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A simple highly versatile and efficient synthesis of xanthenedione and dihydropyrimidone 
derivatives is achieved through condensation reactions catalyst by nano-sulfated zirconia, 
nano-structured ZnO, nano-γ-alumina and nano-ZSM-5 zeolites. The optical properties of 
the nano-structured organic molecules were studied. The advantages of methods are short 
reaction times and milder conditions, easy work-up and purification of products by non-
chromatographic methods. The catalysts can be recovered for subsequent reactions and 
reused without any appreciable loss of efficiency.
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INTRODUCTION

Xanthene derivatives have attracted considerable attention 
to organic synthesis [1] and medicinal chemistry [2] in re-
cent years. These compounds have been investigated for 
anti-inflammatory [3], antiviral [4], antimicrobial, [5] anti-
depressant and antimalarial [6] activities. Among them, xan-
thenediones form the structural unit in many of the natural 
product compounds [7]. Xanthenediones are synthesized by 
many procedures in recent years and one among the conven-
tional methods involves acid- or base-catalyzed condensa-
tion of appropriate active methylene carbonyl compounds 
with aldehydes [8] since the active methylene compounds 
like dimedone is used as a precursor for many heterocyclic 
compounds [9, 10].

Various methods for the synthesis of xanthenes are de-
scribed in the literature including condensation of aromatic 
aldehydes and dimedone using NaHSO4 · SiO2 [11], TiO2/SO4

2– 
[12], Dowex-50 W [13], silica sulfuric acid [14], ZrOCl2 · 8H2O 
[15], InCl3 · 4H2O [16], FeCl3 · 6H2O [17], Fe3+-montmorillon-
ite [18]. Alumina-sulfuric acid [19] and amberlyst-15 catalyst 
[20] as solid acid catalysts have been proposed. In addition, 
the synthesis of other xanthenedione derivatives over HPWA/
MCM-41 [21], HPA/SiO2 [22], and Preyssler type heteropoly 
acid [23] has been reported recently. 

Dihydropyrimidone (DHPMs) derivatives have exhibited 
biological activities as calcium channel blockers [24], antihy-
pertensive agents [25], α1a-antagonists [26] and neuropeptide 
Y antagonists [27]. A broad range of biological effects includ-
ing antiviral, antitumor, antibacterial and anti-inflammatory 
activities have been described for these compounds [28] ex-
hibiting significant activity against HIV in AIDS therapy [29]. 
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The initial synthesis of dihydropyrimidones following Bigi-
nelli condensations of β-dicarbonyl compounds with al-
dehydes, and urea or thiourea in the presence of catalytic 
amount of acid has proved to be inefficient with acidic 
conditions, low yields and difficult isolation, expensive rea-
gents and environmental pollution [30]. In recent years, new 
methods for the synthesis of DHPM derivatives has been 
reported through condensation reactions between an alde-
hyde, β-keto ester and urea using InBr3 [31], silica-supported 
[32], microwave-assisted [33], poly(ethylene glycol) (PS-
PEG) resin [34], Yb(PFO)3 [35], silica immobilized nickel 
complex [36], heteropoly acid supported on zeolite[37], hy-
drotalcite [38], chitosan [39], zeolite [40], metallophthalo-
cyanines (MPcs) [41], Y(NO3)3 · 6H2O [42], H3PW12O40 [43], 
copper(II) tetrafluoroborate [44], metal hydrogen sulfates 
M(HSO4)n [45], calcium fluoride [46], aqueous medium [47], 
TaBr5 [48], montmorillonite KSF [49], Ziegler-Natta catalyst 
[50], ion exchange resin [51], I2 [52], chloroacetic acid [53], 
(NH4)2CO3 [54], PPh3 [55], aluminosilicate-AlKIT-5(10) [56] 
and strontium(II) nitrate [57].

In spite of a large number of methods reported for this 
transformation, there has been a considerable interest to ex-
plore simple, milder, rapid and high-yielding protocols by 
employing environment-friendly and reusable catalysts. Most 
of the traditional processes suffer from one or more of the 
following drawbacks such as strong acidic conditions, pollu-
tion, high cost, low yields of the products, requirements for 
long reaction time and tedious work-up procedures, need to 
excess amounts of the reagent and the use of toxic reagents, 
catalysts and / or solvents. Therefore, there is a strong demand 
for a highly efficient and environmentally benign method for 
the synthesis of these heterocycles. In the recent years, the 
use of nano-structured ZnO [58], nano-sulfated zirconia [59], 
nano-γ-alumina [60] and nano-ZSM-5 zeolite [61] catalysts 
has received a considerable interest in organic synthesis. This 
extensive application of heterogeneous catalysts in synthetic 

organic chemistry can make the synthetic process more effi-
cient from both environmental and economic points of view 
[62] and used catalysts can be easily recycled.

In continuation of our ongoing research for the develop-
ment of simple and efficient methods for the synthesis of 
various heterocyclic compounds [63], herein we report the 
synthesis of xanthenedione derivatives through condensation 
reactions between aromatic aldehydes and dimedone and the 
synthesis of dihydropyrimidone derivatives by a three-com-
ponent coupling of β-keto esters, aldehyde and urea in etha-
nol using nano-structured ZnO, nano-sulfated zirconia (SZ), 
nano-γ-alumina and nano-ZSM-5 zeolites as the catalysts.

