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GRAPHICAL ABSTRACT
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e Seven pyrazoline derivatives (compound 1-7) were synthesized and their photo-physical
properties were investigated.

e The effect of solvent and substituent on the photo-physical properties of new pyrazoline
derivatives was determined.

e It suggested that the photo-physical properties of these biologically active novel molecular
probes may be useful in some areas, such as labeling, sensor applications in different
environments.

ABSTRACT
Pyrazoline derivatives are among solvatochromic dyes and they are the most widely used in

many fields such as sensors, labeling agent and optoelectronic devices. Therefore, synthesis of
new pyrazoline derivatives and determination of their optical behavior in different solvents are
a very important research area. In this study, the solvatochromic behaviors of seven new
synthetic pyrazoline derivatives, (4-[3-(4-Hydroxyphenyl)-5-aryl-4,5-dihydro-pyrazol-1-
yl]benzenesulfonamides, compound 1-7), were determined in different solvents. As a result of
the measurements, a large red shifts in the fluorescence spectra of the compounds studied were
observed for each compound, when the polarity of the solvent increased. Kamlet-Taft and
Catalan parameters were used to describe the solvent-soluble interactions. The obtained results
showed that the solvatochromic behavior of the compounds is dependent on their solvent
polarity as well as the effect of the hydrogen-bonding properties of the solvents. It was also
found that the increases in the polarity of the solvent was facilitated the non-radiative transition.
Furthermore, the changes in the dipole moments of compounds 1-7 in different solvents at room
temperature were calculated by using the Lippert—-Mataga equation. It was very impressive that
calculated fluorescence quantum yield values of the compounds studied here by using different
solvents were remarkably high than the ones reported in the literatures for pyrazolines. In
addition, the effect of substituent on the photo-physical properties of the compounds was also
investigated. It was observed that the fluorescence intensity of the substituted compounds 2-6
increased comparing to the compound 1, which is a non-substituted derivative. These changes
were not dependent on electronic nature of the substituent on phenyl ring (i.e. electron donating
and electron withdrawing substituent). According to data obtained it can be stated that these
novel solvatochromic dyes studied here can be find application in pharmaceutical industry, as
labeling agent, sensor applications as biosensors or analytical sensors and/or optoelectronic
devices.

Keywords: Pyrazoline; Absorption; Fluorescence; Solvent effect; Kamlet-Taft and Catalan
parameters

1. Introduction



Synthesis and the photo-physical characterization of new fluorogenic probes provide important
contributions to many fields such as analytical, biochemical and optoelectronic [1-7].
Especially, solvatochromic fluorescent dyes have been extensively studied due to their potential
applications as polarity-sensitive molecular probes. Several the optical properties of
solvatochromic dyes (SD) such as the fluorescence intensity, color, the fluorescence quantum
yield or lifetime are sensitive to the solvent medium in which SD are solved. The properties of
SD lead their uses in several chemical, biological events in addition to their finding application
in multimolecular systems as labeling agent, sensor ext. [8]. Pyrazoline derivatives are a widely
used solvatochromic dye [9, 10]. Pyrazoline is a five-membered heterocyclic ring containing
two nitrogen atoms can be considered as the best examples of this type of probes among
fluorogenic probes. These type of compounds show strong fluorescence property due to
conjugation available between pyrazoline and two phenyl rings. Pyrazolines and their
complexes are also used in organic electroluminescent devices (OLEDs) due to high
fluorescence quantum yield and strong fluorescence properties [11-16]. Furthermore, these
compounds also have importance in medicinal chemistry because of their several bioactivities
such as antimicrobial [17, 18], antiamoebic [19], antinociceptive [20], anticancer [21],

antidepressant [22] and anti-inflammatory [23].

Pyrazoline derivatives are typical intramolecular charge transfer (ICT) compounds owing to
charge transfer from the nitrogen atom at the 1-position of pyrazoline to the carbon atom at the
3-position of the pyrazoline ring (Scheme 1). The effects of the solvents used on the absorbance
and fluorescence properties of these ICT materials take attention to the researchers working in
the fields [24-27]. The interactions between fluorescent probes and solvent molecules occur as
either specifically (hydrogen bond etc.) or non-specifically. Multiple linear regression analysis
suggested by Kamlet-Taft and Catalan is used to characterize the solvent—solute interactions.

These approaches can be described by the following equations:



Yy =Yo+aa+bp +cn* (Kamlet-Taft) (1)

Yy =Yo+aSA+ bSB + cSP + dSdP (Catalan) (2)

where y is the desired spectral property and yo stands spectral property in a vacuum or the gas
phase. a, B and ©* denote the hydrogen bond donor (HBD) acidity, hydrogen bond acceptor
(HBA) basicity and dipolarity/polarizability of the solvents respectively. Catalan model
parameters SA, SB, SP and SdP characterize the solvent acidity, basicity, polarizability and
dipolarity respectively. a—d are the regression coefficients describing the sensitivity of the

respective property to the different types of solvent-solute interactions [28-31].

