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Abstract 

Aluminium exchanged tungstophosphoric acid salts with Keggin structure (AlxH3-

xPW12O40) were prepared by simple ion exchange method. The prepared heteropolyacid 

salts were characterized by various techniques such as elemental analysis, XRD, FTIR, 

UV-vis, N2-physisorption, NH3-TPD and FTIR-pyridine adsorption. All the prepared 

catalysts possess both Brönsted and Lewis acid sites, however increase of surface area 

and Lewis acid sites was observed with increase of Al content. The catalysts have been 

applied as heterogeneous catalysts to synthesize pyrido [1,2-a] pyrimidines under mild 

reaction conditions. A variety of biologically active pyrido[1,2-a] pyrimidines were 

obtained in best yields ever (above 90%) by using a simple, eco-friendly and efficient 

protocol catalyzed by AlxH3-xPW12O40 catalysts. Al3PW12O40 catalyst showed highest 

activity due to introduction of more number of Lewis acid sites to parent H3PW12O40 by 

complete exchange of H+ ions by Al3+ ions.  
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1. Introduction 

The pyrimidine core has always attracted much attention as compounds 

containing this structural motif are known to exhibit diverse pharmaceutical potency. The 

purine bases of DNA and RNA as well as the building blocks of numerous natural 

products known to have the pyrimidine unit [1]. It was reported that pyrido [1,2-a] 

pyrimidine derivatives are useful building blocks for the synthesis of  well-known drugs 

[Fig. 1] such as antipsychotic agents [2] antiasthmatic agent [3], tranquilizer [4], anti-

allergic and antiulcerative agents [5]. 
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Fig. 1: Few examples of biologically active agents consisted of pyrido [1,2-a] pyrimidine 
derivatives 
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A vast number of methods have been developed for the synthesis of 

pyridopyrimidine derivatives [6]. The pyrido[1,2-a]pyrimidin-4-ones (Scheme 1) forms 

the best-known class of pyrido[1,2-a]pyrimidines, to which numerous synthetic routes are 

available [7], however, the reported methods usually requires longer reaction time, 

complex synthetic methodologies, expensive homogeneous catalyst and often used 

harmful organic solvents.  
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        R1    R2     R3    R4

a,     H     H    CH3    H
b,     H     H    CH3   Cl
c,     H     H     Ph     H
d,     H   CH3   CH3  H
e,     H   CH3    Ph    H
f,    CH3    H    CH3   H
g,   CH3    H    CH3   Cl
h,   CH3    H     Ph     H

 
                   Scheme 1: Synthesis of pyrido[1,2-a]pyrimidin-4-one derivatives IIIa-h 
 

Reported literature methods to synthesize pyrido [1,2-a] pyrimidin-2-ones 

involved different methodologies. Roma et al. [8] obtained a mixture of pyrido [1,2-a] 

pyrimidin-2-ones and pyrido [1,2-a] pyrimidin-4-ones by performing the cyclization of 2-

aminopyridine with the Vilsmeier-Haack reagent which prepared in situ from N-alkyl-N-

arylethoxycarbonylacetamide and phosphorus oxychloride was used as catalyst. Doad et 

al. synthesized of derivatives of pyrido [1, 2-a] pyrimidin-2-ones by the reaction of 2-

aminopyridines with allene-1,3- dicarboxylic esters [9]. Dotokhov et al. [10] reported the 

cyclization of 2-aminopyridine with ethyl cyanoacetate at 80-100 °C under 14 kbar 

pressure. Suri et al. [11] used acid catalyzed cyclization of N-acetoacetylated 2-amino 
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pyridines/picolines/quinolines under microwave irradiation. Formation of significant 

amount of undesired products was observed when the reaction was carried out between 2-

aminopyridine and phenylpropiolic ester [12]. Thus exploration of more simple and 

convenient synthetic method for the synthesis of pyrido [1, 2-a] pyrimidin-2-ones still 

remains an active research area. 

Keggin structured heteropoly compounds are known to possess high acidity and 

oxidizing properties. These materials can be used to replace classical mineral acids with 

some advantages, such as a lower corrosion and a lower production of wastes, thus 

leading to eco-efficient processes [13]. The bulk heteropolyacids, such as 

tungstophosphoric and tungstosilicic acids, lead to low catalytic yield in some acid 

reactions, mainly due to their low specific surface area. This disadvantage can be 

overcome by using their salts with different cations or supporting the heteropolyacid on 

adequate porous supports [14]. The acidic properties of the salts of the heteropolyacids 

depend on the cation type, the constituent elements of the polyanion and their tertiary 

structure [15]. The partial hydrolysis and the presence of in homogeneities resulting from 

the synthesis also exert a marked influence. The salts of the Keggin heteropolyacids can 

be classified into two groups [16]. The salts of small cations (classified as type A) are 

very soluble in water or organic solvents, possess a low specific surface area, and in 

general behave in many respects in a similar way to the parent acid. The salts of large 

cations (classified as type B) are insoluble in water, have high specific surface area and 

relatively high thermal stability. The salts of large cations gave excellent catalytic activity 

in diverse acid reactions [17]. However, the salts of the A type have been less utilized. 