RESULTS AND DISCUSSION

In the reaction between aromatic aldehydes, dimedone and 
three-component coupling, β-keto esters, aldehyde and urea 
effect of the catalyst amount was investigated (Tables 1, 2).

To minimize the formation of byproducts and to achieve 
good yield of the desired product, the reaction is optimized 
by varying the amount of catalyst (10, 25 and 50 mg), the per-
centage yield of xanthenedione derivatives with 10, 25 and 
50 mg of SZ as a catalyst is 94, 86 and 82%, and for dihy-
dropyrimidone derivatives it is 92, 84 and 80%, respectively 
(Table 1, entries 2–4). The percentage yield of xanthenedione 
derivatives with 10, 25 and 50 mol% of nano-ZnO as a cata-
lyst is 88, 94 and 80%, and for dihydropyrimidone derivatives 
it is 87, 90 and 80%, respectively (Table 1, entries 5–7).

For nano-γ-alumina and nano-ZMS-5 as the catalysts, 
when the catalyst content was increased to 50 mg, the xan-
thenedione derivatives yield decreased to 78% (Table 1, en-
try 10) and 76% (Table 1, entry 13), respectively. A similar 
observation was found for dihydropyrimidone derivatives 
and with increase of catalyst loading their yields decreased to 
80 and 78%, respectively. The same reaction when performed 
without a catalyst for 24 h gave no product.

Ta b l e  1 .  Effect of the type and amount of catalysts on the synthesis of xanthenedione and dihydropyrimidone derivatives

Entry Catalyst Catalyst loading Time, min
Yield, %a

Xanthenedioneb Dihydropyrimidonec

1. – 24 h No reaction No reaction
2. Nano-SZ 10 (mg) 120 94 92
3. 25 (mg) 120 86 84
4. 50 (mg) 120 82 80
5. Nano-ZnO 10 (mol%) 120 88 87
6. 25 (mol%) 120 94 90
7. 50 (mol%) 120 80 80
8. Nano-γ-alumina 10 (mg) 120 90 87
9. 25 (mg) 120 82 84

10. 50 (mg) 120 78 80
11. Nano-ZMS-5 10 (mg) 120 92 90
12. 25 (mg) 120 82 86
13. 50 (mg) 120 76 78

a Yields after isolation of products.
b Reaction was performed with dimedone (2 mmol), benzaldehyde (1 mmol) in the presence of catalyst.
c Ethylacetoacetate (1 mmol), corresponding aldehyde (1 mmol), urea (1.5 mmol).
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In order to optimize the reaction conditions, including 
solvents and temperature, the reaction of aromatic aldehydes 
and dimedone, or three-component coupling, β-keto esters, 
aldehyde and urea was optimized by reaction time and using 
various solvents such as EtOH, MeOH, CH3CN, 1,4-dioxane 
and THF (Table 2, entries 1–6). Reaction in 1,4-dioxane and 
THF solvent gave low product yields even after 110 min and 
130 min (Table 2, entries 5 and 6).

The best results were obtained when the reaction was car-
ried out in ethanol under reflux for 90 min in the presence of 
proper amount of the catalyst (Table 2, entry 2). Therefore, 
ethanol was selected as the solvent for this reaction. Although 

water is a desirable solvent for chemical reactions for reasons 
of cost, safety and environmental concerns, we found that 
using water in this reaction gave moderate yields of products 
under the reflux condition after long reaction times (Table 2, 
entry 1).

Encouraged by these promising results, other aromatic 
aldehydes have been subjected to the above-mentioned op-
timized conditions, and the results were listed in Table 3. 
Several aromatic aldehydes could be converted to the cor-
responding products in good to high yields over nano-crys-
talline solid acid catalysts. Benzaldehyde and other aromatic 
aldehydes containing electron-withdrawing groups (nitro or 

Ta b l e  3 .  Acid-catalyzed synthesis of xanthenedione derivativesa

Entry Ar
Time, min/Yield, %b

MP °C (lit.) [Ref.]
Nano-ZnO Nano-γ-alumina Nano-ZMS-5 Nano-crystalline SZ

1. (1a) C6H5 120/88 120/90 90/92 65/94 202–204 (204–205) [17]
2. (1b) 4-ClC6H5 100/65 110/75 80/80 60/85 228–230 (230–233) [17]
3. (1c) 4-NO2C6H5 90/72 120/78 95/85 70/90 218–220 (216–218) [17]
4. (1d) 4-OHC6H5 75/65 90/82 80/85 65/92 248–250 (249–251) [17]
5. (1e) 4-CH3C6H5 80/52 90/76 70/86 60/92 210–212 (216–217) [17]
6. (1f) 4-OCH3C6H5 90/50 90/76 75/84 60/90 240–242 (244–246) [17]

a The products were characterized by IR, 1H-NMR, and mass spectroscopy.
b Isolated yields.

