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ARTICLE INFO ABSTRACT

Article history The study on the fluorescence and UV-Vis absorptibsome iminocoumarins at ambient
Received temperature in several solvents showed a bathodétirsiift with the increase of theolven
Received in revised form polarity. The use of the solvathochromic methodvedid us to determine the dipole momel
Accepted both ground and excited states. The studied mascexhibit much fgher dipole moments
Available online the excited state than in the ground state, whaschle due to the redistribution ofelectrot

densities in the excited state making moleculesenmolar with higher dipole moments

ﬁmggﬂ;anns Furthermore, HOMO-LUMO gap were also esti_ma_ted réstizally using B3LYP/6
Dipole moments 311+G(d,p) level of theory; the low energy gap @aded the eventual charge trans

Solvatochromic shift interaction occurring in the molecules, and resjiagor their light emitting properties.
Intramolecular charge transfer

Theoretical calculations Elsevier Ltd. All rights reserved.

1. Introduction carboxamide derivative8-10 calculated from the relation of
] o ) ] Lippert, Bakhshiev and Kawski-Chamma-Viallet [23]. €Th
Coumarin derivatives attracted the attention ofnuilsés over excitation of a compound by absorption of photomsses a
the past years [1], they constitutes a class ofptamds with redistribution of charges that lead to conformagiothanges in
many biological activities [2-9]. The coumarin detives the excited state. This may result in an augmemntatr
present a great number of biological propertieshsas, anti- diminution of the dipolar moment of the excitedtsteelative to
inflammatory [10], analgesic [11], anti-spasmodid 2] that of the ground-state [24]. Prospecting of dépmioments in
antitumor [13], antimicrobial [14], antibacteriald], anti-VIH the ground and excited state of electronically textimolecules

[16] and antioxidant_ [17]activi.ties. The application of. their provides important information about the electromd a
fluorescence properties are widely known [18-20]ngeised geometric structure of the compound in a shortdiseate. The

as fluorescent probes and fluorescent markersdnhlemistry knowledge of the excited state dipole moment oftesedcally
[21-22]. Thus, to prepare functionalized coumamnsposition excited molecules is very effective to design newnpounds
2, we have reacted 2-imind4Zhromene-3-carboxyamide)( with nonlinear optical properties, to elucidate tisure of the
with a series of aromatic amingsL0 (Scheme 1). excited state and to get the path of their photoibe
o o o transformation.
2 o In the absence of crystal structures to deternfirentost stable
ﬁkw2 . @ Acetic acid c[\/ifL NH, conformation of the titled compounds, full-optimizgeometry
o SNH g Room temp- o of different rotamers will be carried out. The grdustate
1 2a-h structures were optimized using density functiohabty (DFT)
:- E::EZ;ZH; . : :j::, ;j:i:gngH model and gmploying the hybri.d Becke3-Lee-Yang-Parr
7 R'=H RZ=4Br 8. R'= 3.0l R? = 4.0l R2 o R (B3LYP) functional and at the excited state, strresuwere
9.R'=2-Cl, R? = 5C 10. R = 2-ClI, R? = 4-Cl optimized by using the time-dependent density fionet
theory (TD-DFT) method with the 6-311++G(d,p) basitss
Scheme 1Synthesis of iminocoumarirg10. Also, dipole moments and HOMO-LUMO analysis of these
molecules are reported here, and the theoretiteallesions are
We will also describe the ground and excited-staifmold correlated with experimental data.

moments of the prepared ZR22-arylimino-2H-chromene-3-



2. Experimental
2.1. Apparatus

Melting points were obtained with an Electrothermala®t
scientific SPM3 apparatus. IR spectra (KBr) wererded on a
FTIR-Perkin Elmer (Spectrum One) spectrophotométérand
¥C spectra were acquired in CQGInd DMSO-¢ solutions
with TMS as internal standard, on a Bruker Avance 300
(operating at 300.13 MHz fdH and at 75.47 MHz fol°C). All
spectrophotometric measurements were conducted @n ro
temperature. UV/Vis absorption spectra were recordedaon
Varian CARY 50 spectrophotometer. Fluorescence spegtra
recorded on a Varian Cary Eclipse spectrofluorometdre
fluorescence quantum yield®) calculated using as standard
the disodium fluorescein saltb( = 0.9) according to the
conventional formula:

Oy = (Ps As Fx nxz) I (Ax Fs nsz)

Where,A is the absorbance at the excitation wavelerigtthe
Area under the fluorescence curve antie Refractive index of
the solvents used. Subscripts “s” and “x” refeithie standard
and to the sample of unknown quantum yield, respelgti The
excitation source was Xenon flash lamp.

