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bstract
An efficient and facile synthesis of biologically active 14-substituted-14-H-dibenzo[a,j] xanthene derivatives were reported via three-component
ondensation reaction of �-naphthol and aldehydes in the presence of a catalytic amount of Preyssler type heteropoly acid, under solvent-free
onditions. This method is very easy, rapid and high yielding reaction for the synthesis of dibenzo xanthene derivatives.

2007 Elsevier B.V. All rights reserved.
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. Introduction

In recent years, much attention has been directed towards the
ynthesis of 14-substituted-14-H-dibenzo[a,j] xanthene deriva-
ives due to the fact that these compounds possess a variety of
iological and therapeutic properties, such as antibacterial [1]
ntiflammatory [2] antiviral activities [3] as well as in photody-
amic therapy [4] and as antagonism for paralyzing action of
oxozolamine [5]. Furthermore, these heterocycles show use-
ul spectroscopic properties and are used as dyes [6] in laser
echnologies [7] and in fluorescent materials for visualization of
iomolecules [8]. A number of xanthene dyes are extracted nat-
rally from soil and plants, such as Indigofera Longeracemosa
9].

In view of the importance of xanthene derivatives, many
ethods for the synthesis of these compounds were reported

ncluding palladium catalyzed cyclization of polycyclic aryltri-

ate esters [10] intermolecular trapping of benzynes by phenols
11] and condensation of �-naphthol and aldehydes or acetals
atalyzed by concentration HCl/CH3COOH or H3PO4 [12,13].

∗ Corresponding author. Tel.: +98 21 88044051; fax: +98 21 88047861.
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Some of these methods, however, involve long reaction times,
nd unsatisfactory yields. Therefore, improvements in such syn-
heses have been sought continuously.

More recently, the preparation of 14-substituted-14-H-
ibenzo[a,j] xanthene derivatives in the presence of sulfamic
cid under conventional heating and microwave irradiation has
een reported [14]. Further, use of p-toluenesulfonic acid as
atalyst for this transformation in solvent and under solvent-free
onditions [15] as well as under microwave irradiation have been
eported [16]. Molecular iodine has also been used as catalyst
or the synthesis of 14-substituted-14-H-dibenzo[a,j] xanthene
erivatives under solvent-free conditions [17].

Very recently, the synthesis of these heterocycles under con-
entional heating and microwave under solvent-free conditions
atalyzed by amberlyst-15 [18] potassium dodecatungstocobal-
ate trihydrate [19a] and selectfluor [19b] has also been reported.

The application of heteropolyacids, HPAs, as catalytic mate-
ials is growing continuously in the catalytic field. These
ompounds possess unique properties, such as: well-defined
tructure, Brönsted acidity, possibility to modify their acid–base

nd redox properties by changing their chemical composition
substituted HPAs), ability to accept and release electrons, high
roton mobility, etc [20]. In view of green chemistry, the substi-
ution of harmful liquid acids by solid reusable HPAs as catalyst
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We found that H14[NaP5W30O110] showed high catalytic
activity and could be recovered and recycled several times with-
out significant loss of activity.

Table 1
Solvent-free synthesis of 14-substituted-14-H-dibenzo[a,j] xanthene derivatives
catalyzed by H14[NaP5W30O110]

Entry Aldehyde Time (min) Yield (%)a m.p. (◦C)

Found Reported

1 30 98 189 183 [15]

2 45 99 297 289 [15]

3 60 99 324 310 [15]

4 60 98 212–220 213 [15]

5 60 98 221–228 228 [15]

6 120 50 206–208 204 [15]

7 120 50 140 140 [19b]

8 80 96 263–265 260 [15]
Sch

n organic synthesis is the most promising application of these
cids.

