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6-甲氧基喹唑啉酮-吡啶二氟硼染料的合成及发光性能研究 

周  佳 a    刘  璐 a    钟  成 b    傅  杨 a    宋智彬*,a    彭以元 a 
(a江西师范大学化学化工学院  功能有机小分子教育部重点实验室  南昌 330022) 

(b武汉大学化学与分子科学学院  武汉 430072) 

摘要  以 5-甲氧基-2-氨基苯甲酰胺与 2-甲基吡啶为原料, 通过简单的两步反应合成了 6-甲氧基喹唑啉酮-吡啶二氟硼

化合物(BODIQPy). 这种甲氧基取代的 BODIQPy 具有良好的溶液荧光和固态发光性质. 通过甲氧基的引入, 增强了

BODIQPy 的电荷转移特性, 得到了超大斯托克斯位移. 同时还讨论了 5-位吡啶取代的卤素对 BODIQPy 发光性质的影

响.  
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Synthesis and Luminescent Properties of 6-Methoxy- 
quinazolinone-pyridine Difluoroboron Dyes 

Zhou, Jiaa    Liu, Lua    Zhong, Chengb    Fu, Yanga    Song, Zhibin*,a    Peng, Yiyuana 
(a Key Laboratory of Functional Small Organic Molecules, Ministry of Education, College of Chemistry and Chemical  

Engineering, Jiangxi Normal University, Nanchang 330022) 
(b College of Chemistry and Molecular Sciences, Wuhan University, Wuhan 430072) 

Abstract  6-Methoxyquinazolinone-pyridine difluoroboron dyes (BODIQPys) have been synthesized in two simple steps 
with 2-amino-5-methoxybenzamide and 2-methylpyridines as starting materials. These quinazolinone-based difluoroboron 
(BF2) complexes exhibited highly efficient green luminescence and remarkable fluorescence in the solid-state with very large 
Stokes shift (Δλ up to 220 nm in MeCN). The introduction of methoxy group at 6-position of BODIQPy caused the red-shifted 
emission by the enhancement of charge transfer property. The introduction of halogen atom at pyridine moiety of BODIQPy 
can tune the LUMO levels in regularity while their HOMO levels remain intact. 
Keywords  quinazolinone; difluoroboron complexes; fluorescent dyes; solid state luminescence 

 

1  Introduction 

Fluorescent dyes with high luminous efficiency are 
highly desirable for their potential applications in lumi-
nescent solar concentrators, fluorescent sensors and fluo-
rescent bio-imaging.[1～3] As a class of highly concerned 
fluorophores, π-conjugated difluoroboron (BF2) complex-
es,[4] such as boron dipyrromethene (BODIPY)[5] and 
difluoroboron β-diketonate complexes (BF2bdks),[6] dis-
play good photophysical properties including remarkable 
emission quantum yield, large absorptivity and good pho-
tostability.[7] However, two prominent disadvantages of 
BODIPY dyes still need to be well resolved. The first dis-
advantage of BODIPY is small Stokes shift (＜20 nm, in 
most cases), which can cause self-absorption, unavoidable 

high photon loss and scattering. The other is weak sol-
id-state emission generally caused by aggregation-induced 
fluorescence quenching.[8] Recently, great efforts have 
been made to improve these situations by the structure 
modification of BODIPY.[9～12] But the synthesis of those 
BODIPY cores is usually more complicated.[13] The de-
velopment of new π-conjugated BF2 complexes is a prom-
ising strategy to achieve the large Stokes shift and en-
hanced the solid-state fluorescence.[14～18] Recently, we 
firstly reported a novel series of asymmetric quinazolinone- 
pyridine difluoroboron dyes (BODIQPys).[19] The ultra 
high efficiency emissions both in solution and in the solid 
state with particularly high Stokes shifts were achieved in 
BODIQPys. The halogen atom at 6-position of BODIQPy 
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acts as an electron donor group, suppressing the heavy 
atomic effect of bromine and iodine in solution. As a part 
of our ongoing work on the development of quinazoli-
none-based fluorescent dyes, we herein designed and syn-
thesized 6-methoxyquinazolinone-pyridine difluoroboron 
dyes (BODIQPys) with very large Stokes shift by simple 
two step reactions. These quinazolinone-based BF2 com-
plexes exhibited highly efficient green luminescence in 
solutions and remarkable fluorescence in the solid-state. 