In this study, it was aimed to investigate the spectral behaviors of the novel synthesized
pyrazoline derivatives (4-[3-(4-Hydroxyphenyl)-5-aryl-4,5-dihydro-pyrazol-1-
yl]benzenesulfonamides, 1-7, Scheme 1) in different solvents. The substituents on the 4-
position of phenyl ring were changed as hydrogen (1), methyl (2), methoxy (3), bromine (4),
chlorine (5), flour (6), nitro (7). For this purpose, to take UV-Vis absorption, steady-state and
time-resolved fluorescence measurements for all compounds in different solvents were planned.
Since the changes in the optical properties of pyrazolines may find application in several areas
such as chemical, biological and multimolecular systems as previously mentioned above. It was
also considered to explain the interactions between the solvents used and solute, i.e. the
compound by using multiple linear regression analysis. Additionally, the influences of the
solvents used on the photo-physical parameters such as the fluorescence quantum vyield,
fluorescence lifetime, radiative (kr) and non-radiative (knr) rate constants and the effects of the
substituents available at the 4-position of phenyl (Scheme 1) on the photo-physical behavior
were considered to investigate.

2. Experimental
2.1. Material



All the solvents (Sigma and Merck), quinine sulfate (Fluka) and H.SO4 (Sigma) were purchased
and used without further purification. The physical properties, polarity parameters, Kamlet-Taft
and Catalan parameters of all solvents used in the study are listed in Table 1 and 2 [32, 33]. The
stock solution of all compounds was prepared in ethanol. A certain amount of fresh probe
samples in different solution was obtained from this stock solution by evaporating the solvent.
For all measurements, the concentrations of compounds were 2.0x10° M. All the experiments
were performed at room temperature.

2.2. Equipment

The UV-Vis absorption and fluorescence spectra of the samples were recorded with Perkin
Elmer Lambda 35 UV/VIS spectrophotometer and Shimadzu RF-5301PC
spectrofluorophotometer, respectively. Fluorescence and absorption measurements were taken
for all sulfonamide derivatives at room temperature. For the steady-state fluorescence
measurements, all the samples were excited at 350 nm and fluorescence intensity were recorded
between 355 nm and 650 nm. The fluorescence lifetime measurements were carried out with a
LaserStrobe model TM3 spectrofluorophotometer from Photon Technology International (PTT).
The excitation source combined a pulsed nitrogen laser/tunable dye laser. The samples were
excited at 366 nm. The decay curves were collected over 200 channels using a nonlinear time
scale with the time increment increasing according to arithmetic progression. The fluorescence
decays were analyzed with the lifetime distribution analysis software from the instrument
supplying company. The quality of fits was assessed by y? values and weighed residuals [34].
The Fluorescence quantum yields of donor molecules were calculated through the Parker-Rees
equation:

0, =0, (22) () (=) ®
where D is the integrated area under the corrected fluorescence spectrum, n is the refractive

index of the solution, and Op is the optical density at the excitation wavelength (Aex= 350 nm).



The subscripts s and r refer to the sample and reference solutions, respectively. Quinine sulfate
in 0.5 M H2SO4 solution was used as the reference. The fluorescence quantum yield of quinine
sulfate was 0.55 in 0.5 M H2SO4 solution [35].

The rate constants of the radiative (kr) and non-radiative (knr) deactivation were calculated by

using the following equations.

k, = — 4)

gl k, + knr (5)

Tav
where @ is fluorescence quantum yield and tay iS average fluorescence lifetime of samples [36].

2.3.Synthesis of pyrazoline derivatives

The compounds were synthesized and characterized as described in our previous study [37].
The synthesis of the compounds has been summarized in Scheme 2. 'H NMR, *C NMR, HRMS
data, yield of the reactions and melting points of the compounds for compound 1-7 can be found
in the supplementary file.

3. Results and discussion
3.1. Effect of solvents on absorption and fluorescence spectra

The absorption and fluorescence spectra of seven pyrazoline derivatives (Scheme 1) were
recorded in ten different solvents such as 1,4-dioxane, tetrahydrofuran (THF), ethyl acetate,
dimethyl formamide (DMF), dimethyl sulfoxide (DMSO), acetonitrile (ACN), isopropanol (i-
PrOH), ethanol (EtOH), methanol (MeOH), water at room temperature (Figs. 1-2). Maximum
absorption band for the compound 1 used were at about 350-360 nm (Fig. 1). The bands at issue
were attributed to the n—n transitions of conjugated skeleton localized on the pyrazoline ring.
The changes in the absorption maxima of the compounds depending on solvent polarity were

presented in Table 3. The absorption maxima for each molecule shifted to longer wavelength



(bathochromic shift) and the intensity of absorbance decreased (hypochromic shift) when the
solvent polarity increased. The bathochromic shifts are result from the increase in the dipole
moment of the probe whereas the hypochromic shifts are result from the hydrogen-bond
formation [38, 39]. It was observed that the shifts in absorption maxima were minimal
comparing to maxima of fluorescence spectra of the compounds depending on solvent polarity.
This suggested that there was no charge transfer in the ground state of the compounds.

