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10-Methoxy-2-phenylbenzo[h]quinoline (MPBQ) has been synthesized and characterized by NMR and
X-ray single crystal diffraction. Both the ground and the lowest singlet excited-state geometries of MPBQ
were optimized by B3LYP and ab initio CIS methods at 6-31G (d,p) level, respectively. The absorption and
emission spectra of the compound were experimentally determined in CH3CN solution and were simul-
taneously computed using density functional theory (DFT) and time-dependent density functional theory
(TDDFT) in CH3CN solution. The calculated absorption and emission wavelengths were in good agreement
with the experimental ones. The calculated lowest-lying absorption spectra can be mainly attributed to
intramolecular charge transfer (ICT). And the calculated fluorescence spectra can be mainly described as
originating from an excited state with intramolecular charge transfer (ICT) character. These results show
that MPBQ exhibited excellent thermal stability and could serve as a useful photoluminescence material.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

10-Hydroxybenzo[h]quinoline (HBQ) is a fused heterocyclic
compound that contains a phenol group. Both phenol group and
the fused aromatic rings are accessible for chemical modifications,
making further derivations of HBQ feasible. Owing to their great
potential applications in the field of organic light emitting devices
(OLEDs), HBQ and its derivatives have been extensively investi-
gated during the past years [1-16]. The photophysical properties
of this class of compounds can be modified readily by derivatiza-
tion. Thus, the development of new materials for organic EL devices
with high performance constitutes a very active area of research.
Recently, a series of new HBQ derivatives have been synthesized as
efficient emitting materials in organic EL devices and their pho-
tophysical properties have been investigated in detail [17-21].
In addition to experimental approaches, the density functional
theory (DFT) as well as the time-dependent density functional the-
ory (TDDFT) have been widely used for studying the electronic
structures and spectral properties of HBQ and HBQ derivatives,
generating highly accurate results [22-25].

Herein, we report the synthesis of a novel BHQ deriva-
tive 10-methoxy-2-phenylbenzo[h]quinoline as well as its crystal
structure, electronic structure and spectral properties. We also
attempt to elucidate the structure-property correlation of this
molecule. Our results show that MPBQ exhibited excellent ther-
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mal stability and could serve as a useful photoluminescence
material.

2. Experimental
2.1. Reagents

10-Hydroxybenzo[h]quinoline (HBQ) is prepared according to
the reported procedures [1]. n-Butyllithium and 2-bromobenzene
were purchased from Alfa Aesar and used as received. Dimethyl
sulfate, tetrahydrofuran, hexane, and benzene etc. were treated
according to standard methods. All the reactions were carried out
under nitrogen atmosphere unless otherwise mentioned.

2.2. Apparatus

Melting points were determined on an X-5 melting point detec-
tor and were uncorrected. 'H and '3C NMR spectra were obtained
on a Bruker 300 MHz instrument in CDCls. Elemental analyses were
performed with an Elementar Analysensysteme (GmbH). Ther-
mal stability was assessed with a TA Instruments model 2050
thermogravimetric analyzer under N, The temperature range
used was from room temperature to 350°C at a heating rate of
20°C/min. Mass spectra were recorded with the LC-MS system
consisted of a Waters 1525 pump and a Micromass ZQ4000 sin-
glequadrupole mass spectrometer detector (Waters). The single
crystal X-ray diffraction data were collected on a Bruker SMART
CCD area-detector diffractometer. UV-vis spectra were obtained
on a Shimadzu UV-2450 spectrophotometer. Fluorescence spec-
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Scheme 1. The synthetic route of MPBQ.

tra were obtained on a Shimadzu RF-5301PC spectrofluorometer.
All spectral experiments were carried out at room temperature.
Excitation and emission slit widths were both set at 5 nm.

2.3. Synthesis and characterization of MPBQ
The synthetic route to MPBQ is shown in Scheme 1.

2.3.1. Synthesis of 10-methoxybenzo[h]quinoline (MBQ)

HBQ (4.88¢g, 25.0mmol) was added to a suspension of KOH
(1.69g, 30.0mmol) in 1,4-dioxane (30 mL). After the KOH pow-
der and HBQ were dissolved, a solution of dimethyl sulfate (3.16 g,
25.0mmol) in 1,4-dioxane (15mL) was added portionwise with
stirring at room temperature. After stirring for10h, the reaction
mixture was filtered to remove the solid residue. The filtrate was
poured into 1000 mL of water and then was made basic with
Na,CO3 to give the crude product MBQ as a yellow precipitate
(4.5 g). The crude product was collected by filtration, washed well
with an ethanol-water mixture (1/1v/v), and recrystallized from
benzene by gradually adding n-hexane to give MBQ as a yellow
powder (3.0g; yield: 61.5% based on HBQ).

