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Carbon nanofibres (CNFs) functionalized with 4-amino-2,6-

dimethylpyridine were found to be efficient metal free 

catalyst for the synthesis of quinazoline-2,4(1H, 3H)-diones 

from CO2 and 2-aminobenzonitriles using water as a reaction 10 

media. The presence of water exhibited remarkable 

enhancement in reaction rates and provided high to excellent 

yield of the products. After completion of the reaction, the 

catalyst was easily separated by centrifugation and was 

successfully reused for several runs without showing any 15 

significant decrease in catalytic activity. 

Carbon dioxide is the major greenhouse gas responsible for 

global warming. It is considered to be an ideal C1 feedstock as it 

is abundant, non-toxic, non-flammable, easily available, and a 

renewable carbon source.1 The chemical fixation of carbon 20 

dioxide to useful chemicals has received tremendous interest in 

recent decades.2 In this regard, the development of catalytic 

methodologies to activate the carbon dioxide and the resultant 

formation of valuable products constitutes a good example for a 

sustainable green chemistry. Quinazolines which belong to the N-25 

containing heterocyclic compounds have attracted considered 

interest due to their wide and distinct pharmaceutical activities.3 

Derivatives of quinazolines such as quinazoline-2,4(1H, 3H)-

diones are also considered to be an important class of 

pharmaceutical intermediates.4 The conventional synthesis of 30 

these compounds involves the reaction of anthranilic acid 

derivatives with urea, anthranilamides with phosgene, anthranilic 

acid with potassium cyanate or chlorosulfonyl isocyanate.5 

However, these conventional methodologies are associated with 

the obvious drawbacks of using specific or/toxic reagents like 35 

phosgene.  

 Thus, the use of carbon dioxide for the synthesis of 

quinazoline-2, 4(1H, 3H)-diones has attracted considerable 

interest in recent years. Ma et al.6 reported the synthesis of 

quinazoline-2, 4(1H, 3H)-diones from the reaction of carbon 40 

dioxide and 2-aminobenzonitrile in water without using any 

catalyst. Subsequently, a number of basic catalysts including 

organic bases, metal oxides and basic ionic liquids have been 

reported for the synthesis of such compounds.7 Among them, 

organic bases owing to their higher basicity are of good choice; 45 

however, difficult recovery owing to the homogeneous nature of 

these bases limited the synthetic utility of such processes. 

Immobilization of organic base moieties to solid supports is one 

of the logical approaches to transform these homogeneous 

catalysts to heterogeneous ones. In this regard, Zhao et al7a 50 

reported magnetic base catalysts for the synthesis of quinazoline-

2,4(1H,3H)-diones from CO2. Nagai et al8 reported a polystyrene 

derivative bearing amidine moieties for the synthesis of 

quinazoline-2, 4(1H, 3H)-diones by the reaction of 2-

aminobenzonitriles with carbon dioxide. Recently, Zhao et al9 55 

reported the synthesis of quinazoline-2,4-(1H,3H)-diones from 

CO2 by using a 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) based 

protic ionic liquid at atmospheric pressure and room temperature. 

However, highly energy intensive product recovery from ionic 

liquid as well as longer reaction times is the major drawbacks of 60 

this methodology. 

 Cluster based carbon materials such as carbon nanotubes 

(CNTs) and carbon nanofibres (CNFs), which exhibit outstanding 

physical, electronic, and mechanical properties, can be 

synthesized in various morphologies and structures.10 In recent 65 

years, great interest is being paid towards the development of 

versatile chemical modification methodologies to obtain carbon 

nanostructure derivatives with more attractive features.11 In this 

regard, a number of derivatives have been prepared and fully 

characterized that exhibit promising applications in nano-70 

biotechnology and catalysis.11,12  

 In the present paper we report for the first time carbon 

nanofibres functionalized with 4-amino-2,6-dimethylpyridines 

(CNFs-ADMP) as efficient metal free catalyst for the synthesis of 

quinazoline-2,4(1H,3H)-diones from the reaction of 2-75 

aminobenzonitrile with CO2 in aqueous media (Scheme 1).  In 

this work, we synthesized CNFs, from CNF mats obtained using 

a high-yield synthesis process, which is described in detail 

elsewhere.13 
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Scheme 1 Synthesis of quinazoline-2,4 (1H,3H)-diones 