The steady-state fluorescence and normalized fluorescence spectra of compound 1 were shown
in Figs. 2 and 3. As shown in Fig. 2, the compound studied exhibited one broad band which
represented S1—So electronic transition. It was observed that the red shifts in the fluorescence
maxima with the increase in solvent polarity were greater than red shifts in the absorption
maxima (Figs. S1 and S2). The energies of excited state of compounds were more affected from
the increases in the solvent polarity comparing to the energies of the ground state of the
compounds since there were differences between the shifts of fluorescence maxima and the
shifts of absorption maxima in red region (Table 3) [26, 40]. The red shift observed depending
on the solvent polarity indicated the presence of © — =" transition. The shifts of fluorescence
band maxima to the longer wavelength proved the presence of significant differences between
excited and ground state charge distributions of the molecules. The reason of differences in
charge distributions of the molecules was stronger intermolecular interactions in polar solvents
in the excited state of the compounds [41]. The molar absorption coefficient (g) values of the
studied compounds were presented in Table 3. These values were remarkably high suggesting
that the electronic transitions in the solvents from the ground state to the excited state had 1 —
n" character [10, 39].

The fluorescence quantum yield and lifetime values of fluorophores also changed depending
on solvent polarity because the emission spectra influenced from solvent polarity. The values

in question for the compounds in different solvents were listed in Table 3. The data obtained



revealed that significantly dependent to the solvent properties such as hydrogen bond donor
ability, hydrogen bond acceptor ability and polarizability. The fluorescence quantum yields
increased when solvent polarity increased in both polar aprotic (except for acetonitrile) and
polar protic solvents. On the other hand, the fluorescence quantum yields had lower values in
strongly polar solvent such as acetonitrile and alcohols comparing to the other solvents having
less polarity. This phenomenon can be explained by positive solvatokinetic effects. In strong
polar solvents, strong interactions between molecule and solvents occur when solvent polarity
increased in excited state. When hydrogen bond interaction between a molecule and a proton
donor solvent took place, the quantum yield of the compound decrease. The decreases in the
quantum yield result from the fluorescence quenching whose reasons are the enhancement of
intersystem crossing, strong internal conversion and vibrational deactivation all the reasons
mentioned led to intramolecular charge transfer (ICT). This situation caused to increases in the
rate of non-radiative relaxation of an excited state. This suggested that the positive
solvatokinetic effect was taking place [10, 42].

To understand the dependence of the absorption and fluorescence spectra to the solvent, the
solvent polarity parameter (Et(30)) approach has been used. The Stokes shift (Av =vabs-viiu)
versus Et(30) were plotted (Fig. 4). A linear variation was obtained between the Stokes shift
and the Et(30) values for the compounds studied. The linear variations implied potential
application of these parameters to explain the microenvironment of the compounds which are
new pyrazoline derivatives [43, 44].

Lippert—-Mataga equation can be used to determine the influence of solvent polarity on the

optical properties of a fluorophore [45-48]:
2
AV = Vgps — Ve = %Af + constant (6)

where Av is the Stokes shift in wavenumber (cm ™), vabs and vy are the wavenumbers of the

absorption and fluorescence maximum wavelengths, respectively, h is the Planck constant, ¢ is



the light velocity, a is the cavity radius, and Af is the orientation polarizability of the solvent

defined as follows (Eqg. 7):

_ el mio1
Af = 2e+1  2n2+1 (7)

where € and 1 are the dielectric constant and refractive index of the solvent, respectively. Fig.
5 showed the plot of Stokes shift versus the orientation polarizability (Af). The polar protic
solvents were not included when the Fig. 5 was drawing due to specific solute—solvent
interactions such as hydrogen bonding and the acidity and basicity of solvents. The linear
relationships between Stokes shift versus the orientation polarizability indicated that the Stokes
shift was dependent to the solvent dipolarity and/or polarizability. For all compounds, the
differences in between dipole moments (Ap) of the ground and excited states were calculated
from the Lippert—Mataga equation. At this equation, the cavity radius a for all compounds was

estimated by using Eq. (8)

a= ()" ©

where M is the molecular weight, N is Avogadro’s number, and d is an assumed molecular

density of 1 g cm™3. The estimated dipole moment differences were 19.93, 27.18, 28.90, 15.77,
17.21,18.36 and 27.81 of compounds 1-7, respectively. These large dipole moment differences
indicated that the intramolecular charge transfer (ICT) state occurred by the effect of the solvent
used after the excitation of the compounds [38].

3.2. Multiple regression analysis

Multiple linear regression analysis suggested by Kamlet-Taft (Eg.1) and Catalan (Eq.2) were
also employed to discuss the solvent effects in more detail. The regression coefficients, their
standard deviations and the multiple linear correlation coefficient r for the pyrazoline
derivatives were summarized in Tables 4 and 5. It was noticed that the largest contribution to
the interactions between a solute and a solvent belonged to the solvent dipolarity/polarizability

(ct” and cSP). This indicated that the dominant factor on the solvatochromic changes in
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absorption wavelength (Aans) and fluorescence wavelength (Aniy) was the solvent polarizability.
However, the contributions of hydrogen bond donor (HBD) acidity and hydrogen bond acceptor
(HBA) parameters in solvent cannot be neglected. The multiple regression analysis of vaps and
veu indicated that HBD/solvent acidity (a/SA) much more contributed to interaction between a
solute and a solvent than HBA/solvent basicity (/SB) for all compounds tested. The low values
of a and B compared to m supported that spectroscopic properties of these pyrazoline
derivatives were less sensitive to hydrogen bonding characteristics of solvents. These results
were supported by those obtained from the E1(30) approach and the Lippert—Mataga approach
[41, 49]. Negative values of regression coefficients indicated that the regression parameters
considered contributed to the stabilization of the compounds both the ground state and the
excited state [50].

