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Abstract  

Carboxyl functionalized graphene quantum dots (CGQDs) was applied as a highly 

efficient and green acidic catalyst for the coupling reaction of 2-naphthole and benzaldehyde 

derivatives for the preparation of 14H-dibenzo xanthene derivatives, under solvent-free 

microwave irradiation conditions. The structures of the 14H-dibenzo xanthene derivatives 

were confirmed by FT-IR, 1H-NMR and 13C-NMR spectroscopic techniques. The structure of 

catalyst was also confirmed by FT-IR, XRD, TEM and PL techniques. In order to 

demonstrate the positive impact of CGQDs catalyst, the reaction times and yields of the 

products were compared with similar products which have been reported previously. 14H-

Dibenzo xanthene derivatives were synthesized in simple procedure, good to excellent yields 

via the present procedure. 
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1. Introduction  

Benzoxanthenes are an important class of oxygen heterocyclic compounds in organic 

chemistry.1 These compounds are cited for pharmacological activities such as antiviral,2 

anticancer,3 antibacterial,4 anti-inflammatory activities5 and also sensitizers in photodynamic 

therapy (PDT) for abolishing the tumor cells.6 Benzoxanthene derivatives have also widely 

applied as dyes,7 in laser technologies8 and fluorescent materials.9 Recently, various 

procedures have been reported for the synthesis of xanthenes and benzoxanthenes such as the 

reaction of aryloxy magnesium halides with triethyl orthoformate,10 trapping of benzynes 

with phenols,11 cyclodehydration reaction.12 Different acidic catalysts such as hydrochloric 

acid,13 H3PO4 or HClO4,
14 p-toluenesulfonic acid,15 sulfamic acid,16 silica sulfuric acid,17 

heteropoly acid18 have been used for the facile synthesis of xanthenes and benzoxanthene 

products. Although many synthetic methods have been reported for the synthesis of 

xanthenes and benzoxanthene,19-21 however these methods have some limitations. Due to the 

fact that mineral acid is harmful to the environment, the use of an acid catalyst with green 

feature have important role. For the removal of toxicity, decrease of the cost, efficient yields, 

and also decreasing of the synthesis time, research on a more efficient and safer route for the 

synthesis of benzoxanthene derivatives is even required. 

Graphene quantum dots (GQDs) are a new class of compounds consisting of a single 

atomic layer of nano-sized graphene.22
 In recent years, according to some excellent 

characteristics of GQDs, this compound have emerged intensive research interests. These 

feature include high surface area, excellent solubility, low toxicity, biocompatibility, stable 

photoluminescence, excellent thermal and chemical stability, and easy functionalization.23-32
 

These exceptional properties have wide application in different kind of fields such as ranging 

from high-speed and radio-frequency logic devices,33 thermally and electrically conductive 
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reinforced composites, sensors34, 35 and photocatalysts,36, 37 transparent electrodes, liquid 

crystal displays,38, 39 solar cells40 and catalyst.41 

In the present work, we report an efficient and green procedure for the synthesis of 14H-

dibenzo xanthene derivatives from 2-naphthol and benzaldehyde derivatives with using 

carboxyl functionalized graphene quantum dots as an acidic nano-catalyst in the absence of 

mineral acid catalyst under microwave irradiation (scheme 1). 

 

 

Scheme 1. CGQDs nano-catalyst for the synthesis of 14H-dibenzo xanthene derivatives 

 

2. Experimental   

2.1. Materials and instrumentation 

All reagents were bought from Merck Company and used without further purification. 

Infrared spectra (FT-IR) were recorded with KBr on a Perkin-Elmer FT-IR spectrometer. 

Melting points were determined in open glass-capillaries using a Stuart melting point 

apparatus. 1H and 13C NMR spectra were recorded on a Bruker Avance AC-300MHz using 

CDCl3 and DMSO-d6 as the deuterated solvents and TMS as an internal standard. Catalyst 

structure was supported by X-ray diffractometry (XRD; Bruker AXS model D8 Advance). 
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Transmission-electron microscopy (TEM) images were obtained by Philips CM-10 

(Eindhoven, The Netherlands). Fluorescence spectra and intensity measurements were carried 

out using an FP-6200 spectrofluorometer (JASCO Corporation, Tokyo, Japan). MW 

experiments were conducted in a Milestone MicroSynth apparatus. 

