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Abstract: Polytungstozincate acid was prepared from sodium polytungstozincate and after formulation, 

Na3H9[WZn3(H2O)2(ZnW9O34)2], was used as an efficient catalyst for the synthesis of xanthene derivatives under solvent-

free conditions. The simple experimental procedure, short reaction times (40-120 min.), and excellent yields (81-94%) are 

the advantages of the present method. 
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1. INTRODUCTION 

 Due to the super acidic properties of solid polyoxometa-
lates acids (HPOMs), in the last three decades, polyoxometa-
lates acids have found numerous applications as useful and 
versatile acid catalyst for some acid-catalyzed reactions [1-
3]. They are usually solids that are insoluble in non-polar 
solvents but highly soluble in polar ones. They can be used 
in bulk or supported forms in both homogeneous and hetero-
geneous systems. Furthermore, polyoxometalates acids have 
several advantages, including high flexibility in modification 
of the acid strength, ease of handling, environmental com-
patibility, and non-toxicity and experimental simplicity [1-
3]. Various polyoxometalates acids in general and Keggin 
and Well-Dawson acids in particular have attracted consider-
able amount of interest as acid catalysts for the synthesis of 
fine chemicals [4]. In spite of vast area of polyoxometalates 
acids, most of attention has been devoted to the catalytic 
behavior of Keggin, Well-Dawson and Preyssler type 
polyoxometalates acids [5-7]. It has been demonstrated re-
cently that the polytungstometalates have high potential as 
recyclable oxidative catalysts in the synthesis of fine chemi-
cals. However, applications of polytungstometalate acids in 
acid catalyst reactions are not explored [4-9]. 

 Xanthenes and benzoxanthenes have recently received 
great attention because of their wide range of therapeutic and 
biological properties, such as antibacterial [10], antiviral 
[11], and anti-inflammatory activities [12]. Furthermore, 
these compounds have emerged as sensitizers in photody-
namic therapy, a well known method of controlling the local-
ized tumors [13]. The other useful applications of these het-
erocycles are as dyes [14] and in laser technologies [15]. 

 Many procedures are disclosed to synthesize xanthenes 
and benzoxanthenees like cyclodehydrations [16], trapping 
of benzynes by phenols [17], alkylations  to the heteroatoms  
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[18], and cyclo condensation between 2-hydroxy aromatic 
aldehydes and 2-tetralone [19]. Furthermore, 14H-
dibenzo[a,j]xanthenes and its analogous are prepared by re-
action of 2-naphthol with 2-naphthol-1-methanol [20], for-
mamide [21], and carbon monoxide [22]. 

 In spite of potential utility of aforementioned routes for 
the synthesis of xanthene derivatives, many of these methods 
involve expensive reagents, strong acidic conditions, long 
reaction times, low yields, use of excess of reagents/catalysts 
and use of toxic organic solvents. Therefore, to avoid these 
limitations, the discovery of a new and efficient catalyst with 
high catalytic activity, short reaction time, recyclability and 
simple work-up for the preparation of xanthenes under neu-
tral, mild and practical conditions is of prime interest. The 
aim of this study is to utilize the polytungstozincate acid as a 
catalyst for the synthesis of xanthene derivatives. 

2. EXPERIMENTAL 

 Melting points were measured on an Elecrtothermal 9100 
apparatus and are uncorrected. 

1
H and 

13
C NMR spectra 

were recorded on a BRUKER DRX-300 AVANCE spec-
trometer at 300.13 and 75.47 MHz, respectively. IR spectra 
were recorded on a Bomem MB-Series FT-IR spectropho-
tometer. Elemental analyses were performed using a Heracus 
CHN-O-Rapid analyzer. 

2.1. General Procedure for the Preparation of Catalyst 

 Sodium polytungstozincate, Na12[WZn3(H2O)2(ZnW9 

O34)2]46.H2O, was prepared from Na2WO4.2H2O and 
Zn(NO3)2.6H2O in water according to earlier report [23]. For 
the preparation of parent acid, Na12[WZn3(H2O)2(ZnW9 

O34)2]46.H2O (7.00 g) was dissolved in H2O (100 ml) and 
passed twice through a column (70 x 2 cm) of Amberlite IR-
120 resin (acidic from). Water was removed under reduced 
pressure at 80 ºC to furnish a light-yellow solid. The poly-
tungstozincate acid was recrystallized from a H2O/DMSO 
(2:5 v/v) solution at room temperature. Formulation of poly-
tungstozincate acid, H9Na3[WZn3(H2O)2(ZnW9O34)2].24H2O, 
was accomplished by thermal analysis (TGA/DTA), titration 
with base and sodium analysis. 
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2.2. General Procedure for the Preparation of 14-Aryl-
14H-Dibenzo[a,j]Xanthenes 