Ta b l e  2 .  Effect of the solvent on the reaction times and yields

Entry Solvent Time, min
Yield, %a

Xanthenedione Dihydropyrimidone
1. H2O 120 55 60
2. EtOH 120 93 92
3. MeOH 120 75 70
4. CH3CN 120 70 75
5. 1,4-Dioxan 120 65 70
6. THF 120 60 65

a Aromatic aldehydes and dimedone (2.0 mmol), or β-keto esters, aldehyde and urea (2.0 mmol) in the presence of catalyst under reflux conditions in various solvents.

Fig. 1. Proposed mechanism for one-pot synthesis of dihydropyrimidone derivatives from benzaldehyde, ethyl acetoacetate, and urea



Abbas Teimouri, Alireza Najafi Chermahini, Leila Ghorbanian226

halide group) or electron-donating groups (alkyl, alkoxy or 
hydroxyl group) were employed and reacted well to give the 
corresponding xanthenediones. The reaction involves two 
steps to yield the expected xanthenediones: the first step is 
the addition step to form an intermediate, the second being 
the (Knoevenagel type) condensation step with the elimina-
tion of a water molecule to form the product.

Table 4 shows results of the dihydropyrimidone deriva-
tives synthesis via the Biginelli reaction between aromatic 
aldehydes, 1,3-dicarbonyl compounds and urea over nano-
crystalline solid acid catalysts. The presence of electron-with-
drawing groups or electron-donating in the aromatic ring of 
the aldehydes did not have much effect on the reaction such 
that to afford respective products with high yields.

According to the mechanism suggested by Folkers and 
Johnson [64], we propose a mechanism for the formation of 
DHPMs 2a–f (Fig. 2). It has been hypothesized that the re-
action proceeds through an acylimine intermediate and this 

intermediate complex may then react with a β-ketoester. But 
it seems that the mechanism of Biginelli reaction is complex 
and further work is necessary to determine the course of the 
reaction.

A proposed mechanism for the rule of the nano-sulfated 
zirconia catalyst in the reaction of benzaldehyde and dime-
done is presented in Fig. 2.

Tables 5 and 6 compare the efficiency of the present me-
thod with the efficiency of other methods in the synthesis of 
xanthenedione and 1,4-DHPs, respectively. As evident from 
Tables 5 and 6, SZ shows better efficiency than other methods. 
In addition, the reaction times are lower than the previously 
reported conditions.

One of the most important advantages of heterogeneous 
catalysis over the homogeneous counterparts is the possibil-
ity of reusing the catalyst by simple filtration, without loss of 
its activity. The recovery and reusability of the catalyst was 
investigated in the product formation. After completion of 

Ta b l e  4 .  Acid-catalyzed synthesis of dihydropyrimidone derivativesa

Entry Ar
Time, min/Yield, %b

MP °C (lit.) [Ref.]
Nano-ZnO Nano-γ-alumina Nano-ZMS-5 Nano-crystalline SZ

1. (2a) C6H5 100/88 90/87 80/90 60/92 204–206 (202–204) [27]
2. (2b) 4-ClC6H5 110/70 80/86 80/90 60/94 214–216 (212–214) [27]
3. (2c) 4-NO2C6H5 90/68 90/78 90/86 65/89 208–210 (207–209) [27]
4. (2d) 4-OHC6H5 90/62 90/75 80/80 70/93 232–234 (230–232) [27]
5. (2e) 4-CH3C6H5 80/65 75/80 80/84 50/90 214–216 (215–216) [27]
6. (2f) 4-OCH3C6H5 90/60 90/79 75/86 60/92 200–202 (201–203) [27]

a The products were characterized by IR, 1H-NMR, 13C-NMR and mass spectroscopy.
b Isolated yields.

Fig. 2. Proposed mechanism for one-pot synthesis of xanthenedione derivatives



227The green synthesis of xanthenedione and dihydropyrimidone derivatives catalyzed by nano-crystalline solid acid catalysts

the reaction, the catalyst was separated by filtration, washed 
3 times with 5 ml acetone, then several times with doubly 
distilled water and dried at 110 °C. Then the recovered cata-
lyst was used in the next run. The results of three consecutive 
runs showed that the catalysts can be reused several times 
without significant loss of their activity (Fig. 3).

To illustrate efficiency of the method for preparation 
of 1,4-DHP’s we decided to run an experiment with larger 
values in the optimised condition. For this porpose the reac-
tion was repeated with 0.1 mole benzaldehyde as the selected 
aromatic aldehyde and approprate reagents. The results are 
collected in Table 7.

Ta b l e  7 .  Effect of reagent excess on the reaction times and yields

Entry Catalyst Time, h Yield, %a

1. Nano-SZ 4 89
2. Nano-ZnO 4.5 86
3. Nano-γ-alumina 7 84
4. Nano-ZMS-5 5 87

a Benzaldehyde ethyl acetoacetate (0.1 mol) and urea (0.15 mol)in the presence of catalyst.

