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Abstract Two new pyrazoline derivatives, namely 5-(4-
bromophenyl)-3-(5-chlorothiophen-2-yl)-1-phenyl-4,5-
dihydro-1H-pyrazole (3) and 5-(4-bromophenyl)-3-(2,5-
dichlorothiophen-3-yl)-1-phenyl-4,5-dihydro-1H-pyrazole
(4) have been synthesized and characterized based on their
spectral (IR, 1H and 13C NMR and MS) data and micro-
analysis. The fluorescence properties of 3 and 4 were
studied by UV–Vis and emission spectroscopy. For com-
pound 3, a fluorescence emission was observed in the
blue region of the visible spectrum. The effect of different
solvents on fluorescence was also investigated. Density
Functional Theory calculations have also been performed
to gain insight into geometric, electronic and spectroscopic
properties of the pyrazoline derivatives. Both structures are
analysed and compared in order to rationalize the different
behaviour in 3 and 4.

Keywords Pyrazolines . Chalcone . Spectral
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Introduction

Pyrazolines are very important five-membered heterocycles
since they are reported to have a wide spectrum of potential
pharmacological activities, such as antimicrobial [1, 2] anti-
cancer [3–5], anti-inflammatory [6, 7], antioxidant [8, 9], an-
tidepressant [10, 11], and many other activities [12]. The
pyrazoline heterocycles are known as intramolecular charge
transfer compounds of immense importance [13, 14]. Due
to their fluorescent properties, they are widely used as
hole-transport materials in the electrophotography and
electroluminescence [14–16]. Of particular interest are 1,
3,5-triaryl-2-pyrazolines which are considered as an impor-
tant class of conjugated nitrogen-containing fluorescent
compounds with blue emission with very high quantum
yield [17–20]. Moreover, organic electroluminescent com-
pounds find application in various display devices mainly
due to their high luminous efficiency, low cost, wide
range of emission colors via specialized molecular design
of organic compounds, and easy processing [21, 22]. 1,3,
5-Triaryl-2-pyrazolines are also utilized as optical brightening
agents [23], fluorescent switches [24], and as probes in many
chemosensors [25].

In this work, we reported the synthesis of two new 1,3,
5-triaryl-2-pyrazolines by adopting recent literature proto-
col [26], in which the appropriate acetylthiophene
underwent Claisen-Schmidt condensation with the corre-
sponding aldehydes in the presence of catalytic amount
of KOH to afford the corresponding chalcones in high yield.
Treatment of the chalcones with phenylhydrazine gave the
pyrazoline derivatives 3 and 4 as the sole products in
moderate yield. Characterization, Density Functional
Theory (DFT) optimization of the structures and calculated
spectral data along with the study of fluorescent properties
of new pyrazoline compounds is also investigated.
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Experimental

Instrumentation

1H and 13C NMR spectra were recorded on a Bruker Avance
[300, 75.5 MHz] spectrometer. Chemical shifts are expressed
in ppm with reference to TMS as internal standard. Mass
spectra were obtained from a Micromass Zabtec or Finnigan
MAT 95 XP instrument. Melting points were determined on
an Electrothermal-9002 apparatus. IR spectra were recorded
on a Varian IR-660 spectrometer. UV–vis spectra were mea-
sured on a Cary 5000 UV–vis–NIR (Varian) spectrometer.
Fluorescence spectra were recorded on a modified version of
Edinberg instruments spectrophotometer model FS-900SDT.

Materials

All the reagents were purchased from commercial suppliers
and used without further purification. The phenylhydrazine,
used in this study, were purchased from Sigma-Aldrich.

General Procedure for the Synthesis of Chalcones 1 and 2

Chalcones 1 and 2 were prepared according to literature pro-
cedure [26]. A solution of the corresponding acetylthiophene
(2.0 mmol) in MeOH (5.0 mL) was added dropwise to a so-
lution containing the corresponding aldehyde (2.0 mmol) and
KOH (4.0 mmol, 2 equiv.) in MeOH (20 mL). The reaction
mixture was stirred for 6 h at room temperature until comple-
tion of the reaction. The precipitate formed was filtered off,
washed with cold MeOH, and dried. The solid product was
recrystallized from MeOH. The progress of all reactions was
monitored by thin layer chromatography (TLC) (Scheme 1).

