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Combined approach to analysis of 2-allylthioquinoline and 2-ethylthioquinoline solutions has been performed on the basis of UV-Vis spectroscopy. Experimental and calculated
electronic absorption spectra of these compounds in various solvents: acetone, benzene, carbon tetrachloride, dichloromethane, ethanol have been considered. The negative solvatochromic effect has been observed. The results of our calculations have revealed that the spectra
of various conformers of 2-allylthioquinoline differ more essentially than the spectra of 2ethylthioquinoline conformers. It has been shown that the location of λmax band doesn’t drastically depend on allyl or alkyl substitution at the sulfur atom.
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effect, TD DFT calculation.

Introduction
The studies of theoretical electronic spectra of organic heterocycles with the use of TD-DFT method [1,
2] are widely used at present. For example, in [3] the spectra of azoalkanes were observed, attempts to improve initial conditions of calculations and to explain differences in theoretical and experimental data were
made. In work [4] along with comprehensive experimental research of benzodithiazol derivatives the calculations of electron density were performed, as well as of spectra and reaction activity of the synthesized substances, which proved to be consistent with the measured data. In [5] with the help of calculations the
changing of fluorescence ability of phosphonate derivatives of 8-oxyquinoline and their complexes with
zinc was explained. It should be noted that functional B3LYP [6, 7] and all-electron basis sets of 6-311G
family [8, 9] are most frequently used at present for characterization of organic molecules.
As a rule, in order to account for medium (solvent) influence on features of electronic spectra of the investigated compounds, refining models are used; in them the different types of interactions of a solvate and
a solvent are considered [10]. The precise numerical continual polarization model (PCM) [11, 12] has been
developed in the past decade. The widespread usage of PCM model is related to speed of electron state calculation in an environment of solvent molecules, which is somewhat slower in comparison with gas phase
calculations. In such a case theoretical results and tendencies in the change of compound spectra, obtained
with use of a given model, most adequately correlate with experimental spectra of these compounds in solutions and explain their features, the fact that was noted by many researchers [3]. In particular, the results of
experimental investigation of 2-amino-5-bromobenzoic acid were in good approximation to calculations of
the Raman activities and UV spectra in solutions [13], and the authors explained some features with due
regard for conformers’ existence and differences of their energy characteristics.
It is obviously important to study the spectral characteristics of S-substituted thioquinolines as the
initial compounds for halocyclization reaction leading to biologically active compounds. The prime aim
of the work is the research of the characteristic features of alkenyl- and alkyl-substituted 2-thioquinoline
with the use of UV-Vis spectra, both experimental and calculated. For this purpose, the following objective points have been achieved:
– The analysis of the experimental UV-Vis spectra of 2-allylthioquinoline and 2-ethylthioquinoline
solutions in various solvents has been carried out.
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– The modeling of 2-allylthioquinoline and 2-ethylthioquinoline conformers has been carried out.
– The comparison of calculated wavelengths corresponding to the basic electronic transitions and
experimental UV-Vis characteristics has been made under solvent change conditions.
Experimental
2-Allylthioquinoline and 2-ethylthioquinoline compounds were synthesized according to [14, 15] in
order to investigate their spectral properties. Dichloromethane, carbon tetrachloride, benzene, acetone,
ethanol (analytical grade) were used as solvents. Concentration of solution of the compounds was 10–4 M.
UV-Vis spectra of the prepared solutions were registered by means of the Shimadzu UV-2700 spectrophotometer in the range of 220-850 nm at the recording speed of 450 nm/min.
Calculations
It is mentioned above that the functional B3LYP [6, 7] in a combination with basis sets of 6-311G
family [8, 9] is most frequently used at present. However, comparative calculations of electronic spectra
