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1. Introduction

Since the report of the first high-efficiency, multi-layered,
organic light-emitting diode (OLED) [1], much work has been carried
out to improve device efficiency and stability. A very successful
method for achieving such improvements is by doping a host
organic layer with a fluorescent dye of high quantum yield [2,3].
However, the question as to how such dyes are selected and evalu-
ated remains. Pyrazoline may be used as this material; pyrazoline
derivatives are five-membered, nitrogen-containing heterocyclic
compounds which have high hole-transport efficiency, excellent
blue emission and high quantum yield [4,5]. Thus, pyrazoline
derivatives have been widely used as fluorescent brightening agents,
fluorescence chemosensors, hole-transport materials in electro-
photography, OLED and as novel fluorescent materials [6—16]. Tri-
phenylamine (TPA) and its derivatives has been widely investigated
as hole-transporting, photovoltaic materials and electrolumines-
cent materials for almost two decades [17—29]. Thus, in this work, it
was considered that the incorporation of a triphenylamine fragment
within a pyrazoline molecule may increase excelsior efficiency. In
this context, six pyrazoline compounds were synthesized (Fig.1) and
their structures determined by 'H, '>*C NMR and HRMS. Fluorescence
emission spectra were red-shifted in CHCI3 from 6 to 7. The solvent
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effect on the fluorescence characteristics of the six compounds was
studied, which indicated that the emission wavelength of the
compounds was red-shifted with increased solvent polarity. The
fluorescence quantum yields of the six compounds were obtained
and that of 7awas largest. Quantum chemical calculations were used
to obtain optimized ground-state geometry, spatial distributions of
the highest occupied molecular orbital (HOMO), the lowest unoc-
cupied molecular orbital (LUMO) levels of the compounds.

2. Experimental section
2.1. Chemicals and instruments

All materials were commercially available and used without
further purification. Melting points were recorded on Electro-
thermal digital melting point apparatus and uncorrected. 'H and
13C NMR spectra were recorded at 295 K on a Varian INOVA
400 MHz or a Varian NMR System 300 MHz spectrometer using
CDCl; or dg-DMSO as solvent and TMS as internal standard. UV—vis
spectra were recorded on a Shimadzu UV-2501PC spectrometer;
Fluorescence spectra were obtained on an Hitachi FL-2500 spec-
trofluorimeter; Cyclic voltammetry were carried on a Chi 1200A
electrochemical analyzer with three-electrode cell (Platinum was
used as working electrode and as counter electrode, and SCE as
reference electrode) at room temperature; HRMS data were
measured using TOF-MS(EI") instrument; thermal properties were
performed on a SDT 2960 and DSC 2010.
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Fig. 1. Synthetic routines for compounds. Reagents and conditions: (a) NaOH (15%),
EtOH, 25 °C; (b) EtOH, 80 °C; HCl (37%).

2.2. Synthesis

1, 4, 5 were prepared according to the published literature
[30,31] as were the chalcones 3 (a—c) [32], which served as the
starting materials for further synthesis. 6 and 7 were synthesized
by reacting 4, 5 with chalcones 3 (a—c) as follows. A mixture of 4
and 5 (1.0 mmol) and chalcone 3 (1.0 mmol) in ethanol (5.0 ml) and
37% HCI (0.5 ml) was refluxed for 6—12 h. The resulting mixture was
cooled and the precipitate filtered to afford the crude products,
which were recrystallized from ethanol/tetrahydrofuran (v/v =1:1)

(Fig. 1).

2.2.1. 4-(Diphenylamino)benzaldehyde (1)

Compound 1: yield 86%, white. 'TH NMR (CDCl3): 5 9.81(s, 1H),
7.67—-7.69 (d,] = 8.0 Hz, 2H), 7.32—7.36 (t, ] = 7.8 Hz, 4H), 7.15—7.19
(m, 6H), 7.01-7.03 (d, | = 8.0 Hz, 2H).

2.2.2. 3-(4-(Diphenylamino )phenyl)-1-phenylprop-
2-en-1-one (3a)

Compound 3a: M.p.: 131 °C. yield 88%, yellow. 'H NMR (CDCl3):
38.00(d,]J= 7.6 Hz, 2H), 7.77 (d,] = 15.6 Hz, 1H), 7,48—7.57 (m, 5H),
7.39 (d,] = 15.6 Hz, 1H), 7.29—7.34 (m, 5H), 7.09—7.19 (m, 6H), 7.03
(d, J = 8.8 Hz, 2H).

HRMS [Found: m/z 375.1625 (M™"), Calcd for Cy7HpNO: M,
375.1623].

2.2.3. 3-(4-(Diphenylamino )phenyl)-1-(4-methoxy-phenyl)prop-
2-en-1-one (3b)

Compound 3b: M.p.: 141 °C. yield 84%, yellow. '"H NMR (CDCl3):
38.02(d,J = 8.8 Hz, 2H), 7.75 (d, ] = 15.6 Hz, 1H), 7.49 (d, ] = 8.8 Hz,
2H), 7.40 (d, ] = 15.6 Hz, 2H), 7.27—7.36 (m, 4H), 6.95—7.18 (m, 10H),
3.88 (s, 3H).

