<SS, transitions (n = 1, 2, 3) has been



characterized by the analysis of the NTOs suppdrtethe quantitative topological analysis based
on the detachment/attachment density mafticd@s’® We remind that the NTO representation
allows to consider any TD-DFT electronic exciteatstas a transition from the first (occupied) NTO
to the second (virtual) orbital, as a consequefee dccupied NTO should be considered as
representative of the hole density, while the @rtNTO will describe the particle density. Excited
states topology was analyzed by a post procesdingeoGaussian output performed using the
NANCY_EX 2.0 software suité’ in order to obtain natural transition orbitals (¥) andg, index.
Stationary points were characterized as minima reguency analyses. Solvent effects on the
photophysical properties have been taken into aisousing the polarizable continuum model
(PCM)"™"® within linear-response (LR) implemented in Gauss@® software. Time-dependent
density functional response theory (TD-DEI¥f has been employed to compute the vertical
excitation energies (i.e., absorption and emissi@velengths) and oscillator strengths on the
ground state (GSgpand first singlet excited stateifSequilibrium geometries, each optimized in
the gas phase as well as with the use of PCM mwitlelstandard parameters for acetonitrile as a
solvent. No energy shift has been applied for PBEle for CAM-B3LYP calculations all the
excitations energies have been red-shifted by eor &ictor computed as the difference between
Esosi and corresponding experimenialax in order to better match experimental spectralesir
Simulated electronic absorption spectra, calculate@O vertical excitations at the optimized ground
state (GS) geometries were empirically broadenimyles Gaussian type functions with full-width at
half maximum (FWHM) equals to 0.4 eV. The dipoled& representation is used to calculate
oscillator strengths discussed in the present paper
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Highlights

aseries of novel quinoxaline- and quinoxalinone-based chromophores is synthesized
absorption/emission of the chromophores span from the UV to the NIR

the absorption spectra are reliably simulated quantum chemically

the positions of the emission bands are also reproduced by the computations

guantum yields of emission are qualitatively predictable by empirical rules



