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The influence of the polarity of the solvent and hydrogen bonding on the electronic absorption spectra of some
previously synthesized substituted 1,2,4-triazoline-3-thiones was studied. The electronic absorption spectra of inves-
tigated compounds were recorded in the region from 190 nm to 360 nm in eight protic (water, ethylene glycol,
methanol, ethanol, propan-1-ol, propan-2-ol, butan-1-ol and tert-butanol) and five aprotic (acetonitrile, chloroform,
dimethylsulfoxide, dimethylformamide and dioxane) solvents. Their absorption maxima appeared in the region be-
tween 250 nm and 260 nm as a result of the electron transitions in the 1,2,4-triazoline-3-thione ring. Using the
method of linear solvation energy relationships (LSER), the effects of solvent polarity and hydrogen bonding on the
electronic absorption spectra were interpreted. The results have shown that the influence of the aprotic solvents is
more significant compared to that of the protic solvents.

Key words: 4-butyl-5-octyl-2,4-dihydro-3H-1,2,4-triazoline-3-thione; 4-allyl-5-octyl-2,4-dihydro-3H-1,2,4-triazo-
line-3-thione; 4-phenyl-5-octyl-2,4-dihydro-3H-1,2,4-triazoline-3-thione; electronic absorption spectra;
solvent effects; linear solvation energy relationship (LSER)

HCIIMTYBAIBGE HA BJIMJAHUETO HA PACTBOPYBAYOT BP3 AIICOPINIIMOHUTE CIIEKTPU
HA HEKOU CYIICTUTYUPAHM 1,2,4-TPUA30JIMH-3-TUOHHU

HcnuraHo ¢ BIMjaHHETO Ha MOJIAPHOCTAa HAa PAacTBOPYBA4OT U HA CO3JaBambETO BOJOPOJHU BPCKH BP3 €ICK-
TPOHCKUTE allCOPILMOHU CIIEKTPU HAa HEKOU MPETXOJHO CHUHTETU3UPAHU CyNCTUTyHpaHu 1,2,4-Tpua3oiauH-3-THOHH.
CHHMMEHH ce eJIeKTPOHCKH allCOPILUOHM CIEKTPU BO OCYM IIPOTHYHHM (BOJA, IIIMKOJI, METAHOJ, €TaHOJI, IPOoIaH-1-01,
nponaH-2-oj, OyTaH-1-011 U -0yTaHOM) U MET alpOTHYHK (ALETOHUTPHUII, XIOPODHOPM, TUMETUICYIHOKCUT, TUOKCAH
U aumeTHiIGopMaMuI) pacTBOpyBadH, BO CHeKTpaiHo noxapadje ox 190 nm go 360 nm. AncopniuoHn MakCUMyMH
Ha HCIIUTYBaHUTE COCAUHEHH]a Ce I0jaByBaar BO IoJpadjero nomery 250 nm u 260 nm, Kako pe3ynTaT Ha eIeKTPOH-
CKHM MpeMHHH BO 1,2,4-TpHa30iiMH-3-THOHCKHOT TPCTEH. 3a Ja ce 00jacHHU CO3/aBarmbeTO BOJOPOJHU BPCKU U BiHja-
HHETO Ha IMOJIAPHOCTA HAa PACTBOPYBAUOT BP3 AICOPIILUOHUTE CIIEKTPH, KOPUCTEHH C€ METOJUTe Oa3upaHu HA JIMHE-
apHa Kopenauuja Ha conBarauuonute epexru (LSER). lobueHnTe pe3yaraTtu MokaxyBaar JieKa BIMjaHHETO Ha arpo-
TUYHUTE PACTBOPYBAYU BO OJJHOC HA IPOTHYHHUTE € IOM3PA3EHO.