were also carried out [16, 17] with the use of functional PBE0 [18] and similar basis sets. Thus, the calculated lines, obtained at level B3LYP, reproduce the experimental absorption bands of phenothiazine in
the best way, and the lines, obtained at level PBE0, reproduce the absorption bands of halogensubstituted azo-compounds. Also, we have previously noted [19] that the electronic spectra, calculated
with the use of functional B3LYP, better correspond to experimental spectra of 2- and 8-thioquinoline,
in comparison with the spectra, calculated on level PBE0. So we have carried out the optimization of
structure geometry of 2-allylthioquinoline and 2-ethylthioquinoline at level B3LYP/6-311G(d,p). These
compounds were considered as several conformation isomers. Optimization of structure was performed
in necessary number of steps up to the stationary point with the greatest magnitude of the energy gradient, not more than 1Е-5 (in Hartree/Bohr units). In such case there were no imaginary frequencies in
the Hessian obtained for all structures.
We took account of the solvent influence with the use of model D-PCM (dielectric PCM) [11, 12]
in its basic variant with the following parameters: the same coefficient for all tesserae of a cavity, without calculation of energies of cavitation, repulsion and dispersion, at standard temperature 298 К. Van
der Waals radii of atoms were taken in [20].
Energies of excited states and the corresponding electronic spectra of the optimized structures were
obtained by method TD-DFT [1, 2] at the same level, also with allowance made for solvent influence.
We carried out such calculation for 10–30 excited states with the necessary number of iterations and the
convergence criteria in energy for each state (not more than 3Е-5 in Hartree/Bohr units), so that the
spectrum range had the lower boundary of 250 nm.
All the calculations of the optimized structures and their energy characteristics were made with
software package Firefly v.8 [21]. Graphical representation of molecular structures was obtained with
the use of software package Chemcraft [22].
Discussion
The influence of interaction of the investigated compounds with a solvent has made itself evident in
the common shift trend of the solution absorption bands and absorption lines in the calculated spectra to
the long-wave side as the polarity of a solvent decreases. The negative solvatochromic effect is observed. The data for experimental spectra and the data for calculations are listed in Tables 1 and 2, correspondingly. The experimental spectra of 2-allylthioquinoline solutions are shown on Fig. 1 and the
calculated spectra of the different stable conformers of 2-allylthioquinoline in benzene, dichloromethane
and ethanol are performed on Fig. 2. According to experimental UV-Vis spectra the shift in the range
310…390 nm equals 4-5 nm for λmax; for the lines in the range 230…300 nm the shift is 11–22 nm. The
calculated absorption lines have exhibited a similar shift with the experimental absorption lines, but they
are less pronounced – an average of 3 nm for lines within stated ranges.
Solvatochromic effect was described in detail in [23]; the dipole moments in solvent media essentially increased at molecule transition from the ground state into the first excited state for most compounds described by the authors. As a rule, such a change of dipole moments causes the positive solvatochromic effect. For 2-allyl and 2-ethylthioquinoline we can note, that possible development of the positive solvatochromic effect (as the calculated dipole moments of molecules increase at excitation) is neuВестник ЮУрГУ. Серия «Химия».
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tralized by influence of other factors. Effect of stabilization of the groun
groundd state at solvation by the polar
solvents can manifest more efficiently. It can be the result of steric difficulties or direction change of the
dipole moment in a complex with a solvent. It is supposed that the influence of proton solvents and fo
formation off hydrogen bonds with a solvent is inessential in this case, as the spectra in ethanol medium are
consistent with the common trend.
Table 1
Absorption maxima in the experimental spectra of solutions of the compounds in various solvents, nm

Solvent
Соmpound

Acetone

2-allylthioquinoline

337.5
326.5

2-ethylthioquinoline

–

Dichloromethane
339
328
257
343

Ethanol
339
328
255.5
339.5
329
255.5

Benzene

Carbon
tetrachloride

342
328
277.5

–

–

343
330
266

257

Table 2
Most intensive absorption lines in the calculated spectra in various solvents, nm (oscillator strength is in the brackets)