HRMS [Found: m/z 405.1725 (M*), Calcd for CagH23NOz: M,
405.1729].

2.24. 1-(4-Chloro-phenyl)-3-(4-(diphenylamino)phenyl)prop-
2-en-1-one (3c)

Compound 3c¢: M.p.: 119 °C. yield 90%, yellow. 'TH NMR (CDCl3):
37.95(d,] = 8.4 Hz, 2H), 7.77 (d, ] = 15.6 Hz, 1H), 7.44—7.50 (m, 4H),
7.29—7.36 (m, 5H), 7.12—7.22 (m, 6H), 7.03 (d, ] = 8.4 Hz, 2H).

HRMS [Found: m/z 409.1232 (M™), Calcd for Co7HgNOCI: M,
409.1233].

2.2.5. 2-Hydrazinyl benzothiazole (4)
Compound 4: yield 91%, white. 'TH NMR (dg-DMSO): 5 7.51-8.23
(m, 4H), 6.12 (s, 1H), 3.34 (s, 2H).

2.2.6. 2-Dodecyl-6-hydrazinyl-1H-benzo isoquinoline-
1,3(2H)-dione (5)

Compound 5: yield 89%, yellow. 'H NMR (CDCl3)’ & 8.61 (d,
J = 6.4 Hz, 1H), 8.55 (d, ] = 8.0 Hz, 1H), 8.04 (d, ] = 7.6 Hz, 1H), 7. 67
(d,J = 7.2 Hz, 2H), 6. 58 (s, 1H), 4.17 (s, 2H), 3.51 (s, 2H), 1.49—1.71
(m, 20 H), 0.97 (s, 3H).

2.2.7. 1-(Benzothiazol-2-yl)-3-phenyl-5-(diphenylamino )phenyl-
2-pyrazoline (6a)

Compound 6a: M.p.: 95 °C. yield 66%, yellow. 'H NMR (CDCls):
8779 (d,J = 7.6 Hz, 2H), 7.66 (d, ] = 8.0 Hz, 1H), 7.57 (d, ] = 8.0 Hz,
1H), 743 (d, ] = 5.2 Hz, 3H), 7.29 (d, ] = 7.2 Hz, 1H), 6.97—7.23 (m,
15H), 5.76—5.80 (m, 1H), 3.90—3.97 (m, 1H), 3.32—3.38 (m, 1H); 13C
NMR (CDCls): d 163.7, 153.1, 147.9, 147.7, 135.2, 132.1, 131.6, 130.5,
129.8, 129.6, 129.2, 129.1, 127.3, 126.9, 126.0, 125.5, 124.8, 123.9,
123.3,122.2,121.2,120.4, 63.5, 44.0.

HRMS [Found: m/z 522.1883 (M™), Calcd for C34HgN4S: M,
522.1878].

2.2.8. 1-(Benzothiazol-2-yl)-3-(4-methoxy-phenyl)-5-
(diphenylamino )phenyl-2-pyrazoline (6b)

Compound 6b: M.p.: 101 °C. yield 78%, yellow. 'H NMR
(CDCl3): & 7.72 (d, ] = 8.8 Hz, 2H), 7.64 (d, ] = 7.6 Hz, 1H), 7.56
(d, J = 8.0 Hz, 1H), 7.28 (d, ] = 7.2 Hz, 1H), 718—7.23 (m, 6H),
6.93—7.11 (m, 11H), 5.72—5.76 (m, 1H), 3.87—3.92 (m, 1H), 3.85
(s, 3H), 3.28-3.33 (m, 1H); ®C NMR (CDCl3): 3 163.6, 1611,
152.9, 152.8, 147.8, 147.4, 135.1, 131.9, 1294, 128.3, 127.1, 125.8,
124.7, 124.6, 124.1, 123.8, 123.1, 121.8, 121.0, 120.0, 114.3, 63.2,
55.6, 44.0.

HRMS [Found: my/z 552.1988 (M™), Calcd for C35HpgN40S: M,
552.1984].

2.2.9. 1-(Benzothiazol-2-yl)-3-(4-chloro-phenyl)-5-
(diphenylamino )phenyl-2-pyrazoline (6c)

Compound 6¢: M.p.: 133 °C. yield 67%, yellow. 'H NMR (de-
DMSO): § 7.78—7.81 (d, ] = 8.4 Hz, 3H), 7.53—7.56 (d, ] = 8.1 Hz, 2H),
744—747 (d, ] = 7.8 Hz, 1H), 7.21-7.28 (m, 7H), 7.08—7.13 (t,
J = 7.7 Hz, 1H), 6.91—7.02 (m, 8H) 5.74—5.80 (m, 1H), 4.01—4.11 (m,
1H), 3.31—3.38 (m, 1H); 3C NMR (CDCl3): & 155.1,143.5, 141.8, 133.1,
124.2,123.8,122.9,122.5,122.2,120.0,119.7,118.5, 117.2,116.4,112.0,
59.4, 39.7.