Further functionalization of CNFs to obtain 4-amino-2,6-

dimethylpyridine-functionalized carbon nanofibres (CNFs-

ADMP) was carried out via diazotization reaction as shown in 
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Scheme 2.14 In a typical synthesis, 50 mg of purified CNFs were 

dispersed in 100 ml N, N-dimethylformamide using bath 

sonicator for 2 h and probe sonicator for 30 min. The resulting 

CNFs solution was cooled to 0°C followed by the addition of 

NaNO2 and 4-amino-2, 6-dimethylpyridine (ADMP) drop wise. 5 

The mixture was maintained at 0°C for 4 h and then stirred at 

room temperature for 20 h. The resulting product (CNFs-ADMP) 

was collected by centrifugation, washing with 2M HCl, 2M 

NaOH, water, and then dried at 80 °C under vacuum for 12 h.  

 10 

Scheme 2: Synthesis of carbon nanofibres functionalized with 4-amino-

2,6-dimethylpyridines (CNFs-ADMP) 

Molecular structural changes occurred during the chemical 

functionalization of CNFs with pyridyl moieties to give CNF-

ADMP were investigated by FTIR spectroscopy (Fig. 1a). As 15 

shown in Fig. 1b, the peaks locating at 3300-3600 cm-1 related to 

the hydroxyl groups were remarkably decreased. In addition 

bands at 2900 cm-1 and 1585 cm-1 corresponding to the aromatic 

C-H and C-C ring stretching, respectively were found to be 

reduced or disappeared completely after the association with 20 

pyridine molecules. The successful loading of pyridyl moieties to 

the CNFs was further confirmed by the appearance of two 

characteristic bands at 1442 and 1080 cm-1, which are 

corresponding to the vibration –N=N- and C-N respectively. In 

addition, bands at 870 and 625 cm-1 corresponds to the C-H out 25 

of plane deformation and in plane ring deformation of pyridyl 

moiety respectively. 

 
Fig. 1 a) FT-IR Spectra; b) UV/Vis Spectra of carbon nanofibre CNFs 

and carbon nanofibres functionalized with 4-amino-2,6-30 

dimethylpyridines, CNFs-ADMP. 

The UV-Vis spectrum of CNFs in water shows an intense peak at 

220 nm due to π→π* transitions of small domains of sp2 hybrid 

carbons (Fig 1b). However, in case of CNF-ADMP, the increased 

intensity of this peak can be attributed to the sp2 carbons of 35 

pyridine moiety (Fig. 1b). In addition, appearance of new 

shoulder at 260 nm is attributed to the n→π* transitions due to 

the lone pair electrons on the nitrogen of pyridine. Another peak 

at 336 nm in both the spectra is probably due to the presence of 

some C=O groups causing n→π* transitions. These studies 40 

further confirmed that the pyridyl moieties have been 

successfully grafted to the CNF support.  

The morphology of the synthesized CNFs-ADMP was 

determined by combined study of SEM and TEM analyses (Fig 

2). The individual carbon nanofibre has a hollow core surrounded 45 

by the cylindrical fibre, along a longitudinal axis, comprised of 

graphite basal planes stacked forming stacked cup shape (Fig. 

2a,b).15 Although, longitudinal axis is clearly visible after the 

chemical functionalization but hollow core surrounded by the 

cylindrical fiber for the single carbon nano-fiber cannot be clearly 50 

seen, suggesting some change in the morphology of CNFs after 

the chemical functionalization in pyridyl units (Fig. 2b,d). 

 
 

Fig. 2:  a) SEM image; b) HRTEM image of carbon nanofibres, CNFs; c) 55 

and d) HRTEM images of carbon nanofibres functionalized with 4-

amino-2,6-dimethylpyridines, CNFs-ADMP. 