3.3. Substituent effect

Seven novel pyrazoline derivatives synthesized and studied here had different at the substituents
groups 4- position of phenyl ring (Scheme 1). The compounds 1-6 exhibited very high
fluorescence properties in the blue-green region. The intensity in fluorescence spectra of each
compound in DMSO changed depending on the nature of substituents on phenyl rings (Fig. 6).
Increases in fluorescence intensity of the substituted compounds (2-6) were observed
comparing to compound 1 which is non-substituted derivative without dependent the electronic
nature of the substituent on phenyl ring (i.e. electron donating and electron withdrawing
substituent), exception was the compound 7 which has nitro substituent on phenyl ring. In the
case of the compound 7, the efficient intersystem crossing process occur due to the existence
of a low-lying n — 7* transition. The presence of detectable fluorescence decrease results from
high rate of S1—So internal conversion. S1—So internal conversion may be related to the
considerable charge transfer character of the excited state of nitro bearing compound, since

—NO2 group has strong electron-withdrawing nature [51]. The fluorescence quantum yield
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values of the compounds 2-6 were higher than the compound 1’s, which is non-substituted
compound, without dependent the nature of substituents (i.e. electron donating and electron
withdrawing substituent) except the compound 7. This situation was similar to the situation
fluorescence intensity as mentioned before.

The values as the fluorescence intensities and quantum yields obtained in this study were
remarkably higher than the ones reported in literatures for the compounds having pyrazoline
moiety [10, 39, 52-56]. The data obtained from the present study may be useful in
pharmaceutical industry, in labeling and sensor applications as biosensors or analytical sensors.

4. Conclusions

The photo-physical behaviors of newly synthesized seven pyrazoline derivatives 1-7 (Scheme
1) were described in different solvents. All compounds (except for 7) exhibited very high
fluorescence properties depending on the solvent polarity in the blue-green region. It was
observed that the energy of excited state for every compound was more affected from the
increases in the solvent polarity compared to the energy of ground state of the same compound.
This situation suggested the presence of significant differences between excited and ground
state charge distributions of the molecules. The solvent dependence of the absorption and
fluorescence spectra was discussed using the solvent polarity parameter (Et(30)) approach,
Lippert-Mataga equation, and multiple linear regression analysis. All results shown in Fig. 4,
Fig. 5 and Table 4, Table 5 pointed out that the dominant factor affecting the interaction
between a solute (compound) and a solvent was the solvent polarizability on the solvatochromic
changes in Aabs and Anyu. In addition, the fluorescence quantum yield values calculated for
compounds 1-7 comparing to the previous values of several compounds having pyrazoline ring
in literatures in different solvents were quite impressive and high. Moreover, the effects of the
substituent at 4-position of phenyl ring on the photo-physical properties of the compounds 1-7
were evaluated. The increases in fluorescence intensities and the fluorescence quantum yields

were noticed in compounds 2-6 without dependent to the electronic nature of the substituents
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comparing to non-substituent compound, except compound 7 which has nitro group. The photo-
physical properties of these biologically active novel molecular probes may be useful in some

areas, such as labeling, sensor applications in different environments.
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Figr-lFIGURES CAPTION
Scheme 1. Structure of the pyrazoline derivatives 1-7
Scheme 2. Synthesis of the pyrazoline derivatives 1-7
Fig. 1. The absorption spectra of compound 1 in different solvents.
Fig. 2. The fluorescence spectra of compound 1 in different solvents.
Fig. 3. Normalized fluorescence spectra of compound 1 in different solvents.

Fig. 4. The plot of Stokes shift versus the solvent polarity, Et(30)
Fig. 5. Stokes shift (Av =vaps-veiu /cm 1) versus orientation polarizability function (Af).

Fig. 6. The fluorescence spectra of pyrazoline derivatives, 1-7 in DMSO.
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TABLES
Table 1. The physical properties and polarity parameters of selected solvents
Table 2. Kamlet-Taft and Catalan parameters of selected solvents
Table 3. Spectroscopic and photo-physical properties of compounds 1-7 in selected solvents

Table 4. Estimated coefficients (Yo, ac, bp, ct” for vaps, viu) and correlation coefficients (r) for
regression analysis of the pyrazoline derivatives 1-7 according to the Kamlet-Taft solvent
parameters

Table 5. Estimated coefficients (yo, aSA, bSB, ¢SP and dSdP for vaps, viu) and correlation
coefficients (r) for regression analysis of the pyrazoline derivatives 1-7 according to the Catalan
solvent parameters