2.2. General procedure for the synthesis of B-2-
(arylimino)-2 H-chromene-3-carboxamides 3-10.

A mixture of 2-imino-H-chromene-3-carboxamidé)((1.88 g,
10 mmol) with the appropriate anilirg2(10 mmol) and acetic
acid (5 mL) were vigorously stirred at ambient terapere for
the appropriate time3( 4and9 120 min;5 and7 15 min;6 and

8 10 min; 10 1440 min). After reaction completion, controlled
by tlc, ice-cold distilled water was added. The aiedi solid
(22)-2-(arylimino)-2H-chromene-3-carboxamides3-10 were
separated by vacuum filtration and then washed wiitilldd
water and ethyl ether.

2.2.1. (Z)-2-(Phenylimino)-2H-chromene-3-carboxamide
®3).

Yield 80% (2.11 g), m.p. 234-236°C. IR (&jn 3245
(CHaromatd, 3113 (CH, C=CH), 1708 (C=0), 1590 (C=CH
NMR: § 9.04 (s, 1H, NH), 9.57 (s, 1H, H-4), 10.38 (s, 1H, NH),
8.84 (d, 1H, H-5) 9.0 Hz), 8.60 (d, 1H, H-8 9.0 Hz), 8.45 (d,
2H, H-6, H-7,J8.1 Hz), 8.38-8.30 (m, 3H, H-3', H-4', H-5),
8.24-8.19 (m, 2H, H-2',6);°C NMR: § 114.7, 115.4, 118.0,
118.8, 123.92, 123.9, 124.7, 126.3, 128.0, 12729,9, 149.3,
152.9, 153.6, 162.5; MS (E$1 m/z 265 (100%) (M+H) 287
(5%) (M+Nay.

2.2.2.@)-2-[(3-Carbamoyl-2H-chromen-2-
yliden)amino]benzoic acid (4).

Yield 85% (2.62 g), m.p. 207-208°C. IR (¢jn 3393
(CHaromatid, 3304 (OH, carboxylic acid), 3159 (CH, C=CH),
1694 (C=0), 1576 (C=C)*H NMR: §10.23 (s, 1H, COOH),
9.95 (s, 1H, NH), 9.93 (s, 1H, NH), 8.95 (s, 1H, H-4)188987
(m, 4H, H-5, H-6,H-7, H-8), 8.66-8.55 (m, 2H, H-5, 6%,
8.37-8.29 (m, 2H, H-3', H-4)"*C NMR: § 114.7, 115.8, 118.2,
121.0, 124.2, 124.2, 124.7, 129.4, 129.4, 130.2,7,3140.8,
147.5, 152.4, 153.6, 162.5, 167.2; (BSIm/z 309 (100%)
(M+H)", 331 (8%) (M+Nal).

2.2.3.¢)-2-(4-Methylphenylimino)-2H-chromene-3-
carboxamide (5).

Yield 85 % (2.36 g), m.p. 237-238°C. IR (dn 3245

(CHaromatd, 3165 (CH, C=CH), 1706 (C=O amide), 1673
(C=0), 1597 (C=C)*H NMR: 3 10.25 (s, 1H, NH), 8.66 (s, 1H,

H-4), 6.18 (s, 1H, NH), 7.61-7.51 (m, 2H, H-5, H-8). B&14

(m, 6H, H-6, H-7, H-2,6", H-3",5), 2.46 (s, 3H, G} “°C

NMR: § 21.1, 115.3, 115.3, 115.4, 118.5, 122.8, 122.9,5,2
128.1, 129.5, 134.5, 152.6, 153.4, 164.2; (ES/z 279
(100%) (M+HY, 301 (9%) (M+Na).

2.2.4. @)-2-(4-Methoxyphenylimino)-2H-chromene-3-
carboxamide (6).

Yield 87% (2.54 g), m.p. 239-240°C. IR (&n 3252
(CHaromatd, 3120 (CH, C=CH), 1701 (C=0), 1570 (C=CM
NMR: § 10.96 (s, 1H, NH), 9.13 (s, 1H, H-4), 6.73 (s, 1H, NH),
8.30-8.22 (m, 2H, H-5, H-8), 8.07-7.97 (m, 4H, H-2'6l-
3.5", 7.69 (d, 2H, H-6, H-79.00 Hz), 4.61 (s, 3H, OGH

®C NMR: § 55.4, 113.9, 115.4, 120.6, 121.4, 124.3, 124.6,
129.4, 132.7, 141.3, 153.6, 153.8, 156.8, 164.%{[Em/z 295
(100%) (M+HY, 317 (3%) (M+Na).

2.2.5.¢)-2-(4-Bromophenylimino)-2H-chromene-3-
carboxamide (7).