Synthesis and Characterization of Pyrazolines 3 and 4

The pyrazolines 3 and 4, Scheme 2, were prepared using the
following general procedure:

A mixture of appropriate chalcone (0.25 mmol) and
phenylhydrazine (0.50 mmol, 2 equiv.) was dissolved in
EtOH (25 mL) and refluxed for 3 h. The reaction mixture
was allowed to cool, the precipitate formed, filtered off, dried
and then recrystallized from EtOH.

The compounds 3 and 4 were characterizes by IR and 1H
and 13C NMR methods and selected results are given below:

5-(4-bromophenyl)-3-(5-chlorothiophen-2-yl)-1-phenyl-4,
5-dihydro-1H-pyrazole (3): Pale-yellow solid, yield 57 %.
m.p. 133–134 °C. IR (KBr, cm−1): ν = 2914, 2360, 1595,
1495, 1319. 1H NMR (300 MHz, CDCl3, ppm): δ = 3.01
(dd, 2J4a,4b = 16.9 Hz, 3J4a,5 = 7.2 Hz, 1H, 4-Ha), 3.75
(dd, 2J4a,4b = 16.9 Hz, 3J4b,5 = 12.3 Hz, 1H, 4-Hb), 5.20
(dd, 3J4a,5 = 7.2 Hz, 3J4b,5 = 12.3 Hz, 1H, 5-H), 6.73
(d, 3J3′,4′ = 3.9 Hz, 1H, 3′-H), 6.79 (d, 3J3′,4′ = 3.9 Hz, 1H, 4′-
H), 6.80–6.83 (m, 1H, 4′′′-H), 6.95 (d, 3J2′′,3′′ =

3J5′′,6′′ = 7.7 Hz,
2H, 2′′-H, 6′′-H), 7.13–7.18 (m, 4H, 2′′′-H, 3′′′-H, 5′′′-H, 6′′′-H),
7.45 (d, 3J2′′,3′′ =

3J5′′,6′′ = 8.4 Hz, 2H, 3′′-H, 5′′-H). 13C NMR
(75.5 MHz, CDCl3, ppm): δ = 43.4, 64.1, 113.4, 121.6, 125.0,
126.4, 127.6, 129.0, 131.3, 132.4, 135.1, 141.0, 142.1, 144.1.
HRMS (ESI) Calc. for C19H14BrClN2S: 415.97441; Found:
415.97349. Anal for C19H14BrClN2S (417.7 g/mol). Calc. C,
54.63%; H, 3.38 %; N, 6.71%; S, 7.67 %. Found: C, 55.08%;
H, 3.49 %; N, 6.42 %; S, 7.42 %.

5-(4-bromophenyl)-3-(2,5-dichlorothiophen-3-yl)-1-
phenyl-4,5-dihydro-1H-pyrazole (4): Yellow solid, yield
63 %. m.p. 189–190 °C. IR (KBr, cm−1): ν = 2358,
1594, 1485, 1329. 1H NMR (300 MHz, CDCl3, ppm):
3.23 (dd, 2J4a,4b = 17.6 Hz, 3J4a,5 = 7.3 Hz, 1H, 4-Ha),
3.94 (dd, 2J4a,4b = 17.6 Hz, 3J4b,5 = 12.5 Hz, 1H, 4-Hb),
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pyrazolines 3 and 4
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5.21 (dd, 3J4a,5 = 7.3 Hz, 3J4b,5 = 12.5 Hz, 1H, 5-H), 6.78
(t, 3J3 ′ ′ ′ ,4 ′ ′ ′ =

3J4 ′ ′ ′ ,5 ′ ′ ′ = 7.3 Hz, 1H, 4 ′ ′ ′-H), 6.95
(d, 3J2′′,3′′ =

3J5′′,6′′ = 8.8 Hz, 2H, 2′′-H, 6′′-H), 7.13–7.19 (m,
4H, 2′′′-H, 3′′′-H, 5′′′-H, 6′′′-H), 7.33 (s, 1H, 4′-H), 7.44 (d, 3J2′
′,3′′ =