 

2.2. Synthesis of carboxyl functionalized graphene quantum dots (CGQDs) 

In this study, the hydrothermal method was used for synthesis of GQDs.24 firstly, 

graphene oxide was prepared by chemical oxidization of graphite powder according to the 

modified Hummers method.42 The as prepared graphene oxide was deoxidized in a tube 

furnace at 200-300 ˚C for 2 h and a heating rate of 5 ˚C min-1 in a nitrogen atmosphere. The 

obtained graphene sheets (0.05g) were oxidized in concentrated H2SO4 (10 mL) and HNO3 

(30 mL) for 15-20 h under mild ultrasonication (500 W, 40 kHz). The oxidized graphene 

sheets were diluted and purified with microporous membrane and dispersed in deionized 

water. Then the suspension was heated at 200 ˚C for 10 h in an autoclave. The resulting 

suspension was filtered with microporous membrane and a brown GQDs solution was 

obtained. To remove larger graphene nanoparticles, the colloidal solution was dialyzed in a 

dialysis bag (retained molecular weight: 3500 Da) overnight and GQDs were obtained having 

stability for more than 3 months (Scheme 2). 

 

Scheme 2. Preparation of CGQDs 
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2.3. General procedure for the synthesis of 14H-dibenzo xanthene derivatives: 

CGQDs (0.002 g) was added to a mixture of 2-naphthol (2 mmol) and benzaldehyde (1 

mmol). The reaction mixture was heated at 90 ˚C with full power MWI (300 W) at 2 min. The 

progress of the reaction was monitored by thin layer chromatography (TLC). Ingredient of 

reaction was completely consumed after about 1 min of inception reaction. Then the reaction 

mixture was cooled to room temperature and ethyl acetate was added and stirred thoroughly. 

Then water was added to the ethyl acetate solution in order to extraction of CGQDs. This 

procedure was repeated 3 times until the catalyst was completely extracted into the aqueous 

phase. For reuse of the catalyst, the aqueous phase was removed under the heat and vacuum 

conditions. Then, Ethyl acetate was evaporated under the vacuum which led to the crude 

product. Also further purification was carried out by recrystallization from ethyl acetate /n-

hexane to afford the pure products in high yields (2a-k). 

In order to study the reusability of the catalyst, the synthesis of 14-phenyl-14H-dibenzo 

xanthene was repeated in 3 times with the same catalyst. The results was showed that the 

efficiency of the catalyst after the extract and reuse was appropriately close to each other 

(96±2.4%).  

3. Results and discussion 

3.1. Preparation and structural features of CGQDs 

Fig. 1A shows the TEM image of CGQDs. The distribution of CGQDs is uniform and the 

average diameter was estimated to be 5 to 10 nm. Fig. 1B shows the XRD pattern of CGQDs 

representing a wide-angle peaks belong to the (002) planes of CGQDs.32, 33 The interlayer 

spacing of CGQDs was 3.82 Å which is larger in comparison with bulk graphite (3.34 Å). 
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Fig. 1. TEM image (A) and XRD patterns (B) of the synthesized CGQDs 

 

The FT-IR spectrum of CGQDs is shown in Fig. 2A. The signal at 1723 cm-1 is assigned 

to C=O stretch of carboxylic functional group and a broad signal at 3427 cm-1 is related to O-

H band. The strong photoluminescence (Fig. 2B) at 503 nm in CGQDs is resulted from free 

zigzag sites with a carbene-like triplet ground state.24 The response GQDs in 

photoluminescence with strong peak can be used in fluorescence sensing and imaging 

applications. 

 

Fig. 2. FT-IR spectrum (A) and fluorescence spectrum (B) of CGQDs 

 

3.2. Reactions  

In this study, the reaction of 2-naphthol (2 mmol) with benzaldehyde (1 mmol) in the 

presence of CGQDs (0.0005 g) as an acidic nanocatalyst was chosen as a sample reaction at 

70 ˚C under MWI. This reaction led to 14H-dibenzo xanthene derivative (2a) in 35% yield 

after 2 min (Table 1, entry 1). Then, the various amount of catalyst was examined for the 
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optimization ratio catalyst/aldehyde derivatives. The results showed that the best ratio is 

catalyst (0.002 g)/aldehyde (1 mmol) and increasing of the amount of the catalyst has no 

considerable effect on the yield of the product and also on reaction time (Table 1).  

<<Table 1>> 

<<Table 2>> 

In addition, the procedure under MWI conditions was compared with the reaction under 

conventional heating conditions and showed that the reaction was carried out in very shorter 

reaction time and in higher yield under MWI conditions. The various derivatives of aldehydes 

were used for the synthesis of the related 14H-dibenzo xanthene derivatives (Table 2). The 

products were characterized by FT-IR, 1H-NMR and 13C-NMR spectra. Comparison of the 

yields of the products and reaction times in this procedure with the reported value were 

shown in Table 3 and also compared to the types of catalysts reported in Table 4 were used 

for demonstrating the positive effect of the CGQDs on reaction time and efficiency. 