HRMS [Found: m/z 556.1487 (M™), Calcd for C34H25N4SCl: M,
556.1488].

2.2.10. 1-(2-Benzyl-benzo isoquinoline-3-dione)-3-phenyl-5-
(diphenylamino )phenyl-2-pyrazoline (7a)

Compound 7a: M.p.: 91 °C. yield 76%, red. 'H NMR (CDCls):
5 964 (d, ] = 8.8 Hz, 1H), 861 (d, ] = 6.8 Hz, 1H), 835 (d,
] = 8.8 Hz, 1H), 7.67—7.79 (m, 3H), 7.40—7.47 (m, 3H), 7.15-7.23
(m, 6H), 6.95—7.03 (m, 8H), 6.84 (d, ] = 8.8 Hz, 1H), 5.60—5.64 (m,
1H), 4.14 (t, ] = 7.6 Hz, 2H), 3.83—3.90 (m, 1H), 3.27—3.34 (m, 1H),
1.67—1.74 (m, 2H), 1.24 (m, 18H), 0.87 (t, ] = 6.8 Hz, 3H); °C NMR
(CDCl3): § 165.0,164.3,152.2,148.0, 147.6, 145.9, 134.6, 133.6, 132.6,
131.9, 131.6, 130.1, 129.6, 129.1, 196.9, 126.5, 124.9, 123.7, 123.5,
122.6, 114.1, 110.9, 65.9, 42.6, 40.6, 32.2, 29.9, 29.7, 29.6, 28.5, 27.5,
23.0, 14.4.

HRMS [Found: m/z 752.4073 (M™), Calcd for Cs1Hs52N405: M,
752.4090].
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Table 1

Optical, thermal properties of the compounds 6a—c and 7a—c.
Compounds abs? (nm) em (nm) B To[Ty/Tg(°C)*

CHCl; Solid CHCl; THF Benzene Solid

6a 322 305 456 440 437 507 037 109/410/135
6b 352 340 436 427 425 453  0.93 170/475/140
6¢ 327 320 453 448 445 487 0.38 191/480/136
7a 613 466 535 524 505 600 096 189/400/133
7b 615 475 543 534 518 561 040 114/410/133
7c 581 462 523 519 504 622 041 140/450/130

3 First absorption peak in dilute CHCls solutions (1 x 10~> mol L~") and solid.

> Quantum yields (®) in CHCl; solutions were determined using quinine sulfate
(@ = 0.55) as standard.

¢ Measured by TG-DTA and DSC analysis under N, at a heating rate of 10 °C min ™.
Tm is melting point, Tq is decomposition temperature, Ty is glass transition
temperature.

2.2.11. 1-(2-Benzyl-benzoisoquinoline-3-dione)-3-(4-methoxy-
phenyl)-5-(diphenylamino)phenyl-2-pyrazoline (7b)

Compound 7b: M.p.: 167 °C. yield 65%, red. 'TH NMR (CDCls):
5 9.67—9.70 (d, ] = 8.8 Hz, 1H), 8.61-8.63 (d, ] = 7.2 Hz, 1H),
8.34—8.36 (d, ] = 8.4 Hz, 1H), 7.67—7.75 (m, 3H), 7.16—7.24 (m, 6H),
6.96—7.04 (m, 10H), 6.82—6.83 (d, J = 8.0 Hz, 1H), 5.60—5.61 (m,
1H), 413 (t, ] = 7.4 Hz, 2H), 3.88 (s, 3H), 3.81—3.86 (m, 1H),
3.26—3.32 (m, 1H), 1.25 (s, 20H), 0.88 (t, | = 6.8 Hz, 3H); >°C NMR
(CDCl3): 3 165.0, 164.3, 161.3, 152.2, 147.9, 147.6, 146.2, 134.8, 133.7,
132.7, 131.5, 131.0, 129.6, 128.1, 126.9, 124.9, 124.8, 123.8, 123.5,
123.4,122.6,114.5,113.7,110.6, 65.7, 55.7, 42.8, 40.5, 32.2, 29.9, 29.7,
29.6, 28.4, 275, 23.0, 14.4.

HRMS [Found: m/z 782.4197 (M™), Calcd for CspHs4N405:
M,782.4196].