2.3.2. Synthesis of 10-methoxy-2-phenylbenzo[h]quinoline
(MPBQ)

Under a nitrogen atmosphere and at —78°C, a solution of n-
butyllithium (0.16 mol) in anhydrous n-hexane (100 mL) was added
portionwise with stirring to a solution of 2-bromobenzene (8.8 g,
56.3 mmol) in anhydrous tetrahydrofuran (100 mL), and stirring
continued for 50 min to form 2-lithium phenoxide. Afterwards,
a solution of MBQ (7.85g, 37.5mmol) in tetrahydrofuran (75 mL)
was added dropwise with stirring over 2 h and the mixture was
stirred for another 3 h. The resulting orange reaction mixture was
poured over 400 g crushed ice and neutralized with 6 M HCI solu-
tion, and then the organic solvents, n-hexane and tetrahydrofuran,
were removed by evaporation to give the crude product MPBQ as
a dark-red solid (11.1g). The crude product was collected by fil-
tration and then washed well with a hot ethanol-water mixture
(1/1v/v). Finally, recrystallization from benzene gave a pure sam-
ple of MPBQ as an orange powder (3.7 g; yield 42.0% based on
MBQ). Pale yellow block single crystals of MPBQ suitable for X-ray
diffraction were obtained by crystallization from a concentrated
solution of benzene at room temperature. Mp 160-163 °C. TH NMR
(300 MHz, CDCl3) é: 8.43 (d, 2H), 8.40(d, 1H) 8.20(d, 1H), 7.54-7.76
(m, 6H), 7.44 (d, 1H), 7.26 (d, 1H), 4.25 (s, 3H). 13C NMR (300 MHz,
CDCl3) 8 161.612, 157.085, 149.303, 142.097, 138.640, 131.316,
131.012, 130.542, 130.269, 129.537, 128.208, 123.423, 119.479,
112.201, 58.949, MS (m/z): 285 (M™*). Anal. Calcd. for C;gH;5NO:
C, 84.19; H, 5.30; N, 4.91 O, 5.61. Found: C, 83.79; H, 5.33; N, 4.89;
0,5.63.

The thermal stability of MPBQ was measured using ther-
mogravimetric analysis (TGA). The result revealed that MPBQ
exhibited excellent thermal stability up to 250°C.

2.3.3. Crystal structural determination

A pale yellow block crystal with approximate dimensions
of 0.30mm x 0.20 mm x 0.20mm was selected for data collec-
tion. Reflection data were measured at 273K using graphite-
monochromated Mo/Ka radiation (1=0.71073 A). The w-26 scan
technique was used with 6 limit 2.3° <6 <25°. The structure was
solved by direct methods using the SHELXTL program package. All
the non-hydrogen atoms were refined on F2 anisotropically by full-
matrix least squares methods. All the hydrogen atoms were placed
in calculated positions assigned fixed isotropic thermal parameters
at 1.2 times the equivalent isotropic U of the atoms to which they
are attached and allowed to ride on their respective parent atoms.
The contributions of these hydrogen atoms were included in the
structure—factor calculations [26-28].

2.4. Computational methods

All calculations were performed using Gaussian 03 program
[29]. The geometry optimizations of the electronic ground state (Sy)
were carried out at the DFT level [30,31] with the hybrid B3LYP
exchange-correlation functional [32,33], and the split-valence 6-
31G(d,p) basis set [34]. DFT/B3LYP/6-31G(d,p) has been found to
be an accurate formalism for calculating the structural properties
of many molecular systems [35]. No symmetry constraints were
imposed during the optimization process. Frequency calculations
were carried out to ensure that the geometries obtained corre-
sponded to minima and not saddle points.

The methodology to determine the singlet-singlet excitation
energies was the adiabatic approximation to the time dependent
density functional theory (TDDFT) approach [36], using a B3LYP
hybrid functional and a 6-31G(d,p) basis set. A polarizable con-
tinuum (PCM) model has been applied for the solvent effects
as implemented in Gaussian 03 [37-39]. In this work, we have
used the keyword (solvent=CH3CN). The equilibrium structure of
the first singlet excited states (S;) has been optimized using the
restricted CIS (RCIS) theoretical method with the 6-31G (d,p) basis
set [40]. Emission energies were obtained from TDDFT/B3LYP/6-
31G (d,p) calculations performed on S; optimized geometries.
Solvent effects were also taken into account by the PCM model
applied to the equilibrium approximation in the TDDFT calcula-
tions. All the calculations have been performed using the advanced
computing facilities of supercomputing center of computer net-
work information center of Chinese Academy of Sciences.
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Fig. 1. The crystal structure of MPBQ.