3J5′′,6′′ = 8.4 Hz, 2H, 3′′-H, 5′′-H). 13C NMR (75.5 MHz,
CDCl3, ppm): δ = 44.4, 64.1, 113.5, 119.8, 121.6, 123.1, 125.9,
126.9, 127.6, 129.0, 130.8, 132.4, 141.1, 141.5, 143.9. HRMS
(ESI) Calc. for C19H14BrCl2N2S: 450.94326; Found:
450.93217. Anal for C19H13BrCl2N2S (452.2). Calc.
C, 50.47 %; H, 2.90 %; N, 6.20 %; S, 7.09 %. Found:
C, 50.79 %; H, 2.93 %; N, 5.93 %; S, 7.10 %.

Computational Details

All calculations were performed with Gaussian 09 suite of
programs [27]. Geometries were optimized without any sym-
metry constraints at hybrid B3LYP method using 6-31G (d,p)
[28] basis set in the gas phase and in acetonitrile solvent. The
B3LYP method consists of three parameter hybrid functional
of Becke [29] in conjunction with the correlation functional of
Lee, Yang, and Parr [30]. The B3LYP method provides a nice
balance between cost and accuracy, and is known to perform
very well for the prediction of geometries of a number of
synthetic [31–34] and natural products [35, 36]. The opti-
mized structures were confirmed by frequency analysis at
the same level (B3LYP/6-31G(d,p)) as true minima (no imag-
inary frequency). The calculated frequencies are then scaled
with a scaling factor of 0.9613. The UV-vis absorption spec-
trum was simulated using time dependant DFT method (TD-
DFT) at B3LYP/6-31G(d,p) in acetonitrile solvent using
IEFPCM model. For fluorescence, the excited states are opti-
mized at TD-DFT method, and then, vertical energies are cal-
culated while retaining the geometries of the excited states. 1H
and 13C NMR calculations were performed at B3LYP/6–
311 + G(2d,p) in chloroform solvent (CHCl3) using GIAO
formalismwith TMS as internal standard. The electronic prop-
erties such as ionization potential, electron affinity, co-
efficient of highest occupied molecular orbital (HOMO), co-
efficient of lowest unoccupied molecular orbital (LUMO) and
band gaps are also calculated at B3LYP/6-31G(d,P). The band
gap is taken as the difference in energies of HOMO and
LUMO.

Results and Discussion

Preparation of Pyrazoline Derivatives

Chalcones 1 and 2 (Scheme 1) were prepared by Claisen-
Schmidt condensation of appropriate acetylthiophene with
the corresponding aldehydes in presence of potassium hy-
droxide in methanol at room temperature [26]. Pyrazoline 3
and 4 derivatives were obtained inmoderate yield by refluxing
the appropriate chalcones (1 and 2) with two equivalents of
phenylhydrazine for 3 h in ethanol (Scheme 1).

The products were characterized by HRMS (ESI), FT-IR,
1H NMR, 13C NMR and elemental analysis. The 1H NMR
spectra of compounds 3 and 4 displayed two o-coupled proton
aromatic signals at δ 6.95 (d, 2′′-H, 6′′-H), 7.44 and 7.45 (d, 3′′-
H, 5′′-H) supporting the presence of a 1,4-disubstituted ben-
zene ring. In 3, two doublets appeared at δ 6.73 (d, 3′-H), 6.79
(d, 4′-H), which are attributed to the thiophene protons, and it
is clear from the small coupling constant (3.9 Hz). In
compound 4, one singlet appeared at δ 7.33 (s, 4′-H)
corresponding to the thiophene proton. The aromatic pro-
ton 4′′′-H appeared as triplet at δ 6.78 in compound 3,
while it appeared as a multiplet at δ 6.80–6.83 (m, 4′′′-H)
in 4. The appearance of multiplets at δ 7.13–7.19 was
due to the rest of aromatic protons in both compounds
(m, 2′′′-H, 3′′′-H, 5′′′-H, 6′′′-H). Furthermore, a methine
signal at δ 5.20 and 5.21 (dd, 5-H) for compounds 3
and 4, respectively. An ABX system of a methylene
group at δ 3.01 and 3.23 (dd, 4-Ha) for 3, δ 3.75 and
3.94 (dd, 4-Hb) for 4, were observed in the aliphatic
region. 13C NMR spectra displayed spectral signals that
are in good agreement with the probable structures. 13C
NMR spectra for both compounds 3 and 4 showed a
methine carbon signal at δ 64.1 (C-5), a methylene at
δ 43.4 (C-4) [compound 3], 44.4 (C-4) [compound 4],
as well as 13 sp2 carbons in the range 113–145 [in both
spectra for compound 3 and 4].

