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Abstract Two new 7-N,N-diphenylamino-3-benzoheterocyclic coumarin deriva-

tives containing electron-transporting benzotriazolyl or benzoxazolyl moiety,

3-(1-benzotriazole)-7-N,N-diphenylaminocoumarin (BTDC) and 3-(2-benzoxaz-

ole)-7-N,N-diphenylaminocoumarin (BODC), were synthesized and characterized

by element analysis, 1H NMR and FT-IR spectra. The UV–vis and fluorescence

spectra of these coumarin derivatives were investigated. The results show that

BTDC and BODC exhibit strong blue and red emissions, respectively, under

ultraviolet light excitation. The relationships between the chemical structure and the

fluorescence characteristics of the 7-N,N-diphenylamino-3-benzoheterocyclic cou-

marin derivatives are discussed. It was found that the coumarin derivative will

become a high-efficiency emitting material when an amino group is attached in

7-position of the coumarin ring, and 7- strong electron donors can improve the

ability of the intramolecular charge transfer of the coumarin molecules.

Keywords Synthesis � 7-N,N-diphenylaminocoumarin derivative � Benzotriazole �
Benzoxazole � Photoluminescence

Introduction

Coumarins are an important class of naturally occurring and synthetic compounds,

which have been extensively investigated for electronic and photonic applications
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[1–5], such as fluorescence probe, charge-transfer agents, solar energy collectors, and

nonlinear optical properties, due to their characteristics of high emission yield, excellent

photo-stability, extended spectral range, good solubility, and their relative ease of

synthesis. As emitting materials, their fluorescent wavelength and fluorescence quantum

yield strongly depend on the property and the position of the substituent and also on the

rigidity of the molecule.

Highly efficient organic dyes often have a push–pull structure, which is composed of

an electron-donating (D) unit, conjugated bridge (p) linker and electron-accepting

(A) unit. The introduction of both an electron-donating substituent and an electron-

accepting substituent to a core of the p system can also modulate the light-harvesting

properties of the organic dyes [6–8]. The molecules with D-p-A structures are

considered to be one of the most promising types of organic dyes, and have attracted

intensive attention because of their great potential applications as electroactive and

photoactive materials in molecular electronics, such as biochemical fluorescent

technology [9], nonlinear optics [10], organic light-emitting diodes (OLEDs) [11] and

photovoltaic cells [6–8, 12]. Among donor groups, triphenylamine and its derivatives

have been widely used as sensitizers and have promising properties in the development

of organic dyes, because the triphenylamine unit suppresses the aggregation of the dye

due to its nonplanar structure. Moreover, triphenylamine derivatives were often used as

light-emitting materials and hole transport materials due to their high hole mobility,

solubility and the formation of amorphous film [13]. In order to achieve charge

generating materials and charge transporting materials, many researchers have

introduced several kinds of substituents in the rings of triphenylamine to improve the

solubility of the compounds. This can not only enhance the molecular conjugated system

but also effectively improve the hole mobility, the thermal stability and the resin

compatibility [14–16].

In this communication, two new coumarin derivatives, 3-(1-benzotriazole)-7-

N,N-diphenylaminocoumarin (BTDC) and 3-(2-benzoxazole)-7-N,N-diphenylami-

nocoumarin (BODC), were synthesized by introducing a diphenylamino group at

7-position of the coumarin ring as electron donor and a benzotriazole or a

benzoxazole as electron acceptor. The chemical structures of 3,7-disubstituted

coumarin derivatives in the present study are shown in Scheme 1. Their UV–vis

absorption and photoluminescent (PL) properties were investigated. The substituent

effects of the electron donors and the electron acceptors on the photoluminescent

properties of the compounds are discussed.
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Scheme 1 Molecular structures of 3,7-disubstituted coumarin derivatives in the present study
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Experimental

Materials and methods

3-methoxybenzenamine from Acros Organics, 1H-benzotriazole (BTA) and boron

tribromide from Aldrich were used without further purification. Bronze power,

18-crown-6, triethylamine (TEA), piperidine, chloroacetonitrile, iodobenzene,

o-aminophenol, diphenylether and phosphorus oxychloride were analytical grade

reagents from Tanjin Fuchen Chemical Reagent Factory. 7-N,N-diethylamino-3-

(benzotriazol-1-yl)coumarin (DABTC-1) was synthesized according to the methods

previously described [11].