2  Results and discussion 

Based on our previous work,[19] the BODIQPy core is 
much more electron deficient compared to BODIPY core. 
And our results indicated that introduction of electron do-
nating group at the 6-position of BODIQPy core can give 
rise to the increase of oscillator strength of S1 state of 
BODIQPy and can also increase charge transfer characters. 
Thus, we designed and synthesized 6-methoxy substituted 
BODIQPy. For further understanding the halogen effect on 
the pyridine ring of BODIQPy, three BODIQPys with flu-
orine, chlorine and bromine atom were also synthesized. 
Unfortunately, the BODIQPy with iodine atom at 5-   
position of pyridine ring was not obtained probably due to 
the instability of the BF2 product. 

 

Scheme 1  Synthesis of 6-methoxyquinazolinone-pyridine 
difluoroboron dyes 

The 6-methoxy substituted quinazolinones were pre-
pared via I2/DMSO (dimethyl sulfoxide) promoted oxida-
tive amination of 2-methylpyridines with 2-amino-5- 
methoxybenzamide.[20] The BF2 complexes were prepared 
following the previous literatures with a slight optimiza-
tion.[14～19] The structures of four 6-methoxy substituted 
quinazolinones with coordination to BF2 (3a～3d) can be 
recognized from the disappeared N—H proton signal of 
the quinazolinones near δ 11.8 in 1H NMR spectra, and 
further confirmed by 19F NMR and high resolution 
ESI-MS. 

The absorption and fluorescence spectra of quinazoli-
none ligands and BODIQPy in MeCN are shown in Figure 

1. Compared with the quinazolinone ligands, BODIQPy 
showed bathochromic shifted absorption and emission due 
to the better conjugated plane structure of these asymmet-
ric BF2 complexes. Although the molar absorption coeffi-
ciency of BF2 complexes slightly decreased, the fluores-
cence intensities of BODIQPy have greatly increased. The 
halogen atom at 5-position of pyridine moiety can increase 
absorbance of BODIQPy. Moreover, remarkable fluores-
cence of these BF2 complexes can be observed in the sol-
id-state (Figure 2). The emission spectra of four BODIQPy 
in different organic solvents are shown in Figures 3 and 4. 
And the detailed photophysical parameters of 3a～3d were 
shown in the Table 1. These results indicated that these 
6-methoxy substituted BODIQPys exhibit good emission 
from 481 to 547 nm, which located in blue to green light 
region. These four BODIQPys showed little red-shifted 
and decreased fluorescence with the rise of polarity of se-
lected organic solvents caused by charge transfer charac-
ters. The Stokes shifts of four BODIQPys in selected or-
ganic solvents and in the solid-state are all above 100 nm, 
which avoids self-absorption very well. In dichloro-
methane (DCM), the fluorescence quantum yields of four 
BODIQPy (0.99 for 3a, 0.88 for 3b, 0.95 for 3c, 0.69 for 
3d) are the highest in the selected organic solvents. The 
introduction of methoxy group does not reduce luminous 
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Figure 1  Normalized absorption (A) and emission (B) spectra 
of quinazolinones 2a～2d and BF2 complexes 3a～3d in MeCN 
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Figure 2  Normalized emission spectra of 2a～2d and 3a～3d 
in the solid-state 
The excitation wavelengths were as follows: 2a～2d (350 nm) 3a (390 
nm) and 3b～3d (370 nm) 
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Figure 3  Emission spectra of 3a (A) and 3b (B) in different 
organic solvents  

efficiency of BODIQPy, and can adjust the emission from 
blue to green. The fluorescence intensity changes and 
slight solvatochromic red shifts of the emission spectra 
were observed with increasing solvent polarity for 3a～3d. 
It indicated that a solvent-induced relative stabilization of 
the thermally equilibrated excited states, due to a signifi-
cant difference between the dipole moments in the ground 
and excited states.[25] Compared with the fluorescence  
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Figure 4  Emission spectra of 3c (A) and 3d (B) in different 
organic solvents  

spectra in the solution (Figure 1), 3a showed obvious 
red-shift. Based on our previous report,[19] it can be at-
tributed to the increment of the intermolecular interactions 
in the solid-state. But the introduction of halogen in the 
pyridine moiety reduced the fluorescence of BODIQPy in 
solution and in the solid-state. It is worth noting that 3a 
shows super high luminous efficiency in solution and re-
markable emission in the solid state. 