The interpretation of the HRMS (ESI) data of compound 3
confirmed the molecular formula C19H14BrClN2S (m/z calc.
415.97441; Found 415.97349) implying 13 index of hydrogen
deficiency; while the HRMS (ESI) (m/z calc. 450.94326;
Found 450.93217) analysis data of compound 4 revealed the
molecular formula C19H14BrCl2N2S.
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Optimized Geometries

The geometries were optimized at B3LYP/6-31G(d,p) level of
theory, and important geometric parameters are given in
Tables 1 and 2 for compounds 3 and 4, respectively. The
optimized geometries are shown in Fig. 1. A close look on
the data reveals that most of the geometric parameters are very
comparable for compounds 3 and 4. The N-N bond length in
the central ring is 1.366 Å for both compounds. Similarly, C5–
1′′ and C4′′-Br bond lengths are 1.52 Å and 1.91 Å, respec-
tively, for both compounds. Despite the above mentioned
identical geometric parameters, some small differences are
observed. For example, C3-C2′ bond lengths are 1.446 Å
and 1.456 Å for compounds 3 and 4, respectively. The C2′-S
and S-C5′ bond lengths are a bit short for compound 4 com-
pared to those in 3.

Small differences in bond angles and dihedral angles are
also observed in both compounds. For example, N-N-C3 bond
angle is 109.86o in compound 3 which is slightly increased to
110.27o in compound 4. However, the other bond angles such
as N-C3-C2, C5-S-C2′ and S-C5-Cl are decreased for com-
pound 4 compared to those in 3. The N-C3-C2, C5-S-C2′ and
S-C5-Cl bond angles are 121.69o, 90.91o and 120.48o, respec-
tively for compound 3 which decrease to 119.68o, 89.82o and

120.09o for compound 4. The planarity of ring Awith rings B,
C and D is analyzed through dihedral angles N2-C3-C3′-C4′,
N-C5-C1′′-C2′′ and N2-N1-C1′′′-C2′′′, respectively, for com-
pound 3. The ring B is almost co-planar with ring A, and the
dihedral angle is 1.12°. The ring D makes an angle of 7.0°
with ring A, but ring C is significantly bent away from pla-
narity (34.57°). For compound 4, these angles are 0.74, 8.83
and 34.91° for N2-C3-C3′ -C4′, N2-N1-C1′′′-C2′′′ and N-C5-
C1′′-C2′′, respectively.

Next, the geometries are optimized and analysed in aceto-
nitrile solvent. The geometries in solvent are very comparable
to those in gas phase. Bond lengths are almost identical where-
as bond angles and dihedral angles are ±1°.

Table 1 Selected geometric parameters of compound 3 in the gas phase
and inMeCN (values in parenthesis), all bond lengths and angles are in Å
and °, respectively

Atoms Bond lengths (Å) Atoms Angle (°)

C-Br 1.91 (1.92) N-N-C3 109.86 (109.68)

C5-C1′′ 1.52 (1.521) N-C3-C2′ 121.69 (121.62)

N-N 1.366 (1.366) C5′-S-C2′ 90.91 (90.81)

C3-C2′ 1.446 (1.447) S-C5′-Cl 120.48 (120.41)

C2′-S 1.758 (1.758) Dihedral angles

S-C5′ 1.74 (1.742) N-C5-C1′′-C2′′ 34.57 (36.21)

C-Cl 1.73 (1.733) N2-N1-C1′′′-C2′′′ 7.00 (7.94)

N2-C3-C2′-C3′ 1.12 (1.46)

Table 2 Selected geometric parameters of compound 4 in the gas phase
and in acetonitrile (values in parenthesis), all bond lengths and angles are
in Å and °, respectively

Atoms Bond lengths (Å) Atoms Angle (°)

C-Br 1.91 (1.917) N-N-C3 110.27 (110.07)