Yield 85 % (2.98 g), m.p. 263-264 °C. IR (¢n 3260
(CHaromard, 3119 (CH, C=CH), 1698 (C=0), 1595 (C=CH
NMR:8 8.18(s, 1H, NH), 8.51 (s, 1H, H-4), 6.95 (s, 1H, NH),
6.80-6.77 (m, 4H, H-5, H-6, H-7, H-8), 6.32-6.14 (AH, H-
2',6’, H-3'5"); C NMR: § 114.8, 116.4, 118.2, 121.3, 121.7,
124.3, 124.8, 124.8, 129.4, 131.3, 131.6, 141.2,3,5162.4;
(ESI): m/z 343 (100%) [(M+H) "Br], 345 (100%) [(M+H],
#1Br], 365 (9%) [(M+NayJ, "*Br], 367 (9%) [(M+NaJ, *'Br].

2.2.6. £)-2-(3,4-Dichlorophenyl)imino)-2H-chromene-3-
carboxamide (8).

Yield 83 % (2.76 g), m.p. 236-237°C. IR (¢n 3286
(CHaromatd, 3127 (CH, C=CH), 1708 (C=0), 1570 (C=CH
NMR: 5 10.10 (s, 1H, NH), 9.60 (s, 1H, H-4), 9.03 (s, 1H, NH),
8.87 (d, 1H, H-5] 9.0 Hz), 8.69-8.61 (m, 3H, H-6, H-8, H-6"),
8.40-8.32 (m, 2H, H-7, H-5"), 8.23 (d, 1H, H-28.10 Hz);"*C
NMR: § 114.8, 118.2, 121.2, 122.9, 124.3, 129.4, 12%0,2,
130.6, 130.6, 132.9, 141.5, 149.5, 152.3, 152.2,3t6ES):
m/z 333 (100%) [(M+H), *Cl], 335 (60%) [(M+H], *°Cl,
%7Cl), 337 (15%) [(M+HYJ, ¥CI], 355 (12%) [(M+Naj, *Cl],
357(7%) [(M+Na}, *°Cl, *'Cl], 359 (3%) [(M+NaJ, *'CI].

2.2.7. @)-2-(2,5-Dichlorophenyl)imino-2H-chromene-3-
carboxamide (9).

Yield 73 % (2.43 g), m.p. 216-217°C. IR (¢jn 3300
(CHaromatd, 3141 (CH, C=CH), 1708 (C=0), 1570 (C=CH
NMR: § 9.76 (s, 1H, NH), 8.91 (s, 1H, H-4), 6.01 (s, 1H, NH),
7.48-7.38 (m, 2H, H-5, H-8), 7.18-7.15 (m, 2H, H-Bl;4),
7.05-6.99 (m, 3H, H-6, H-7, H-6')°C NMR: § 116.1, 119.1,
120.8, 123.8, 125.4, 125.4, 125.7, 126.6, 130.0,8,3133.7,
143.9, 152.6, 153.8, 164.1; (EBIm/z 333 (100%) [(M+H)
®Cl], 335 (60%) [(M+H]J, *Cl, *'Cl], 337 (15%) [(M+H],
¥Cl], 355 (12%) [(M+Naj, *°Cl], 357 (7%) [(M+NaJ, *°Cl,
¥7Cl), 359 (3%) [(M+Naj, *'Cl].

2.2.8. £)-2-(2,4-Dichlorophenyl)imino-2H-chromene-3-
carboxamide (10).

Yield 80 % (2.65 g), m.p. 247-248°C. IR (¢jn 3314
(CHaromatd, 3162 (CH, C=CH), 1708 (C=0), 1570 (C=CH
NMR: § 9.16 (s, 1H, NH), 8.62 (s, 1H, H-4), 8.04 (s, 1H, NH),
7.83 (d, 1H, H-6, 8.4 Hz), 7.68 (s, 1H, 3'-H), 7.527.(m, 4H,
H-5, H-6, H-7, H-8), 7.18 (d, 1H, H-518.7 Hz);"*C NMR: §
115.2, 118.5, 121.1, 124.8, 127.3, 127.3, 127.8,5,2128.8,
129.9, 133.4, 140.9, 142.3, 150.2, 152.5, 162.8{JEm/z 333
(100%) [(M+HY, *ClI], 335 (60%) [(M+H]J, *Cl, *'Cl], 337
(15%) [(M+HY", *'Cl], 355 (12%) [(M+Naj, **Cl], 357 (7%)
[(M+Na)*, *°Cl, *'Cl], 359 (3%) [(M+NaJ, *'ClI].



3. Results and discussion

3.1. UV/vis absorption spectra

The absorption spectra of all the iminocoumari@slO
(concentration 1® M) were recorded immediately after
compounds dissolution and filtration through papé&he
magnitudes of Stokes shift vary between 4700 an@a@8sn*
and are indicative of a charge transfer transitfdable 1).
These spectra in DMSO, DMF, acetonitrile, dichlororaath
THF, ethyl acetate and chloroform displays two didtibands
(Figures 1a-h). The -tx* transition could be located on the
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Figures 1a—h Absorption spectra of all compounds 8a)b)4, (c)5, (d)6, (e)7, (f) 8, (g)9 and (h)10in different solvents.