The salts of the Al3+ cation of the tungstophosphoric acid (AlPW) have interesting 
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characteristics for their use as catalysts because they can present Lewis and/or Brönsted 

acid sites. Baba et al. [18] studied the generation of acidic sites in the Al3+ and Cu2+ 

neutral salts of tungstophosphoric acid. Firouzabadi et al. [19] have studied the effect of 

the non-hygroscopic AlPW12O40 salt in the acylation of aromatic compounds. 

Previous reports have also suggested that synthesis of pyrido [1, 2-a] pyrimidines 

process can be successfully carried out by various Lewis acidic catalysts. In view of these 

considerations, it is interesting to study the exchange of Al with HPW as it generates the 

Lewis acidic sites over the catalyst surface, whereby the rate of the reaction would be 

increased significantly as compared to that of parent H3PW catalyst. Therefore, it is our 

aim to test the scope for synthesis of pyrido [1, 2-a] pyrimidine derivatives using AlPW 

catalyst (Scheme 1). In our continued interest in the development of highly expedient 

methods for the synthesis of important organic derivatives [20] we report in this paper a 

simple and convenient synthesis protocol for synthesis of pyrido [1,2-a] pyrimidine 

derivatives catalyzed by solid Keggin structured AlPW catalysts. The objective of this 

work is to prepare and characterize the AlPW salts and apply them as catalysts to obtain 

pyrido [1, 2-a] pyrimidine derivatives in higher yields and correlate the characteristic 

properties of AlPW catalysts with their catalytic activity. 

 

2. Experimental 

2.1 Preparation of Al salts of tungstophosphoric acid 

First, tungstophosphoric acid (H3PW) was dried at 100 oC to remove the 

physically adsorbed water before use. AlxH3-xPW12O40 samples (x = 1, 2 and 3) were 

prepared by dropwise addition of predetermined amounts of a 0.02 mol dm-3 aluminum 
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nitrate aqueous-ethanol (50:50 volume ratio) solution to a 0.08 mol dm-3 ethanol solution 

of tungstophosphoric acid at room temperature. The obtained white precipitate was left to 

dry overnight at room temperature in a vacuum oven to remove the ethanol and water. 

Fine white powders were obtained by oven-drying the materials in air at 100 oC. No 

further pretreatments were applied to the materials, which were stored in air before 

analysis and reaction testing. Catalysts are abbreviated with reference to their Al content 

(e.g., Al2 = Al2HPW12O40). The extent of proton exchange by Al and final composition of 

the salts were determined by elemental analysis (Table 1). 

2.2 Characterization of catalysts 

X-ray powder diffraction (XRD) studies were performed for all of the prepared 

solid samples using a Bruker diffractometer (Bruker D8 advance target). The patterns 

were run with copper Kα and a monochromator (λ= 1.5405 Å) at 40 kV and 40 mA. The 

crystallite size of the MgSil phase was calculated using Scherrer’s equation: 

                                                 D =   Bλ/ β1/2 cos θ               (1) 

where D is the average crystallite size of the phase under investigation, B is the Scherer 

constant (0.89), ‘λ’ is wavelength of the X-ray beam used (1.54056 Å ), ‘β1/2’ is the full 

width at half maximum (FWHM) of the diffraction peak and ‘θ’ is the diffraction angle. 

The identification of different crystalline phases in the samples was performed by 

comparing the data with the Joint Committee for Powder Diffraction Standards (JCPDS) 

files.  

FTIR spectra of catalysts obtained at room temperature using Perkin-Elmer 

Spectrum 100 FTIR spectrometer. Then, the samples were subjected to pyridine 

adsorption analysis. The analysis was carried out over a catalyst coated on a silicone disk 
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which was treated under vacuum for 5 h. Later, the samples were treated with pyridine 

vapor and finally heated at 100 oC under vacuum for 30 min. The amount of Brönsted 

and Lewis acid sites was calculated via integration of the area of the absorption bands 

showing the maximum values of intensity at 1446 cm-1 and 1536 cm-1, respectively. 

Integrated absorbance of each band was obtained using the appropriate software by 

applying the corresponding extinction coefficient and normalized by the weight of the 

samples. 

DR UV-vis absorption spectra of the samples were collected using a Thermo-

Scientific evolution spectrophotometer equipped with an integrating sphere in the 

wavelength range 200-800 nm to measure the reflectance spectra of each sample. A small 

amount (10 mg) of the sample in powder form was dispersed and pressed firmly between 

two microscope glass plates to create a thin absorbing film. 

The textural properties of the synthesized samples were determined from nitrogen 

adsorption/desorption isotherm measurements at -196 oC using a model NOVA 3200e 

automated gas sorption system (Quantachrome, USA). Prior to measurement, each 

sample was degassed for 6 h at 150 oC. The specific surface area, SBET, was calculated by 

applying the Brunauer-Emmett-Teller (BET) equation. The average pore radius was 

estimated from the relation 2Vp/SBET, where Vp is the total pore volume (at P/P0 = 0.975). 