Table 1.
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Solvent g n° E+(30)° E@ f(em) gm)
1,4-Dioxane 2.2 1.422 36.0 0.164 0.044 0.617
THF 7.5 1.465 37.4 0.207 0.521 1.151
Ethyl Acetate 6.1 1.372 38.1 0.228 0.493 0.999
DMF 36.7 1.430 43.2 0.386 0.836 1.419
DMSO 46.7 1479 451 0444 0840 1488
ACN 36.6 1.344 45.6 0.460 0.861 1.330
i-PrOH 20.2 1.377 48.4 0.546 0.781 1.294
E{OH 25.3 1.361 519 0654 0817 1309
MeOH 33.0 1.329 55.4 0.762 0.855 1.304
Water 80.0 1.333 63.1 1.000 0.914 0.227

* Dielectric constant. ® Refractive index. ¢ Reichardt empirical polarity parameter.
dMolecular-microscopic solvent polarity parameter. THF; tetrahydrofuran. DMF;
DMSO; dimethyl sulfoxide. ACN;
isopropanol. EtOH; ethanol. MeOH; methanol

dimethylformamide.

acetonitrile.

i-PrOH;

Table 2.
Solvents Kamlet-Taft Parameters Catalan Parameters

a i T SA SB SP Sdp
1,4-Dioxane 0.00 0.37 0.49 0.000 0.444 0.737 0.312
THF 0.00 0.55 0.55 0.000 0.591 0.714 0.634
Ethyl Acetate 0.00 0.45 0.45 0.000 0.542 0.656 0.603
DMF 0.00 0.69 0.88 0.031 0.613 0.759 0.977
DMSO 0.00 0.76 1.00 0.072 0.647 0.830 1.000
ACN 0.19 0.40 0.66 0.044 0.286 0.645 0.974
i-PrOH 0.76 0.84 0.48 0.283 0.830 0.633 0.808
EtOH 0.86 0.75 0.54 0.400 0.658 0.633 0.783
MeOH 0.98 0.66 0.60 0.605 0.545 0.608 0.904
Water 1.17 0.47 1.09 1.062 0.025 0.681 0.997

Table 3.
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9 9
Compound Solvent (ﬁ"l"’l’) a 0 M&E'cm") (nA‘m“') (c?n‘i') (0] (‘:l”s') k'(,;ll()) k,.g})()
1,4-Dioxane 359 3.58 417 3874 0.63 2362  0.2665 0.1569
THF 359 3.41 418 3932 0.65 2313 0.2800 0.1523
Ethyl Acetate 357 3.56 416 3973 0.66 2267 02932 0.1479
DMF 361 430 422 4004 0.68 2400  0.2821 0.1346
| DMSO 364 3.27 424 3888 0.70 2449  0.2840 0.1243
ACN 358 3.92 417 3952 0.60 2378 02519 0.1686
i-PrOH 357 4.01 423 4371 0.44 1.859  0.2341 0.3038
EtOH 357 3.54 428 4647 0.36 1.931 0.1864 0.3315
MeOH 357 3.48 432 4863 0.28 1.619  0.1736 0.4441
Water 359 2.97 448 5534 0.41 3.164  0.1310 0.1850
1,4-Dioxane 360 3.42 417 3797 073 2411 03031 0.1117
THF 359 4.17 417 3874 070 2396  0.2907 0.1266
Ethyl Acetate 353 430 415 3837 0.68 2412  0.2801 0.1345
DMF 362 3.99 422 3928 0.76 2.591 0.2924 0.0936
) DMSO 364 3.53 424 3888 0.82 2557 03201 0.0710
ACN 358 4.89 417 3952 0.64 2316  0.2780 0.1538
i-PrOH 358 4.59 423 4292 050  2.106  0.2351 0.2397
EtOH 358 4.63 428 4568 043 2037 02128 0.2781
MeOH 357 473 432 4863 0.33 1.664 02010 0.4000
Water 360 1.33 449 5506 0.55 3348  0.1651 0.1336
1,4-Dioxane 360 3.80 418 3854 0.73 2245 03250 0.1205
THF 359 248 417 3874 078 2358 03313 0.0928
Ethyl Acetate 358 3.29 416 3894 0.76 2333 03270 0.1017
DMF 361 3.00 422 4004 0.87 2504  0.3464 0.0530
DMSO 364 3.32 425 3943 0.88 2517  0.3486 0.0487
3 ACN 358 4.40 418 4010 070 2208 03158 0.1371
i-PrOH 358 3.44 423 4292 0.55 1.997  0.2755 0.2252
EtOH 358 422 429 4623 0.47 1.838  0.2553 0.2888
MeOH 357 3.80 432 4863 0.38 1.676  0.2244 0.3723
Water 360 1.22 448 5456 054 3313 0.1624 0.1394
1,4-Dioxane 358 3.58 417 3952 075 2174 03314 0.1132
THF 358 3.68 417 3952 070 2249  0.3230 0.1364
Ethyl Acetate 357 3.95 415 3915 0.75 2177  0.3435 0.1158
DMF 361 4.03 422 4004 0.68 2.116  0.3208 0.1518
DMSO 364 3.66 424 3888 0.69 2004  0.3455 0.1535
4 ACN 357 434 417 4030 0.65  2.197  0.2978 0.1574
i-PrOH 357 3.84 423 4371 0.57 1.976  0.2870 0.2191
EtOH 357 3.73 428 4647 0.50 1.840  0.2731 0.2703
MeOH 356 4.40 432 4942 0.38 1.667  0.2296 0.3703
Water 359 2.03 449 5583 056  3.073  0.1823 0.1431