Solvent
Соmpound
2-allylthioquinoline
(conformer “А”)
2-allylthioquinoline
(conformer “В”)
2-ethylthioquinoline

Dichloromethane

Acetone

Ethanol

318.5 (0.098
0.098)
246.3 (0.390
0.390)

319.5 (0.098)
253.8 (0.098)
245.6 (0.365)

314.7 (0.115
0.115)
248.6 (0.483
0.483)
316.9 (0.109
0.109)
248.4 (0.516
0.516)

315.5 (0.117)
248.8 (0.518)
316.7 (0.109)
248.3 (0.517)

–
315.4 (0.115)
248.9 (0.496)
316.9 (0.108)
248.3 (0.517)

321.4 (0.094
0.094)

Carbon
tetrachloride
321.4 (0.094)

251.7 (0.237
0.237)
241.0 (0.277
0.277)
318.5 (0.115
0.115)
250.2 (0.530
0.530)
318.3 (0.106
0.106)
248.7 (0.516
0.516)

251.7 (0.238)
241.0 (0.278)
318.7 (0.115)
250.4 (0.530)
318.3 (0.106)
248.7 (0.516)

Benzene

Fig. 1. Electronic absorption spectra of 2
2-allylthioquinoline
allylthioquinoline solutions
in benzene, dichloromethane, ethanol

Calculated spectra of various 22-ethylthioquinoline conformers are shown to be identical to each other, with the shift of absorption lines to one side or another by 11–10 nm. Thus, the bathochromic shift 1–6
nm of absorption line λmax for conformer with the smaller total energy was observed. The calculated
spectra of various 2-allylthioquinoline
allylthioquinoline conformer
conformers differ more essentially (Table 2). Such features can
provide possible explanations of experimentally observable spread of absorption bands.
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a)

b)

Fig. 2. Calculated electronic spectra of 2-allylthioquinoline: (a) conformer “A” in ethanol and benzene solutions;
(b) conformer “B” in ethanol, dichloromethane and benzene solutions

Calculated absorption lines λmax for all solutions of 2-ethylthioquinoline and 2-allylthioquinoline are
within the limits of experimental absorption band 310…350 nm. The width of all these bands is similar
for all experimental spectra. As a whole, it can be stated that both the calculated spectra and the spectra
of solutions of studied compounds are similar and do not significantly depend on the character of a substituent at the sulfur atom, within limits of observable absorption bands.
Comparing of the electron transitions between molecular orbitals (МО) that define the excited states
of a molecule and the corresponding absorption lines in UV-Vis spectra, we can conclude the following.
The calculated value λmax, which always determined by transition HOMO-LUMO for the presented
compounds, is within the narrow range 315…325 nm. We classify the given transition as n*, which
affects interaction of the lone electron pairs of the sulfur atom with the delocalized electrons of the quinoline heterocycle conjugated with the sulfur atom. It explains the fact that the λmax value is very weakly
influenced by the alkyl substituent at the sulfur atom changing into alkenyl group. The calculations confirm (Table 3) that EHOMO-LUMO for the presented compounds varies not more than 0.1 eV, if the allyl
group was replaced by the ethyl group. This value does not exceed the range of EHOMO-LUMO for various
conformers of the same compound.
Table 3
Calculated energy characteristics of HOMO-LUMO electron transitions in various solvents, eV

Solvent
Соmpound
2-allylthioquinoline
(conformer “А”)
2-allylthioquinoline
(conformer “В”)
2-ethylthioquinoline