IR spectra (400–4,000 cm-1) were measured on a Shimadzu IRPrestige-21

FT-IR spectrophotometer. 1H NMR spectra were obtained on Unity Varian-

500 MHz. C, H and N analyses were measured on an Elemental Vario-EL automatic

elemental analysis instrument. Melting points were measured by using an X-4

microscopic melting point apparatus made by Beijing Taike Instrument, and the

thermometer was uncorrected. UV–vis absorption and fluorescence spectra were

recorded on a Shimadzu UV-2550 spectrometer and on a Perkin Elmer LS-55

spectrometer, respectively.

Synthesis and characterization of BTDC and BODC

The synthetic routes were shown in Scheme 2. The intermediate, 2-(1H-

benzotriazol-1-yl)acetonitrile, was obtained as previously described [11]. BTDC
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Scheme 2 Synthetic routes of BTDC and BODC
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and BODC were synthesized according to the methods previously described in [11]

and [17], respectively.

4-(diphenylamino)-2-hydroxybenzaldehyde

4-(diphenylamino)-2-hydroxybenzaldehyde were obtained by two steps according

to the method reported by Swanson et al. [16, 18].

Amounts of 7.468 g (0.06 mol) of 3-methoxybenzenamine, 28.494 g (0.14 mol)

of iodobenzene, 14.99 g (0.24 mol) of copper powder, 0.440 g (1.6 mmol) of

18-crown-6 and 64.16 g (0.46 mol) of anhydrous potassium carbonate in 250 mL of

diphenylether were placed into a 500-mL three -necked round-bottom flask. The

reaction mixture was refluxed with stirring for 72 h under nitrogen atmosphere. The

solids were removed by filtration and the solvents were removed by vacuum

distillation. The crude was purified by chromatography on silica gel using ethyl

acetate/petroleum ether (1:10, v/v) as the eluent, and 9.35 g of brown oil was

3-methoxytriphenylamine (yield 56 %). 1H NMR (500 MHz, CDCl3, d, ppm):

6.85–7.31 (m, 11H, Ar–H), 6.62–6.66 (m, 2H, Ar–H), 6.53 (d, J = 7.2 Hz, 1H,

Ar–H), 3.71 (s, 3H, OCH3).

Next, 5 g (0.018 mol) of 3-methoxytriphenylamine was dissolved in dry CH2Cl2
(50 mL). 9 g (0.036 mol) of BBr3 was added dropwise into the solution at -78 �C.

The reaction mixture was further stirred overnight. Saturated aqueous Na2CO3

(100 mL) was added to quench the reaction. The organic layer was separated. The

aqueous layer was extracted with CH2Cl2 (3 9 50 mL). The combined extracts

were washed with water and dried over anhydrous MgSO4. After filtering, the

filtrate was evaporated to dryness under reduced pressure. The crude product was

purified by chromatography on silica gel using ethyl acetate/petroleum ether (1:5,

v/v) as the eluent to give 3-Hydroxytriphenylamine as absinthe-green solid (3.5 g,

73.76 %). m.p.: 98–100 �C. 1H NMR (500 MHz, CDCl3, d, ppm): 7.27–7.23

(m, 4H, Ar–H), 7.11–7.09 (m, 5H, Ar–H), 7.07–7.01 (m, 2H, Ar–H), 6.66–6.63

(d, J = 8.2 Hz, 1H, Ar–H), 6.52 (t, J = 1.8 Hz, 1H, Ar–H), 6.47–6.45 (d, J =

8.1 Hz, 1H, Ar–H), 4.61 (s, 1H).

A solution of POCl3 (4.700 g, 30.7 mmol) in DMF (20 mL) was cooled at 0 �C.

3-Hydroxytriphenylamine (4.000 g, 15.33 mmol) was dissolved in another portion

of DMF (20 mL). The POCl3 solution was then added dropwise into 3-Hydroxy-

triphenylamine solution at 0 �C. The reaction mixture was reacted for 2 h and then

hydrolyzed with water (40 mL) for 6 h. The crude product was extracted with

CH2Cl2 (3 9 100 mL). The combined extracts were washed with water and dried

over anhydrous MgSO4. After filtering, the filtrate was evaporated to dryness under

reduced pressure, and purified by chromatography on silica gel using ethyl acetate/

petroleum ether (1:4, v/v) as the eluent to give 4-(diphenylamino)-2-hydroxybenz-

aldehyde (3.29 g, 74.3 %). m.p.: 128–130 �C. 1H NMR (500 MHz, CDCl3, d, ppm):