Table 3. Continued
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9 9

Compound Solvent (ﬁ”l'l’]’) a 0 Mﬁcm") (ﬁ'l:) (c?n\i') ()] (‘:I’s") k"();ll()' k.,(,:})()
1,4-Dioxane 358 2.90 417 3952 072 2291 03103  0.1208

THF 358 3.59 418 4010 068 2320 02915  0.1358

Ethyl Acetate 357 3.10 416 3973 0.72 2340 03069  0.1205

DMF 361 3.14 422 4004 071 2355 03030  0.1217

DMSO 363 3.61 424 3963 0.75 2486 03008  0.1015

> ACN 357 3.09 417 4030 0.65 2289 02851  0.1518
i-PrOH 357 3.66 423 4371 053 1998 02644 02361

EtOH 357 4.58 427 4592 044  1.884 02315  0.2993

MeOH 356 4.08 431 4888 036 1679 02133 03823

Water 359 1.34 448 5534 056 3202  0.1752  0.1371
1,4-Dioxane 358 473 417 3952 0.78 2329 03207  0.0925

THF 358 3.59 417 3952 0.88 2420 03748  0.0515

Ethyl Acetate 356 2.75 416 4051 0.87 2346 03688  0.0575

DMF 360 4.03 421 4025 0.89 2449 03618  0.0465

DMSO 363 3.63 424 3963 093 2451 03779  0.0301

6 ACN 357 3.37 417 4030 075 2243 03322  0.1136
i-PrOH 357 4.79 423 4371 052 1981 02631 02417

EtOH 357 428 427 4592 047 1780 02658  0.2960

MeOH 356 3.92 430 4834 036  1.644 02201  0.3881

Water 359 1.85 448 5534 057  3.171  0.1808  0.1345
1,4-Dioxane 353 2.92 417 4348 0.01 2064 00032 04526