Raman spectra of CNFs and CNFs-ADMP were also recorded to 

study the degree of functionalization. As shown in Fig. 3a, two 

fundamental vibrations D band and G band are observed at 1570 60 

and 1342 cm-1 respectively. D band is attributed to the presence 

of disorder or defects in the sp2 graphitic structure while G band 

corresponds to ordered graphitic structure. The intensity ratio of 

D to G band (ID/IG) of the carbon nanofibres was found to be 

significantly increased because of the lowering the symmetry of 65 

the quasi-infinite lattice due to the diazotization reaction, 

suggesting the high degree of covalent functionalization of 

carbon nanofibres with pyridyl moiety. For a visual examination, 

CNFs and CNFs-ADMP were dispersed in water by sonication 

for 5 min (Fig. 3b). The CNFs dispersed in water began to 70 

flocculate within 5min after sonication (Fig. 3b, A). In contrast, 

CNFs-ADMP dispersed in water did not show any flocculation 

even after 24 h of sonication (Fig. 3b), which further confirmed 

the successful functionalization of CNFs. 

The crystalline structure of synthesized CNFs and CNF-ADMP 75 
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was determined by XRD analysis (Fig. 3c). The profile of (002) 

reflection at 2θ=26o in the CNFs indicates that the material is 

semi crystalline in nature.16  

 The thermal stability of synthesized CNFs and CNF-ADMP 

was determined by TGA analysis (Fig. 3d). For CNFs, the 5 

degradation occurs at about 550 oC. Whereas a three step thermal 

degradation can be observed for CNF-ADMP. The initial weight 

loss at 100 oC is probably due to the evaporation of the water 

trapped in the material. The second weight loss at around 280 oC 

(30%) is attributed to the thermal decomposition of the organic 10 

moieties located on the surface of CNFs. Third stage weight loss 

occurs at 550oC which is related to the decomposition of CNFs. 

The variation in thermal events proved the formation of a new 

material.  

 The content of ADMP moieties on CNFs was calculated from 15 

the value of nitrogen content as determined by elemental analysis. 

The loading of ADMP on CNFs based on the nitrogen content 

(8.7 %) was found to be 2.1 mmol/g. This value is also found to 

be in good agreement with the TGA results. 

 20 

Fig. 3 a) Raman spectra; b) Digital photograph; c) XRD Pattern; d) TGA 

graph of carbon nanofibre CNFs and carbon nanofibres functionalized 

with 4-amino-2,6-dimethylpyridines, CNFs-ADMP. 

 The synthesized carbocatalyst was tested for the synthesis of 

quinazoline-2,4(1H,3H)-diones from CO2 and 2-25 

aminobenzonitrile using water as solvent at 100 oC under 20 bar 

pressure of CO2.  

 In an effort to find the best catalytic system, various catalysts 

(2 mol%) such as CNF, CNF-ADMP and ADMP were screened 

using different solvents water, DMF and DMSO. The results of 30 

these experiments are summarized in Table 1. To our delight, 

CNF immobilized ADMP catalyst showed high efficiency for this 

reaction using water as the reaction media (Table 1, entry 3). The 

reaction was found to be very slow in the absence of any catalyst 

or using CNFs as catalyst (Table 1, entry 1,2). The use of ADMP 35 

and physical mixture of CNFs and ADMP (1:1) as catalyst 

provided lower yield of the product (Table 1, entry 6,7). These 

results suggested that the covalent grafting of ADMP moieties to 

CNFs had a significant effect on catalytic activity (Table 1, entry 

3). Importantly, the reaction did not occur when other solvents 40 

such as DMF and DMSO were used instead of water (Table 1, 

entry 4, 5).  

Table 1: Results of optimization experiments using different catalysts and 

solvent  

Entry Catalyst Solvent Yield (%)b 

1 - H2O 10 

2 CNFs H2O 30 

3 CNFs-ADMP H2O 91 

4 CNFs-ADMP DMF - 

5 CNFs-ADMP DMSO - 

6 ADMP H2O 39 

7 CNFs + ADMP H2O 39 

 aReaction conditions: 2-aminobenzonitrile (5 mmol), solvent (5 ml), 45 

catalyst (2 mol %, 0.05 g) at 100 
⁰
C and 20 bar pressure of CO2 for 10 h.; 

bdetermined by GC-MS.  