11.40 (s, 1H, –CHO), 9.58 (s, 1H, Ar–OH), 7.34 (m, 4H, Ar–H), 7.25 (d, J =

8.5 Hz, 1H, Ar–H), 7.25–7.18 (m, 6H, Ar–H), 6.45 (d, J = 8.5 Hz, 1H, Ar–H), 6.34

(d, J = 1.6 Hz, 1H, Ar–H).
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3-(1-benzotriazole)-7-N,N-diphenylaminocoumarin (BTDC)

Under nitrogen atomosphere, 4-(diphenylamino)-2-hydroxybenzaldehyde (2.000 g,

6.91 mmol) and 2-(1H-benzotriazol-1-yl)acetonitrile (1.093 g, 6.91 mmol) was dis-

solved in 30 mL of anhydrous ethanol, and treated with piperidine (0.1 mL) at room

temperature. The reaction mixture was refluxed with stirring for 50 h, and then acidized

with hydrochloric acid (3.5 %) for 8 h. Ammonia was added to neutralize the acidity.

The solution was extracted with CH2Cl2 (3 9 25 mL) and then dried over anhydrous

MgSO4. After filtering, the filtrate was evaporated to dryness under reduced pressure,

and purified by chromatography on silica gel using ethyl acetate/petroleum ether (1:10,

v/v) as the eluent to give BTDC as solid (0.8 g, 26.9 %). m.p.: 210–212 �C. 1H NMR

(500 MHz, CDCl3, d, ppm): 6.38 (s, 1H, Ar–H), 6.5–6.7(m, 12H, Ar–H), 6.95 (s, 1H,

Ar–H), 7.1 (m, 2H, Ar–H), 7.25 (m, 2H, Ar–H). 13C NMR (100 MHz, CDCl3, d, ppm):

162.2, 150.8, 145.4, 141.1, 140.3, 132.1, 129.5, 127.3, 123.2, 122.6, 119.3, 118.2, 116.5,

113.0. IR (KBr pellet cm-1): 3,031 (Ar–CH), 1,733 (C=O, lactone), 1,660 (C=C), 1,502,

1,457, 1,338, 1,253, 1,247, 1,164, 746. Anal. Calc. for C27H18N4O2 (%): C, 75.34; H,

4.21; N, 13.02. Found: C, 75. 41; H, 4.18; N, 12.95.

3-(2-benzoxazole)-7-N,N-diphenylaminocoumarin (BODC)

Under nitrogen atomosphere, a mixture of 4-(diphenylamino)-2-hydroxybenzaldehyde

(2.000 g, 6.91 mmol), o-aminophenol (0.754 g, 6.91 mmol), benzoic acid (0.400 g,

3.09 mmol) and ethyl cyanoacetate (0.785 g, 6.91 mmol) was dissolved in 50 mL of

1-butanol. The mixture solution was refluxed for 12 h at 80 �C, and then 100 mL NaOH

(2 %) was added to the mixture solution and stirred vigorously for 4 h at 80 �C. The

mixture solution was extracted with CH2Cl2 (3 9 100 mL). The combined organic

layer was washed with water and dried over anhydrous MgSO4. After filtering, the

filtrate was evaporated to dryness under reduced pressure, and purified by chromatog-

raphy on silica gel using ethyl acetate/petroleum ether (1:3, v/v) as the eluent to give

BODC (1.2 g, 40.3 %). m.p: 216–218 �C. 1H NMR (500 MHz, CDCl3, d, ppm): 6.8 (s,

1H, Ar–H), 7.21-7.50 (m, 12H, Ar–H), 7.60–7.80 (m, 4H, Ar–H), 8.14 (s, 1H, Ar–H).
13C NMR (100 MHz, CDCl3, d, ppm): 162.1, 152.3, 151.2, 150.0, 146.1, 141.2, 140.5,

129.5, 127.6, 125.0, 123.6, 122.6, 119.1, 116.7, 113.0. IR (KBr pellet, cm-1): 3,013

(Ar–CH), 1,737 (C=O, lactone), 1,653 (C=C), 1,626, 1,591, 1,328, 1,236, 1,238, 1,164,

1,155, 1,096, 746. Anal. Calc. for C28H18N2O3 (%): C, 78.13; H, 4.21; N, 6.51. Found: C,

78. 32; H, 4.16; N, 6.47.