In order to better understand the electronic structure of 
four BODIQPys, theoretical calculations were carried out. 
All optimizations were done at B3LYP/def2-SVP level 
with Grimme’s D3BJ[21] empirical dispersion correction. 
Then the vertical excited states are calculated at optimal-
ly-tuned[22] LC-ωPBE*/def2-SVP level with Gaussian09 
program. The spin orbital coupling constants were calcu-
lated by pySOC[23] program. The electron-hole analyses of 
excited stated were performed using Multiwfn[24] program. 
As shown in Figure 5, the frontier orbital plots of highest 
occupied molecular orbitals (HOMOs) are predominantly 
localized on the quinazolinone moieties and the lowest 
unoccupied molecular orbitals (LUMOs) are mainly local- 
ized on pyridine moieties, which showed notable charge 
transfer characters. The introduction of halogen atom at 
pyridine moiety of BODIQPy can decrease the LUMO 
levels in regularity while their HOMO levels remain intact. 
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Table 1  Photophysical properties of 3a～3d in solution and in the solid-state 

Compd. 
max
absλ a/nm ε/(L•mol－1•cm－1) 

λem/nm ΦF
d 

Stokes shift/nm τe/ns kF
f/ns－1 kNR

g/ns－1

Solutionb Solidc Solution Solid

3a 360 2.18×104 504 553 0.95 0.36 144 4.58 0.21 0.01 
3b 324 1.54×104 546 534 0.24 0.25 222 1.04 0.23 0.73 
3c 329 2.30×104 536 539 0.44 0.18 207 2.83 0.16 0.20 
3d 332 4.61×104 531 548 0.39 0.02 199 2.41 0.16 0.25 

a Maximum absorption wavelength with the highest extinction coefficient, measured at a concentration of 1.0×10−5 mol•L－1 in CH3CN. b The excitation wavelength 
is coincident with max

absλ  in 1.0×10−5 L•mol－1 CH3CN solution. c The excitation wavelengths (λex) were as follows: 3a (390 nm) and 3b～3d (370 nm). d Absolute 
fluorescence quantum yields determined by an integrating sphere method. e Life time determined by the single-photon-counting method in CH3CN solution. f Radia-
tive rate constant (kF＝ΦF/τ). g Non-radiative rate constant (kNR＝(1－ΦF)/τ). 

 

Figure 5  Molecular orbital energy diagram and isodensity sur-
face plots of the HOMO and LUMO of 3a～3d 

3  Conclusions 

In this work, we have designed and synthesized four 
6-methoxyquinazolinone-pyridine difluoroboron dyes 
(BODIQPy) through facile two-step reactions from readily 
available starting materials with high yields. These four 
BODIQPy displayed good green fluorescence in solution 
and remarkable fluorescence in the solid-state. The intro-
duction of electron-donating group at 6-position of BOD-
IQPy can effectively make the bathochromic shifted emis-
sion of BODIQPy caused by the enhancement of charge 
transfer property. It is worth noting that 6-methoxy BOD-
IQPys have very large Stokes shift (Δλ up to 220 nm in 
MeCN), which would be promising for bio-imaging or 
Luminescent materials. Although the fluorescence intensi-
ty decreases with introduction of halogen atom at 
5-position of pyridine moiety in BODIQPy, halogen atom 
can tune the LUMO levels in regularity while their HOMO 
levels remain intact. Further work will be focusing on the 
development of new quinazolinone-based BF2 complexes 
to expand conjugate structure and improve solubility in 
water as well as application on bioimaging. 