C5-C1′′ 1.52 (1.521) N-C3-C3′ 119.68 (119.68)

N-N 1.362 (1.363) C5′-S-C2′ 89.82 (89.78)

C3-C2′ 1.456 (1.457) S-C5′-Cl 120.09 (120.15)

C2′-S 1.747 (1.748) Dihedral angles

S-C5′ 1.748 (1.748) N-C5-C1′′-C2′′ 34.91 (37.15)

C5′-Cl 1.730 (1.734) N2-N1-C1′′′-C2′′′ 8.83 (9.15)

C2′-Cl 1.736 (1.732) N2-C3-C3′-C4′ 0.74 (0.98)

Fig. 1 Optimized molecular geometries of both compounds 3 (left) and 4
(right)

Fig. 2 Theoretical IR spectrum of compound 3 (top) and 4 (bottom),
calculated at B3LYP/6-31G(d,p)
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Infra-Red Analysis

Vibrational spectra of both compounds, Fig. 2, are studied
theoretically and compared with the experiment. Important
vibrational bands (scaled and unscaled) along with experi-
mental bands are listed in Tables 3 and 4 for compounds 3
and 4. In the functional group region of the spectrum, C-H
stretching vibrations are calculated to appear at 3122–
2938 cm−1as compared to experimental which appears in the
range 2358–2914 cm−1.

Both compounds show very similar peaks in the functional
group region of the vibrational spectrum, and this is expected
due to their similar geometric parameters. The C = C and
C = N stretching vibrations of the aromatic rings of both com-
pounds appear in the range of 1500–1600 cm−1. The C = C
stretching vibration of the ring D of compounds 3 and 4 ap-
pears at 1588 cm−1 whereas the similar vibrations of the ring C
are predicted at 1579 cm−1. These C = C stretching vibrations
correlate nicely with the experimental 1595 and 1594 cm−1 for
compounds 3 and 4, respectively. The C = N stretching vibra-
tion of compounds 3 and 4 appear at 1588 and 1553 cm−1,

which agree with the experimental 1555 and 1505 cm−1

vibrations, respectively.
The C-H bending vibrations for compounds 3 and 4 are

experimentally observed at 1495 and 1485 cm−1, respectively.
In their theoretical spectrum, a number of peaks are observed
in this region. For compound 3, four prominent peaks are
observed at 1479 (C-H bending of ring C), 1467 (C-H bending
of ring D), 1427 (CH2 bending of ring A) and 1373 cm

−1 (C-H
bending of ring B). The corresponding vibrations for com-
pound 4 are 1477, 1468, 1428 and 1364 cm−1. The C-N bond
stretching vibrations for compounds 3 and 4 are calculated to
appear at 1319 and 1314 cm−1 which again corroborate nicely
with their experimental values at 1319 and 1329 cm−1.

The UV-Vis Absorption and Fluorescence Emission
Spectra

The UV-Vis spectra (Fig. 3) of the two pyrazolines 3 and 4
derivatives showed an intense absorption bands which may be
attributed to the π − π* transition of the conjugated backbone
[14, 37–39]. In case of absorption spectra of compounds 3 and

Table 3 Comparative theoretical
and experimental infra-red bands
of compound 3, and their
approximate assignments

Sr. No Vibration (Expt) cm−1 Vibration Theor.
Unscaled

Vibration Theor.
Scaled

Approximate Assignment

1 2914 3270–3045 3135–2935 C-H str

2 1595 1652 1588 C = C str (Ar, ring D)

3 1560 1642 1579 C = C str (Ar, ring C)

4 1555 1620 1558 C = N str

5 1495 1539 1479 C-H bending

6 1475 1526 1467 C-H being (ring C)

7 1450 1484 1427 CH2 bending

8 1381 1428 1373 C-H thiophene ring

9 1319 1373 1319 C-N bond str

10 1178 1234 1186 C-H ring B

11 632 663 637 Ar-Br

Table 4 Comparative theoretical
and experimental infra-red bands
of compound 4, and their
approximate assignments

Sr. No Vibration (Expt) cm−1 Vibration Theor.
Unscaled

Vibration Theor.
Scaled

Approximate Assignment

1 2358 3250–3050 3122–2938 C-H str

2 1594 1652 1588 C = C str (Ar, ring D)