THF 353 3.72 420 4519 0.01 2194  0.0029  0.4183

Ethyl Acetate 352 2.82 417 4428 0.01 2374 0.0030  0.4182

DMF 355 2.94 422 4472 0.01 2510  0.0030  0.3954

DMSO 358 2.89 425 4404 0.01 2427  0.0027  0.4093

7 ACN 352 3.38 419 4543 0.01 2208  0.0027  0.4502
i-PrOH 352 4.01 421 4656 0.02 1421 00124  0.6913

EtOH 352 435 422 4712 0.01 1306  0.0079  0.7578

MeOH 351 3.50 434 5449 - 1.402 00022  0.7110

Water 354 1.61 451 6076 - 2938  0.0014  0.3389

Table 4.
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Compound Yo a b ¢ r
vas  28343.87 £97.85 236.88 + 46.71 -291.13+134.38 -583.29 + 94.26 0.95
! Vilu 24490.83 + 209.84 -854.16 + 100.17 323.76 + 288.19 -1152.81+202.14 0.98
Vabs 28282.92 £ 108.11 219.05 £51.61 -282.50 = 148.47 -558.99 £ 104.14 0.94
: Vilu 24550.46 = 197.64 -890.46 - 94.35 342.92 £271.44 -1226.91 + 190.39 0.98
Vabs 2824929 + 121.56 198.00 + 58.03 -240.55 = 166.95 -52227+117.09 0.91
’ Vi 24474.70 + 186.74 -850.14+89.15 338.22 +£256.46 -1168.91 + 179.88 0.98
vabs  28482.16 + 91.30 237.04 +£43.59 -406.77 = 125.39 -640.22 + 87.95 0.96
! Vil 24550.46 £ 197.64 -890.46 = 94.35 342.92 £ 271.44 -1226.91 + 190.39 0.98
vabs  28425.69 £ 7599 213.18 £ 36.28 -344.56 = 104.37 -586.11+73.21 0.97
) Vil 2449559 + 208.12 -827.79+99.35 354.70 £ 285.83 -1186.46 + 200.48 0.98
Vabs 28445.07 = 103.60 182.83 £ 49.45 -336.42+142.28 -581.06 +99.79 0.94
° Vilu 24495.50 = 201.11 -837.53 =96.01 387.75 £276.21 -1184.81+193.73 0.98
Vabs 28801.11 +96.83 197.69 + 46.23 -311.86+132.99 -564.77 + 93.28 0.95
’ Vilu 24364.45 + 288.10 -818.22 + 137.53 791.62 +395.67 -1421.15 +277.52 0.96
Table 5.
Compound Yo a b c d r
Vabs 29692.84 +99.34 -14.30 + 32.86 -5.90+ 4287 -2386.47 £ 132.04 -211.34 + 40.77 0.99
l vie 2535325419525  -1563.43+ 64.58  -84.83 + 84.27 -1761.69 + 259.52 -170.35+80.13 099
vabs  29631.96+ 12931 -68.22 £ 42.77 -36.44 + 55.81 -2420.61 4+ 171.87 -127.24 4+ 53.07 099
: viw 2546949+ 199.03  -1621.81 +65.83  -67.33 48590  -1882.71 +264.55 -196.10+ 81.68  0.99
vabs  29548.39 + 136.66 -85.47+45.20 -28.98 + 58.98 -2336.31 + 181.65 -85.23 £ 56.08 0.99
’ v 2535220+262.20  -1539.77+86.72  -51.37+113.16  -1802.16+ 34850  -184.24+107.60 0.99
vabs 29942324 13511 -68.82 + 44.69 -87.80 £ 58.31 -2575.13 4 179.58 -251.42 45544 0.99
! vie 2546949+ 199.03  -1621.81 + 65.83 -67.33 +85.90 -1882.71 + 264.55 -196.10 + 81.68  0.99
vabs  29735.60+ 121.90 -60.30 + 40.32 -59.63 + 52.61 -2324.27+162.02 -220.76 £50.02 099
’ viw 2541657+ 170.83  -1532.71 +56.50  -37.84 + 73.73 -1882.47 4 227.06 -171.79 4+ 70.10  0.99
Vabs  29767.07 + 126.74 -104.73 £ 41.92 -70.52 £ 5470 -2350.10+ 168.46 -197.394+ 5201 099
° v 25400.60 + 187.58  -1535.99+ 62.04  -13.18 + 80.96 -1874.61 + 249.33 -152.53+76.98 099
vabs  30096.31 + 143.73 -79.46 + 47.54 -54.03 £ 62.03 -2302.27+191.04 -184.35+ 5898 099
’ viw  25342.72+£532.79 -1434.25+ 17622 363.01 £229.94 202041+ 708.16 -283.51+218.64 098
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4-[3-(4-Hydroxyphenyl)-5-phenyl-4,5-dihydro-pyrazol-1-yl]Jbenzenesulfonamide (1)
M.p. 208-210 °C. Yield: 47%. H NMR (400 MHz, CD30D, ppm) d ¥ 7.65 (d, 2H, J ¥4 8.8
Hz), 7.64 (d, 2H, J ¥4 9.0 Hz), 7.36-7.24 (m, 5H), 7.08 (d, 2H, J ¥ 9.0 Hz), 6.84 (d, 2H, J ¥4
8.8 Hz), 5.43 (dd, 1H, J % 12.0, 5.7 Hz), 3.92 (dd, 1H, J ¥, 17.4, 12.0 Hz), 3.13 (dd, 1H, J %
17.4, 5.7 Hz); *C NMR (100 MHz, CD30D, ppm) d ¥ 160.2, 151.5, 148.7, 143.5, 132.8,
130.3, 128.9, 128.8, 128.5, 126.9, 125.0, 116.5, 113.3, 64.5, 44.7; HRMS (ESI-MS): calcd.

for C21H20N303S [M + H]* 394.1225; found 394.1217.
4-[3-(4-Hydroxyphenyl)-5-p-tolyl-4,5-dihydro-pyrazol-1-yl]benzenesulfonamide (2)

M.p. 163-164 °C. Yield: 75%. *H NMR (400 MHz, CD30D, ppm) d ¥ 7.62 (d, 2H, J % 8.8
Hz), 7.61 (d, 2H, J % 9.1 Hz), 7.20-7.10 (m, 4H), 7.05 (d, 2H, J%8.8 Hz), 6.82 (d, 2H, J¥48.8

Hz), 5.37 (dd, 1H, J%12.1, 5.5 Hz), 3.87 (dd, 1H, J%17.4, 12.1 Hz), 3.08 (dd, 1H,
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J¥,17.4, 5.5 Hz), 2.28 (s, 3H, ~CH3): 13C NMR (100 MHz, CDsOD, ppm) d¥%159.0, 150.3,
147.5,139.2, 137.4, 131.5, 129.6, 127.7, 127.3, 125.6, 123.8, 115.3, 112.1, 63.1, 43.5, 19.9;

HRMS (ESI-MS): calcd. for C22H2:N303S [M + H]* 408.1382; found 408.1367.

4-[3-(4-Hydroxyphenyl)-5-(4-methoxyphenyl)-4,5-dihydropyrazol-1-

yl]benzenesulfonamide (3)

M.p. 176-178 °C. Yield: %23. 'H NMR (400 MHz, CD30D, ppm) d¥47.62 (d, 2H, J%8.8
Hz), 7.61 (d, 2H, J%8.8 Hz), 7.16 (d, 2H, J¥8.8 Hz), 7.06 (d, 2H, J¥:8.8 Hz), 6.86 (d, 2H,

J¥:8.8 Hz), 6.82 (d, 2H, J¥:8.8 Hz), 5.36 (dd, 1H, J%412.1, 5.5 Hz), 3.86 (dd, 1H, J¥:17.2,

12.1 Hz), 3.74 (s, 3H, -OCH3), 3.09 (dd, 1H, J%417.2, 5.5 Hz); 3C NMR (100 MHz, CDs0D,
ppm) d¥4159.5, 159.0, 150.3, 147.6, 134.1, 131.4, 127.7, 127.2, 126.9, 123.9, 115.3, 114.4,
112.1, 62.9, 54.5, 43.5; HRMS (ESI-MS): calcd. for C22H2:N304S [M + H]* 424.1331; found

424.1312.