Ta b l e  6 .  Comparison of the efficiency of nano-crystalline SZ with other reported catalysts in the synthesis of dihydropyrimidone derivativesa

Entry Catalyst, mol% Condition Time Yield, %a References
1. Nano-crystalline SZ EtOH / Reflux 60 min 92 This work
2. HY Zeolite Toluene / Reflux 12 h 64 40
3. Montmorillonite KSF Toluene at 100 °C 48 h 72 49
4. Ziegler-Natta catalyst Solvent-free 100 °C 3 h 90 50
5. Ion exchange resin CH3CN / Reflux 3 h 96 51
6. Iodine as a catalyst Toluene / Reflux 4 h 95 52
7. Chloroacetic acid Solvent-free 90 °C 3 h 92 53
8. (NH4)2CO3 H2O at 50–60 °C 4 h 92 54
9. PPh3 Solvent-free 100 °C 10 h 70 55

10. Aluminosilicate-AlKIT-5(10) CH3CN / Reflux 3 h 96 56
11. Strontium(II) nitrate Acetic acid / Reflux 6 h 77.8 57

a Benzaldehyde, ethyl acetoacetate and urea in the presence of catalyst.

Ta b l e  5 .  Comparison of the efficiency of nano-crystalline SZ with other reported catalysts in the synthesis of xanthenedionederivativesa

Entry Catalyst, mol% Condition Time Yield, %a References
1. Nano-crystalline SZ EtOH / Reflux 65 min 94 This work
2. ZrOCl2 · 8H2O Solvent free at 80 °C 35 min 90 15
3. 20 wt% Fe3+-montmorillonite Ethanol at 100 °C 6 h 94 18
4. Montmorillonite-K10 Ethanol at 100 °C 6 h 60 18
5. HPWA/MCM-41 Ethanol at 90 °C 5 h 94 21

a Benzaldehyde and dimedone in the presence of catalyst.

Fig. 3. The results obtained from catalyst reuse in the product formation
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EXPERIMENTAL

All reagents were purchased from Merck and Aldrich and 
used without further purification. Products were character-
ized by spectroscopy data (IR, FTIR, 1H NMR and 13C NMR 
spectra), elemental analysis (CHN) and melting points. 
A JASCO FT/IR-680 PLUS spectrometer was used to record 
IR spectra using KBr pellets. NMR spectra were recorded on 
a Bruker 400 Ultrashield NMR and DMSO-d6 was used as a 
solvent. Melting points reported were determined by an open 
capillary method using a Galen Kamp melting point appa-
ratus and are uncorrected. Mass Spectra were recorded on a 
Shimadzu Gas Chromatograph Mass Spectrometer GCMS-
QP5050A/Q P5000 apparatus.

Catalyst preparation
Synthesis of nano-crystalline sulfated zirconia
Nano-crystalline sulfated zirconia has been prepared by one 
step sol-gel technique [65]. A typical synthesis involves the 
addition of concentrated sulfuric acid (1.02 ml) to zirconium 
n-propoxide precursor (30 wt%) followed by the hydrolysis 
with water. After 3 h aging at room temperature, the result-
ing gel was dried at 110 °C for 12 h followed by calcination at 
600 °C for 2 h.

Synthesis of nano-structured ZnO
Nano-structured ZnO has been prepared by one step sol-gel 
technique [66]. In a typical procedure, mixtures of ethanol, 
diethanolamine (DEA) and zinc acetate dihydrate were pre-
pared. The concentration of zinc acetate dihydrate in the 
solvent was 0.2 M. The molar ratio of zinc acetate dihydrate 
and diethanolamine was 1.0. pH of the mixture was about 9. 
When the zinc acetate crystals were dissolved completely, so-
dium hydroxide (NaOH) pellets were added to the solution 
to increase the pH of the mixture to about 11. The resultant 
solution was then transferred into a Teflon-lined stainless 
steel autoclave which was sealed and maintained at 130 °C 
for 24 h.

Synthesis of nano-γ-Al2O3 catalyst
The nano-γ-Al2O3 was prepared by the sol-gel method ac-
cording to the procedure described [60]. In a typical experi-
ment, aluminum nitrate (15.614 g) was added to 400 ml of 
deionized water. A similar solution of sodium carbonate is 
prepared by dissolving (7.95 g) in 400 ml of deionized wa-
ter. 200 ml of deionized water are taken in a 2 l capacity 
round-bottom flask and stirred well using a magnetic stir-
rer. Then sodium carbonate and aluminum nitrate solutions 
are added to 200 ml of deionized water (from separate bu-
rettes) dropwise.

The temperature was maintained 70 °C during the ex-
periment. The pH after precipitation was found to be in the 
range of 7.5–8.5. The mixture was stirred for 4 h. The digested 
precipitates were filtered and re-dispersed again in hot 2 l of 
deionized water, filtered and finally washed with ethanol first 

followed by acetone to avoid contamination of ‘Na’ ions, and 
air dried at room temperature. The dried precipitates were 
calcined in a furnace at 550 °C for 5 h to produce nano-sized 
γ-Al2O3 powders.