Kayunu 360poBu: 4-0ytun-5-oxtun-2,4-muxunpo-3H-1,2,4-rpuaszonun-3-tuoH; 4-anui-5-oktun-2,4-auxuapo-3H-
1,2,4-tpuasomuu-3-TuoH; 4-peHun-5-oktun-2,4-nuxunpo-3H-1,2,4-rpua3onus-3-THOH; EIEKTPOHCKH
aTCOPIIMOHM CIIEKTPH; alpOTHYHH PAacTBOPYBAa4HM; BIMjaHHE HA PACTBOPYBay; JIMHEApHA Kopela-
uuja Ha conBaraiuonu edextu (LSER)
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1. INTRODUCTION

It is known that 1,2,4-triazole and its deriva-
tives possess biological activity [1-7] and so they
could be used in medicine as: anticancerous, anti-
inflammatory, antiviral, antiasthmatic, analgesic
and antibacterial drugs [1-5]. Some authors [8, 9]
presume that the antiviral and the antibacterial ac-
tivities of the investigated compounds are as a re-
sult of the -NH—C(S)-NH- group in their mole-
cule and that the positive/negative changes in the
activity depend on the type of their substituents in
position 4 of the ring.

The derivatives of the 1,2,4-triazoline also
possess fungicidal, insecticidal and herbicidal
properties [10, 11] and could be used in the chemi-
cal industry and agriculture. Because of the wide
use of these compounds there is a big interest to
synthesize and investigate their electronic behav-
iour.

The structural formulas of the compounds
that were subject of our investigation are as below.

I 1
CgHj7—C =S CsHiy—C  C—SH
7/ N,/
1 1
R R
I I
\ .~
"
CgHj—C  ¢—8
N/ —C4Hy (Compound I)
1‘{ ——CH,—CH ==CH2 (Compound II)
Ia —CgHs (Compound 1II)

Fig. 1. The equilibrium between thione (I) and thiol (II) forms
of 4-substituted-5-octyl-2,4-dihydro-3H-1,2,4-triazoline-3-
thiones and canonical structure (Ia)

The investigated compounds: 4-butyl-5-octyl-
2,4-dihydro-3H-1,2 4-triazo-line-3-thione ~ (com-
pound 1), 4-allyl-5-octyl-2,4-dihydro-3H-1,2,4-
triazo-line-3-thione (compound II), 4-phenyl-5-
octyl-2,4-dihydro-3H-1,2,4-triazoline-3-thione
(compound IIT) were synthesized by Ragenovik et
al. [12] and their structure was confirmed using
spectroscopic methods as: ultraviolet (UV), Infra
red (IR), and nuclear magnetic resonance ('H
NMR and C NMR) methods.

These compounds may exist in thione-thiol
tautomeric forms (see Fig. 1). The IR and NMR
data of all compounds suggest that the thione
structures predominate in the solid state [12].

The solvent could influence the kinetics of
the reactions in which the investigated compounds
participate, and the electron transfer processes.
Because of that, choosing the appropriate solvent
is important for studying the reactions that take
place in defined media.

Hence, the aim of the work was to delineate
the different interactions of polar protic and
aprotic solvents with previously synthesized 1,2,4-
triazoline-3-thiones.

The effects of the solvent polarity and hy-
drogen bonding on the absorption spectra of the
investigated compounds were interpreted by means
of linear solvation energy relationship (LSER),
using the Kamlet and Taft equation (1) [13-15].
They improved solvatochromic coefficients s, a
and b using the general solvatochromic equation
(1) of the form:

~

Viax= Vo +s7 +aa+bp, (1)

where Vo = 1/Ama is the absorption frequency cal-
culated using Ay.x, @, £ and 7 are solvatochromic
parameters, and s, a and b are solvatochromic co-
efficients.

7 is the index of the solvent polarity, which
is a measure of the ability of a solvent to stabilize
a charge or a dipole by its own dielectric effects.
The 7 scale was selected to range from 0.00 for
cyclohexanone to 1.00 for dimethyl sulfoxide. The
a coefficient represents the solvent hydrogen bond
donor (HBD) acidity, in other words it describes
the ability of a solvent to donate a proton in a sol-
vent-to-solute hydrogen bond. The « scale extends
from 0.00 for non-HBD solvents to about 1.00 for
methanol. The g coefficient is a measure of the
solvent hydrogen bond acceptor (HBA) basicity,
and describes the ability of a solvent to accept a
proton in a solute-to-solvent hydrogen bond. The S
scale was selected to extend from 0.00 for non-
HBD solvents to about 1.00 for hexamethylphos-
phoric acid triamide. The V is the regression value
of the solute property in cyclohexane as a refer-
ence solvent. The regression coefficients s, a and b
in Eq. (1) measure the relative susceptibilities of
the solvent-dependent solute property (absorption
frequencies) to the indicated solvent parameters.