3. Results and discussion
3.1. Molecular structure

The crystal structure of MPBQ was determined by X-ray
diffraction and crystal data for the title compound are given in
Table S1 in the Supporting Information. The crystal structure of
MPBQ is shown in Fig. 1. And the crystal structure parameters are
listed in Table 1. As shown in Table 1, MPBQ contains one molecule
in the asymmetric unit. The molecule adopts a planar conformation
in crystal structure. The torsion angles of N-C(1)-C(14)-C(19) and
C(2)-C(1)-C(14)-C(19) are 1.2(2)° and —178.59(15)°, respectively.

The geometry of MPBQ in the ground state was optimized using
the DFT/B3LYP/6-31G (d, p) method. The optimized structure is
shown in Fig. 2. The values of the parameters are listed in Table 1.
As can be seen from the data of Table 1, MPBQ has an asym-
metrically distorted geometrical structure. The dihedral angles of
C(23)-C(25)-C(34)-N(35) and C(23)-C(25)-C(34)-C(30) are 17.5°
and —-161.5°, respectively.

3.2. Frontier molecular orbitals and spectral properties

3.2.1. Frontier molecular orbitals
The frontier molecular orbitals can provide a reasonable qual-
itative indication of the excitation properties and the ability of

Table 1
The structure parameters of MPBQ.

electron or hole-transport [41]. The energies of the HOMO and
LUMO orbitals of MPBQ were investigated at the DFT/B3LYP/6-31G
(d,p) level. Fig. 3 shows the isodensity surface plots of HOMO and
LUMO. It can be seen from Fig. 3 that the election density of HOMO is
mainly localized on the phenolring and it is w-bonding orbitals. And
the election density of LUMO is mainly localized on the pyridine
ring and it is m*-bonding orbitals. The electronic transition from
the ground state to the excited state is mainly about electron flow-
ing from the phenol ring including O to the pyridine ring including
N, which belongs to m—m* transition. In Table 2 we present the ener-
gies of the HOMO and LUMO as well as the HOMO-LUMO energy
gap. In order to further understand the electron transport ability,
we optimized the geometry of the anionic MPBQ. The optimized
structure for the anion shows small structural changes relative to
the neutral molecule. On the basis of the small structural relaxation,
we expected that this system would exhibit a relatively high struc-
tural stability versus the injection of one negative charge. Finally
we calculated vertical and adiabatic ionization potential (IPy and
IP,) as well as vertical and adiabatic electron affinity (EAy and EA,),
and the results are shown in Table S2 in the Supporting Informa-
tion. Electron affinities can be viewed as the variations of energy
adding an electron. The negative electron affinities here implied
that adding an electron to the molecule would release some energy.
Thus, this system has a better electron transport property.

Crystal parameters

Optimized parameters

Bond lengths C(1)-C(2) 1.404(2)
C(1)-C(14) 1.485(2)
C(14)-C(15) 1.385(2)
C(14)-C(19) 1.387(2)

Bond angles N-C(1)-C(14) 115.39(15)
C(2)-C(1)-C(14) 122.86(16)
C(15)-C(14)-C(1) 122.71(16)
C(19)-C(14)-C(1) 119.80(16)

Torsion angles N-C(1)-C(14)-C(15) -178.36(15)
N-C(1)-C(14)-C(19) 1.2(2)
C(2)-C(1)-C(14)-C(15) 1.8(3)
C(2)-C(1)-C(14)-C(19) —178.59(15)

Bond lengths R(15,25) 1.4042
R(23,25) 1.4054
R(25,34) 1.4887
R(30,34) 1.4162

Bond angles A(15,25,34) 122.1639
A(23,25,34) 119.407
A(25,34,30 121.784
A(25,34,35) 116.3944

Dihedral angles D(15,25,34,30) 18.6709
D(15,25,34,35) -162.3229
D(23,25,34,30) —161.4933
D(23,25,34,35) 17.5128
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Fig. 3. Isodensity surface plots for the frontier orbitals of MPBQ in the ground state.

3.2.2. UV-vis spectra

The UV-vis spectra of MPBQ obtained in CH3CN solution are
shown in Fig. 4. The spectra were normalized with respect to the
maximum peak. It is seen that MPBQ exhibited two absorption
bands at 353 and 371 nm, which could be attributed to the w-m*
electronic transitions. Besides, the energy of the higher absorp-
tion peak at 28,328 cm~! agreed with the calculated energy for the
So— S excitation.