Pore size distribution over the mesopore range was generated by the Barrett-Joyner-

Halenda (BJH) analysis of the desorption branches, and the values for the average pore 

size in radius were calculated. 

The acidity of the samples were further characterized by temperature programmed 

desorption (TPD) using 99.9% NH3/He. TPDs were performed in a Quantachrome 
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CHEMBET 3000 apparatus coupled to a thermal conductivity detector. Sample (0.1 g) 

was pretreated under the flow of helium gas [25 ml min-1, 99.99%] at 200 °C for 1 hour. 

Sample was then cooled to 30 oC and saturated the sample with of NH3 (50 ml min-1) for 

1 hour. The loosely bound NH3 to the sample surface was removed by flowing helium gas 

(50 ml min-1) for 1 hour. The NH3-TPD patterns were recorded by increasing the 

temperature of the sample at 10 °C min-1 up to 800 °C. 

2.3 Typical procedure for the synthesis of pyrido[1,2-a]pyrimidin-4-ones 

Solid catalyst (0.1 g), was added to a mixture of 2-amino-6-methylpyridine I 

(1.08g, 10 mmol) and 1, 3 diketone derivatives IIa–c (10 mmol) in absolute ethanol (10 

ml), and then the reaction was started at refluxing temperature. The progress of the 

reaction was monitored by TLC. Upon completion of the reaction, the mixture was 

filtered on hot to extract the solid catalyst. Dissolution of the products in hot alcohol after 

evaporating the volatile materials by vacuum, compounds IIIa–h were re-crystallized. The 

used catalyst was collected by washing with hot ethyl alcohol.  

2.4 Analyses of the reaction products 

All melting points were measured on a Gallenkamp melting point apparatus and 

are uncorrected. The infrared spectra were recorded for the compounds in Perkin Elmer 

SP 100 infrared spectrophotometer. The 1H NMR and 13C NMR spectra were recorded on 

a Bruker WM-600 and WM 350 MHz spectrometer, receptively using TMS (0.00 ppm). 

The signal of the deuterated solvents was used as internal standard. Chemical shifts (δ) 

are given in ppm relative to the signal for TMS as a standard, and coupling constant in 

Hz. Mass spectra were recorded on a Shimadzu GCMS-QP 1000 EX mass spectrometer 

at 70 eV. Elemental analyses (C, H, N and S) were carried out at the Microanalytical 
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Center of Cairo University, Giza, Egypt, the results were found to be in good agreement 

(±0.3%) with the calculated values.  

2-Methyl-4H-pyrido [1, 2-a] pyrimidin-4-one 

(IIIa)Yellow crystals from ethanol and n-hexane (3:1), m.p. 120-122oC [Ref. [21] m.p. 

118-119◦C], FTIR vmax/cm−1: 1668 (C=O); 1HNMR (CDCl3): δ 2.42 (s, 3H, 2-CH3),  6.30 

(s, 1H, H-3), 7.07 (t, 1H, J = 9, H-8,), 7.54 (d, 1H, J = 13.2, H-9), 7.68 (t, 1H, J =7.2, H-

7),9.00 (d, J=10.8, H-6). 13C NMR (CDCl3): δ 24.7, 103.4, 115.0, 125.8, 127.3, 136.2, 

150.7, 157.9, 165.3; MS (m/z): 160(M+). 

3-Chloro-2-methyl-4H-pyrido [1, 2-a] pyrimidin-4-one 

(IIIb)Yellow crystals from ethanol, m.p. 187-189oC [Ref. [22] m.p. 186-187◦C], FTIR 

vmax/cm−1: 1705 (C=O); 1HNMR (CDCl3): δ 2.61 (s, 3H, 2-CH3),7.15 (t, 1H, J = 8.4, H-

8,), 7.59 (d, 1H, J = 13.2, H-9), 7.71 (t, 1H, J =7.2, H-7), 9.00 (d, J=10.2, H-6). 13C NMR 

(CDCl3): δ 23.3, 111.7, 115.9, 125.9, 127.5, 135.9, 148.1, 154.4, 161.7; MS (m/z): 

194.5(M+), 196.5 (M++2). 

2-Phenyl-4H-pyrido [1, 2-a] pyrimidin-4-one 

 (IIIc)Yellow powder from ehanol, m.p. 146-148oC [Ref. [21] m.p. 144-145◦C], FTIR 

vmax/cm−1: 1683(C=O); 1HNMR (CDCl3): δ 6.89 (s, 1H, H-3), 7.11 (t, 1H, J = 7.2, H-8,), 

7.72 (d, 1H, J = 11.4, H-9), 7.74 (t, 1H, J =7.2, H-7),9.05 (d, 1H, J=10.8, H-6), 7.47,8.07 

(2m, 5H, Ph-H) . 13C NMR (CDCl3): δ 100.1, 115.3, 126.7, 127.3, 127.5, 128.9, 130.7, 

136.3, 137.2, 151.0, 158.6, 162.0; MS (m/z): 225(M+). 