Synthesis of nano-ZSM-5
For synthesis of nano-ZSM-5, tetrapropylammonium hy-
droxide and tetraethyl orthosilicate were the sources of alu-
minum and silicon, respectively. Nano-ZSM-5 zeolite was 
synthesized according to the procedure described earlier 
[67]. The components were mixed with constant stirring. 
After adding all the ingredients the solution was left to hy-
drolyze at room temperature for 48 h. The gel thus obtained 
was heated at 80 °C to evaporate water and ethanol formed 
during the reaction. The obtained solution was charged into 
a Teflon-lined stainless-steel autoclave under pressure and 
static conditions at 170 °C for 48 h. The solid phase obtained 
was filtered, washed with distilled water several times, dried 
at 120 °C and then calcined at 550 °C for 12 hours.

Characterization
X-ray diffraction patterns were recorded on a diffractometer 
(Philips X’pert) using CuKα radiation (λ = 1.5405 Å), the 
crystallite size of the crystalline phase was determined from 
the peak of maximum intensity by using the Scherrer for-
mula [68] with a shape factor (K) of 0.9 as below: crystallite 
size = K.λ/W.cosθ, where W = Wb–Ws and Wb is the broad-
ened profile width of the experimental sample and Ws is the 
standard profile width of the reference silicon sample. FT-IR 
spectra of the catalysts were recorded by a FT-IR spectropho-
tometer in the range of 400–4 000 cm–1 with a resolution of 
4 cm–1 by mixing the sample with KBr. Specific surface area, 
pore volume and pore size distribution of samples calcined 
at 600 °C were determined from N2 adsorption-desorption 
isotherms at 77K (ASAP 2010 Micromeritics). The surface 
area was calculated by using the BET equation; pore volume 
and pore size distribution were calculated by the BJH method 
[69]. The samples were degassed under vacuum at 120 °C for 
4 h, prior to adsorption measurement to evacuate the phy-
sisorbed moisture. The detailed imaging information about 
the morphology and surface texture of the catalyst was pro-
vided by SEM (Philips XL30 ESEM TMP), a part of the spec-
tra data has been published in our previous work [63].

The X-ray diffraction pattern of sulfated zirconia samples, 
after calcination at 600 °C, showed the presence of only tet-
ragonal phase with 2θ = 30.2, 50.2 and 60.2 in sulfated zirco-
nia samples.

The FT-IR-spectrum sulfated zirconia samples showed the 
IR bands of the SO4

2− group in the region of 1 240–900 cm−1, 
with peaks of the sulfate at 1 238, 1 145, 1 072, 1 043 and 
996 cm–1, which are attributed to asymmetric and symmetric 
stretching frequencies S-O bond.

Figure 4 indicates the formation of crystallized alu-
mina, as broad peaks indexed for γ-Al2O3 are seen in the 
XRD pattern. The broadening of the XRD peaks revealed 
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the nano-size nature of γ-Al2O3 particles in alu-
mina samples. The FT-IR spectra of alumina sam-
ples calcined at 550 °C (Fig. 5) showed an intense 
band centered around 3 500 cm–1 and a broad 
band at 1 650 cm–1, these are assigned to stretch-
ing and bending modes of adsorbed water. The 
Al–O–Al bending stretching vibrations observed 
at around 1 150 cm–1 are due to symmetric and 
asymmetric bending modes, respectively. The OH 
torsional mode observed at 800 cm–1 overlaps 
with Al–O stretching vibrations. The weak band 
at 2 091 cm–1 is assigned to a combination band. 
The bands observed at 617 and 481 cm–1 are at-
tributable to stretching and bending modes of 
AlO6 [70]. The XRD patterns of the synthesized 
nano-ZSM-5 show the crystallization of struc-
tures. The degree of crystallinity was determined 
from the peak area between 2θ = 20–24. Tem-
perature programmed desorption of ammonia 
was carried out to determine the amount of acid 
sites relative to reference samples of zeolite with 
known Si/Al ratios. The XRD patterns of nano-
sized ZnO particles were obtained. All nano-ZnO 
samples exhibited a hexagonal structure. Charac-
teristic peaks of ZnO appeared at 31.7, 34.5, 36.2 
and 56.5 (Fig. 6).

The morphology of the as prepared nano-size 
γ-Al2O3 and nano-sized ZnO powders analyzed 
by SEM is shown in Figs. 7–8. The SEM image 
demonstrates clearly the formation of spherical 
ZnO nanoparticles. The γ-Al2O3 powders indicat-
ed strong agglomeration of particles with varied 
spherical sizes.

General procedure for the synthesis of xanthene-
dione derivatives
In a 50 mL round bottom flask a mixture of dime-
done (2 mmol) and aromatic aldehyde (1 mmol) 
was thoroughly mixed in ethanol (10 mL), then 
the catalyst was added, and the solution was re-
fluxed for appropriate time (Table 1). The prog-
ress of the reaction was monitored by TLC. After 
completion of the reaction, the reaction mixture 
was cooled to room temperature and the result-
ing solid was collected by filtration and dissolved 
in 20 mL ethyl acetate. The catalyst was recovered 
by filtration. After evaporation of the solvent, the 
pure product could be obtained by recrystallizing 
in ethanol.