<<Table 3>> 

<<Table 4>> 
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Table 1. Optimization of reaction conditions for compound (2a) 

Entry Temperature
(˚C)  

Catalyst 
(g) 

Aldehyde 
(mmol) 

 Time      
(min) 

Yielda 
(%) 

1 70 0.0005 1 2 35 

2 70 0.0005 1 3 48 

3 90 0.0005 1 3 48 

4 70 0.001 1 3 63 

5 80 0.001 1 2 70 

6 90 0.001 1 2 73 

7 70 0.002 1 2 86 

8 70 0.002 1 3 86 

9 90 0.002 1 2 95 

10 90 0.002 1 3 95 

11 70 0.003 1 2 87 

12 70 0.003 1 3 87 

13 90 0.003 1 2 96 

14 90 0.003 1 3 96 
a
Isolated yield 
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Table 2. Synthesis of 14H-dibenzo xanthene derivatives using CGQDs 

Entry Aldehyde  
Reactant 
number 

Product 
Product 
Number 

1 

 

 

1a 

 

2a 

2 

 

1b 

 

2b 

3 
 

 

1c 

 

2c 

4 

 

1d 

 

2d 

5 

 

1e 

 

2e 

6 

 

 

 

 

1f 

 

2f 

7 

 

1g 

 

2g 
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                  Table 2. 

(Continued) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Entry Aldehyde  
Reactant 
Number 

Product 
Product 
Number 
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Table 3. Comparison of the yields of products with reported values 

Entry 
Product 
number 

Time 
(min) 

M.P ˚C  Yielda (%)  

Found          
Reported 

[Ref.]  
Found 

Reported  
[Ref.] 

1 2a 3 189-190 186-187 [43]  95 88 [43] 
2 2b 2 312-313 311-313 [47]  98 95 [47] 
3 2c 2 294-295 291-292 [43]  94 86 [43] 
4 2d 2 260-261 258-259 [44] 98 97 [44] 
5 2e 2 253-254 251-253 [45]  92 78 [45] 
6 2f 3 295-296 296-297 [48]  88 87 [48] 
7 2g 3 287-288 288-289 [47] 91 87 [47] 
8 2h 3 213-214 210-212 [45]  80 73 [45] 
9 2i 3 293-294 294-297 [45]  89 90 [45] 
10 2j 2 215-217 214-215 [46] 93 93 [46] 
11 2k 3 226-227 227-229 [48] 87 84 [48] 
aIsolated yield 

 

 

 

 

 

 

 

 

 

8 

 

1h 

 

2h 

9 

 

1i 

 

2i 

10 

 

1j 

 

2j 

11 

 

1k 

 

2k 
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                  Table 4. Comparison of CGQDs with other catalyst used in literature for product 2b 

Name of Catalyst 
Amount of 

Catalyst 
Time Yield (%) Solvent/ condition Ref. 

[2-(sulfooxy)ethyl]sulfamic 
acid 

15% 20 min 76 Solvent-free /150 ̊C 45 

Functionalized mesoporous 
materials 

20 mg 4 h 82 DCM/25 ̊C 49 

Camphor-10-sulphonic acid 2 mol% 30 min 84 Solvent-free /MWI 43 
HClO4 0.3 mmol 2.5 min 85 Solvent-free /MWI 50 
Poly(AMPS-co-AA) 0.04 g 25 min 86 Solvent-free /110 ̊C 51 
Phosophosulforic acid 5 mol% 55 min 88 Solvent-free /110 ̊C 44 
Disulfonic acid imidazolium 
carboxylate 

25 mol% 25 min 88 Solvent-free /100 ̊C 52 

Vanadate sulfuric acid 
(VO2-OSO3H) 

10 mol% 15 min 92 Solvent-free /80 ̊C 43 

CuO NPs 7 mg 14 min 93 Solvent-free /80 ̊C 48 
CuS QDs 6 mg 6 min 95 Solvent-free /80 ̊C 47 
CGQDs (this work) 2 mg 2 min 98 Solvent-free /MWI - 
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4. Conclusions 

In summary, we introduced a new efficient acidic catalyst for the synthesis of 14H-

dibenzo xanthene derivatives. Green reaction conditions under MWI conditions and simple 

reaction procedure are advantages of this method. Excellent yields for the products were 

obtained in shorter reaction times. 
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