3.2. Fluorescence spectra

The fluorescence of iminocoumariBslO in all solvents (18
M) was acquired at ambient temperature (Table 1).

3.2.1. Steady-state emission spectra

In the emission spectra, the shape and positionalbf
iminocoumarins 3-10 were independent of the excitation
wavelength, which confirms that only one specie emitsach
solution (Figures 2a-f, Table 1). As example, thecsum of
emission of compoun@ has an emission band at 400 nm in
acetonitrile that shifts to 408 nm in chloroformor@pound4

emits at 347 nm in dichloromethane, at 338 nm irF&#d at
334 nm in chloroform.

Table 1 presents the wavelengths of the maxima dkeance
emission bands of their iminocoumari®4.0 studied at 293K.
We note that these iminocoumariBslO do not present an
important bathochromic displacement of the fluoeese
band, passing from polar solvents to non-polarestl, since
the peaks are almost in the same domain field fibr a
compounds.
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Figures 2.a—h Emission spectra of all compounds 3ajb)4, (c)5, (d)6, (e)7, (f) 8, (9) 9 and (h)10 plotted in different solvents



Table 1: Spectroscopic and photophysical characteristitsetierivatives of compoun@s10 in different solvents.

Compounds Solvent dabs (NM) g (Mtem™) dex (NM) dem (NM) va-vf (cm™) of
DMSO 340 26800 310 362 1787.45 0.083
DMF 361 23600 310 412 3428.99 0.113
ACN 362 28400 315 400 2624.31 0.048
3 CH.CI, 363 35800 330 407 2978.18 0.086
THF 364 29000 315 400 2472.53 0.035
ACE 363 36300 315 402 2672.59 0.062
CHCl; 333 102000 315 408 5520.23 0.014
DMSO 342 26800 310 360 1461.99 0.088
DMF 341 24400 310 404 4573.04 0.162
ACN 345 21400 315 348 249.87 0.104
4 CH.CI, 347 36200 310 403 4004.55 0.044
THF 338 15100 310 398 4460.18 0.043
ACE 342 49700 310 400 4239.77 0.061
CHCl; 334 49700 310 404 5187.64 0.044
DMSO 367 11200 315 352 e 0.087
DMF 368 4700 310 347 - 0.549
ACN 369 24000 315 404 2347.79 0.065
5 CH.CI, 370 36700 330 405 2335.69 0.047
THF 369 28100 315 404 2347.79 0.086
ACE 366 52400 315 404 2569.93 0.063
CHCl; 331 115900 315 405 5520.12 0.016
DMSO 381 11100 310 351 e 0.095
DMF 382 25700 320 405 1486.65 0.053
ACN 383 26500 315 404 1357.18 0.040
6 CH.CI, 384 37600 330 406 1411.12 0.051
THF 385 26400 315 400 974.02 0.059
ACE 380 37100 315 401 1378.13 0.058
CHCl; 330 111700 315 407 5733.00 0.025
DMSO 364 26600 310 352 - 0.084
DMF 365 12300 315 405 2705.90 0.148
ACN 366 17900 315 400 2322.40 0.188
7 CH.CI, 367 40900 330 404 2495.48 0.025
THF 365 39600 315 400 2397.26 0.150
ACE 360 45500 315 402 2902.15 0.051
CHCl; 333 125900 315 403 5216.13 0.026
DMSO 360 28600 310 352 e 0.044
DMF 361 32400 320 405 3009.47 0.072
ACN 362 34100 315 402 2748.69 0.053
8 CH.Cl, 363 38700 330 407 2978.18 0.030
THF 360 40500 315 403 2963.88 0.094
ACE 360 41800 315 404 3025.30 0.054
CHCl; 334 111600 315 408 5430.31 0.011
DMSO 356 26500 310 352 e 0.055
DMF 357 12500 320 405 3319.85 0.208
ACN 358 36700 315 404 3180.48 0.041
9 CH.Cl, 362 41800 320 408 3114.50 0.050
THF 354 33400 315 400 3248.59 0.061
ACE 353 50700 315 401 3390.96 0.031
CHCl; 333 121000 315 408 5520.22 0.024
DMSO 360 32100 310 353 - 0.062
DMF 361 33300 320 404 2948.35 0.055
ACN 358 24000 315 402 3057.34 0.147
10 CH.Cl, 360 31200 330 404 3025.30 0.056
THF 356 35900 315 400 3089.89 0.067
ACE 355 39700 315 402 3293.39 0.067
CHCl; 333 118700 315 410 5639.79 0.024

Absorbance wavelengthg: Corresponding molar extinction coefficierits. Maximum excitation wavelengthke; Maximum emission wavelength and
shouldersy,-vs: Stokes shift; ands: Fluorescence quantum yield with excitation atrtteximum absorption wavelength.