To provide insight into the nature of the UV-vis absorption
observed experimentally for the compound, we computed the
singlet-singlet electronic transitions using TDDFT method at the
B3LYP/6-31G(d, p) level on the optimized geometry in the ground
state (Sg) in CH3CN, yielding the vertical electronic transitions of
So—S1. The data are shown in Table 3. As can be seen from Table 3,
the electronic transitions were of the m—m* type. The calculated
So — S1 excitation energy of the compound in CH3CN solution is
28,210cm~! and its oscillator strength is 0.3386. This electronic
transition is allowed and it is generated mainly from the HOMO to

Table 2

The frontier orbitals energies of MPBQ in the ground state.
Orbital Energy Energy gaps
HOMO(75) —5.388 4,024
LUMO(76) -1.361
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Fig. 4. Experimental and calculated absorption spectra of MPBQ in CH3CN.

Table 3

The calculated absorptions of MPBQ using the TDDFT method at B3LYP level.
Wavelength Excitation Oscillator MO/character Transition
Amax (nm) energies (eV)  strengths
354.48 3.497 0.3386 75->760.65001  S;<So

74->770.13867
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Fig. 5. Experimental and calculated emission spectra of MPBQ in CH3CN.

Table 4
Fluorescence spectral data of MPBQ in CH3CN solvent.
Emission Emission Stokes shift MO/character Transition
energy wavelength (cm™1)
(em™1) (nm)
25,906 386 2422 LUMO < HOMO S1—So
24,875 402 2079

LUMO. The absorption peak at the longest wavelength is assigned
to the electronic transition from HOMO to LUMO according to the
calculation in CH3CN solvent. It can be assigned to -7 transition
with intramolecular charge transfer (ICT) character. On the basis
of the calculated vertical excitation energies and their correspond-
ing oscillator strengths, the continuous absorption spectrum was
simulated with the help of SWIZARD software with the width at
half-height of 2500 cm~'. As shown in Fig. 4, the simulated absorp-
tion spectrum is in relatively good agreement with the measured
spectrum of the compound.

3.2.3. Fluorescence spectra

Fig. 5 shows the normalized fluorescence spectrum of MPBQ in
CH3CN solution excited at 353 nm. The spectrum consists of two
emission bands with peaks at 386 and 402 nm attributed to the
m-m* electronic transitions. Values of the emission peak energy
and Stokes shifts are given in Table 4. The higher energy peak in
the emission spectrum occurs at 25,906 cm~! with small Stokes
shift, which can be assigned to the S; — Sg electronic transition.

In order to gain insight into the nature of the fluorescence emis-
sion observed for MPBQ, the geometry of the first excited singlet
state (Sq) was optimized for the compound. The optimized geome-
try of the S; state were used as input in the TDDFT method to obtain
the electronic transition energies from the relaxed excited states to
the ground state in CH3CN solution. The data are listed in Table 5.
The electronic transitions were of the m-m* type. The calculated
S1— Sp emission energy of the compound in CH3CN solution was
25,723 cm~! and its oscillator strength was 0.5161. This transition
was also allowed. Moreover, TDDFT calculations gave small Stokes

Table 5
The calculated fluorescence emission of MPBQ using the TDDFT method at B3LYP
level.

Emission Emission Oscillator MO/character Transition
wavelength energy (eV) strengths

)\max (nm)

388.75 3.1893 0.5161 74->760.10725 S1—So

75->760.64670

shift, as a consequence of the similar geometries in the Sy and S,
states. It was 2487 cm~! in CH3CN solution. As shown in Table 5, the
emission peak of MPBQ can be described as originating from w-7*
excited states with ICT character. On the basis of the calculated ver-
tical excited energies and their corresponding oscillator strengths,
the continuous emission spectrum was simulated with the help of
SWIZARD software with the width at half-height of 2500 cm™!. As
shown in Fig. 5, the simulated emission spectrum is in relatively
good agreement with the experimental fluorescence spectrum of
the compound. The maximum emission wavelengths of MPBQ are
386 and 402 nm in CH3CN solution.

4. Conclusions

In this paper, a new benzo[h]quinoline derivative, namely, 10-
methoxy-2-phenylbenzo[h]quinoline (MPBQ) was synthesized and
characterized by NMR, MS as well as elemental analysis. The
single-crystal X-ray crystallographic analysis indicated that MPBQ
adopts a planar conformation in crystal structure and contains one
molecule in the asymmetric unit. The absorption and fluorescence
spectra of MPBQ in CH3CN calculated by quantum chemistry com-
putations were in good agreement with the experimental data.
With good thermal stability, MPBQ could be potentially used as an
excellent luminescent material. Such studies are currently under
way in our laboratory, and the results will be released soon.
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