The effect of other parameters, such as reaction temperature, CO2 

pressure and reaction time was also investigated (Fig. 4)  

At ambient temperature (25 oC), the reaction rate was found to be 50 

slow and depended on the CO2 pressure applied. The yield of the 

product was found to be increased with temperature at 2.0 MPa 

(20 bar) CO2 pressure. It was found that efficient and selective 

conversion of 2-amionobenzonitrile to quinazoline-2,4(1H, 3H)-

diones could be achieved at 100 oC and 2.0 MPa pressure of CO2 55 

(Fig. 4a,b). Further increase in temperature and CO2 pressure did 

not affect the catalytic activity to any significant extent. 

Similarly, the reaction was found to increase with reaction time at 

100 oC and 2.0 MPa pressure of CO2 and showed the highest 

yield in 10 h (Fig 4c). Further increase in reaction time did not 60 

improve the results to any significant extent (Fig. 4c). 

Furthermore, the reusability of the CNF-ADMP catalyst was 

examined for subsequent six runs under described experimental 

conditions (Fig. 4d). The yield of quinazoline-2, 4(1H,3H)-diones 

was found to be almost same in all cases, indicating that the 65 

catalyst is highly stable and can be recycled for several runs with 

consistent catalytic activity. These results clearly indicated the 

merits of the developed heterogeneous catalyst over the 

homogeneous organic base catalysts and use of water as reaction 

media make this method more attractive from green chemistry 70 

viewpoints. 
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Fig. 4 a) Effect of temperature on the yield at 20 bar for 10h; b) Effect of 

pressure on yield at 100 
o
C for 10h; c) Effect of reaction time on yield at 

100 oC and 20 bar pressure; d) Catalyst recyclability at 100 oC and 20 bar 5 

for 10h. 

Once the optimal conditions for this reaction were established, we 

looked at examining the utility of this methodology. Thus, the 

scope of the reaction was tested with respect to other substituted 

benzonitriles and the results of these experiments are summarized 10 

in Table 2. Among the various substituents, electron-donating 

substituents provided higher product yields (Table 2, entry 3,4). 

However, the reaction was found to be slow in substrates having 

electron withdrawing groups (Table 2, entry 5,6).  

In order to establish the utility of the developed method in large 15 

scale synthesis, we have performed the reaction by using 50 

mmol of 2-aminobenzonitrile using 2 mol % of catalyst under 

otherwise identical experimental conditions (Table 2, entry 2). 

The yield of the desired quinazoline-2, 4(1H, 3H)-dione was 

found to be comparable, indicating that the developed method 20 

could be equally applicable for the large scale synthesis of these 

compounds. All the experiments were carried out in a stainless 

steel (15 ml) autoclave equipped with a stirrer. After completion 

of the reaction, the reaction mixture was cooled to room 

temperature and the heterogeneous catalyst was easily recovered 25 

by centrifugation. The obtained aqueous layer was concentrated 

under reduced pressure to give crude product. The crude product 

was washed with methyl-tert-butyl-ether (MTBE) to give the 

desired quinazoline-2, 4(1H, 3H)-dione. 

Table 2:  CNF-ADMP catalyzed synthesis of quinazoline-2,4(1H, 3H)-30 

diones.a  

Entry Substrate Product Time (h) Yield (%)b 

1. 
NH2

CN

 N
H

C

NH
C

O

O
 

10 91 

2. 
NH2

CN

 N
H

C

NH
C

O

O
 

12 92* 

3. 
NH2

CNH3C

 N
H

C

NH
C

O

O

H3C

 

10 95 

4. 
NH2

CNH3CO

 N
H

C

NH
C

O

O

H3CO

 

10 93 

5. 
NH2

CNCl

 N
H

C

NH
C

O

O

Cl

 

12 89 

6. 
NH2

CNO2N

 N
H

C

NH
C

O

O

O2N

 