3.3. Theoretical calculations of the ground-state idole
moments

3.3.1. Computational methods:

Calculations have been performed by using Kohn—-%ham
DFT and the gradient-corrected hybrid density fiomal
B3LYP [26-28]. This functional is obtained by cougji the
three parameters non-local exchange potential ok B&th the
non-local correlation functional of Leet al. [29,30]. The
complete geometry optimizatien is done on a setthi$
functional and the 6-311++G(d,p) [31,32] basis seat a
implemented by Gaussian 03W package in gas phageTf2s
solvents were modelled using their dielectric caomista
employing the CPCM solvation model; calculations ever
realized as single points on the gas phase geaweffihe
characterization of electronic transitions and textistates
were realized thanks to the time-dependent DFT mefhbd
DFT) on their correspondingly optimized ground etat
geometry. The method, is enough precise to deterritie
excited states of low molecules and aims to evalbatk the
physical and chemical constraints. In order to adpce the
experimental results, vertical excitation energiegere
calculated for the first 20 singlet excited states.

3.3.2. Geometry

To depict the 3D structure of each compound, we stlithe
geometry of our compounds using DFT/6-311++G(d,pYlen
vacuum in different solvents. In order to have thest stable
conformation molecular for each compound, we haudist
the geometry of various rotamers, when they existl a
calculated their relative energies (Table 2). Theshkative
energies show a little energy difference betweemmets,
which indicates the presence of many rotamers irsémeples
at ambient temperature except for compodndhe hydrogen
bond, in this case, excludes the existence of hmtimers4a
and 4b. Structuredb seems the most stable in vacuum in all
solvents which is probably due to its shorterHN distance
2.153 A comparing to OHN distance 2.990 A in structude.
The use of different solvents significantly chatige hierarchy
between rotamers' stability of all compounds. Thiatine
energies of rotamers stay very small.

Table S1 (see supporting information) shows thenupéd
parameters of the most stable rotamers of iminoeoins 3-

10, under vacuum and figure 3 shows the numberinchef t
atoms in structur&: The calculated CC, CH, CO and CN bond
distances are almost unchanged in all compounds Th
influence of the different substituents on all bolehgths
seems to be negligible. The hydrogen bond N18...H3lkevar
between 1.946 A and 1.975 A for the compouBds-1Q This
bond appears longer in the case of compaLi2i089 A) since
the interaction between H31 and the oxygen of thbooatic
acid group which weakens the hydrogen bond N18...H31
(figure 4; structuretb). The bond angles vary with the
electronegativity of the central atom. For examgile, all
structures, the high electronegativity of oxygenduced the
largest value of the C3-015-C13 bond angle. As ferkitnd
lengths, the substitution of the hydrogen atomshef phenyl
group by the chlorine, bromine, methyl group, mgtgsoup or
carboxylic acid group have not a great influencetten value

of the different bond angles.

w9
w‘""@"."
&
zsauw
N
»

Figure 3: The numbering of the atoms of struct@e-

The substituted phenyl moieties 4110 structures are more
tilted than non-substituted phenyl ring in struet8ras is
apparent from the values of torsion angle C13-N18-C21 in
the different structures. This inclination indicat@teractions
between the different substituents and oxygen OXgdd, the
phenyl group of compoun@a is the most inclined because of
the strong repulsions between chlorine bonded tboraC21
and oxygen O15.

- - ® - - - . ®
- s
R S U S 0% e ®eCe” e e b4
- & - ¥ 2o00 A S AER A
-C.O.‘- - & . = -‘.‘... ®
- - -
ca®e® PR ,_.‘,.‘.-
-“" >, "".
-
-
struchmwe .3 suchre -ga structure 4b
. . ® s 2 3 3. 2
- @ - — e _ o .
eSedeter 6 0 4 8
“CeCa e - iy - B i -
. o...’ g - ".’.'
-
2% - - P g P
-
- - _.- -.-
sructure -5 structhare -&a structure . .&b
- - - - - - - @
..-.....- —e® g . _’c.oco.-
e e’ o - _a - e _o_a
- - - o W - o L
.-... = - .' - ‘.".
P o= e
- ol =
struchme -7 structure-8a structure -8b
- . © - - - - - - - - - -
“o®e®e®e” -.‘..o.e -‘c'.':" et ety ®e"
- - _ o _ & T
. ) e a®a®e - T e e - : >
- @ o > -y el ‘o
- - . -, R
2o Y, - -
& - -

structure - 10b

Figure 4. Optimized structures of iminocoumari@sl0 at the B3LYP/6-311++G(d,p) theory level.