3,3,6,6-Tetramethyl-9-(phenyl)-1,8-dioxo-1,2, 
3,4,5,6,7,8-octahydro-xanthene (1a)
White solid; m. p. 202–204 °C; FTIR: 2 957, 1 666, 
1 364, 1 199 cm–1; 1H NMR (400 MHz, DMSO-d6) 
δ: 0.99 (s, 6H, 2CH3), 1.10 (s, 6H, 2CH3), 2.24 (dd, 

Fig. 4. XRD pattern of the nano-γ-alumina catalyst

Fig. 5. FT-IR spectra of the nano-γ-alumina catalyst

Fig. 6. XRD pattern of the nano-ZnO catalyst
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4H, J = 1.6 Hz, J = 4.0 Hz, 2CH2), 2.50 (s, 4H, 2CH2), 4.75 
(s, 1H, CH), 7.10 (m, 2H, ArH), 7.20 (m, 3H, ArH); 13C NMR 
(400 MHz, DMSO-d6) δ: 26.4, 28.2, 30.8, 31.7, 50.6, 112.1, 
126.3, 127.6, 129.8, 145.1, 162.8, 195.7; Anal. calcd. for 
C23H26O3 (350.19): C, 78.83; H, 7.48. Found: C, 78.66; H, 
7.32.

3,3,6,6-Tetramethyl-9-(4-chlorophenyl)-1,8-dioxo-1,2, 
3,4,5,6,7,8-octahydroxanthene (1b)
White solid; m. p. 228–230 °C; FTIR: 3 060, 2 984, 1 691, 1 666, 
1 368, 1 196, 1 094 cm–1; 1H NMR (400 MHz, DMSO-d6) δ: 
0.89 (s, 6H, 2CH3), 1.12 (s, 6H, 2CH3), 2.22 (dd, 4H, J = 1.6 Hz, 
J = 2.4 Hz, 2CH2), 2.52 (dd, 4H, 2CH2), 4.72 (s, 1H), 7.48–8.15 
(m, 4H, ArH); 13C NMR (400 MHz, DMSO-d6) δ: 26.4, 28.4, 
30.6, 31.5, 50.1, 113.8, 127.3, 129.8, 130.7, 144.5, 162.6, 195.7; 
Anal. calcd. for C23H25ClO3 (384.15): C, 71.77; H 6.55. Found: 
C, 71.56; H 6.32.

3,3,6,6-Tetramethyl-9-(4-nitrophenyl)-1,8-dioxo-1,2, 
3,4,5,6,7,8-octahydroxanthene (1c)
White solid; m. p. 218–220 °C; FTIR: 3 082, 2 954, 1 664, 1 368, 
1 170 cm–1; 1H NMR (400 MHz, DMSO-d6) δ: 0.96 (s, 6H, 
2CH3), 1.06 (s, 6H, 2CH3), 2.12 (dd, 4H, J = 1.6 Hz, J = 2.6 Hz, 
2CH2), 2.50 (s, 4H, 2CH2), 4.44 (s, 1H), 7.12–7.24 (m, 4H, 
ArH); 13C NMR (400 MHz, DMSO-d6) δ: 26.5, 27.2, 29.3, 

32.2, 50.5, 113.7, 123.5, 129.6, 146.5, 152.1, 163.6, 195.4; Anal. 
calcd. for C23H25NO5 (395.17): C, 69.86; H, 6.37. Found: C, 
69.54; H, 6.12.

3,3,6,6-Tetramethyl-9-(4-hydroxyphenyl)-1,8-dioxo-1,2, 
3,4,5,6,7,8-octahydroxanthene (1d)
White solid; m. p. 248–250 °C; FTIR: 3 320, 2 956, 1 650, 
1 363, 1 088 cm–1; 1H NMR (400 MHz, DMSO-d6) δ: 0.98 
(s, 6H, 2CH3), 1.14 (s, 6H, 2CH3), 2.21 (dd, 4H, J = 1.6 Hz, 
J = 2.4 Hz, 2CH2), 2.46 (s, 4H, 2CH2), 4.73 (s, 1H, CH), 5.22 
(s, 1H, OH), 6.70–7.12 (m, 4H, ArH); 13C NMR (400 MHz, 
DMSO-d6) δ: 26.3, 27.5, 28.8, 32.1, 50.6, 113.4, 123.4, 146.8, 
151.8, 155.2, 162.9, 195.4. m/z. 366.18 (M+). Anal. calcd. 
for C23H26O4 (395.17): C, 75.38; H, 7.15. Found: C, 75.16; H, 
6.82.

3,3,6,6-Tetramethyl-9-(4-methylphenyl)-1,8-dioxo-1,2, 
3,4,5,6,7,8-octahydroxanthene (1e)
White solid; m. p. 210–212 °C; FTIR: 3 324, 2 952, 1 662, 1 614, 
1 363 cm–1; 1H NMR (400 MHz, DMSO-d6) δ: 0.98 (s, 6H, 
2CH3), 1.10 (s, 6H, 2CH3), 2.10 (s, 3H, CH3), 2.22 (dd, 4H, 
J = 1.6 Hz, J = 2.6 Hz, 2CH2), 2.44 (s, 4H, 2CH2), 4.70 (s, 1H, 
CH), 6.72–7.34 (m, 4H, ArH); 13C NMR (400 MHz, DMSO-d6) 
δ: 24.3, 26.2, 27.3, 29.1, 32.6, 50.4, 113.8, 123.2, 147.1, 151.6, 
155.4, 163.1, 195.2; Anal. calcd. for C24H28O3 (364.2): C, 79.08; 
H, 7.74. Found: C, 78.86; H, 7.58.

