
INTRODUCTION

Xanthenes and particularly benzoxanthenes constitute an

important group of oxygen heterocycles which have extended

conjugation conferring interesting properties and as have many

applications. These compounds possess antiinflammatory1,

antiviral2 and antibacterial activities3 and antagonists for the

paralyzing acting of zoxazolamine4. Furthermore, these comp-

ounds can be used as dyes3, pH-sensitive fluorescent materials

for visualization of biomolecules5 and utilized in laser techno-

logies6. Thus, the synthesis of xanthenes derivatives currently

is of much importance. Various methods7 have been reported

for the synthesis of these compounds. Considering the above

reports, the development of new and simple synthetic methods

for the efficient preparation of dibenzo[a,i]xanthenes is therefore

an interesting challenge.

In recent years, the search for environmentally benign

chemical processes or methodologies has received much

attention8. Sulfonic-acid-functionalized silica has been used

as an efficient heterogeneous catalyst for many organic trans-

formations because of its low cost, ease of preparation, catalyst

recycling and ease of handling.9 The catalyst was prepared by

the immobilization of propyl thiol on silica using 3-mercapto-

propyltrimethoxysilane, followed by the selective oxidation

of the thiol groups by aqueous H2O2 to the sulfonic acid groups

(Scheme-I). The catalyst shows high thermal stability (up to

300 ºC). We now report a simple and efficient route to synthe-

size aryl-14H-dibenzo [a,i]xanthenes using sulfonic-acid-

functionalized silica as an efficient catalyst under solvent-free

conditions (Scheme-II).
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EXPERIMENTAL

NMR spectra were determined on Bruker AV-400 instru-

ment at room temperature using TMS as internal standard,

coupling constants (J) were measured in Hz; IR spectra were

determined on FTS-40 infrared spectrometer; Elemental analysis

were performed by a Vario-III elemental analyzer. Mass spectra

Asian Journal of Chemistry;   Vol. 25, No. 15 (2013), 8289-8291

http://dx.doi.org/10.14233/ajchem.2013.14719



were taken on a Macro mass spectrometer (Waters) by electro-

spray method (ESIMS). Melting points were determined on a

XT-4 binocular microscope and were uncorrected; sulfonic-

acid-functionalized silica was prepared according to literature9.

Commercially available reagents were used throughout with-

out further purification unless otherwise stated.

General procedure for the preparation of 4: A mixture

of β-naphthol (1 mmol), aldehyde (1 mmol), 2-hydroxy-1,4-

naphthoquinone (1 mmol) and sulfonic-acid-functionalized

silica (200 mg) was heated at 110 ºC for an appropriate time

and monitored by thin-layer chromatography (TLC) until the

final conversion. After cooling, the reaction mixture was

washed with CHCl3 and filtered to recover the catalyst. The

solvent was evaporated and the crude product puried by silica

gel column chromatography using CHCl3 as eluent to afford

the pure product.

14-Phenyl-14H-dibenzo [a,i]xanthene-8,13-dione (4a):

Yellow powder, m.p. 319-320 ºC; IR (KBr, νmax, cm-1): 3081,

1662, 1630, 1580, 1571, 1373, 1285, 1236, 1213; 1H NMR

(CDCl3, 400 MHz) δ: 8.15 (d, 1H, J = 7.6 Hz), 8.11 (d, 1H, J

= 7.6 Hz), 7.96 (d, 1H, J = 8.4 Hz), 7.91-7.76 (m, 3H), 7.62-

7.41 (m, 6H), 7.21 (t, 2H, J = 15.2 Hz), 7.12-7.09 (m, 1H),

5.95 (s, 1H); 13C NMR (CDCl3, 100 MHz) δ: 177.33, 178.29,

157.19, 147.30, 143.12, 135.11, 131.89, 131.22, 131.01,

130.89, 130.03, 129.51, 129.39, 128.58, 128.55, 127.45,

126.84, 125.53, 124.53, 123.78, 116.88, 116.77, 116.57, 35.16;

Anal. calcd. (%) for C27H16O3: C 83.49, H 4.15; found (%): C

83.25, H 4.12.