The total solvatochromic Eq. (1) gives infor-
mation about the specific interaction solvent-solute
and possibility to explain, quantificate, rationalize
and correlate the solvent effects with the solvato-
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chromic parameters «, f and 7 for the used sol-
vents. The values of the solvatochromic parame-

ters a, B and 7, for protic and aprotic solvents
[13—15], are shown in Table 1.

Table 1

The values of solvatochromic parameters o, [ and
7 for polar (protic and aprotic) solvents

Parameters 7 a Y;;

Solvent Protic solvents

Water 1.09 1.17 0.18
Ethylene glycol 0.85 0.92 0.52
Methanol 0.60 0.93 0.60
Ethanol 0.54 0.83 0.77
Propan-1-ol 0.52 0.78 0.00
Propan-2-ol 0.46 0.78 0.95
Butan-1-ol 0.47 0.79 0.88
tert-Butanol 0.41 0.62 1.01

Aprotic solvents

Chloroform 0.58 0.44 0.00
Acetonitrile 0.75 0.19 0.31
Dioxane 0.55 0.00 0.37
Dimethylsulfoxide 1.00 0.00 0.76
N.N-Dimethylformamide 0.88 0.00 0.63

2. EXPERIMENTAL

The stock solutions of the investigated com-
pounds: 4-butyl-5-octyl-2,4-dihydro-3H-1,2,4-tri-
azoline-3-thione (compound I), 4-allyl-5-octyl-2,4-
dihydro-3H-1,2,4-triazoline-3-thione  (compound
), 4-phenyl-5-octyl-2,4-dihydro-3H-1,2,4-triazo-
line-3-thione (compound III) were prepared by dis-
solving adequate mass in 96% ethanol, at room
temperature. The concentration of the investigated
compounds in the stock solutions was about
1.0-10° mol/dm’. The ethanol was appropriate
solvent for the investigated compounds because
there were no bands in its spectrum in the region
between 204 nm and 360 nm. The concentration of
the investigated compounds in the test solutions
was 2.0-10° mol/dm’. The UV spectra of the in-
vestigated compounds were recorded in the fol-
lowing solvents: water, ethylene glycol, methanol,
ethanol, propan-1-ol, propan-2-ol, butan-1-ol and
tert-butanol, acetonitrile, chloroform, dioxane,
dimethylsulfoxide and N,N-dimethylformamide.
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All solvents were of the UV spectral grade. Paral-
lely, the blanks were prepared. The investigated
compounds were of the analytical grade p.a. It was
confirmed by the quantitative elemental analysis
and the recorded IR and NMR spectra [12]. The
UV spectra were recorded on a Varian Cary 50
spectrophotometer (the maximum scan rate is
24 000 nm/min and resolution is 1.5 nm) in the
region between 190 nm and 360 nm. The UV spec-
tra were recorded immediately after the prepara-
tion of solutions, at room temperature. The quartz
cell with the length of 1 cm was used. The results
were obtained using the computer programs: Mi-
crosoft Excel, Grams Version 4.10 and Origin 5.0.

3. RESULTS AND DISCUSSION

The electronic absorption spectra of 4-butyl-
S-octyl-2,4-dihydro-3H-1,2,4-triazoline-3-thione (com-
pound 1), 4-allyl-5-octyl-2,4-dihydro-3H-1,2,4-tri-
azo-line-3-thione (compound II), 4-phenyl-5-octyl-
2,4-dihydro-3H-1,2,4-triazoline-3-thione (com-
pound III) were recorded. In order to explain the
effects of the solvent polarity and hydrogen bond-
ing on these spectra, thirteen different solvents
were used: eight protic (water, ethylene glycol,
methanol, ethanol, propan-1-ol, propan-2-ol, bu-
tan-1-ol and tert-butanol) and five aprotic (chloro-
form, acetonitrile, dioxane, dimethylsulfoxide and
N,N-dimethylformamide) solvents. The absorption
maxima in the region from 250 to 260 nm are
characteristic for the heterocyclic class of com-
pounds such as for the investigated ones [16]. It
was confirmed with our previous examinations of
electronic spectra of these compounds in aqueous
solutions [17, 18].

The Fig. 2 and Fig. 3 show the UV spectra in
protic solvents for the investigated compounds I
and III respectively, while for the compound II
they are dropped out, because they are identical
with the spectra of the compound L.