2, 8-Dimethyl-4H-pyrido [1, 2-a] pyrimidin-4-one 

(IIId)Yellow crystals from pet-ether 60-80o, m.p. 129-131oC [Ref. [23] m.p. 130-132◦C], 

FTIR vmax/cm−1: 1667 (C=O); 1HNMR (CDCl3): δ 1.92,2.42 (2s, 6H, 2-CH3),  6.24 (s, 
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1H, H-3), 6.93 (d, 1H, J = 11.4, H-7,), 7.39 (s, 1H, H-9), 8.89 (d, 1H, J =11.4, H-6). 13C 

NMR (CDCl3): δ 21.5, 24.5, 102.4, 117.9, 123.7, 126.6, 148.8, 150.6, 157.8, 165.2; MS 

(m/z): 162(M+). 

8-Methyl-2-phenyl-4H-pyrido [1, 2-a] pyrimidin-4-one 

(IIIe) Beige crystals from carbon chloroform, m.p. 139-141oC [Ref. [23] m.p. 138-

139◦C], FTIR vmax/cm−1: 1694 (C=O); 1HNMR (CDCl3): δ 2.49 (s, 3H, CH3),  6.59 (s, 

1H, H-3), 7.15 (d, 1H, J = 12, H-7,), 7.24 (s, 1H, H-9), 8.54 (d, 1H, J =12, H-6), 7.46,7.65 

( 2m , 5H, Ph-H ). 13C NMR (CDCl3): δ 109.6, 118.0, 120.6, 126.6, 129.5, 131.1, 134.0, 

136.1, 150.1, 150.3, 163.1, 178.9; MS (m/z): 239(M+) 

2, 6-dimethyl-4H-pyrido [1, 2-a] pyrimidin-4-one 

(IIIf)Yellow crystals, m.p. 85-87oC [Ref. [24] m.p. 85◦C], FTIR vmax/cm−1: 1662 (C=O); 

1HNMR (CDCl3): δ 2.36 (s, 3H, 2-CH3), 3.04 (s, 3H, 6-CH3), 6.16 (s, 1H, H-3), 6.62 (d, 

1H, J = 6.6, H-7), 7.33 (d, 1H, J = 9, H-9), 7.41 (dd, 1H, J=6.6 ,9 , H-8). 13C NMR 

(CDCl3): δ 24.0, 24.9, 105.8, 188.1, 124.9, 135.4, 144.1, 153.4, 162.2, 163.5; MS (m/z): 

174(M+). 

3-chloro-2, 6-dimethyl-4H-pyrido [1, 2-a] pyrimidin-4-one 

(IIIg) Pale brown crystals, m.p. 196-197oC [Ref. [25] m.p. 195-196◦C], FTIR vmax/cm−1: 

1712 (C=O); 1HNMR (CDCl3): δ 2.56 (s, 3H, 2-CH3), 3.10 (s, 3H, 6-CH3), 6.71 (d, 1H, J 

= 7.2, H-7), 7.38 (d, 1H, J = 9 , H-9 ), 7.44 (d, 1H, J =7.2, 9, H-8). 13C NMR (EtOD): δ 

19.8, 24.9, 110.0, 117.4, 121.0, 135.5, 151.3, 153.0, 164.2, 180.1; MS (m/z): 208(M+), 

210(M++2). 

6-methyl-2-phenyl-4H-pyrido [1, 2-a] pyrimidin-4-one 
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(IIIh) light yellow crystals, m.p. 143-145oC [Ref. [26] m.p. 142-145◦C], FTIR vmax/cm−1: 

1667 (C=O); 1HNMR (CDCl3): δ 3.10 (s, 3H, 6-CH3), 6.65 (d, 1H, J = 6.6  H-7), 6.74 (s, 

1H, C3-H),7.43 (d, 1H, J = 8.4, H-9), 7.49 (m,5H,Ph-H), 8.07(dd, 1H, J7,8 =6.6,8.4, H-8). 

13C NMR (CDCl3): δ 24.8, 109.8, 118.1, 120.8, 126.8, 129.7, 131.3, 134.2, 136.3, 150.3, 

150.5, 163.3, 179.2; MS (m/z): 236(M+). 