3,3,6,6-Tetramethyl-9-(4-methoxyphenyl)-1,8-dioxo-1,2, 
3,4,5,6,7,8-octahydroxanthene (1f)
White solid; m. p. 240–242 °C; FTIR: 3 322, 2 956, 1 650, 1 616, 
1 365 cm–1; 1H NMR (400 MHz, DMSO-d6) δ: 0.96 (s, 6H, 
2CH3), 1.16 (s, 6H, 2CH3), 2.17 (s, 3H, CH3), 2.24 (dd, 4H, 
J = 1.6 Hz, J = 2.4 Hz, 2CH2), 2.46 (s, 4H, 2CH2), 4.74 (s, 1H, 
CH), 6.72–7.24 (m, 4H, ArH); 13C NMR (400 MHz, DMSO-
d6) δ: 26.6, 27.4, 29.1, 32.6, 50.6, 55.3, 113.6, 123.8, 147.3, 
151.2, 157.4, 163.6, 195.4; Anal. calcd. for C24H28O4 (380.02): 
C, 75.76; H, 7.42. Found: C, 75.62; H, 6.22.

General procedure for the synthesis of dihydropyrimidone 
derivatives
To a mixture of β-dicarbonyl compound (1 mmol), cor-
responding aldehyde (1 mmol), and urea (1.5 mmol) in 
ethanol (10 mL) the catalyst was added and the solution 
was refluxed for appropriate time (Table 2). After comple-
tion of the reaction as indicated by TLC, ethyl acetate was 
added to the solidified mixture and the insoluble catalyst 
was separated by filtration. After removal of the solvent, the 
residual solid was recrystallized from ethanol to obtain the 
pure product.

5-Ethoxycarbonyl-6-methyl-4-(phenyl)-3,4-dihydropy-
rimidin-2(H)-one (2a)
White solid; m. p. 204–206 °C; FTIR: 3 322, 3 165, 2 975, 
1 664, 1 458, 1 358, 1 123, 1 026 cm–1; 1H NMR (400 MHz, 
DMSO-d6) δ: 1.16 (t, 3H, J = 7.2 Hz, CH3), 2.32 (s, 3H, CH3), 

Fig. 7. SEM micrograph of the nano-γ-alumina catalyst

Fig. 8. SEM micrograph of the nano-ZnO catalyst
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4.08 (q, 2H, J = 7.2 Hz, CH2), 5.32 (s, 1H, CH), 7.20–7.35 
(m, 5H, ArH), 7.15 (s, NH), 7.74 (s, NH); 13C NMR (400 MHz, 
DMSO-d6) δ: 14.6, 17.8, 54.6, 60.5, 94.6, 101.6, 127.2, 128.6, 
129.4, 144.4, 145.6, 165.7, 174.8; Anal. calcd. for C14H16N2O3 
(260.12): C, 64.60, H, 6.20, N, 10.76; Found: C, 64.44, H, 6.08, 
N, 10.62.

4-(4-Chloro-phenyl)-5-ethoxycarbonyl-6-methyl-3,4-di-
hydropyrimidin-2(H)-one (2b)
White solid; m. p. 214–216 °C; FTIR: 3 320, 3 164, 2 972, 1 666, 
1 456, 1 352, 1 121, 1 023 cm–1; 1H NMR (400 MHz, DMSO-d6) 
δ: 1.12 (t, 3H, CH3), 2.34 (s, 3H, CH3), 4.02 (q, 2H, CH2), 5.30 
(s, 1H, CH), 6.82–7.31 (dd, 4H, J = 8.5 Hz, ArH), 7.14 (s, NH), 
7.72 (s, NH); 13C NMR (400 MHz, DMSO-d6) δ: 17.8, 50.6, 
53.5, 98.7, 128.0, 128.3, 131.7, 143.5, 148.7, 151.6, 165.6; Anal. 
calcd. for C14H15ClN2O3 (294.08): C, 57.05; H, 5.31; N, 9.50. 
Found: C, 56.84; H, 5.11; N, 9.42.

5-Ethoxycarbonyl-6-methyl-4-(4-nitrophenyl)-3,4-di-
hydropyrimidin-2(H)-one (2c)
White solid; m. p. 208–210 °C; FTIR: 3 323, 3 167, 2 971, 1 668, 
1 536, 1 452, 1 344, 1 127, 1 021 cm–1; 1H NMR (400 MHz, 
DMSO-d6) δ: 1.16 (t, 3H, J = 6.8 Hz, CH3), 2.30 (s, 3H, CH3), 
4.06 (q, 2H, J = 6.8 Hz, CH2), 5.34 (s, 1H, CH), 6.91–7.34 (dd, 
4H, J = 7.5 Hz, J = 7.2 Hz, ArH), 7.18 (s, NH), 7.70 (s, NH); 
13C NMR (400 MHz, DMSO-d6) δ: 14.1, 17.6, 53.9, 59.3, 99.7, 
114.5, 127.2, 135.8, 146.2, 153.1, 156.7, 165.4; Anal. calcd. 
for C14H15N3O5 (305.01): C, 55.08; H, 4.95; N 13.76. Found: 
C, 54.86; H, 4.71; N, 13.52.