2.2.12. 1-(2-Benzyl-benzoisoquinoline-3-dione)-3-(4-chloro-
phenyl)-5-(diphenylamino)phenyl-2-pyrazoline (7c)

Compound 7¢: M.p.: 152 °C. yield 56%, red. 'TH NMR (CDCls):
09.56 (d,J = 8.4 Hz,1H), 8.63 (d, ] = 7.2 Hz, 1H), 8.37 (d, ] = 8.4 Hz,
1H), 7.72 (t, ] = 7.2 Hz, 3H), 7.43 (d, J = 8.4, Hz 2H), 7.16—7.24 (m,
6H), 6.96—7.04 (m, 8H), 6.87 (d, ] = 8.4 Hz, 1H), 5.63—5.67 (m, 1H),
414 (t, ] = 7.6 Hz, 2H), 3.82—3.89 (m, 1H,), 3.26—3.33 (m, 1H),
1.69—1.73 (t,] = 7.4 Hz, 2H), 1.25 (s, 18H), 0.87 (t, ] = 6.8 Hz, 3H); 13C
NMR (CDCls3): & 164.9, 164.2, 152.3, 150.9, 148.0, 147.5, 145.8, 134.2,
132.5, 131.5, 130.9, 129.6, 129.5, 129.3, 127.6, 126.9, 125.4, 1251,
124.9, 124.0, 123.6, 123.5, 121.8, 114.5, 111.2, 66.0, 42.5, 40.9, 40.5,
32.1, 29.8, 29.7, 29.6, 28.4, 274, 22.9, 14.4.
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Fig. 2. The absorption spectra of Compound 6a—c (1 x 10~ mol L~!) in CHCls.
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Fig. 3. The absorption spectra of Compound 7a—c (1 x 10~ mol L™") in CHCls.

HRMS [Found: m/z 786.3691 (M), Calcd for Cs;Hs1N40,Cl:
M,786.3701].

3. Results and discussion
3.1. Absorption and fluorescence spectra

The UV—vis absorption properties of compounds 6 (1 x 107> mol
L~1),7 (1 x 107> mol L~!) and photoluminescent (PL) of compounds
6(1 x10 %molL 1), 7(1 x 107> mol L~!) in CHCl; were presented in
Table 1. Absorption spectra of each compound exhibits intense
absorption band which are attributed to the T—m* transition of the
conjugated backbone [33]. The absorption peaks could be observed
in the absorption spectra of compounds 6a—c in the wavelength
ranging from 230 to 500 nm. It can be seen from Fig. 2, the spectral
shape of the compounds 6a—c are very similar because these
compounds possess the similar structure. The maximum absorption
peaks are red-shifted from 322 nm (6a), to 327 nm (6¢), to 352 nm
(6b). In the case of compounds 7a—c. These compounds exhibit
two prominent bands in the solution, appearing at 280—320 nm
and 581—615 nm (Fig. 3), respectively. The former is ascribed
to a localized aromatic w—m* transition and the later is charge
transfer character [34]. There are slightly differences among these
compounds, although they are similar in the structure. Thus, these
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Fig. 4. Fluorescence emission spectra of compounds 6a—c (1 x 10~ mol L~") in CHCls.
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Fig. 5. Fluorescence emission spectra of compounds 7a—c (1 x 107> mol L™!) in CHCl.

differences might be result from the different conjugation degree
and different electron effect in these compounds [13].

Figs. 4 and 5 show the fluorescence spectra for these compounds
in diluted chloroform solutions. Compounds 6a—c present a blue
emission with the peaks varying from 436 to 455 nm. By compar-
ison, the maximum emission peaks in the fluorescence spectra of
compounds 7a—c are located at 524—539 nm, indicating that they
can emit green lights. This is due to the emission wavelength of
naphthalimide derivatives which is from blue to red region [35]. It
indicates that the pyrazoline derivatives emitting different colour
fluorescence can be obtained by changing substitute radical of
pyrazoline. As shown in Fig. 4, the emission peaks of 6a, 6¢ are at
456 and 453 nm, respectively. As for 6b, its emission peak is at
436 nm, which has been slightly blue-shifted by 20 nm with respect
to that of 6a. Compounds 7a—c have similar fluorescence spectra,
especially, the similar shape and position. The maximum emission
peaks near 524 nm are observed for these molecules. The emission
peak of 7b is red-shifted by 19 nm, which might be attributed to the
different conjugation degree and different electron effect in these
compounds. The difference in absorption and fluorescence spectra
of 6 and 7 is due to the fact that there is respectively a benzothia-
zole and a naphthalimide group at the 1-position of 6 and 7. The-
naphthalimide group enhances the extent of conjugation in
compounds 7 and thus shifts the absorption and fluorescence
spectra to longer wavelengths. In general, the absorption and
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Fig. 6. Fluorescence emission spectra of compounds 6a—c in solid state.
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Fig. 7. Fluorescence emission spectra of compounds 7a—c in solid state.

fluorescence spectra for these compounds are similar to pyrazoline
derivatives reported in the literature [15,16].

The fluorescence and absorption spectra of these compounds in
the solid are similar to the corresponding spectra measured in
solution. Comparing to the fluorescence spectra of these compounds
in solution, a red shift of 177—99 nm in the peak wavelength is
observed in the solid (Figs. 6 and 7). Whereas to our surprised,
comparing the absorption spectra of these compounds in solution,
ablue shift of 7—140 nm in the peak wavelength was observed in the
solid (Figs. 8 and 9). These relatively shifts in the spectra suggest that
there is no big change in the molecular configuration of these
compounds when they are dissolved in solution or in solid film [10].