 

3. Results and discussion 

3.1 Elemental analysis 

The bulk and surface composition of the parent H3PW and AlPW samples were 

performed by elemental and XPS analysis respectively. Good agreement between 

nominal and observed bulk Al content was observed for all the samples (Table 1). The 

results show that the surface composition varies with increasing bulk Al content from 3.9 

to 12.5 wt%. The almost linear increase in surface Al and concomitant decrease in 

surface W confirms the incorporation of Al into the H3PW clusters rather than simple 

encapsulation of H3PW particles with Al over layer. The surface Al content is slightly 

lower than the bulk, suggesting that the surface is Al-depleted. The bulk and theoretical 

values are in excellent agreement; however, there is a significant deviation between the 

surface and bulk Al/W ratios at low Al content. This kind of deviation was previously 

observed by other authors and consistent with the reports for the metal (M) salts of 

H3PW. The observed deviation was accounted for by structural models proposed for 

intermediate MxH3-xPW12O40 compositions, in which M3PW12O40 core particles 

purportedly are coated with a surface layer of H3PW12O40 clusters [27] 
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       Table 1: Elemental composition and crystallite size of catalysts 

 
 

Catalyst 

 
Crystallite 

size 
(nm) 

Bulk elemental 
composition 

(wt%)a 

Surface 
elemental 

composition 
(wt%)b 

Al W Al W 

H3PW 
AlH2PW 
Al2HPW 
Al3PW 

80 
64 
30 
40 

- 
3.9 
8.4 

12.5 

77 
75.4 
69 
66 

- 
1.1 
6.8 

11.9 

76 
71 

67.9 
64.8 

                                  a AAS analysis by dissolving the salts in standard NaOH solution 
                    b XPS analysis 

3.2 X-ray diffraction 

X-ray powder diffraction is commonly used to study the structure of heteropoly 

compounds. The powder XRD patterns of all the samples are shown in Fig. 2. Pure 

H3PW sample exhibits all of the reflections corresponding to a cubic Pn3m crystalline 

structure [28]. After initial ion-exchange to form AlH2PW12O40, a new set of peaks 

evolved; the diffraction peaks corresponding to the free acid disappeared as the Al 

content increased to 2 and 3. The shift in H3PW peaks toward higher angles in the AlPW 

samples is consistent with the body-centered cubic (bcc) structure of Al3PW12O40 salts 

reported in the literature [29] and the observed XRD results indicate the presence of a 

unique crystalline Al3PW12O40 phase in all AlPW samples. From X-ray peak broadening, 

it is possible to calculate the average particle size of the phases using Scherrer’s equation. 

The crystallite size (D in diameter) of the AlPW samples, summarized in Table 1, was 

calculated from this equation (1). Analysis of the line widths of the XRD peaks of the 

AlxPW salts (x = 0-3) show that the size of the primary crystallites decrease from 80 to 30 

nm as Al loading increases to Al2, and particle size increases to 40 nm for the Al3 sample, 

indicating the formation of aggregates of the Al3PW core at high Al loading. 
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                                   Fig 2: XRD patterns of all the samples 

 

3.3 FTIR spectroscopy 

FTIR spectra have proved to be a powerful technique to study the changes in the 

primary, secondary and tertiary structures of the heteropoly compounds. The FTIR 

spectrum of H3PW sample showed bands at 1080, 981, 886, 791, 593, and 525 cm-1, 

which corresponds to the P-Oa, W=Od, W-Ob-W, W-Oc-W stretching vibrations, and to 

Oa-P-Oa deformation, respectively and they are in accordance with those reported in the 

literature for the H3PW [30]. The subscripts correspond to oxygen atoms binding W and 

P (a), or bridging different WO6 octahedra that share corners (b) or edges (c), and 

terminal oxygen atoms and (d) bonded to only one W atom; similar FTIR spectra were 

found for all the AlPW samples (Fig.3). 
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                             Fig. 3: FTIR spectra of all the samples 
 
It can observed that the band assigned to the W=Od stretching for AlPW samples 

is broadened as a result of the interaction between the [PW12O40]
3- anion and Al3+ cations. 

However, transformation of the Keggin species; [PW12O40]
3- into the lacunary Keggin 

phase; [PW11O39]
7- during the preparation was not detected for all the AlPW salts. These 

results indicating that the primary Keggin structure of all the prepared samples still 

remained intact after the partial or full substitution of Al ions, even though XRD patterns 

of the AlPW samples showed some differences. 

3.4 Diffuse reflectance UV-vis spectroscopy 

Fig. 4 shows the diffuse reflectance UV-vis spectra for all the samples. Two main 

absorptions are present in the spectrum of parent H3PW sample; the first is centered at 

260 nm. In the diffuse reflectance spectra of pure heteropoly acids the main absorption 

band in the UV-vis range is due to the ligand-metal charge transfer (LMCT): O2 → W6+. 

This type of transition usually observed between 200 and 400 nm [31], thus the transition 
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at 260 nm could be attributed to the oxygen-tungsten charge-transfer absorption band for 

Keggin anions. Another LMCT broad band centered at 360 nm was observed for the 

H3PW sample. For the AlPW samples, these bands are clearly shifted to lower 

wavelengths and the bands were observed at 230 and 310 nm, respectively.                             
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                          Fig. 4: DR UV-vis spectra of all the samples 
 

Fournier et al. [32] reported that the LMCT band shifts towards higher 

wavelength and it broadens when the size of the counter-ion decreases (H+), i.e. when 

their polarization power increases and the relative distance between heteropolyanions 

decreases (this is the case for parent H3PW. The AlPW salts containing counter-ion 

(Al3+), the polarization action is lower and as a consequence, the heteropoly anions are 

isolated one from another.    