Table 2.Relative energieAE (cal/mol) and dipole moment (Debye) of studiedewoles calculated at the B3LYP/6—-311++G(d,p) thdevel.

Compounds Gas phase ACN CHJCl, THF EAC CHCl;
(¢ 1.0000) (e 5.6880) (€ 8.9300) (e 7.4257) (£ 5.9867) (£ 4.7113)
AE u AE u AE u AE u AE u AE u

3 - 3.88 - 5.10 - 4.95 - 4.92 - 4.87 - 4.80
4a 0.46 4.54 0.37 6.06 0.45 5.88 0.44 5.84 0.46 5,77 490 5.69
4b 0.00 5.22 0.00 7.08 0.00 6.85 0.00 6.80 0.00 6.72 .000 6.61

5 - 4.15 - 5.46 - 5.31 - 5.27 - 5.21 - 5.14
6a 0.00 3.78 0.00 4.70 0.00 4.60 0.00 4.57 0.00 453 .000 4.48
6b 0.06 5.21 0.05 6.65 0.06 6.66 0.07 6.61 0.07 6.54 .080 6.44

7 - 3.48 - 4.56 - 4.44 - 4.41 - 4.36 - 4.30
8a 0.00 3.06 0.00 3.89 0.00 3.80 0.00 3.78 0.00 3.75 .000 3.70
8b 0.03 4.70 0.01 6.16 0.03 6.00 0.04 5.96 0.04 590 .050 5381
9a 0.00 3.81 0.00 5.07 0.00 4.92 0.00 4.88 0.00 483 .000 4.76
9b 0.30 3.97 0.31 5.20 0.30 5.06 0.30 5.02 0.30 497 300 4.90
10a 0.31 3.57 0.34 4.66 0.32 4.54 0.32 4.51 0.31 446 30 0 4.40
10b 0.00 4.60 0.00 6.14 0.00 5.96 0.00 5.92 0.00 585 .000 5.76

3.3.3. Dipole moment

The dipole moment is a significant electronic pasten that
results from non-uniform distribution of charges dhe
different atoms of a given molecules. It is caltedhusing the
B3LYP/6-31++G(d,p) level of theory in gas phase aadous
solvents are shown in Table 2. As can be note therani
important difference in the dipole moment, while ag from
gas to solvent phase environments. Dipole moment® ha
important values in the solvent phase, which maypéeause
of the interactions between the solvent moleculed #re
dipolar moment of the compounds. The dipole moments
increase with dielectric constant in the followingler. gas
phase < CHGk EAC < THF < CHCl,< ACN.

3.3.4. Frontier Molecular Orbitals

The Highest Occupied Molecular Orbital (HOMO) and Lowest
Unoccupied Molecular Orbital (LUMO) are the principal
orbitals participating in the chemical stabilitydachemical

Table 3: Energies of HOMO, LUMO and gap¥|somo-Lumo| (€V) of the most

reactivity [33-36].

The absorbance and emission af

fluorescent compound are directly related to thergy of
these electronic transitions. To provide a reaskengialitative
indication of the excitation properties, HOMO and LUM@ f
the iminocoumaring-10 were investigated. The HOMO and
LUMO energies and HOMO-LUMO band gaps were predicted
from the B3LYP method to investigate the solventet on
these energies and band gaps (Table 3). It caroteetimat the
computed energies and the HOMO-LUMO energy gap sjightl
related to the nature of solvent. The extendedugatgdn-
systems of iminocoumarir®10 decrease the HOMO-LUMO
gap resulting in lower energy electron transitionsptoduce
visible light emissions. This low energy gap justfithe
eventual charge transfer interaction taking placthiwithese
compounds, which is responsible for their light ki
properties.

stable rotamers, calculated at theYB36—-311++G(d,p) theory level.

Compounds Gas phase ACN CiCl, THF EAC CHCI 4
Structure3
HOMO -6.098 -6.140 -6.135 -6.132 -6.132 -6.129
LUMO -2.488 -2.466 -2.467 -2.468 -2.468 -2.469
Gag 3.61( 3.67¢ 3.66¢ 3.66¢ 3.66¢ 3.66(
Structure4b
HOMO -6.247 -6.277 -6.273 -6.273 -6.272 -6.270
LUMO -2.469 -2.490 -2.486 -2.485 -2.483 -2.482
Gag 3.77¢ 3.78i 3.78i 3.78¢ 3.78¢ 3.78¢
Structureb
HOMO -5.931 -5.988 -5.891 -5.980 -5.977 -5.974
LUMO -2.44: -2.447 -2.44¢ -2.44¢ -2.44¢ -2.44:
Gap 3.488 3.541 3.446 3.536 3.533 3.531
Structureba
HOMO -5.658 -5.740 -5.730 -5.728 -5.725 -5.720
LUMO -2.39¢ -2.427 -2.42: -2.421 -2.42( -2.417
Gap 3.264 3.313 3.308 3.307 3.305 3.303
Structure7
HOMO -6.16: -6.97¢ -6.15¢ -6.15¢ -6.15¢ -6.15¢
LUMO -2.618 -2.506 -2.517 -2.519 -2.523 -2.529
Gap 3.544 4.467 3.637 3.636 3.632 3.627
StructureBa
HOMO -6.31( -6.26¢ -6.25¢ -6.26( -6.262 -6.26¢
LUMO -2.705 -2.543 -2.566 -2.570 -2.575 -2.583