The fluorescence quantum yields (®) were measured in CHCl3
using quinine sulfate (® = 0.55) as standard [36]. The ® value of
0.96 is observed for 7a, which is higher than that of other
compounds. This might be due to the conjugation degree and non-
planar configuration degree of 7a. The PL quantum yields of the
other compounds are in the range of 0.37—0.93. This difference of
quantum yields might be due to the change of the molecular size
and the change of the electronic push—pull substitution of the
conjugated part in the molecules [10].

Moreover, the solvent effect on the fluorescence characteristics
of these compounds was studied, which indicated that the emis-
sion wavelength of the compound was red-shifted with the
increase of solvent polarity (Figs. 10 and 11) [37,38].
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Fig. 8. The absorption spectra of Compound 6a—c in solid state.
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Fig. 9. The absorption spectra of Compound 7a—c in solid state.

3.2. Thermal properties

The glass transition temperatures (Tg) were obtained from
differential scanning calorimeter. The compounds were heated
at 10 °C/min under a nitrogen atmosphere. A second heating scan
at the same rate was performed to detect the decomposition
temperatures (Tq) by thermogravimetric analysis (TGA), Melting
points (T,) were recorded on Electrothermal digital melting point
apparatus and the detailed data are listed in Table 1. The Tg value of
these compounds increases progressively on incorporating chro-
mophores such as benzothiazole and naphthalimide. The six
materials of 6a, 6b, 6¢, 7a, 7b and 7c¢ show distinct Tg at 135, 140,
136, 133, 133 and 130 °C, respectively. The glass transition
temperatures of 7 are reduced compared to 6, which might be due
to the close packing and intermolecular interaction. Furthermore,
the six compounds show high thermal stabilities with decompo-
sition temperatures (Tq) from 400 to 480 °C, which indicate that the
decomposition temperatures rise with the increase of conjugation
degree and electron effect. Due to the thermal stability of the six
compounds, thin films of the compounds could be prepared by
vacuum deposition. Therefore, the introduction of TPA substituents
at the C-5 position is beneficial for these compounds [39].
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Fig. 10. The emission spectra of compounds 6a in different solvents (1 x 10~ mol L~ 1).
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Fig. 11. The emission spectra of compounds 7c in different solvents (1 x 10> mol L™1).
3.3. Electrochemical properties

The electrochemical properties of compounds 6, 7 were
analyzed by cyclic voltammetry in CHCl; in the presence of tetra-
butylammonium hexafluorophosphate (0.10 mol L™1) as supporting
electrolyte (Fig. 12) and the results are listed in Table 2. All
CV measurements were recorded at room temperature with
a conventional three-electrode configuration consisting of a plat-
inum wire working electrode, a platinum counter electrode, and
a SCE (saturated calomel electrode) reference electrode under
argon. Electrochemical band gaps were calculated from onset
potentials of the anodic and cathodic waves [40]. The cyclic vol-
tammetry (CV) of compounds 6, 7 exhibit an irreversible oxidation
process which shift positively from —0.73 to —0.45 V. As shown in
Table 2, the HOMO ranges are from —5.13 to —4.85 eV, while the
LUMO ranges are from —2.07 to —1.57 eV, which are in agreement
with the calculated values (—5.17 to —4.95 eV for the HOMO, and
—2.26 to —1.63 eV for the LUMO of compounds). The HOMO energy
level is lower than that of the most widely used hole-transport
material 4,4’-bis(1-naphthylphenylamino)biphenyl (NBP) (5.20 eV)
and this might be beneficial for the hole-transport capacity [41].
Their LUMO levels represented a small barrier for electron injection
from a commonly used cathode such as barium, which has a work
function of 2.2 eV [42]. Therefore, these compounds might be used
for hole-transporting and electron-transporting materials for
OLEDs [10].
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Fig. 12. Cyclic voltammetry of the compound 6b in 0.1 mol L~ BuyNPFg-CHCl5.
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Table 2

Electrochemical properties of the compounds 6a—c and 7a—c.
Compound Band HOMO/LUMO?  Eg(eV)® Eo (V)  Enomo/Erumo®

gap®  (eV) (eV)

6a 2.95 —5.12/-2.17 3.28 0.45 —4.85/-1.57
6b 2.92 —4.95/-2.03 3.17 0.73 —5.13/-1.96
6¢ 343 —5.06/-1.63 3.25 0.67 -5.07/-1.82
7a 2.93 -5.11/-2.18 3.12 0.55 —4.95/-1.83
7b 2.97 -5.07/-2.10 2.95 0.62 —5.02/-2.07
7c 291 —5.17/-2.26 3.12 0.57 -4.97/-1.85