4-[5-(4-Bromophenyl)-3-(4-hydroxyphenyl)-4,5-dihydro-pyrazol-1-

yl]benzenesulfonamide (4)

M.p. 174-175 °C. Yield: 38%. 'H NMR (400 MHz, CD30D, ppm) d¥%7.64 (d, 2H, J%8.8
Hz), 7.63 (d, 2H, J%8.8 Hz), 7.48 (d, 2H, J¥48.4 Hz), 7.19 (d, 2H, J¥:8.4 Hz), 7.05 (d, 2H,
3¥:9.1 Hz), 6.82 (d2H, J%8.8 Hz), 5.42 (dd, 1H, J%12.1, 5.5 Hz), 3.91 (dd, 1H, J%17.6, 12.1
Hz), 3.12 (dd, 1H, J%17.6, 5.5 Hz); 1*C NMR (100 MHz, CDsOD, ppm) d%159.1, 150.3,
147.3, 1415, 132.1, 131.9, 127.8, 127.7, 127.4, 123.6, 121.2, 115.3, 112.1, 62.7, 43.3; HRMS

(ESI-MS): calcd. for C21H19BrN3zOsS [M + H]"472.0330; found 472.0317.

4-[5-(4-Chlorophenyl)-3-(4-hydroxyphenyl)-4,5-dihydro-pyrazol-1-

yl]benzenesulfonamide (5)
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M.p. 152-154 °C. Yield: 62%. *H NMR (400 MHz, CD30D, ppm) d¥%7.64 (d, 2H, J¥:8.8
Hz), 7.63 (d, 2H, J¥:8.8 Hz), 7.32 (d, 2H, J¥:8.4 Hz), 7.26 (d, 2H, J¥:8.4 Hz), 7.05 (d, 2H,

J¥9.2 Hz), 6.82 (d, 2H, J¥.8.8 Hz), 5.45 (dd, 1H, J%12.1, 5.5 Hz), 3.91 (dd, 1H, J%.17.2,

12.1 Hz), 3.12 (dd, 1H, J%17.2, 5.5 Hz); 3C NMR (100 MHz, CDsOD, ppm) d¥4159.1, 150.3,
147.3,141.0, 133.3, 131.9, 129.1, 127.8, 127.5, 127.4, 123.6, 115.3, 112.1, 62.6, 43.3; HRMS

- . calca. Tor C21H19CIN30O3 + . , Toun . .
(ESI-MS): calcd. for C21H19CiN3O3sS [M + H]* 428.0836; found 428.0824

4-[5-(4-Fluorophenyl)-3-(4-hydroxyphenyl)-4,5-dihydro-pyrazol-1-

yl]benzenesulfonamide (6)

M.p. 243-244.°C. Yield: 72%. 'H NMR (400 MHz, CD30D, ppm) d¥47.63 (d, 4H, J%8.8
Hz), 7.30-7.26 (m, 2H), 7.07-7.03 (m, 4H), 6.82 (d, 2H, J¥:8.8 Hz), 5.45 (dd, 1H, J%12.1, 5.5

Hz), 3.90 (dd, 1H, J¥17.6, 12.1 Hz), 3.11 (dd, 1H, J%17.6, 5.5 Hz); 3C NMR (100 MHz,

CD30D, ppm) d%159.1, 150.3, 147.4, 138.2, 131.8, 127.8, 127.7, 127.3, 123.7, 115.8, 115.6,
115.3, 112.1, 62.6, 43.5; HRMS (ESI-MS): calcd. for C21H19FN30sS [M + H]* 412.1131;

found 412.1115.
4-[3-(4-Hydroxyphenyl)-5-(4-nitrophenyl)-4,5-dihydro-pyrazol-1-yl]benzenesulfonamide
()

M.p. 173-176 °C. Yield: 61%. 'H NMR (400 MHz, CD30D, ppm) d¥48.20 (d, 2H, J%:8.8
Hz), 7.65 (d, 2H, J%:9.2 Hz), 7.64 (d, 2H, J¥48.8 Hz), 7.51 (d, 2H, J¥48.8 Hz), 7.05 (d, 2H,

J¥9.2 Hz), 6.82 (d, 2H, J¥.8.8 Hz), 5.60 (dd, 1H, J¥12.1, 5.5 Hz), 3.97 (dd, 1H, J%.17.6,

12.1 Hz), 3.17 (dd, 1H, J%17.6, 5.5 Hz); 3C NMR (100 MHz, CDsOD, ppm) d¥4159.2, 150.3,
149.5,147.7,147.2,132.3, 127.9, 127.5, 127.1, 124.2, 123.4, 115.4, 112.1, 62.6, 43.1; HRMS

(ESI-MS): calcd. for C21H18N4OsS [M + H]* 437.0920; found 437.0931.
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Fig. S1. The absorption spectra of pyrazoline derivatives 2-7 in different solvents.
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Fig. S2. The fluorescence spectra of pyrazoline derivatives 2-7 in different solvents. Inset:
Normalized fluorescence spectra of pyrazoline derivatives in different solvents.
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