14-(4-Chlorophenyl)-14H-dibenzo [a,i]xanthene-8,13-

dione (4b): Yellow powder, m.p. 305-306 ºC; IR (KBr, νmax,

cm-1): 3040, 1665, 1637, 1592, 1577, 1488, 1367, 1286, 1235,

1214; 1H NMR (CDCl3, 400 MHz) δ: 8.17 (d, 1H, J = 7.6 Hz),

8.12 (d, 1H, J = 7.6 Hz), 7.93-7.77 (m, 4H), 7.64-7.44 (m,

4H), 7.35 (d, 2H, J = 8.4 Hz), 7.15 (d, 2H, J = 8.4 Hz), 5.90 (s,

1H); 13C NMR (CDCl3, 100 MHz) δ: 176.24, 179.18, 156.30,

147.23, 141.59, 135.17, 132.65, 131.90, 131.39, 130.81,

130.68, 130.00, 129.96, 129.79, 128.47, 128.70, 128.65,

127.58, 125.67, 124.60, 123.57, 116.79, 116.26, 116.00, 34.62;

Anal. calcd. (%) for C27H15O3Cl: C 76.69, H 3.58; found (%):

C 76.48, H 3.62.

14-(4-Methoxylphenyl)-14H-dibenzo [a,i]xanthene-

8,13-dione (4c): Yellow powder, m.p. 279-280oC; IR (KBr,

νmax, cm-1): 2917, 1663, 1633, 1591, 1575, 1367, 1286, 1249,

1235, 1212; 1H NMR (CDCl3, 400 MHz) δ: 8.17 (d, 1H, J =

8.0 Hz), 8.13 (d, 1H, J = 7.6 Hz), 7.95 (d, 1H, J = 8.4 Hz),

7.87-7.76 (m, 4H), 7.62-7.43 (m, 5H), 7.31 (d, 2H, J = 8.4

Hz), 5.90 (s, 1H), 3.69 (s, 3H); 13C NMR (CDCl3, 100 MHz)

δ: 178.41, 178.37, 158.26, 157.02, 147.23, 135.47, 135.10,

131.88, 131.17, 131.00, 130.95, 130.00, 129.58, 129.41,

129.38, 128.53, 127.41, 125.50, 124.50, 123.81, 117.06,

116.78, 113.90, 55.13, 34.28; Anal. calcd. (%) for C28H18O4:

C 80.37, H 4.34; found (%): C 80.50, H 4.27.

14-(4-Methylphenyl)-14H-dibenzo [a,i]xanthene-8,13-

dione (4d): Yellow powder, m.p. 255-256 ºC; IR (KBr, νmax,

cm-1): 2922, 1660, 1637, 1581, 1577, 1364, 1284, 1237, 1213;
1H NMR (CDCl3, 400 MHz) δ: 8.15 (d, 1H, J = 8.0 Hz), 8.11

(d, 1H, J = 7.6 Hz), 7.99 (d, 1H, J = 8.0 Hz), 7.89-7.76 (m,

3H), 7.60-7.42 (m, 4H), 7.29 (d, 2H, J = 8.0 Hz), 7.00 (d, 2H,

J = 7.6 Hz), 5.90 (s, 1H), 2.21 (s, 3H); 13C NMR (CDCl3, 100

MHz) δ: 178.34, 178.21, 157.08, 147.23, 140.27, 136.49,

135.08, 131.87, 131.16, 131.01, 130.92, 129.99, 129.41,

129.34, 129.26, 128.52, 128.42, 127.43, 125.50, 124.49,

123.78, 117.03, 116.78, 116.70, 34.70, 20.95; Anal. calcd. (%)

for C28H18O3: C 83.57, H 4.51; found (%): C 83.49, H 4.63.

14-(4-Nitrophenyl)-14H-dibenzo[a,i]xanthene-8,13-

dione (4e): Yellow powder, m.p. 332-333 ºC; IR (KBr, νmax,

cm-1): 3075, 1660, 1638, 1591, 1576, 1519, 1349, 1285, 1236,

1213; 1H NMR (CDCl3, 400 MHz) δ: 8.19 (d, 1H, J = 7.6 Hz),

8.16 (d, 1H, J = 7.6 Hz), 8.07 (d, 2H, J = 8.8 Hz), 7.97-7.81

(m, 4H), 7.66-7.49 (m, 6H), 6.06 (s, 1H); 13C NMR (CDCl3,

100 MHz) δ: 178.15, 177.98, 157.84, 150.06, 147.29, 146.68,

135.30, 131.99, 132.73, 130.65, 130.40, 130.38, 130.06,

129.63, 129.57, 128.83, 127.87, 125.91, 124.77, 123.88,

123.26, 116.83, 115.35, 115.03, 35.25; Anal. calcd. (%) for

C27H15NO5: C 74.81, H 3.49, N 3.23; found (%): C 74.91, H

3.38, N 3.29.