@ DFT/B3LYP calculated values.
b Optical energy gaps calculated from the edge of the electronic absorption band.
¢ Oxidation potential in CHCl3 (10~3 M) containing 0.1 M (n-C4Hg)4sNPFg with

a scan rate of 100 mV s

9 Enomo was calculated by Eqx + 4.4 V (vs NHE), and Eymo = Enomo — Eg.

3.4. Theoretical calculation

The ground-state geometry of compounds 6a and 7a as exam-
ples were optimized by hybrid densityfunctional theory (B3LYP)
with 6—31G* basis set in the Gaussian 03 program package [43]
(Fig. 13). The dihedral angle of 6a formed between the pyrazoline
ring and a benzene ring of TPA is 85.3° and the whole molecule
takes a non-planar configuration, which helps to impede the T—m
stacking interaction in solid state to some extent. In the case of
compound 7a, the dihedral angle formed between the pyrazoline
ring and a benzene ring of TPA is 89.2° and the dihedral angle
formed between the pyrazoline ring and naphthalimide group is
43.5°. Fig. 14 illustrates the calculated spatial distributions of the
HOMO (the highest occupied molecular orbital), LUMO (the lowest
unoccupied molecular orbital) levels of compounds 6a and 7a. As
can be seen clearly, HOMO is a 7 orbital concentrated on the central
triphenylamine moiety; LUMO is of * character distributed on the
pyrazoline ring and benzene ring for 6a, the pyrazoline ring and
naphthalimide ring for 7a.

YW %,
ot

Fig. 13. Optimized ground-state geometry of compounds 6a and 7a with B3LYP/6-31G*
in gas phase.

Jd 6a HOMO 9

7a HOMO

7a LUMO

Fig. 14. Calculated spatial distributions of the HOMO, LUMO levels of compounds 6a
and 7a.
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4. Conclusions

In summary, we have designed and synthesized a series of novel
pyrazoline chromophores containing triphenylamine moieties. The
synthetic strategy is straightforward, benefits from high yield and
facile purification without tedious silica gel chromatography. The
thermal, optical and electrochemical properties were also investi-
gated. The fluorescence quantum yields of the six compounds
were obtained. Further research is presently under study in our
laboratory.

Acknowledgements

We are grateful to Dr. Xiao-peng Chen and Prof. Ping Lu in
Department of Chemistry of Zhejiang University for computational
assistance.

The work was partially supported by the National Natural
Science Foundation of China (No. 20672079), Nature Science
Key Basic Research of Jiangsu Province for Higher Education
(No. 06KJA15007), Natural Science Foundation of Jiangsu Province
(No. BK2006048), Nature Science of Jiangsu Province for Higher
Education (No. 05K]B150116), the Specialized Research Fund for the
Doctoral Program of Higher Education (No. 20060285001), and Key
Laboratory of Organic Synthesis of Jiangsu Province (No. JSKOO0S8).

References

[1] Tang CW, Vanslyke SA. Organic electroluminescent diodes. Applied Physics

Letters 1987;51:913-5.

Shi J, Tang CW. Doped organic electroluminescent devices with improved

stability. Applied Physics Letters 1998;70:1665—7.

Hamada Y, Sano T, Shibata K, Kuroki K. Influence of the emission site on the

running durability of organic electroluminescent devices. The Japan Society of

Applied Physics 1995;34:824—6.

Sandler SR, Tsou KC. Fluorescence spectral study of wavelength shifters for

scintillation plastics. Journal of Chemical Physics 1963;39:1062—7.

Borsenberger PM, Schein LB. Hole transport in 1-phenyl-3-((diethylamino)

styryl)-5-(p-(diethylamino)phenyl)pyrazoline-doped polymers. Journal of

Physical Chemistry 1994;98:233—9.

Young RH, Fitzgerald JJ. Dipole moments of hole-transporting materials and

their influence on hole mobility in molecularly doped polymers. Journal of

Physical Chemistry 1995;99:4230—40.

Sano T, Fujii T, Nishio Y, Hamada Y, Shibata K, Kuroki K. Pyrazoline dimers for

hole transport materials in organic electroluminescent devices. Japanese

Journal of Applied Physics Part 1 1995;34:3124—7.

Barbera ], Koen C, Raquel G, Stephan H, Andre P, Jose LS. Versatile optical

materials: fluorescence, non-linear optical and mesogenic properties of

selected 2-pyrazoline derivatives. Journal of Materials Chemistry 1998;8:

1725-30.

Gao ZQ, Lee CS, Bello |, Lee ST, Wu SK, Yan ZL, et al. Organic single- and double-

layer electroluminescent devices based on substituted phthalocyanines.

Synthetic Metals 1999;105:141-9.

[10] Zhang XH, Lai WY, Gao ZQ, Wong TC, Lee CS, Kwong HL, et al. Photo-
luminescence and electroluminescence of pyrazoline monomers and dimers.
Chemical Physics Letters 2000;320:77—80.

[11] Gao XC, Cao H, Zhang LQ, Zhang BW, Cao Y, Huang CH. Properties of a new
pyrazoline derivative and its application in electroluminescence. Journal of
Materials Chemistry 1999;9:1077—80.