3 1564 1642 1579 C = C str (Ar, ring C)

4 1505 1615 1553 C = N str

5 1485 1537 1477 C-H bending

6 1465 1527 1468 C-H being (ring C)

7 1407 1486 1428 CH2 bending

8 1360 1418 1364 C-H thiophene ring

9 1329 1367 1314 C-N bond str

10 1120 1158 1113 C-H ring B

11 607 657 632 Ar-Br

J Fluoresc (2016) 26:1447–1455 1451



4, the absorption maxima (λmax
abs) wavelength was observed

in the range of 360–380 nm (Table 5) with the corresponding
absorbance. The difference of peak positions and intensity is
due to the effect of the presence of different substituted thio-
phene groups at the 2-pyrazoline moiety.

The UV–Vis and emission spectroscopy was used to assess
fluorescence properties of both pyrazoline derivatives.
Compound 3 was found to be fluorescent (Fig. 4) and
displayed fluorescence in the blue region of the visible spec-
trum (Fig. 5, Table 5), while 4 is not. The emission maxima
(λmax

em) wavelengths of 3 lie in the blue region of visible
spectrum and therefore show blue fluorescence.

Density functional theory calculations have also been
performed for absorption properties of these compounds.
The absorption and emission spectrum are calculated using
time dependant DFT calculations at B3LYP/6-31G(d,p).
Compound 3 is calculated to absorb at 418 nm (λmax

abs)
with and oscillator strength of 0.94. This absorptionmaximum
is slightly higher than the experimental 380 nm. Similarly, the
absorption maximum of compound 4 is also calculated rela-
tively higher (384 nm) than the experimental 360 nm. The
oscillator strength of the band at 384 nm for compound 4 is
0.89. For both compounds, relatively weak absorptions are
also predicted between 270 and 300 nm. For compound 3,
these peaks appear at 286 and 278 nmwith oscillator strengths
of 0.03 and 0.19, respectively. For compound 4, these peaks
appear at 299 and 279 nm with oscillator strength of 0.09 and
0.05, respectively.

To get an estimate of the emission wavelengths, the geom-
etries of both compounds are optimized in the excited states
and then energy difference is taken between relaxed geometry
of the excited state and single point energy of the same
geometry in the ground state. The calculated emission
wavelength for compound 3 is 507 nm whereas compound
4 is expected to emit at 460 nm. The compound 3 shows
much more pronounced shift of the emission wavelength
compared to the absorption wavelength, when compared
with compound 4. This is consistent with the experimental
observation. However, the extent of shift predicted with
theoretical methods is relatively less when compared with
experimental results.

300 350 400 450
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1.0

1.5

2.0

compound 4

compound 3

A
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Wavelength (nm)

a

b

Fig. 3 The UV-Vis absorption spectra of 3 and 4: (a) Experimental; (b)
Theoretical

Table 5 Absorption and
fluorescence wavelengths of
compounds 3 and 4

Compound Absorption (Ex*) Absorption (Th*) Emission (Ex*) Emission (Th*)

3 380 418 560 (MeOH) 507
572 (MeCN)

550 (hexane)

278

4 360 384 No emission 460

299

*Th = theoretical; Ex = experimental
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Fig. 4 Fluorescence of compound 3
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Frontier Molecular Orbital Analysis

Density functional calculations have been performed for fron-
tier molecular orbitals to get insight into the electronic struc-
tures of both compounds. The frontier molecular orbitals of
both compounds are shown in Fig. 6. The HOMOs of both
compounds are very similar. They have density on the nitro-
gen atom of the central ring as well on the thiophene ring (ring
B) and an aromatic ring (ring D). The HOMO is a π type
orbital. Although the densities are very comparable but there
is difference particularly regarding the density on the thio-
phene ring. In compound 3, the density is distributed on the
entire thiophene ring, however, only one double bond of the
thiophene ring compound 3 is devoid of any electron density.
This difference probably arises from the connectivity of the
thiophene ring with the central ring (ring A). The HOMO of
compound 3 has energy of −5.04 eV whereas the HOMO of
compound 4 has −5.19 eV energy. The LUMO in both com-
pounds is again π in nature however; the density is mainly
located on the thiophene ring. The HOMO-LUMO gaps for
compounds 3 and 4 are 3.46 and 3.73 eV respectively. The

HOMO to LUMO transition is a charge transfer from the
aromatic ring (ring D) to the thiophene ring (ring B). This
transition is actually a π to π* transition.