4  Experimental 

4.1  General methods 

All commercial reagents and analytical grade solvents 
were used without further purification unless otherwise 
noted. Dry dichloromethane and dry triethylamine are dis-

tilled according to the literature methods. Reactions were 
magnetically stirred and monitored by thin layer chroma-
tography (TLC). The high resolution mass spectrometry 
(HRMS) analysis was performed by electrospray ioniza-
tion (ESI-microTOF). Nuclear magnetic resonance (NMR) 
spectra were recorded on a Bruker Avance 400 spectrome-
ter at ambient temperature operating at 400 MHz for 1H 
NMR and 376 MHz for 19F NMR by using DMSO-d6 as 
solvents and TMS as an internal standard. UV-Vis absorp-
tion spectra were measured on a Shimadzu UV-2450 spec-
trophotometer. The steady fluorescence spectra have been 
recorded on a Hitachi F7000 spectrometer. The fluores-
cence life time and quantum yields have been measured on 
an Edinburgh FLS980 spectrometer. 

4.2  Synthesis and characterisation 

4.2.1  General procedure for preparation of quinazoli-
nones 2 

2-Amino-5-methoxybenzamide (2 mmol), 2-methyl- 
pyridine 1 (2 mmol) and iodine (0.3 mmol) were dissolved 
in DMSO (10 mL). The mixture was stirred at 100 ℃ 
overnight. After completion of the reaction, the reaction 
mixture was poured into the saturated sodium thiosulfate 
aqueous solution and stirred for 2 h at room temperature. 
The products were precipitated out and recrystallization 
with ethyl acetate/hexane. 

6-Methoxy-2-(pyridin-2-yl)-quinazolin-4(3H)-one (2a): 
White solid, 88% yield. m.p. 224～226 ℃; 1H NMR (400 
MHz, DMSO-d6) δ: 11.78 (s, 1H), 8.74～8.75 (m, 1H), 
8.42 (d, J＝8 Hz, 1H), 8.04～8.09 (m,  H), 7.76 (d, J＝8 
Hz, 1H), 7.62～7.66 (m, 1H), 7.58～7.59 (m, 1H), 7.47～
7.50 (m, 1H), 3.91 (s, 3H); HRMS calcd for C14H12N3O2 
[M＋H]＋ 254.0924, found 254.0918. 

6-Methoxy-2-(5-fluoropyridin-2-yl)-quinazolin-4(3H)- 
one (2b): White solid, 84% yield. m.p. 225～227 ℃; 1H 
NMR (400 MHz, DMSO-d6) δ: 11.85 (s, 1H), 8.73～8.74 
(m, 1H), 8.46～8.50 (m, 1H), 7.96～8.01 (m, 1H), 7.74～
7.76 (m, 1H), 7.57～7.58 (m, 1H), 7.46～7.49 (m, 1H), 
3.91 (s, 3H); HRMS calcd for C14H11FN3O2 [M＋H]＋ 
272.0830, found 272.0834. 

6-Methoxy-2-(5-chloropyridin-2-yl)-quinazolin-4(3H)- 
one (2c): White solid, 81% yield. m.p. 226～228 ℃; 1H 
NMR (400 MHz, DMSO-d6) δ: 11.90 (s, 1H), 8.78～8.79 
(m, 1H), 8.40～8.42 (m, 1H), 8.16～8.20 (m, 1H), 7.75～
7.775 (m, 1H), 7.56～7.48 (m, 1H), 3.91 (s, 3H); HRMS 
calcd for C14H11ClN3O2 [M ＋ H] ＋  288.0534, found 
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288.0539. 
6-Methoxy-2-(5-bromopyridin-2-yl)-quinazolin-4(3H)- 

one (2d): Brown solid, 66% yield. m.p. 230～232 ℃; 1H 
NMR (400 MHz, DMSO-d6) δ: 11.89 (s, 1H), 8.86～8.86 
(m, 1H), 8.35～8.29 (m, 2H), 7.77～7.75 (m, 1H), 7.58～
7.57 (m, 1H), 7.50～7.46 (m, 1H), 3.91 (s, 3H); HRMS  
calcd for C14H11BrN3O2 [M ＋ H] ＋  332.0029, found 
332.0023. 