As part of our continued interest in the development of highly
xpedient methods for the synthesis of heterocyclic compounds
f biological importance [21] and continuation with the appli-
ation of heteropolyacids as versatile catalysts for a variety of
rganic transformations [22] we would like to report an effec-
ive method to produce dibenzo[a,j] xanthene derivatives in
ery good yields catalyzed by Preyssler type heteropolyacid,
14[NaP5W30O110], under solvent-free conditions (Scheme 1).

. Experimental

Melting points were measured by using the capillary tube
ethod with an electro thermal 9200 apparatus. 1HNMR spectra
ere recorded on a Bruker AQS AVANCE-300 MHz spectrom-

ter using TMS as an internal standard (CDCl3 solution). IR
pectra were recorded from KBr disk on the FT-IR Bruker Ten-
or 27. All products were well characterized by comparison with
uthentic samples by TLC, spectral and physical data. [15,19b].

.1. General procedure

A mixture of an aldehyde (1 mmol), �-naphthol (2 mmol) and
eteropolyacid H14[NaP5W30O110] (0.42 mol%, 0.03 g) was
eated at 90 ◦C. The progress of the reaction was monitored by
LC. After completion of the reaction, hot ethanol was added to

he mixture and the catalyst was filtered off. The pure product
as obtained by recrystallization from the solvent.

.2. Reusability of the catalyst

At the end of the reaction, the catalyst was filtered, washed
ith diethyl ether, dried at 130 ◦C for 1 h, and reused in another

eaction. We have found that the catalyst can be reused several
imes without any appreciable loss of activity.

. Results and discussion

In a typical general experimental procedure, a mixture of �-
aphthol and aldehyde was heated in the presence of a catalytic
mount of H14[NaP5W30O110], the corresponding products
ere obtained in good to excellent yields. The results are sum-
arized in Table 1.
As shown in Table 1, electronic effects and the nature

f the substituents on the aromatic ring showed relatively

trong obvious effects in terms of yields under reaction con-
itions. Benzaldehyde and other aromatic aldehydes containing
lectron-withdrawing and electron-donating groups as well as
liphatic aldehydes were employed and reacted to give the cor-
.

esponding dibenzoxanthenes in very good yields. In the cases
f 4-methoxy and 4-hydroxybenzaldehyde, the reactions were
ot completed even after prolonged times and the product yields
ere moderate.
The catalyst plays a crucial role in the success of the reaction

n terms of time and the yields. In the absence of the catalyst, the
eaction of 4-chlorobenzaldehyde with �-naphthol as an exam-
le, could be carried out but the product was obtained in very
ow yield after prolonged time.

We also studied the effect of the amount of the catalyst on
his reaction. Upon heating the mixture of 4-chlorobenzaldehyde
ith �-naphthol as a model for 3 h in the presence of
.14 mol% of H14[NaP5W30O110], the product was obtained
n 52%. Increasing the quantity of the catalyst to 0.42 mol%
he product could be obtained in 99% yield. Use of 0.42 mol%

14[NaP5W30O110] is sufficient to push the reaction forward.
arger amounts of the catalyst did not improve the results to a
reater extent.

All reactions were carried out under solvent-free condition
t 90 ◦C and the desired products were characterized by melting
oints, 1HNMR, and IR spectroscopic analyses.
9 105 98 188–192 –

10 90 97 154–158 152 [15]

a Yields refer to isolated products.
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. Conclusion

In conclusion, we have described a very simple and
onvenient procedure for the synthesis of 14-substituted-14-
-dibenzo[a,j] xanthene derivatives catalyzed by non-corrosive
reen and environmentally benign Preyssler type heteropolyacid
nder solvent-free conditions. In addition, it is possible to apply
he tenets of green chemistry to the generation of biologically
nteresting products under solvent-free media that is less expen-
ive and less toxic than those with organic solvents. Also, the
atalyst is recyclable and could be reused without significant loss
f activity. Even after three runs for the reaction, the catalytic
ctivity of H14[NaP5W30O110] was almost the same as that of
he freshly used catalyst.
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