15 85 

 

aReaction conditions: substrate ( 5 mmol) or (50 mmol)*, catalyst (2 mol 

%), water (5 ml) at 100 oC temperature and 20 bar pressure of CO2, 
bIsolated yield; 

In summary, we have demonstrated for the time the use of 35 

chemically functionalized carbon nanofibers as efficient 

carbocatalyst for the reaction of carbon dioxide with 2-

aminobenzonitrile to yield quinazoline-2,4(1H, 3H)-diones. The 

main advantage of the developed catalyst is that there is no metal 

and high loading of pyridine moieties to CNFs via diazotization 40 

makes the developed system truly heterogeneous. Furthermore, 

facile recovery and efficient recycling of the catalyst make the 

developed methodology an ideal for utilization of carbon dioxide 

in a sustainable manner.  
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Detailed experimental procedure for the preparation of CNFs-ADMP: 

Functionalization of CNFs with 4-amino-2,6-dimethylpyridine (4-ADMP) 

groups was carried out by using diazonium reaction. Briefly, 2.45 g of 60 

NaNO2 was dissolved in 5ml H2O, and then cooled to 0 ⁰C by ice bath. In 

all, 3.29 g of 4-amino-2,6-dimethylpyridine (4-ADMP) was dissolved in 

4ml 4M HCl, and then cooled to 0 ⁰C by ice bath. The solution of NaNO2 

was added drop wise to 4-ADMP solution. The resulting yellow solution 

was maintained at 0⁰C in ice bath and stirred for 30 min. CNFs as 65 

synthesized from CNF mats were purified before use by being immersed 

in concentrated HCl solution for 5 days and then refluxed for 5 h, 

followed by thoroughly washing with water and acetone. The purified 

CNFs were dried overnight at 80 ⁰C in vacuum oven for stock. Purified 

CNFs (50 mg) were dispersed in 100 ml N,N-dimethylformamide using 70 

bath sonicator for 2 h and probe sonicator for 30 min. The CNFs solution 

was cooled to 0 ⁰C by ice bath, and then the yellow solution of NaNO2 

and 4-ADMP was added drop wise and maintained at 0 ⁰C to prevent the 

decomposition of diazonium salts. The mixture was reacted at 0 ⁰C for 3 

h and then was stirred at room temperature for 15 h. The resulting product 75 

(CNFs-ADMP) was collected by centrifugation and then thoroughly 
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washed with 2M HCl, 2M NaOH, water and acetone. The CNFs-ADMP 

was dried overnight at 80 ⁰C in vacuum oven. The content of ADMP 

moieties on CNFs was calculated from the value of nitrogen content as 

determined by elemental analysis. The loading of ADMP on CNFs based 

on the nitrogen content (8.7 %) was found to be 2.1 mmol/g. 5 

. 

Typical experimental procedure for synthesis of quinazoline-2,4(1H, 3H)-

diones: 2-aminobenzonitrile (5mmol) and catalyst CNF-ADMP (2 mol %, 

0.05g) were charged in to the 15 ml high pressure stainless steel reactor 

using water (5ml) as a solvent. The reactor was sealed and purged with 10 

carbon dioxide to replace all others gases. Reactor was then initially 

charged with CO2 upto 20 bar pressure. The reaction mixture was stirred 

for 10 h at 100 oC. After this, the reactor was placed into ice water and 

unreacted CO2 gas was released slowly passing through a cold trap 

containing ethanol. After depressurization, the reaction mixture in the 15 

reactor was transferred in a beaker and the catalyst was separated by 

filtration. The obtained aqueous layer was concentrated under reduced 

pressure to give crude product. The crude product was washed with 

methyl-tert-butyl-ether (MTBE) to give 0.53g (91%) colourless crystals 

of quinazoline-2, 4(1H, 3H)-dione (m.p. 348-349 ⁰C). 20 
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Carbon nanofibres functionalized with pyridyl moieties were used as an 

efficient metal free catalyst for the synthesis of quinazoline-2,4 (1H,3H)-

diones from CO2 and 2-aminobenzonitriles. 
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