[12] Xiao DB, Xi L, Yang WS, Fu HB, Shuai ZG, Fang Y, et al. Size-tunable emission
from 1,3-diphenyl-5-(2-anthryl)-2-pyrazoline nanoparticles. Journal of the
American Chemical Society 2003;125:6740—5.

[13] Sun YF, Cui YP. The synthesis, structure and spectroscopic properties of novel
of novel oxazolone-, pyrazolone- and pyrazoline-containing heterocycle
chromophores. Dyes and Pigments 2009;81:27—34.

[14] Bai G, Li JF, Li DX, Dong C, Han XY, Lin PH. Synthesis and spectrum charac-
teristic of four new organic fluorescent dyes of pyrazoline compounds. Dyes
and Pigments 2007;75:93—8.

[15] Shi HB, Ji S], Bian B. Studies on transition metal ions recognition properties of
1-(2-benzothiazole)-3-(2-thiophene)-2-pyrazoline derivatives. Dyes and
Pigments 2007;73:394—6.

[16] Bing B, Ji SJ, Shi HB. Synthesis and fluorescent property of some novel bis-
chromophore compounds containing pyrazoline and naphthalimide groups.
Dyes and Pigments 2008;76:348—52.

[17] Shirota Y. Organic materials for electronic and optoelectronic devices. Journal
of Materials Chemistry 2000;10:1—26.

2

3

[4

[5

[6

17

[8

[9

[18] Yoshiyuki K, Hiromitsu O, Hiroshi I, Naoki N, Yasuhiko S. Thermally stable multi-
layered organic electroluminescent device using novel starburst molecules, 4,44 -
Tri(N-carbazolyl)triphenylamine(TCTA)and4,4' 4" -Tris(3-methylphenylamino)tri-
phenylamine(m-MTDATA), as hole-transport materials. Advanced Materials
1994;6:677-9.

[19] Janis L, John FH, Albert JF. Discrete high molecular weight triarylamine den-
drimers prepared by palladium-catalyzed amination. Journal of the American
Chemical Society 1997;119:11695—6.

[20] Roquet S, Cravino A, Leriche P, Alévéque O, Frére P, Roncali J. Triphenylamine-
thienylenevinylene hybrid systems with internal charge transfer as donor
materials for heterojunction solar cells. Journal of the American Chemical
Society 2006;128:3459—66.

[21] Leriche P, Frére P, Cravino A, Alévéque O, Roncali J. Molecular engineering of
the internal charge transfer in thiophene—triphenylamine hybrid m-conju-
gated systems. Journal of Organic Chemistry 2007;72:8332—6.

[22] Wei P, Bi X, Wu Z, Xu Z. Synthesis of triphenylamine-cored dendritic two-
photon absorbing chromophores. Organic Letters 2005;7:3199—202.

[23] Ning Z, Zhang Q, Wu W], Pei HC, Liu B, Tian H. Starburst triarylamine based
dyes for efficient dye-sensitized solar cells. Journal of Organic Chemistry
2008;73:3791-7.

[24] Chen L, Cui Y, Mei X, Qian G, Wang M. Synthesis and characterization of tri-
phenylamino-substituted chromophores for nonlinear optical applications.
Dyes and Pigments 2007;72:293—8.

[25] Zhang Q, Ning Z, Tian H. ‘Click’ synthesis of starburst triphenylamine as
potential emitting material. Dyes and Pigments 2009;81:80—4.

[26] Nishimurac K, Kobata T, Inada H, Shirota Y. Arylaldehyde and arylketone
hydrazones as a new class of amorphous molecular materials. Journal of
Materials Chemistry 1991;1:897-8.

[27] Shirota Y. Photo- and electroactive amorphous molecular materi-
als—molecular design, syntheses, reactions, properties, and applications.
Journal of Materials Chemistry 2005;15:75—93.

[28] Sonntag M, Kreger K, Hanft D, Strohriegl P, Setayesh S, Leeuw D. Novel star-
shaped triphenylamine-based molecular glasses and their use in OFETs.
Chemistry of Materials 2005;17:3031—9.

[29] Ning ZJ, Tian H. Triarylamine: a promising core unit for efficient photovoltaic
materials. Chemical Communication 2009;37:5483—-95.

[30] Song YB, Di CA, Wei ZM, Zhao TY, Xu W, Liu YQ, et al. Synthesis, character-
ization and field-effect transistor properties of carbazolenevinylene oligo-
mers: from linear to cyclic architectures. Chemistry-a European Journal 2008;
14:4731-40.

[31] Gan ], Tian H, Wang ZH, Chen K, Hill ], Lane PA. Synthesis and luminescence
properties of novel ferrocene-naphthalimides dyads. Journal of Organome-
tallic Chemistry 2002;645:168—75.

[32] Otto S, Bertoncin F, Engberts JBFN. Lewis acid catalysis of a diels-alder reaction
in water. Journal of the American Chemical Society 1996;118:7702—7.