The Solvent Effect on Fluorescence Emission

The solvent effects on the fluorescence characteristics of com-
pound 3 were also investigated. The emission wavelength of
the compound 3 appears to be red-shifted in polar solvents
compared to non-polar (Fig. 5 and Table 5).

Theoretical NMR Calculations

The NMR of the pyrazolines 3 and 4 are calculated at B3LYP/
6–311 + G(2d,p) in chloroform solvent (PCM) through GIAO
approach. Theoretical 1H NMR chemical shifts are compared
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Fig. 5 Fluorescence emission spectra of: (a) 3 in different solvents
(MeOH, MeCN and Hexane); (b) 4 in MeOH and MeCN

HOMO (1)    LUMO (1) 

HOMO (2)    LUMO (2) 

Fig. 6 Frontier molecular orbitals of compounds 3 (top) and 4 (bottom)

Table 6 Theoretical and experimental 1H NMR chemical shifts are
compared for compounds 3 and 4

Comp 3 (Ex) Comp 3(Th) Comp 4 (Ex) Comp 4 (Th)

H-4a 3.01 2.85 3.75 3.36

H-4b 3.23 3.9 3.94 4.28

H-5 5.20 5.39 5.21 5.46

H-3′ 6.79 7.81 7.33 7.9

H-4′ 6.73 7.15

H2′′ 6.95 7.5 6.95 7.55

H3′′ 7.44 7.71 7.44 7.33

H5′′ 7.45 7.85 7.45 7.85

H6′′ 6.95 7.66 6.95 7.72

H2′′′ 7.13–7.19 6.51 7.13–7.19 6.47

H3′′′ 7.13–7.19 7.36 7.13–7.19 7.36

H4′′′ 7.13–7.19 7.01 7.13–7.19 7.07

H5′′′ 7.13–7.19 7.65 7.13–7.19 7.63

H6′′′ 7.13–7.19 8.11 7.13–7.19 8.1
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with experimental chemical shifts for compounds 3 and 4, and
values are given in Table 6. The methane proton of the central
ring (ring A) is calculated to appear at 5.39 for compound 3
which agrees very well with the experimental 5.20 ppm. The
similar proton in compound 4 is calculated slightly downfield
at 5.46 ppm which corroborates nicely with the experimental
5.21 ppm. The methylene proton of the ring A are calculated to
appear at 2.85 and 3.9 ppmwhich are slightly different than the
experimental 3.01 and 3.03 ppm for compound 3. The corre-
sponding methylene protons in compound 4 at 3.36 and
4.28 ppm correlate better with the experimental 3.75 and
3.94 ppm. The protons on the thiophene ring of compound 3
are calculated to appear at 7.81 and 7.15 for H-3′ and H-4′,
respectively. These values are slightly overestimated but their
trend agrees well with the experimental values of 6.79 and
6.73 ppm. The H-3′ proton in compound 4, however, agrees
better with experimental 7.33 ppm. The other aromatic protons
of rings C and D are calculated in the range of 6.5 to 8.1 ppm
for both compounds compared to experimental 6.9–7.5 ppm.

Concluding Remarks

Two new pyrazoline derivatives were synthesized and charac-
terized using spectral and microanalytical techniques. The
molecular structures of both derivatives were optimized using
DFTat B3LYP/6-31G(d,p) level of theory. The calculated Uv-
visible, fluorescence, IR spectra and 1H NMR spectra for the
optimized structures were found to agree well with experi-
mental ones. The geometry of the pyrazoline derivatives has
a configuration such that the different substituted thiophene
groups at the 3-position is in conjugation with the central 2-
pyrazoline ring. Therefore, it is expected to have significant
effect on the properties of both derivatives (different electron
donating ability). From emission spectra, it can be concluded
that the introduction of different substituted thiophene at the 3-
position strongly affects the emission properties and causing
major shift in the emission wavelength.
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