Ethanol

Dichloromethane

EHOMO

ELUMO

E

EHOMO

ELUMO

–6.316

–1.894

4.422

–6.324

–1.850

4.474

–6.335

–1.859

–6.272

–1.820

4.452

–6.240

–1.793

Benzene
EHOMO

ELUMO

E

–6.155

–1.761

4.394

4.476

–6.174

–1.739

4.435

4.447

–6.120

–1.690

4.43

E

–

For the calculated structure of 2-allylthioquinoline (in benzene media) it has been established that
the distance between the nitrogen atom and the double bonded atoms of the allyl group in different conformers varies slightly. However, while for conformer “А” (Fig. 2) in the range 240…260 nm the calculated spectrum shows two intensive absorption lines, in the spectrum of conformer “B” there is only one
intensive line. It is caused by sharp decreasing of oscillator strength (=241 nm) associated with the
electron transition HOMO-3LUMO, in which the orbitals of π-bond of the allyl group and the quinoline ring are involved. Thus, the influence of the spatial arrangement of the double bond of allyl substituent on changing atomic contributions into some electron transitions is shown. In such a case for conВестник ЮУрГУ. Серия «Химия».
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former “А” the increasing media polarity promotes the change of the basic contribution into HOMO
HOMO-3
from the allyl group carbon to the orbitals of nitrogen an
andd carbon in the quinoline. This modification
also decreases the oscillator strength =241 nm. For conformer “B” no active contributions to electron
transitions depend on a solvent, and all calculated spectra are virtually the same.
The typical experimental and calculated electronic spectra of 22-ethylthioquinoline
ethylthioquinoline are shown in
Fig. 3. Apparently absent effect of solvent polarity on the set of active contributions into МО is observed for 2-ethylthioquinoline.
ethylthioquinoline. The contributions into МО of various conformers are identical for polar
and nonpolar media, and the patterns of absorption lines are practically identical. Thus, the spectral ch
characteristics of 2-allylthioquinoline
allylthioquinoline depend on conformational variety and polarity of a solvent greater,
than the spectra of 2-ethylthioquinoline,
ethylthioquinoline, as follows from the calculation data.

a)

b)

Fig. 3. (a) Electronic absorption spectrum of 2
2-ethylthioquinoline
ethylthioquinoline solution in tetrachloromethane.
(b) Typical calculated electronic spectrum of 2
2-ethylthioquinoline (in tetrachloromethane)

Conclusion
Comparative analysis of experimental and calculated electronic absorption spectra of 22allylthioquinoline and 2-ethylthioquinoline
ethylthioquinoline solutions has been performed. It has been found that in both
cases the absorption band of 310...350
10...350 nm corresponds to max in the calculated spectra. Due to the fact
that only molecular orbitals with contributions of sulfur atom and atoms of the quinoline ring are iinvolved in this electron transition, the replacement of the alkyl group by the al
alkenyl
kenyl one does not influinfl
ence drastically on the energy characteristics of the considered electron transition. This observation has
been verified in the analysis of various conformational states of the compounds. We have also found that
the decrease of solvent
ent polarity in the series ethanol – dichloromethane – benzene is accompanied by the
negative solvatochromic effect.
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КОМБИНИРОВАННЫЙ ПОДХОД К ИССЛЕДОВАНИЮ
УФ-ВИД СПЕКТРОВ 2-АЛЛИЛ И 2-ЭТИЛТИОХИНОЛИНОВ
В РАЗЛИЧНЫХ РАСТВОРИТЕЛЯХ
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Южно-Уральский государственный университет, г. Челябинск
Университет Овьедо, Овьедо, Испания
Комбинированный подход к анализу растворов 2-аллилтиохинолина и 2этилтиохинолина выполнен на основе УФ-Вид спектроскопии. Рассмотрены экспериментальные и расчётные электронные спектры поглощения этих соединений в различных растворителях: ацетоне, бензоле, четырёххлористом углероде, дихлорметане, этаноле. Наблюдался отрицательный сольватохромный эффект. Результаты наших расчётов показали, что спектры разных конформеров 2-аллилтиохинолина отличаются более
существенно, чем спектры конформеров 2-этилтиохинолина. Показано, что положение
полосы поглощения λmax значимо не зависит от типа (аллильного или алкильного) заместителя при атоме серы.
Ключевые слова: электронные спектры поглощения, замещённые 2-тиохинолины,
сольватохромный эффект, TD DFT расчёты.
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