Gag 3.60¢ 3.72¢ 3.69- 3.69( 3.68i 3.68¢
Structure9a
HOMO -6.579 -6.330 -6.336 -6.337 -6.339 -6.342
LUMO -2.63¢ -2.57( -2.581 -2.58¢ -2.58¢ -2.59:
Gap 3.943 3.760 3.755 3.753 3.751 3.749
Structurel0b
HOMO -6.305 -6.257 -6.262 -6.264 -6.266 -6.268
LUMO -2.68¢ -2.55] -2.56¢ -2.567 -2.57: -2.57¢
Gap 3.621 3.706 3.698 3.697 3.694 3.690
. : )
3.4. Evaluation of the dlpol.e m.omen.ts | 5= 2(u, - ﬂg) Eq. (7)
The effect of the electric field (internal or extal) on its hcgg
spectral bands position for the molecule in thetegcstate is
used to determine its dipole moment. The maximathef 22 - 1l) Eq. (8)
absorption and fluorescence bands are used to agathe S, =Ta§ '

excitation state dipole moments of solutions of poomds3-

10 in the selected solvents. To have a better evaluaf the
dipole moments of the excited molecules, we used the
equations [Egs. (1) and (2)] given by Kawski andaBski [23-
37-38]:

The differencd/, =V :

v,—V, =Sf (&n)+const Eq. (1)

and the sunV, +V; :

v,+v, =-S,® (&,n)+const Eq. (2)

Where:

®(g,n) = f(&,n)+2g(n) Eq. (3)

and g(n) = :—BE Eq. (4)
2(n*+2)°

v, andV_,- are the absorption and fluorescence maxima (cm

Y), respetuvely. In equation (5) and @pnd n represent the
dielectric constant and the refractive index aof swvant,
respectivelv. The values of the solvent param f(€,n)
and®(e,n) are given by Kawski et al. [21]:

f (em=20 +1{€_1 - "1} Eq. ()
nN“+2&+2 n°+2
_[2f+1(e-1 -1 3n'-) Eq. (6)
¢(€,n)—((n2+2)(€+2 n2+2j+(n2+2)2J |

The values of solvent polarity parametérbs,N) and
CD(E n) are given in the table 4.

Table 4: Summary of solvent properties and calculated vabiesolvent
polarity parametersf (£,n) and ®(g,n).

Solvent M £ n f(e,n) @ (&,
ACN 3.45 37.5 1.344 0.863 1.331
CHCl,  1.14 8.9 1421 0596  0.581
THF 1.75 7.58 1.407 0.549 1.102
EAC 1.88 6.02 1.372 0.489 0.996
CHCl, 1.15 4.81 1.446 0.371 0.972

The slopes S1 and S2 are given from Eqgs (1) and (2)

Where U, and U, are ground- and excited-state dipole
moments of the solute moleculB. and C are respectively the
Planck constant and the light velocity.

d, is the Onsager cavity radius of the solute compaunttits
values was obtained from the equation of Suppard(39,
aO:(3|v| /47751\1)1’3, where 0 is the density of the solute

molecule, M and N the molecular weight of solute dhe
Avogadro’s number, respectively. The ground- anditese
state dipole moments are estimated from Eqgs. Based on
Egs. (7) and (8) and assuming that the symmetrythef
iminocoumarins 3-10 remains unchanged upon electronic
transition and the ground- and excited-state dipoEments
are parallel, one obtains:

) :sz—sl(hcﬂ“ Eq. (9)
o 2 |2
_[s+sl(heg)"” Eq. (10)
¢ 2 25
He _ w Slope S2 > Slope S1 Eq. (11)

My |S

Th_e sLo_p %were determined by tracing
3 anda(m ;) according to f(e,n) and

CD E n) respectively, for different solvents.

The absorption and emission maxima, ,L_Stokes

(V, —V;) and arithmetic mean of Stokes sh(ft/ +V,

for all the molecules in different solvents areidegd in Table

S2 (see supporting information). Typical absorptiand

emission spectra of the molecules are reportecbierl.