14-(3- Nitrophenyl)-14H-dibenzo[a,i]xanthene-8,13-

dione (4f): Yellow powder, m.p. 304-305 ºC; IR (KBr, νmax,

cm-1): 3053, 1654, 1635, 1588, 1576, 1528, 1346, 1289, 1239,

1216; 1H NMR (CDCl3, 400 MHz) d: 8.23 (d, 1H, J = 8.0 Hz),

8.16 (d, 1H, J = 8.0 Hz), 8.13 (s, 1H), 8.00-7.82 (m, 6H),

7.66-7.61 (m, 2H), 7.52-7.41 (m, 3H), 6.06 (s, 1H); 13C NMR

(CDCl3, 100 MHz) δ: 178.24, 178.05, 157.63, 148.56, 147.33,

145.08, 135.32, 135.08, 132.04, 131.68, 130.60, 130.42,

130.38, 130.09, 129.59, 129.38, 128.87, 127.82, 125.85,

124.89, 123.32, 123.26, 122.14, 116.97, 115.27, 115.19, 35.20;

Anal. calcd. (%) for C27H15NO5: C 74.82, H 3.49, N 3.23; found

(%): C 74.76, H 3.56, N 3.25.

14-(2,4-Dichlorophenyl)-14H-dibenzo[a,i]xanthene-

8,13-dione (4g): Yellow powder, m.p. 301-302 ºC; IR (KBr,

νmax, cm-1): 3051, 1661, 1638, 1592, 1578, 1463, 1361, 1288,

1238, 1213; 1H NMR (CDCl3, 400 MHz) δ: 8.20 (d, 1H, J =

8.4 Hz), 8.15-8.11 (m, 2H), 7.89-7.80 (m, 3H), 7.65-7.45 (m,

4H), 7.31-7.27 (m, 2H), 7.07-7.05 (m, 1H), 6.14 (s, 1H); 13C

NMR (CDCl3, 100 MHz) δ: 178.10, 178.05, 157.55, 147.11,

139.20, 135.19, 134.01, 133.09, 132.61, 131.79, 131.52,

131.13, 130.60, 130.13, 130.01, 129.84, 129.47, 128.70,

127.69, 127.49, 125.69, 124.72, 123.71, 116.82, 33.24; Anal.

calcd. (%) for C27H14Cl2O3: C 70.91, H 3.09; found (%): C

70.82, H 3.11.

14-(3,4-Dichlorophenyl)-14H-dibenzo[a,i]xanthene-

8,13-dione (4h): Yellow powder, m.p. 260-261 ºC; IR (KBr,

νmax, cm-1): 3050, 1682, 1594, 1564, 1488, 1384, 1286, 1216;
1H NMR (CDCl3, 400 MHz) δ: 8.19 (d, 1H, J = 7.6 Hz), 8.16

(d, 1H, J = 7.6 Hz), 7.95-7.82 (m, 4H), 7.65-7.43 (m, 5H),

7.31-7.30 (m, 2H), 5.92 (s, 1H); 13C NMR (CDCl3, 100 MHz)

δ: 178.18, 178.02, 157.55, 147.28, 143.19, 135.24, 132.65,

131.96, 131.57, 131.05, 130.70, 130.54, 130.42, 130.10,

129.56, 128.75, 128.15, 127.77, 125.82, 124.73, 123.42,

116.83, 115.58, 115.44, 34.55; Anal. calcd. (%) for

C27H14O3Cl2: C 70.91, H 3.09; found (%): C 70.95, H 3.02.

14-(2-Chlorophenyl)-14H-dibenzo[a,i]xanthene-8,13-

dione (4i): Yellow powder, m.p. 281-282 ºC; IR (KBr, νmax,

cm-1): 3060, 1660, 1638, 1581, 1576, 1360, 1289, 1237, 1213;
1H NMR (CDCl3, 400 MHz) δ: 8.24-8.21 (m, 2H), 8.17 (d,

1H, J = 7.2 Hz), 7.86-7.83 (m, 3H), 7.65-7.29 (m, 6H), 7.08-

7.04 (m, 2H), 6.22 (s, 1H); 13C NMR (CDCl3, 100 MHz) δ:

178.20, 178.13, 157.43, 147.12, 135.15, 133.32, 131.76,
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131.36, 131.30, 130.81, 130.19, 130.13, 129.76, 129.40,

128.57, 128.23, 127.56, 127.11, 125.57, 124.67, 123.99,

116.82, 116.70, 115.61, 33.53; Anal. calcd for C27H15ClO3: C

76.69, H 3.58; found (%): C 76.79, H 3.41.