From the UV spectra presented in the Fig. 2
and Fig. 3 it could be noticed that one intensive
band at higher wavelength (about 255 nm for the
compound II and about 260 nm for the compound
III) and another one, less intensive at lower wave-
length (about 200 nm) appear. The absorption
bands which appear at higher wavelength were
important for our further investigations. These
bands probably anse as a result of 7—7 electron
transitions in the 1,2,4-triazoline-3-thione ring [19].
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Fig. 2. UV spectra for 4-butyl-5-octyl-2,4-dihydro-3H-1,2,4-
triazoline-3-thione with concentration of 2.04-10~ mol/dm?
in protic solvents
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Fig. 3. UV spectra for 4-phenyl-5-octyl-2,4-dihydro-3H-1,2,4-
triazoline-3-thione with concentration of 2.03-10~> mol/dm?
in protic solvents

The values of the wavelength which corre-
spond to the absorption maxima (An.x) were de-
termined from the UV spectra of the investigated
compounds I, I and III in protic solvents. The ob-
tained results are given in Table 2.

From the Table 2 it could be noticed that for
the investigated compounds I and II the absorption
maxima of the spectra, recorded in protic solvents,
appear at the wavelength region from 253 nm to
257 nm. The exception is water, where the absorp-
tion maxima appear at about 250 nm. On the other
hand, for the compound 111, the absorption maxima
appear at higher wavelengths (from 254 nm in wa-
ter to 262 nm in butan-1-ol) than those of the com-
pounds I and II.

Furthermore, from the wavelength values,
which correspond to the absorption maxima of the
investigated compounds presented in Table 2, it
could be seen that, the absorption maxima insig-
nificantly shift bathochromic when the polarity of
the solvent decreases.

The absorption maxima for the compound III
were for 4-5 nm higher compared to that of the
compounds I and II. The higher values of A, for
the compound III were probably as a result of the
influence of the phenyl group in the position 4
(compound I has butyl and compound II has alyl
group), i.e. because of stronger conjugation of the
electrons in the benzene ring. The same conclusion
for similar compounds was performed by Nikoli¢
et al. [20].

Table 2

The values of the absorption maxima wavelength
(Amax) for the compounds I, I and 111 in protic
and aprotic solvents

Compound I I I
Solvent AmadDM)” Aa/nm)  (Apa/nm)

Protic solvents

Water 250 250 254
Ethylene glycol 253 254 257
Methanol 254 255 258
Ethanol 255 255 259
Propan-1-ol 256 256 258
Propan-2-ol 254 256 259
Butan-1-ol 255 257 262
tert-Butanol 255 256 261

Aprotic solvents

Chloroform 259 259 263
Acetonitrile 258 259 263
Dioxane 260 260 264
Dimethylsulfoxide 264 264 266
N,N-Dimethylformamide 264 264 266

VA 10* = G (")

By considering the equilibrium between 3-
thione and 3-thiol tautomeric forms (Fig. 1, I-II) in
solvent of different polarity, it has been found that
the increasing solvent polarity the equilibrium
shifts towards the thione form [21]. This form is
more dipolar than the thiol form due to the contri-
bution of the charge-separated mesomeric form
(Fig. 1, I-a). Our results are in agreement with this
explanation. Furthermore, the hydrogen bonding
ability of the solvent plays an important role since
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hydrogen-bond donors tend to stabilize the thione
form (Fig. 1, 1), while hydrogen-bond acceptors
stabilize the thiol form (Fig. 1, II).

As we mentioned before, to examine the in-
fluence of the solvent on the investigated com-
pounds, the solvatochromic coefficients were cal-
culated using the general solvation Eq. (1) [13-
15]. The absorbance frequencies (Vux = 1/Amax)
were correlated with the total solvatochromic pa-
rameters &, fand 7z for the solvents (Table 1) and
the experimental obtained data for A, (Table 2).
The values of ¥, (nm') were multiplied with 10*
in order to obtain higher values that were easier to
compare. The calculations were made using the
computer programme Excel. The obtained results
in polar protic solvents, the standard deviation
(SD), the correlation coefficients (R) and the num-
ber of used solvents () are presented with the fol-
lowing Eqgs. (2-4):