Results and discussion

Absorption of BTDC and BODC

UV–vis absorption spectra of BTDC, BODC and DABTC-1 in dilute chloroform

solutions are given in Fig. 1. It is shown that the absorption spectrum of BTDC

exhibits absorptions at 228 and 284 nm. From the structures of BTDC and

DABTC-1, they all have an electron-withdrawing benzotriazolyl moiety at
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3-position of coumarin ring, but BTDC has an electron-pushing diphenylamino

group at 7-position of the coumarin ring, while DABTC-1 has an electron-pushing

diethylamino group at 7-position. Due to the p–p conjugation effect, the electron

density of the nitrogen atom in the diphenylamino group is smaller than that in the

diethylamino group, and the electron-pushing power of the diphenylamine group is

weaker than that of the diethylamino group. Compared with BTDC, the absorption

bands of DABTC-1 were bathochromically shifted, in which the absorption bands

were at 253 and 414 nm. This suggests that the molecular conjugation degree of

DABTC-1 is larger than that of BTDC due to the strong electron-pushing power of

the diethylamino group.

As shown in Fig. 1, the absorption spectrum of BODC gives four absorption bands

which locate at 228, 289, 358 and 520 nm. Compared with BTDC, except that two

shorter absorption bands at 228 and 289 nm were present in the absorption spectrum of

BODC, an important feature of the absorption spectra of BODC is that two absorption

bands were observed at 358 and 520 nm, which were absent in the spectrum of

BTDC. From the structures of BTDC and BODC, it can be seen that they have the same

electron-pushing diphenylamine group at 7-position of the coumarin ring and

different electron-withdrawing groups at 3-position. BTDC possesses an electron-

withdrawing benzotriazolyl moiety at 3-position of the coumarin ring, while BODC has

an electron-withdrawing benzoxazolyl group. From the maximum absorption band at

284 nm for BTDC and 520 nm for BODC, it is deduced that the electron-withdrawing

power of benzotriazole is larger than that of benzoxazole, and the molecular

conjugation degree of BODC is larger than that of BTDC.

Photoluminescence of BTDC and BODC

Figure 2 shows the photoluminescent spectra of BTDC, BODC and DABTC-1 in

dilute chloroform solutions. It is clear that BTDC and DABTC-1 exhibit bright blue
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Fig. 1 UV–vis absorption spectra of the compounds in dilute chloroform solutions (C = 3.0 9
10-5 mol/L)
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emissions in dilute solutions, and the emission peaks of them locate at around 420

and 447 nm, respectively. The emission peak of DABTC-1 was red-shifted by about

27 nm compared with that of BTDC due to the larger conjugation of molecule in

DABTC-1.

As shown in Fig. 2, the compound BODC shows bright red emission with a peak

at 630 nm in dilute solution. Compared with BTDC, the emission maximum peak of

BODC was red-shifted by about 210 nm due to the larger conjugation of molecules

in BODC.

From the above photoluminescent characteristics of the three compounds, it is

further indicated that the electron-pushing power of the diphenylamine group is

weaker than that of the diethylamino group and the electron-withdrawing power of

benzotriazole is larger than that of benzoxazole.

In addition, the fluorescence quantum yields of BTDC and BODC in chloroform

solutions were calculated according to the method described by Kaholek et al. [19]

with anthracene as a standard (UF = 0.25 [19]). In the research, the UF,BTDC and

UF,BODC are 0.38 and 0.46, respectively. The fluorescence quantum yields of BTDC

and BODC in chloroform solutions are less than that of DABTC-1in chloroform

solution [11].

Conclusions

Two new 3,7-disubstituted coumarin derivatives, 3-(1-benzotriazole)-7-N,N-diphe-

nylaminocoumarin (BTDC) and 3-(2-benzoxazole)-7-N,N-diphenylaminocoumarin

(BODC), were successfully synthesized and characterized. All synthesized com-

pounds are fluorescent in solutions: BTDC exhibits bright blue emission with the

peak at 420 nm and BODC emits bright red light with the peak at 630 nm.
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Fig. 2 Photoluminescent spectra of the compounds in dilute chloroform solutions (C = 3.0 9
10-5 mol/L, kex,BTDC = 284 nm, kex,DABTC = 414 nm and kex,BODC = 520 nm)
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