 A mixture of 2-naphthol (2 mmol), aldehyde (1 mmol) 
and polytungstozincate acid (1 mol %, 0.05 g) was heated at 
80 

o
C for an appropriate time (TLC). After cooling, the reac-

tion mixture was washed with CHCl3 (10 ml). The solvent 
was evaporated and the crude product recrystallized from 
EtOH to afford the pure product. The recovered catalysts 
dried for 1h at 100 

o
C for investigation of the recyclability of 

the catalysts. 

2.3. General Procedure for the Preparation of 1,8-Dioxo-
Octahydro-Xanthenes 

 A mixture of 5,5-dimethyl-1,3-cyclohexanedione (2 
mmol), aldehyde (1 mmol) and polytungstozincate acid (1 
mol %, 0.05 g) was heated at 80 

o
C for an appropriate time 

(TLC). After cooling, the reaction mixture was washed with 
CHCl3 (10 ml). The solvent was evaporated and the crude 
product recrystallized from EtOH to afford the pure product. 
The recovered catalysts dried for 1h at 100 

o
C for investiga-

tion of the recyclability of the catalysts. 

 All the products are known compounds and were charac-
terized by IR and NMR spectroscopic data and their melting 
points are compared with reported values. 

2.4. General Procedure for the Preparation of 13-Aryl-
13H-6-Oxo-Pentacene-5,7,12,14-Tetraone 

 A mixture of 2-hydroxy-1,4-naphthalenedione (2 mmol), 
aldehyde (1 mmol) and polytungstozincate acid (1 mol %, 
0.05 g) was heated at 80 

o
C for an appropriate time (TLC). 

After cooling, the reaction mixture was washed with hot 
DMF (5 ml) and DMF filtrated was diluted with water. The 
separated red solid was filtered under suction and the crude 
product recrystallized from EtOH to afford the pure product. 

 13-Phenyl-13H-6-oxo-pentacene-5,7,12,14-tetraone 
(8a): m.p. 298-300 

o
C; IR (KBr) ( max/cm

-1
): 3035, 1660, 

1569 cm
–1

; 
1
H NMR (DMSO-d6): H 5.09 (1H, s, CH), 7.16-

8.08 (13H, m, H-Arom.); MS (m/z, %): 418 (57), 329 (43), 
263 (100). Anal. Calcd (%) for C27H14O5: C, 77.51; H, 3.37. 
Found C, 77.64; H, 3.41. 

 13-(4-Chloro-phenl)-13H-6-oxo-pentacene-5,7,12,14-
tetraone (8b): m.p. 350 dec. 

o
C; IR (KBr) ( max/cm

-1
): 3028, 

1663, 1610 cm
–1

; 
1
H NMR (DMSO-d6): H 5.10 (1H, s, CH), 

7.26-8.07 (12H, m, H-Arom.); MS (m/z, %): 452 (78), 299 
(100). Anal. Calcd (%) for C27H13ClO5: C, 71.61; H, 2.89. 
Found C, 71.56; H, 3.93. 

 13-(4-Methyl-phenyl)-13H-6-oxo-pentacene-5,7,12,14-
tetraone (8c): m.p. 315-317 

o
C; IR (KBr) ( max/cm

-1
): 3037, 

1662, 1608 cm
–1

; 
1
H NMR (DMSO-d6): H 2.21 (3H, s, CH3), 

5.09 (1H, s, CH), 7.07-8.12 (12H, m, H-Arom.); MS (m/z, 
%): 432 (45), 407 (25), 279 (100). Anal. Calcd (%) for 
C28H16O5: C, 77.77; H, 3.73. Found C, 77.68; H, 3.66. 

 13-(2-Chloro-phenyl)-13H-6-oxo-pentacene-5,7,12,14-
tetraone (8d): m.p. 307-310 

o
C; IR (KBr) ( max/cm

-1
): 3037, 

1662, 1608 cm
–1

; 
1
H NMR (DMSO-d6): H 5.45 (1H, s, CH), 

7.17-8.10 (12H, m, H-Arom.); MS (m/z, %): 452 (20), 389 
(100), 287 (50). Anal. Calcd (%) for C28H16O5: C, 77.77; H, 
3.73. Found C, 77.69; H, 3.78. 