3.5 N2-physisorption 

The textural properties of the samples were measured by N2-physisorption 

studies. The surface area of AlPW samples increased with Al3+ content; rising from 7 m2 

g-1 for Al1PW to 27 m2 g-1 for Al3PW sample was observed (Table 2). This is consistent 

with the results observed by Moffat et al. [33], they reported that metal salts of H3PW 

have dense porous networks and corresponding higher surface areas than the parent 
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H3PW. Our results are in accordance with those findings, revealing a significant increase 

in the average pore radius from 20 to 40 Å for AlPW samples (Fig.5).  

                      
20 30 40 50 60 70 80 90 100

 

 d
V
(r
)

Pore radius (
o
A)

 Al3PW

 Al2HPW

 AlH2PW

 HPW

  
                       Fig. 5: Pore size distribution of all the samples 
 
 

Okuhara et al. [34] showed that large voids exist between the primary particles 

(micro crystallites) in these materials. If the size of the primary AlPW clusters is about 12 

nm, then the most closely packed aggregates could form voids of around 2-3 nm. Inter 

particle voids between larger crystallites would increase the overall apparent average 

pore diameter, consistent with the present study.   

 

Table 2: Textural and acidity measurements of the catalysts 

 
 

Catalyst 

        N2-physisorption Total 
acidity  

NH3-TPD 
(mmol/g 

cat) 

 
FTIR pyridine adsorption 

SBET 
(m2/g) 

Pore 
volume 
(cc/g) 

Average 
pore 

radius (Å) 

Brönsted 
acid 

sites (B) 

Lewis 
acid 

sites (L) 

 
L/B 

HPW 
AlH2PW 
Al2HPW 
Al3PW 

3 
7 

12 
27 

0.013 
0.018 
0.031 
0.058 

20 
28 
35 
50 

1.415 
1.154 
0.902 
0.736 

17.6 
15.8 
14.1 
13.6 

4.4 
6.2 
8.1 
9.7 

0.25 
0.39 
0.57 
0.71 
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3.6 NH3-TPD measurements 

Ammonia TPD technique usually enables the determination of the amount of 

acidic sites and the strength of acid sites present on the catalyst surface together with the 

total acidity. The NH3-TPD patterns in the temperature range of 100-800 oC were 

collected for all the samples are shown in Fig. 6.  
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                          Fig. 6: NH3-TPD patterns of all the samples 
 
The strength of acid sites is related to the corresponding desorption temperature. 

Generally, the acid sites are classified into the weak (150-300 oC), medium (300-450 oC) 

and strong (450-700 oC) acid sites [35]. For parent H3PW sample, a small broad hump for 

medium strength acid sites and two desorption peaks at high temperature (650 oC and 720 

oC) that were ascribed to strong acidic sites were observed. The NH3 desorption of 

AlH2PW has the first desorption maximum at 260 oC (weak acidic sites) and the second 

peak with the desorption maximum at 385 oC (strong acidic sites). Ion exchange with one 

Al atom resulted in shift of the high temperature desorption peaks to lower temperature 

(620 oC and 700 oC). Al2HPW and Al3PW samples showed a major broad peak ranging 

from 150 to 675 oC with a small shoulder at 720 oC.  
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The TPD profile of dried parent HPW sample was sharp and the desorption takes 

place in the high temperature region indicating that this sample is energetically 

homogeneous. Complex desorption profiles were observed for AlPW samples in a broad 

temperature region (150-750 oC), composed of at least three overlapped peaks indicate 

energetic heterogeneity of AlPW salts. This observation is in accordance with the 

reported results for alkaline metal salts of H3PW [36]. 

The total acidity of calculated from TPD analysis was presented in Table 2. The 

acidity of pure H3PW is 1.415 mmol per gram of catalyst. Also the total acidity of the 

strong acidic sites was decreased with increase of Al content. The density of acidic sites 

on the surface, the highest value, 0.471 mmol/m2 g cat, was obtained for H3PW, which 

was related to its low specific surface area (3.0 m2/g). Therefore, as expected, the amount 

and the distribution of the acid strengths on the active phase were significantly influenced 

by the proton exchange with Al. 

3.7 FTIR analysis for pyridine adsorbed samples  

The nature of acidic sites such as Brönsted and Lewis acid sites can be 

distinguished by using pyridine as probe molecule by FTIR studies. It is known that 

pyridine adsorbed samples exhibit peaks at 1446, 1486 and 1536 cm-1. The peak 1446 

cm-1 is characteristic of Lewis-coordinated pyridine (L), whereas the band at 1536 cm-1 

was due to Brönsted -coordinated pyridine (B), and the band at 1486 cm-1 is due to 

Lewis- and Brönsted -coordinated pyridine (L + B) [37].  