4.2.2  General procedure for preparation of BF2 com-
plexes 3 

6-Methoxy-quinazolinone 2 (1 mmol) was dissolved in 
dry dichloromethane (10 mL). And the dry triethylamine 
(2.5 mL) was added to the solution with ice-bath. The 
mixture was stirred at 0 ℃ for 45 min. Then BF3•Et2O 
(2.5 mL) were added by dripping slowly to the mixture for 
10 min. After further stirring for 15 min at 40 ℃, the reac-
tion was quenched by cold sodium bicarbonate solution 
(15 mL). The organic layer was dried over MgSO4 and 
evaporated under vacuum to dryness. The pure product 
was obtained by recrystallization with MeCN/CH2Cl2.

[19] 
6-Methoxy-2-(pyridin-2-yl)-quinazolin-4(3H)-one  

difluroboron (3a): White solid, 76% yield. m.p. 259～
260 ℃; 1H NMR (400 MHz, DMSO-d6) δ: 9.105 (d, J＝4 
Hz, 1H), 8.71～8.67 (m, 1H), 8.58 (d, J＝8 Hz, 1H), 
8.18～8.15 (m, 1H), 7.80 (d, J＝8 Hz, 1H), 7.625 (d, J＝4 
Hz, 1H), 7.51～7.48 (m, 1H), 3.92 (s, 3H); 19F NMR (376 
MHz, DMSO-d6) δ: 153.34; HRMS calcd for C14H11B- 
F2N3O2 [M＋H]＋ 302.0907, found 302.0880. 

6-Methoxy-2-(5-fluoropyridin-2-yl)-quinazolin-4(3H)- 
one difluroboron (3b): Yellow solid, 58% yield. m.p. 
253～255 ℃; 1H NMR (400 MHz, DMSO-d6) δ: 9.49～
9.48 (m, 1H), 8.70～8.62 (m, 2H), 7.80～7.78 (m, 1H), 
7.62～7.61 (m, 1H), 7.51～7.48 (m, 1H), 3.92 (s, 3H); 19F 
NMR (376 MHz, DMSO-d6) δ: 115.84, 152.61; HRMS 
calcd for C14H10BF3N3O2 [M＋H] ＋  320.0813, found 
320.0786. 

6-Methoxy-2-(5-chloropyridin-2-yl)-quinazolin-4(3H)- 
one difluroboron (3c): Yellow solid, 50% yield. m.p. 
244～246 ℃; 1H NMR (400 MHz, DMSO-d6) δ: 9.50～
9.50 (m, 1H), 8.80～8.77 (m, 1H), 8.55～8.53 (m, 1H), 
7.81～7.79 (m, 1H), 7.62～7.62 (m, 1H), 7.51～7.48 (m, 
1H), 3.92 (s, 3H); 19F NMR (376 MHz, DMSO-d6) δ: 
152.26; HRMS calcd for C14H10BClF2N3O2 [M＋H] ＋ 
336.0517, found 336.0497. 

6-Methoxy-2-(5-bromopyridin-2-yl)-quinazolin-4(3H)- 
one difluroboron (3d): Yellow solid, 90% yield. m.p. 
231～233 ℃; 1H NMR (400 MHz, DMSO-d6) δ: 9.53 (s, 
1H), 8.91～8.88 (m, 1H), 8.46～8.44 (m, 1H), 7.80～7.78 
(m, 1H), 7.62～7.61 (m, 1H), 7.50～7.47 (m, 1H), 3.92 (s, 
3H); 19F NMR (376 MHz, DMSO-d6) δ: 152.27; HRMS 
calcd for C14H10BBrF2N3O2 [M＋H]＋ 380.0012, found 
380.0005. 

 
Supporting Information  Detailed absorption and emis-
sion spectra and 1H NMR, 19F NMR spectra of 2a～2b and 
3a～3b as well as calculation results of 3a～3b. The Sup-

porting Information is available free of charge via the In-
ternet at http://sioc-journal.cn. 
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