[33] Wang PF, Komatsuzaki NO, Himeda Y, Sugihara H, Arakawa H, Kasuga K. 3-(2-
Pyridyl)-2-pyrazoline derivatives: novel fluorescent probes for Zn?* ion.
Tetrahedron Letters 2001;42:9199—201.

[34] Ning ZJ, Zhang Q, Pei HC, Luan JF, Lu CG, Cui YP, et al. Photovoltage
improvement for dye-sensitized solar cells via cone-shaped structural design.
The Journal of Physical Chemistry 2009;113:10307—13.

[35] Gan JA, Song QL, Hou XY, Chen KC, Tian H. 1,8-Naphthalimides for non-doping
OLEDs: the tunable emission color from blue, green to red. Journal of Photo-
chemistry and Photobiology A: Chemistry 2004;162:399—406.

[36] Qian Y, Meng K, Lu CG, Lin BP, Huang W, Cui YP. The synthesis, photophysical
properties and two-photo absorption of triphenylamine multipolar chromo-
phores. Dyes and Pigments 2009;80:174—80.

[37] Thomas KR], Lin JT, Tao YT, Ko CK. Light-emitting carbazol derivatives:
potential electroluminescent materials. Journal of the American Chemical
Society 2001;123:9404—11.

[38] Xiao D, Xi L, Yang GW, Fu H, Shuai Z, Fang Y. Size-tunable emission from 1,3-
diphenyl-5-(2-anthryl)-2-pyrazoline nanoparticles. Journal of the American
Chemical Society 2003;125:6740—5.

[39] Ouyang XH, Zeng HP, Ding GY, Jiang WL, Li J. Luminance materials containing
carbazole and triphenylamine exhibiting high hole-transporting properties.
Synthetic Metals 2009;159:2063—9.

[40] (a) Janietz S, Bradley DDC, Grell M, Giebeler C, Inbaselatan M, Woo EP. Elec-
trochemical determination of the ionization potential and electron affinity
of poly(9,9-dioctylfluorene). Applied Physics Letters 1998;17:2453—5;

(b) Pommerehne ], Vestweber H, Guss W, Mahrt RF, Bassler H, Porsch M, et al.
Efficient two layer leds on a polymer blend basis. Advanced Materials
1995;7:5514.

[41] Yu G, Yin SW, Liu YQ, Shuai ZG, Zhu DB. Structures, electronic states, and
electroluminescent properties of a zinc(Il) 2-(2-hydroxyphenyl) benzothia-
zolate complex. Journal of the American Chemical Society 2003;125:
14816—24.

[42] (a) Koene BE, Loy DE, Thompson ME. Asymmetric triaryldiamines as ther-
mally stable hole transporting layers for organic light-emitting devices.
Chemistry of Materials 1998;10:2235—50;

(b) Thelakkat M, Schmidt HW. Synthesis and properties of novel derivatives of
1,3,5-tris(diarylamino)benzenes for electroluminescent devices. Advanced
Materials 1998;10:219—-23.

[43] Frisch MJ, Trucks GW, Schlegel HB, Gill PMW, Johnson BG, Robb MA. Gaussian
03, revision C.01. Pittsburgh, PA: Gaussian, Inc.; 2004.



	The synthesis and characterisation of novel pyrazoline derivatives containing triphenylamine
	Introduction
	Experimental section
	Chemicals and instruments
	Synthesis
	4-(Diphenylamino)benzaldehyde (1)
	3-(4-(Diphenylamino)phenyl)-1-phenylprop-2-en-1-one (3a)
	3-(4-(Diphenylamino)phenyl)-1-(4-methoxy-phenyl)prop-2-en-1-one (3b)
	1-(4-Chloro-phenyl)-3-(4-(diphenylamino)phenyl)prop-2-en-1-one (3c)
	2-Hydrazinyl benzothiazole (4)
	2-Dodecyl-6-hydrazinyl-1H-benzo isoquinoline-1,3(2H)-dione (5)
	1-(Benzothiazol-2-yl)-3-phenyl-5-(diphenylamino)phenyl-2-pyrazoline (6a)
	1-(Benzothiazol-2-yl)-3-(4-methoxy-phenyl)-5-(diphenylamino)phenyl-2-pyrazoline (6b)
	1-(Benzothiazol-2-yl)-3-(4-chloro-phenyl)-5-(diphenylamino)phenyl-2-pyrazoline (6c)
	1-(2-Benzyl-benzo isoquinoline-3-dione)-3-phenyl-5-(diphenylamino)phenyl-2-pyrazoline (7a)
	1-(2-Benzyl-benzoisoquinoline-3-dione)-3-(4-methoxy-phenyl)-5-(diphenylamino)phenyl-2-pyrazoline (7b)
	1-(2-Benzyl-benzoisoquinoline-3-dione)-3-(4-chloro-phenyl)-5-(diphenylamino)phenyl-2-pyrazoline (7c)


	Results and discussion
	Absorption and fluorescence spectra
	Thermal properties
	Electrochemical properties
	Theoretical calculation

	Conclusions
	Acknowledgements
	References