The FTIR spectra of adsorbed pyridine on parent H3PW showed typically intense 

bands at 1485, 1530 and 1541 cm-1 that are mainly characteristic of Brönsted type acidity 

(Fig. 7). In the FTIR spectra of adsorbed pyridine on AlPW samples, new band at 1448 
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cm-1 which is attributed to Lewis acid sites was appeared. The intensity of this peak is 

higher for the Al3PW sample. It can be concluded that compared with parent H3PW 

sample the Lewis acid sites were introduced by partial exchanging of H with Al ions.  
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                              Fig. 7: FTIR analysis for pyridine adsorbed samples 
 

 

Thus AlPW samples maintained its Brönsted acidity and increased in Lewis 

acidity, which might be considered as being advantageous for catalyzing the reaction 

involved in synthesis of pyrido[1,2-a]pyrimidine-4-one derivatives. From the above 

results it can be concluded that partial exchanging of protons with Al ions can introduce 

Lewis acid sites into pure H3PW molecules and thereby modify the acid strength of 

parent H3PW via Lewis acid sites assisting Brönsted acid sites. 

The intensity ratio of B and L acidic sites were calculated from the transmittance 

intensities at 1536 and 1446 cm-1. With increase in Al3+ content, the increase in the Lewis 
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acidity is much more than the Brönsted acidity and it was observed that Lewis acidity 

(L/B = 0.71) maximum for Al3PW sample. 

3.8 Synthesis of pyrido[1,2-a]pyrimidin-4-one derivatives 

The title compounds were synthesized by a simple and convenient route as 

outlined in the Scheme 1. 

 
Table 3: Reaction of Ia with IIa in presence of different catalysts under reflux conditions 

 
Catalyst Reaction  

time* (min.) 
Yield  
(%) 

H3PW 30 40 
AlH2PW 30 67 
Al2HPW 30 81 
Al3PW 18 93 

 
*Reaction conditions: Ethanol solvent (10 ml), 10 mmol of 6-methyl-2-aminopyridine and 10 
mmol of 1, 3-dicarbonyl derivatives, 0.1 g (3.35X10-5 moles) of catalyst under reflux 

 

The calculated amounts of substituted 2-aminopyridine and 1, 3-di-ketone 

derivative were stirred in ethyl alcohol and then the reaction mixture was heated to 80 oC 

to begin the reflux of ethyl alcohol and finally calculated amount of solid heteropolyacid 

catalyst was added to the reaction mixture to initiate the reaction. The mixture was kept at 

ethanol reflux temperature (80 oC) until TLC showed no more starting material. The 

catalyst was filtered, washed with ethyl alcohol and then the filtrate was taken in a round 

bottom flask to remove the alcohol under reduced pressure and the product was 

recrystallized to afford the pyrido [1,2-a] pyrimidin-4-one derivative. 
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Table 4: The efficiency of Al3PW catalyst towards the synthesis of different                       
pyrido [1, 2-a] pyrimidin-4-one derivatives. 
 

 
Compound number 

 
Reaction time* 

(min) 

 
Yield 
(%) 

Literature 
yield  
(%) 

N N

O CH3  
III-a 

 

 
 
 

12 

 
 
 

96 

 
 
 

66 [21] 

N N

O CH3

Cl  
III-b 

 
 
 
 

20 

 
 
 
 

91 

 
 
 
 

51 [22] 

N N

O Ph  
III-c 

 
 
 

16 

 
 
 

98 

 
 
 

81 [21] 

N N

CH3

O CH3  
III-d 

 
 
 
 
 

20 

 
 
 
 
 

93 

 
 
 
 
 

65 [23] 
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N N

O Ph

H3C

 
III-e 

 
 
 
 

20 

 
 
 
 

96 

 
 
 
 

69 [23] 

N N

O CH3

H3C

 
III-f 

18 93 60 [24] 
 

N N

O CH3

Cl

H3C

 
III-g 

18 91 66 [25] 

N N

O CH3

H3C

Ph  
III-h 

15 96 22 [26] 

 
*Reaction conditions: Ethanol solvent (10 ml), 10 mmol of 6-methyl-2-aminopyridine and 10 

mmol of 1,3 dicarbonyl derivatives, 0.1 g (3.35X10-5 moles ) of Al3PW catalyst under reflux 
 

In the formation of the pyrido[1,2-a]pyrimidine-4-one derivative, the reaction was 

completed in 30 minutes when H3PW, AlH2PW, Al2HPW were used as catalysts and the 

reaction time was drastically reduced to 18 minutes in case of Al3PW catalyst (Table 3). 
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The yield of the product was also depended on the type of the catalyst used. It was found 

that higher yields were observed in case of Al3PW catalyst compared to parent H3PW and 

other AlPW salts. Recrystallization of the 2, 6-dimethyl-4H-pyrido [1,2-a]pyrimidin-4-

one yielded yellow crystals with 93% yield. The products with greater purity were 

obtained in case of all the catalysts.  

The scope and generality of the methodology is illustrated with respect to eight 

different substituted 1,3-diketone derivatives and the results are presented in Table 2. 

Interestingly, substituted 1,3-diketone derivatives participated well in the reaction system. 