For 4-butyl-5-octyl-2,4-dihydro-3H-1,2,4-tri-
azoline-3-thione:

Voax = 38.10+1.087 + 049+ 0298  (2)
(R=0.921,SD=0.11,n=28)

For 4-allyl-5-octyl-2,4-dihydro-3 H-1,2,4-tri-
azoline-3-thione:

Voax = 38.22+1.257 + 025+ 0.0515  (3)
(R=0.896,SD=0.14,n=28)

And for 4-phenyl-5-octyl-2,4-dihydro-3H-
1,2,4-triazoline-3-thione:

Vo= 37.93+0.807 +0.52a— 0298  (4)
(R=0.871,8D=0.17,n=38)

The solvatochromic coefficient s, which ex-
presses the influence of the polarity of a solvent
(classic solvation effects, 77), has a positive sign
(Egs. 2-4) for all investigated compounds. The
positive sign of s indicates a better stabilization of
the ground state (see Fig. 1, I). The solvatochromic
coeficient s has higher value compared with the
coefficients a and b for all investigated com-
pounds. It showed that the polarity of the solvent
i.e. the classic solvation effects (7) dominate in
stabilization of the ground state in protic solvents.
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The solvatochromic coefficient a expresses
the influence of the solvent hydrogen-bond donor
(HBD) acidity, while the solvatochromic coeffi-
cient b expresses the influence of the solvent hy-
drogen-bond acceptor (HBA) basicity. The higher
values of the solvatochromic coefficient a, com-
pared to the coefficient b, for all investigated com-
pounds suggest that the HBD solvent effects domi-
nate in protic solvents.

The values of the solvatochromic coefficient
a have a positive sign for all investigated com-
pounds. It means that the HBD effects of the sol-
vent are in the same direction to the classic solva-
tion effects (ﬂ*) and, however, contribute in stabi-
lization of the ground state of the compounds (Fig.
LD.

The solvatochromic coefficient b has a nega-
tive sign (see Eq. 4) for the compound III. It means
that the influence of the HBA effects (p parame-
ter) of the solvent is in the opposite direction to the
HBD effects and classic solvation effects (7). The
solvatochromic parameter f favoured the transi-
tion state, but the value of solvatochromic coeffi-
cient b is smaller compared to the solvatochromic
parameters a and s suggesting that its influence is
less important.

As we mentioned before, the investigated
compound III in position 4 has a phenyl group,
hence, this compound is more sensitive to the
HBD effects of the solvents, comparing with the
other investigated compounds, which in this posi-
tion have the butyl group (compound I) and the
allyl group (compound II). This is confirmed with
higher values of the solvatochromic coefficient a
for the compound III compared with those of the
compounds I and II (Egs. 2—4). This behaviour of
the compound III is in agreement with the ac-
knowledgement that the 7 electronic system of the
aromatic compounds could probably represent the
weak acceptor of protons (i.e. could form hydro-
gen bonds) [22].

Generally, the protic polar solvents stabilize
the ground state of the compounds (positive values
of the solvatochromic coefficient s). The role of
polarity of the solvent for this purpose is also im-
portant. From the higher values of the coefficient s
it could be concluded that the investigated com-
pounds are the most sensitive to the polarity of the
polar protic solvents. It is probably so as a result of
the more polarized structure of the compounds in
the ground state and the decreasing hydrogen-bond
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accepting the solvent effect when more dipolar
tautomeric form HN=C-S transforms in the N=C—
SH tautomeric form (Fig. 1, I, I-a, II). The influ-
ence of the classic solvation effect is increased
with the influence of the HBD and HBA effects
(exception is the compound III where the HBA
effects are in the opposite direction).

Simultaneously, the UV electronic spectra
were recorded in polar aprotic solvents. The ob-
tained UV spectra for the compound II are shown
in Fig. 4 and the ultraviolet data for the absorption
maxima of all investigated compounds are pre-
sented in Table 2. As it was the case in protic sol-
vents, the UV spectra for compounds I and II are
identical, while those for the compound III are
shifted towards longer wavelengths about 4 nm.
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Fig. 4. UV spectra for 4-allyl-5-octyl-2,4-dihydro-3H-1,2,4-
triazoline-3-thione with concentration of 2.00-10~> mol/dm’
in aprotic solvents

Examination of the data given in Table 2
(Fig. 4) indicated that the absorption maxima for
the investigated compounds I, II and III in aprotic
solvents appear at higher wavelengths than in
protic solvents (see Table 2). Namely, the absorp-
tion maxima of the compounds I and II appear in
the region from 258 nm to 264 nm, while for the
compound III they appear from 263 nm to 266 nm.