3. RESULTS AND DISCUSSION 

 In continuation of our interest on the application of het-
erogeneous catalysts, especially polyoxometalates acids, for 
development of useful synthetic methodology [24-26], we 
wish to report a simple, convenient and efficient method for 
the synthesis of xanthenes derivatives using polytungstozin-
cate acid as a reusable eco-friendly catalyst under solvent-
free conditions. 

 We began to study this condensation reaction by examin-
ing the amount of catalysts for the reaction involving 4-
chloro-benzaldehyde 2c and 2-naphthol 1 to afford the prod-
uct 3c under solvent-free conditions at 80

o
C (Scheme 1). We 

found that 0.05 g of polytungstozincate acid seems to be the 
optimum amount of catalyst and increasing amount of cata-
lyst did not improve the yields while decreasing the amount 
of catalyst decreased the yield. 

 Apparently, reaction of various aromatic aldehydes 2a-g 
and 2-naphthol 1 in the presences of the optimized amount of 
polytungstozincate acid under solvent-free conditions at 80 
o
C resulted in the formation of 14-aryl-14H-

dibenzo[a,j]xanthene 3a-g (Scheme 1). High yields were 
obtained using aromatic aldehydes carrying electron-
donating or electron-withdrawing substituents in 1-2 h (Ta-
ble 1), and many problems which many associate with sol-
vent use such as cost, handling, safety and pollution have 
been avoided. 

 In aforementioned experiments the catalyst can be iso-
lated by filtration and reloaded with fresh reagents for fur-
ther runs. No significant leaching of catalyst was observed. 
Notably recyclization of catalyst is possible for three succes-
sive times without significant loss of activity (Table 1, entry 
3c). Finally, it should be mentioned when reactions were 
carried out in the absence of catalyst for long period of time 
(7-8h) and in solvent-free condition at 80 °C the yields of 
products were low (<30%). 

 However, the reaction conducted with 1-naphthol instead 
of 2-naphthol, could not afford any product. The experimental 
procedure of the present reaction is simple and the conversion 
was completed within a short period of time (Table 1). 

OH

+ ArCHO

80 oC/Solvent-free O

Ar

2

1

3a-h2a-h

Polytungstozincate acid

 

Scheme 1. Synthesis of aryl-14H-dibenzo[a,j]xanthenes. 
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Table 1. Synthesis of Aryl-14H-Dibenzo[a,j]Xanthenes 

 

Product 3 Ar Time (h) Yield (%)
a
 

a 

 

1 81 

b 

Cl

 

1.2 82 

c Cl

 

1.5 88 (87,85)b 

d Br

 

2 91 

e 

O2N

 

2 87 

f O2N

 

1 89 

g Me

 

1 87 

a Isolated yields. 
b Isolated yields after recycling of catalyst. 

 

 Table 2, compares efficiency of polytungstozincate acid 
(time, yield, reaction conditions) with efficiency of other 
catalysts in synthesis of 14-aryl-14H-dibenzo[a,j]xanthene 
obtained by other groups. It is clear from Table 2, our 
method is simpler, more efficient, and less time consuming 
for the synthesis of 14-aryl-14H-dibenzo[a,j]xanthene de-
rivatives. 

 The following mechanism can be proposed and account 
as a possible pathway for the polytungstozincate acid cata-
lyzed transformation. One molecule of 2-naphthol was firstly 
condensed with an aromatic aldehyde to afford intermediate 
4. The intermediate 4 reacted with another molecule of 2-
naphthol to afford the corresponding benzoxanthenes 
(Scheme 2). As shown in Scheme 2, a proton source 
{H9Na3[WZn3(H2O)2(ZnW9O34)2].24H2O} is necessary for 
this process. 

OH

Ar H

O

H+

H+

Ar H

OH+ OH+

Ar OH

OH

Ar OH

OH

Ar OH2
+

OH

Ar

OH

OH+

Ar

OH

OH

H+

Product

4

-H2O

 

Scheme 2. Proposed mechanism for the synthesis of aryl-14H-

dibenzo[a,j]xanthenes. 

 Encouraged by these results, we replaced the 5,5-
dimethyl-1,3-cyclohexanedione 5 instead of 2-naphthol 1 in 
the same conditions (Scheme 3). The reaction of 5,5-
dimethyl-1,3-cyclohexanedione 5 was carried out with vari-
ous aromatic aldehydes under solvent-free conditions at 80 
o
C, which also afforded 1,8-dioxo-octahydroxanthene deriva-

tives 6a-g in good to high yields within a short period of 
time (40-80 min, Table 3). We have found that the reaction 
proceeds very efficiently with aromatic aldehydes carrying 
electron-donating or electron-withdrawing substituents. As 
can be seen from Table 3, in these experiments, recyclization 
of catalyst is possible for three successive times without sig-
nificant loss of activity (Table 3, entry 6c). 