The reaction underwent smoothly with different 1,3-diketone derivatives to afford the 

corresponding substituted-4H-pyrido [1,2-a] pyrimidin-4-one derivatives in good yields 

(entries IIIa-h, Table 4). The yields of 4H-pyrido [1,2-a] pyrimidin-4-one derivatives 

reported in the literature reports are poor (maximum 69%), in comparison the present 

protocol involved solid Al3PW catalyst offered very high yields (91 to 98%). The yield of 

4H-pyrido [1,2-a] pyrimidin-4-one derivative with chlorine moiety is relatively lower 

than the other derivatives without chlorine group. This could be explained the effect of 

electron withdrawing ability of chlorine atom. 

The synthesized compounds were characterized by IR, 1H and 13C NMR spectral 

methods. The 1H-NMR spectral data of synthesized compounds displayed characteristic 

protons of the pyridine nucleus of pyridopyrimidine (C6-C9) and the protons of the two 

methylene groups at 6.71 (supporting information). All the derivatives displayed the 

characteristic peaks at C6 -C9 of the pyridine ring appeared at 7.8, 7.1 and 6.85 

respectively. The imine protons present in the derivatives were appeared as singlet at δ 

8.4-8.7. The 1H NMR also showed the peaks at δ 3.01 and 3.92 with J = 7Hz for -CH2 
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and -OCH2 protons. The data from mass analysis and melting points determined for the 

synthesized derivatives are in accordance with the values reported in the literature. The 

elemental microanalyses of the starting materials compounds the derivatives confirmed 

their chemical structures and were within the acceptable range. 
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Fig.8: Reusability of Al3PW catalyst for synthesis of 4H-pyrido [1,2-a] pyrimidin-4-one 
 

The reusability of the highly active Al3PW catalyst was checked for several 

reaction cycles (Fig.8), the catalyst removed after the completion of the reaction by 

filtration, washed with hot ethanol and dried under vacuum. The recovered catalyst was 

reused for five times using the same reaction conditions. The results showed that the 

regenerated catalyst performs the reactions efficiently under the same reaction conditions 

even after being used for five times. The slight decrease in yield observed in the catalytic 

activity of the Al3PW catalyst on the fourth and fifth time and the decrease of activity 

could be attributed to the weight loss of the catalyst during the working up in each time. 

These results are indicating the robust nature of the Al3PW catalyst to synthesize 4H-

pyrido [1,2-a] pyrimidin-4-one derivatives. 
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Scheme 2: Plausible mechanism of the reaction between 2-aminopyridine and 1,3- 
diketone derivative 
 

The plausible mechanism of the reaction between 2-aminopyridine and 1, 3- 

dicarbonyl derivative is presented in Scheme 2. The interaction between these two 

molecules is known to proceed through the intermediacy of enamines, which are cyclized 

to the desired pyridopyrimidines. The nitrogen ring of 2-aminopyridine combined to the 

double bond of the 1,3-dicarbonyl to give a carbanion intermediate. This carbonion 
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abstracts a proton from the amino group to give the intermediate enamine product. The 

intermediate product gives the final product after the catalytic dehydration. 

To study the stability of the Keggin structure of the catalysts after the 

regeneration in each cycle, FTIR spectra of fresh and used Al3PW catalyst were 

compared (supporting information, Fig. S1).  The FTIR spectra of the samples have not 

showed any major differences in bands at 1080, 981, 886, 791, 593, and 525 cm-1, which 

corresponds to the characteristic P-Oa, W-Od, W-Ob-W, W-Oc-W stretching vibrations. 

The results are indicating that Keggin ion was intact in Al3PW catalyst after use of 

several reaction cycles.  

Authors also tested homogeneous acid catalysts such as conc. HCl and conc. 

H2SO4, which offered mixture of products as these acids known to protonate the multiple 

carbonyl groups. However, the Al3PW catalyst is selective for protonate single carbonyl 

carbon to make NH2 attack more favorable. The observed catalytic performance of the 

catalysts indicates the acidity of the catalyst play a key role in obtaining the highest 4H-

pyrido [1,2-a] pyrimidin-4-one derivative yield. A through characterization of the 

catalysts was performed to understand the role of physic-chemical properties of 

heteropoly acid salts in the catalytic activity. 

 

Conclusions 

A simple and efficient synthesis of some substituted pyrido[1,2-a] pyrimidin-4-

ones derivatives was carried out using Keggin structured AlPW salts as heterogeneous 

catalysts. The synthesis of pyrido[1,2-a] pyrimidin-4-ones derivatives by one-pot two 

component cyclization of 2-aminopyridine and 1,3-dicarbonyl derivatives using a 
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catalytic amount of AlPW catalyst at low reaction temperature. This method not only 

preserves the simplicity, low temperature need, short time, but also consistently gives the 

corresponding products in excellent yields (90-93%). Among the prepared catalysts, 

Al3PW offered high yields of pyrido[1,2-a] pyrimidin-4-ones derivatives due to its high 

surface area and more number of Lewis acid sites. 
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