RESULTS AND DISCUSSION

Initially, we conducted the reaction of β-naphthol, benzal-

dehyde and 2-hydroxy-1,4-naphthoquinone in the presence

of sulfonic-acid-functionalized silica at different temperatures

under solvent-free conditions. The corresponding 14-aryl-14H-

dibenzo[a,i]xanthene-8,13-diones was synthesized, The results

were summarized in Table-1 and showed that the reaction using

5 mol % sulfonic-acid-functionalized silica at 110 ºC proceeded

in highest yield.

TABLE-1 

14-ARYL-14H-DIBENZO[a,i]XANTHENE-8,13-DIONES 
UNDER VARIOUS CONDITIONSa 

Entry 
Sulfonic-acid-functionalized 

silica (mg/mmol) 
Temp. 
(ºC) 

Time 
(h) 

Yield 
(%)b 

1 0 100 5.00 0 

2 50 100 2.00 59 

3 100 100 2.00 65 

4 150 100 1.00 73 

5 150 110 0.50 82 

6 200 90 1.00 68 

7 200 100 1.00 78 

8 200 100 0.50 83 

9 200 110 0.50 89 

10 200 120 0.50 87 

11 250 90 0.50 80 

12 250 90 0.50 83 

13 300 90 0.25 84 
aReaction conditions: β-naphthol (1 mmol); benzaldehyde (1 mmol); 2-

hydroxy-1,4-naphthoquinone (1 mmol); neat. bIsolated yield. 

 
Next, to optimize the amount of catalyst and the reaction

temperature, the reaction of β-naphthol, benzaldehyde and

2-hydroxy-1,4-naphthoquinone was studied under solvent-free

conditions in the presence of sulfonic-acid-functionalized silica

at different temperatures. The results were summarized in

Table-1 and showed that the reaction using 200 mg/mmol

sulfonic-acid-functionalized silica at 110 ºC proceeded in

highest yield.

In these experiments the catalyst was isolated by filtration

and could be recycled up to three times without significant

loss of activity. With this optimized procedure in hand, the

scope of application of this three-component reaction was

examined using different aldehydes as staring materials. As

seen from Table-2, the structures of the products were estab-

lished from their spectral properties (IR, 1H NMR, 13C NMR

and elemental analysis).

The recovered catalyst was reused consecutively 5 times

with a minimum of variation of the yields of the products.

This reusability demonstrates the high stability. The simplicity,

together with the use of an inexpensive, nontoxic and environ-

mentally benign catalyst under solvent-free conditions, is

another remarkable feature of the procedure. Sulfonic-acid-

functionalized silica works under heterogeneous conditions,

but its reaction centers are highly mobile, as in a homogeneous

TABLE-2 

PREPARATION OF 14-ARYL-14H- 
DIBENZO[A,I]XANTHENE-8,13-DIONESa 

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

1 C6H5 0.75 4a 89 (80, 54, 96)c 

2 4-Cl-C6H4 0.75 4b 87 

3 4-MeO-C6H4 0.50 4c 83 

4 4-Me-C6H4 0.50 4d 85 

5 4-NO2-C6H4 0.50 4e 88 

6 3-NO2-C6H4 0.75 4f 86 

7 2,4-Cl2-C6H3 1.00 4g 81 

8 3,4-Cl2-C6H3 0.75 4h 82 

9 2-Cl-C6H4 1.00 4i 84 
aReaction conditions: β-naphthol (1 mmol); aldehyde (1 mmol); 2-

hydroxy-1,4-naphthoquinone (1 mmol); silica-based sulfonic acid (200 
mg); 110 ºC; neat. bIsolated yield. cYield after the fifth cycle. 

 
catalyst. It is an inexpensive and nonhazardous solid acid

catalyst. It can easily be handled and removed from the reaction

mixture by simple lteration.

Conclusion

We have developed a novel and highly efficient method

for the synthesis of aryl-14H-dibenzo [a,i] xanthene-8,13-

diones by treatment of aromatic aldehydes, β-naphthol with

2-hydroxy-1,4-naphthoquinone in the presence of sulfonic-

acid-functionalized silica as catalyst. The signicant advantages

of this methodology are high yields, a simple work-up proce-

dure, cleaner reaction and easy preparation and handling of

the catalyst. The catalyst can be recovered by filtration and

reused.
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