 The suggested mechanism of the polytungstozincate acid 

catalyzed transformation is shown in Scheme 4. In this proc-
ess, polytungstozincate acid is a protonic acid, which cata-
lyzes this reaction. 

 The efficiency of polytungstozincate acid (time, yield, 
reaction conditions) are compared with efficiency of other 
catalysts in synthesis of 1,8-dioxo-octahydroxanthenes and 
the results are presented in Table 4. It is clear; the present 
method is simpler, more efficient and less time consuming 
for the synthesis these compounds. 

 Similarly, 13-aryl-13H-6-oxo-pentacene-5,7,12,14-tetraone 
derivatives 8a-d were obtained by the reaction of 2-hydroxy-
1,4-naphthalenedione 7 and aromatic aldehydes (Scheme 5). 

Table 2. Comparison of Efficiency of Various Catalysts in Synthesis of 14-Aryl-14H-Dibenzo[a,j]Xanthene 

 

Catalyst Conditions Yield (%) Time (h) Ref. 

H9Na3[WZn3(H2O)2(ZnW9O34)2].24H2O Solvent-free/80 oC 81-91 1-2 This work 

SelectfluorTm Solvent-free/125 oC 90-95 6-12 [27] 

p-toluene sulfonic acid Solvent-free/125 oC 80-96 2.5-6 [28] 

p-toluene sulfonic acid 1,2-dichloroethane(reflux) 85-95 15-24 [28] 

I2 Solvent-free/90oC 85-95 2-5 [29] 

Sulfamic acid Solvent-free/125 oC 90-95 6-12 [30] 
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When the reaction was carried out under solvent-free condi-
tions at 80 

o
C in the presence of catalyst, the 13H-6-oxo-

pentacene-5,7,12,14-tetraone derivatives 8 were obtained in 
good yield (Scheme 5), while without catalyst only starting 
material was recovered. This indicates a catalyst is requiring 
for this reaction. 

Table 3.  Synthesis of 1,8-Dioxo-Octahydro-Xanthenes 

 

Product 6 Ar Time (min)  Yield (%)
a
 

a 

 

40 94 

b 

Cl

 

55 85 

c Cl

 

80 90 (90,88)b 

d Br

 

70 81 

e 

O2N

 

60 92 

f O2N

 

65 83 

g Me

 

50 88 

 a Isolated yields. 
b Isolated yields after recycling of catalyst. 

Polytungstozincate acid
+ ArCHO

80 oC/Solvent-freeO O

2

2a-g5
O

Ar OO

6a-g  

Scheme 3. Synthesis of 1,8-dioxo-octahydro-xanthenes. 
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Scheme 4. Proposed mechanism for the synthesis of 1,8-dioxo-

octahydro-xanthenes. 

 

4. CONCLUSION 

 We have developed a simple, efficient and green meth-
odology for the synthesis of xanthenes using 
H9Na3[WZn3(H2O)2(ZnW9O34)2].24H2O under solvent-free 
conditions. The simple experimental procedure, solvent-free 
reaction conditions, excellent yields and utilization of a reus-
able catalyst are the advantages of the present method. 

Table 4. Comparison of Efficiency of Various Catalysts in Synthesis of 1,8-Dioxo-Octahydro-Xanthenes 

 

Catalyst Conditions Yield (%) Time (h) Ref. 

H9Na3[WZn3(H2O)2(ZnW9O34)2].24H2O  Solvent-free/80 oC 81-93 0.4-1.3 This Work 

InCl3.4H2O Ionic liquide/80 oC 76-95 4-10 [31] 

Fe3+-montmorillonite EtOH(reflux) 84-96 6 [32] 

Polyaniline-p-toluenesulfonate H2O(reflux) 73-84 6 [33] 

NaHSO4-SiO2 CH3CN(reflux) 90-98 6 [34] 

Amberlyst-15 CH3CN(reflux) 90-96 5 [35] 

 

Polytungstozincate acid

O

O

OH

+ ArCHO2 80 oC/solvent-free

O

O

O

O

O

Ar

Ar Time (h)Yield (%)

7
8a-d

8

a         C6H5           1.5             78

b    4-Cl-C6H4          2             75

c    4-Me-C6H4        1.5            81

d    2-Cl-C6H4          2             80
 

Scheme 5. Synthesis of 13-aryl-13H-6-oxo-pentacene-5,7,12,14-tetraones. 
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