The correlation coefficients slopes and intercegtthe fitted

lines calculated from figures Sl.a-h and S2.a—he (se

supporting information) that present the graphiigf—V; ) vs

shift

f(€,n)and ¥, +V;) vs ® (£,n) ] are illustrated in Table

5. Good correlation coefficient is obtained for edises using
the Egs. (9)-(10) and the values are presentedlieT6. The
higher values ofi, and py and the deviation in the dipole
moment for the imimocoumarin3-10 can be understood in
terms of their possible resonance structures as shéigure 5;
the carboxamide substituent does not produce aidamable
change in ther electron mobility of imimocoumarin8-10.
Upon excitation, the imine group becomes strong telec
donors, which explain the greatest value of dipoternt in



the excited state during the discrepancies betweden t
experimental and theoretical excited dipole momeegult
from the Kawski and all equation’s [20] used foratraent of
solvatochromic effect (Table 6) and at B3LYP/6-31+@)d
level of theory in different mediums (Table 2) agxplain that
the dipole moment of the imimocoumarins moleculepehds
on the transfer process within the molecule. The
imonocoumarins3-10 fluorophores shows that they are more
polarin the excited state than the ground state.

0
0
Q NH, o
7z NH,
S e - |
0™-"N OCHs
L& 07 TN= OCH3
®
forme I forme 11

Figure 5. Resonance structure of iminocoumdain

Table 5 Statistical treatment of the correlations of soltvspectral shifts
of iminocoumarin8-10.charge transfer.

Compound Slope Intercept | Correlation | Number
(cm®) coefficient | of Data
Eq. (1) correlation
3 1823.45 1520.89 0.92 5
4 10201.2 0.96 5
1 9479.81
5 837.28 1972.51 0.83 5
6 628.75 847.76 0.93 5
7 634.34 2406.15 0.80 5
8 967.68 3551.87 0.95 5
9 2397.75 4522.78 0.87 5
10 1123.11 3927.15 0.80 5
Eq. (2) correlation
3 120.54 52199.91 0.95 5
4 4914.42 50102.73 0.84 5
5 304.35 50670.59 0.93 5
6 513.11 50473.45 0.82 5
7 397.92 52967.61 0.86 5
8 585.34 51822.30 0.81 5
9 685.90 52292.30 0.80 5
10 361.01 52601.49 0.98 5

Table 6 Ground state, excited state and the variationthia dipole
moment.

Compounds Ré'l&dius U (D He(D)® Ap(DF  pdpg
(A)
3 4.38 1.82 2.08 0.26 1.14
4 4.45 2.45 6.99 4.54 2.85
5 4.48 0.87 1.86 0.99 2.14
6 4.51 0.22 2.17 1.95 9.86
7 4.45 0.44 1.92 1.48 4.36
8 4.50 0.58 2.37 1.79 4.09
9 4.50 1.66 2.99 1.33 1.80
10 4.50 1.08 2.11 1.03 1.95

*The experimental ground-state dipole moment caledldrom Eq (9);
The experimental excited-state dipole moment catedl from the Eq
(10); °The dipole moment change calculated from the eqof(Kawskiet

al.; “The ratio ofite andy is calculated from Eq. (11).

Debye = 3.33564 x I8 C m = 10 esu C m.

4.Conclusion

The solvents effect on the spectrum of UV/Vis and
fluorescence emission characteristics of iminocaima-10

were studied. The results were done in solvent witfergint
polarities indicates a-n* transition.

The linear correlation of spectral properties with
solvatochromic method indicates the role of sokdkent
interactions the dipole-dipole interactions. Thestfiexcited
state is higher than in the ground state indicasirspbstantial
redistribution ofr-electron densities in a more polar excited
state of our iminocoumarin8-10. This fact indicates the
existence of a more relaxed excited state, duettamolecular
charge (ICT). Theoretical groursdate dipole moments of the
studied iminocoumarins were predicted using the B3BY¥-P
311+G(d,p) level of theory. The results given folldve trend
observed in the experimental data. Thus, the détetian of
the solvatochromic behaviour of the iminocoumarimsy
provide a valuable tool for the interpretation dfeit
spectroscopic properties. In conclusion, our resaksisted
with the interpretation of spectroscopic data, refexplicitly
the discussions and provide a better understandinghe
complex photophysical and photochemical behaviafirthe
studied iminocoumarins.
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Highlights

e A bathochromic shift occurs in the UV-Vis and fluorescence spectra of iminocoumarins with the increase
of solvent polarity

. Dipole moments of the excited state are higher than those of the ground state

* A substantial redistribution of the r-electron densitiesin a more polar excited state is observed

»  Thesmall transition energy gap explains the charge transfer interaction within the molecules and their light

emitting properties