5-Ethoxycarbonyl-4-(4-hydroxyphenyl)-6-methyl-3,4-
dihydropyrimidin-2(H)-one (2d)
White solid; m. p. 232–234 °C; FTIR: 3 332, 3 162, 2 976, 1 662, 
1 458, 1 352, 1 126, 1 022 cm–1; 1H NMR (400 MHz, DMSO-
d6) δ: 1.12 (t, 3H, J = 7.0 Hz, CH3), 2.31 (s, 3H, CH3), 4.06 
(q, 2H, J = 7.0 Hz, CH2), 5.34 (s, 1H, CH), 5.26 (s, 1H, OH), 
6.88–7.30 (dd, 4H, J = 8.4 Hz, ArH), 7.16 (s, NH), 7.75 (s, NH); 
13C NMR (400 MHz, DMSO-d6) δ: 14.0, 17.7, 53.4, 59.1, 99.7, 
114.8, 127.3, 135.4, 147.6, 152.4, 156.3, 165.2; Anal. calcd. 
for C14H16N2O4 (276.41): C, 60.86; H, 5.84; N, 10.14. Found: 
C, 60.61; H, 5.66; N, 9.78.

5-Ethoxycarbonyl-6-methyl-4-(4-methylphenyl)-3,4-
dihydropyrimidin-2(H)-one (2e)
White solid; m. p. 214–216 °C; FTIR: 3 320, 3 161, 2 970, 1 665, 
1 451, 1 352, 1 120, 1 026 cm–1; 1H NMR (400 MHz, DMSO-d6) 
δ: 1.12 (t, 3H, J = 7.1 Hz,CH3), 2.14 (s, 3H, CH3), 2.34 (s, 3H, 
CH3), 4.04 (q, 2H, J = 7.1 Hz, CH2), 5.31 (s, 1H, CH), 6.80–7.32 
(dd, 4H, J = 8.2 Hz, ArH), 7.16 (s, NH), 7.76 (s, NH); 13C NMR 
(400 MHz, DMSO-d6) δ: 14.8, 18.1, 21.52, 54.6, 60.4, 101.7, 
127.2, 129.8, 137.6, 141.4, 145.7, 166.3, 175.2; Anal. calcd. 
for C15H18N2O3 (274.13): C, 65.68; H, 6.61; N, 10.21. Found: 
C, 65.54; H, 6.46; N, 9.82.

5-Ethoxycarbonyl-4-(4-methoxyphenyl)-6-methyl-3,4-
dihydropyrimidin-2(H)-one (2f)
M.  p. 200–202; FTIR: 3 163, 2 971, 1 665, 1 454, 1 350, 1 121, 
1 025 cm–1; 1H NMR (400 MHz, DMSO-d6) δ: 1.14 (t, 3H, 
J = 7.0 Hz, CH3), 2.32 (s, 3H, CH3), 3.34 (s, 3H, CH3), 4.01 
(q, 2H, J = 7.0 Hz,CH2), 5.33 (s, 1H, CH), 6.81–7.33 (dd, 
4H, J = 8.4 Hz, ArH), 7.16 (s, NH), 7.76 (s, NH); 13C NMR 
(400 MHz, DMSO-d6) δ: 14.6, 18.1, 54.2, 55.8, 60.6, 101.8, 
127.4, 130.1, 137.4, 141.6, 145.7, 167.1, 175.6; Anal. calcd. 
for C15H18N2O4 (290.13): C, 62.06; H, 6.25; N, 9.65. Found: 
C, 61.88; H, 5.87; N, 9.48.

CONCLUSIONS

A one-pot, multicomponent methodology has been devel-
oped for the synthesis of xanthenedione derivatives and di-
hydropyrimidone derivatives. A comparison of the catalytic 
efficiency of nano-sulfated zirconia, nano-structured ZnO, 
nano-γ-alumina and nano-ZSM-5 zeolites with the nano-
sulfated zirconia exhibiting greater activity has also been 
demonstrated. Compared to previously reported methods, 
moreover, mild reaction conditions, easy work-up, clean 
reaction profiles, lower catalyst loading and cost efficiency 
render this approach as an interesting alternative to the ex-
isting methods.
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KSANTENEDIONO IR DIHIDROPIRIMIDONO 
DARINIŲ ŽALIOJI SINTEZĖ, KATALIZUOJAMA 
NANOKRISTALINIAIS KIETAISIAIS RŪGŠTINIAIS 
KATALIZATORIAIS

S a n t r a u k a
Aprašyta paprasta universali ksantenediono ir dihidropirimidono 
darinių sintezė kondensacijos reakcijų pagalba, katalizatoriais nau-
dojant nanostruktūrizuotus cirkonio, cinko, aliuminio oksidus bei 
nano-ZSM-5 ceolitus.