Comparing the absorption maxima in protic
and aprotic solvents it could be noticed that the
absorption maxima shift bathochromic probably as
a result of the interactions compound-solvent. It
shows that the solvation effect of the aprotic sol-
vent has greater influence on this kind of com-
pounds, while higher values of the absorption
maxima show that smaller energy is needed, for
the electron transfer processes in aprotic solvents.

From the experimental UV spectroscopic data
(Table 2) and the values of the solvatochromic pa-
rameters (Table 1), the solvatochromic coefficients
s, a and b in aprotic solvents were calculated using
the Eq. (1) [13—15]. Their values are given with
the Egs. (5-7):

For 4-butyl-5-octyl-2,4-dihydro-3H-1,2,4-
triazoline-3-thione:

Vo= 38.49 + 4,427 — 5482~ 6808  (5)
(R=0.883,SD =028, n=>5)

For 4-allyl-5-octyl-2,4-dihydro-3H-1,2,4-tri-
azoline-3-thione:

Voax=38.72+2.507 —3.48—4.548  (6)
(R=0.905,8SD=0.23,n=5)

For  4-phenyl-5-octyl-2,4-dihydro-3H-1,2,4-
triazoline-3-thione:

Voax=37.95+1.747 —2.08a—2.838  (7)
(R=0.912,8D=0.13,n=5)

The results obtained using the LSER method
[13—15] for aprotic solvents (Eqs. 5-7) are differ-
ent from those obtained for protic solvents (Egs.
2-4). The analysis of the solvatochromic coeffi-
cients s, ¢ and b for the compounds I, II and III
(Egs. 5-7) shows that the transition state is stabi-
lized with the HBA effects in aprotic polar sol-
vents (a negative sign of the coefficient b). This
state is additionally stabilized with the influence of
the HBD effects (a negative sign of the coefficient
a). This result supported the existence of the com-
pounds in the thione-thiol tautomeric equilibrium
(see Fig. 1). The stabilization of the transition state
for these compounds decreased as a result of the
influence of the classic solvation effect (s has a
positive sign).

The obtained values of the correlation coeffi-
cients (R) for the investigated compounds show
satisfactory correlation, i.e they are between 0.871
and 0.921. The values of the percentage contribu-
tion of solvatochromic coefficients s, a and b are
presented in Table 3.

The influence of the classic solvation effects,
HBA and HBD effects of the protic and aprotic
solvents was also confirmed with the values of the
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percentage contribution of solvatochromic coeffi-
cients (Table 3).

Table 3

Percentage contribution of the calculated
solvatochromic coefficients in protic
and aprotic solvents (%)

Protic solvents Aprotic solvents

Compound
s a b s a b
I 57.75 26.63 15.61 | 26.45 32.83 40.71
I 80.84 15.86 3.292  23.69 33.15 43.14

111 49.58 32.03 18.3826.15 3131 42.54

4. CONCLUSIONS

The obtained results in protic solvents show
that the polarity of the solvent dominates in stabi-
lization of the ground state rather than other ef-
fects. While, in aprotic solvents the transition state
is stabilized with the HBA and HBD effects. The
values of the percentage contribution of solvato-
chromic coefficients additionally confirm this con-
clusion. Comparing the values of the solvatochro-
mic coefficients s, a and b (2)—~(7) for protic and
aprotic solvents it could be concluded that the in-
fluence of the aprotic solvents is more significant
than the influence of the protic solvents. So, the
aprotic solvents are more convenient as a medium
for examination of the reactions of the investigated
compounds, because they favoured the transition
state. The satisfactory correlation of the electronic
absorption frequencies of the investigated 1,2,4-
triazoline-3-thiones with the Eq. (1) indicated that
the correct model was selected. It demonstrated
that a solvatochromic Eq. (1) with three solvato-
chromic parameters 7, « and £ can be used to
evaluate the effects of both types of hydrogen-
bonding and solvent polarity effect on the investi-
gated thiones.
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