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Microwave-assisted synthesis of 14-aryl-14H-dibenzo[a.j]xanthenes 
catalysed by methanesulfonic acid under solvent-free conditions
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The synthesis of 14-aryl-14H-dibenzo[a.j]xanthenes is described through a one-pot condensation of β-naphthol with aryl
aldehydes in the presence of methanesulfonic acid as the catalyst under solvent-free conditions using microwave irradiation.

Xanthenes, especially benzoxanthenes, are of interest due to
their antibacterial,1 antiviral2 and anti-inflammatory properties,3

as well as use in photodynamic therapy4 and for antagonism
of the paralyzing action of zoxazolamine.5 Furthermore, these
compounds could also be used as dyes,6 in laser technologies7

and as pH-sensitive fluorescent materials for visualization of
biomolecules.8 Several procedures describe the synthesis of
xanthenes and benzoxanthenes.9 The reaction of β-naphthol
with aldehydes or acetals under acidic conditions was reported.10

However, many of these methodologies suffer from disadvan-
tages such as prolonged reaction times, low yields, etc.

Methanesulfonic acid is useful for various transformations11–13

as it is commercially available, environmentally benign, easy
to handle and readily biodegradable.14,15 Here, we report an
efficient, convenient and facile method for the condensation of
aldehydes with β-naphthol to corresponding benzoxanthenes
catalysed by methanesulfonic acid under solvent-free conditions
using microwave irradiation. Thus, the reaction of an aldehyde
(1.0 mmol), β-naphthol (2.0 mmol) and methanesulfonic acid
(10 mol%) under microwave irradiation furnished the corre-
sponding benzoxanthene in good to excellent yield (Scheme 1).†

In order to establish the generality of the present reaction,
several structurally diverse aldehydes (Table 1) were subjected
to condensation with β-naphthol under the catalytic influence of
methanesulfonic acid under solvent-free conditions, and 14-aryl-
14H-dibenzo[a.j]xanthenes were obtained in high yields. The
generality and the scope of the reagent could be easily gauged
from the comparison of the data in Table 2. The comparison for
some model substrates was made with respect to yields, reac-
tion time and mol% of the catalyst used. Note that 4-fluoro-
benzaldehyde and 4-tolylbenzaldehyde provide the desired pro-
duct within 1 min with higher yield than the earlier reported
methods.

In conclusion, methanesulfonic acid is a highly efficient acid
catalyst for the synthesis of 14-aryl-14H-dibenzo[a.j]xanthenes
by the one-pot condensation of aldehydes and β-naphthol under
microwave irradiation. The main advantages of this method
are mild, clean and solvent-free reaction conditions, good to
excellent yields and an environmentally benign catalyst. This

reaction system not only provides a novel method for the
synthesis of biologically important 14-aryl-14H-dibenzo[a.j]-
xanthenes but also is an environmentally friendly chemical
process.
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Table 1 Methanesulfonic acid catalysed synthesis of 14-aryl-14H-dibenzo-
[a.j]xanthenes.a 

aAll products were characterised by spectral data and also by comparison
with published data. bYields refer to pure isolated products.

Entry Aldehyde 1 Pro-
duct t/min Yieldb 

(%) Mp/°C References

1 PhCHO 3a 2 86 184–185 10(d),(f),(g)
2 3-MeOC6H4CHO 3b 3 88 180–181 —
3 4-MeOC6H4CHO 3c 4 72 204–205 10(d)
4 4-MeC6H4CHO 3d 1 94 229–230 10(d),(f),(g)
5 3-MeO-4-HO-

C6H3CHO
3e 2 65 208–210 10(c)

6 3-ClC6H4CHO 3f 2 70 183–185 —
7 4-FC6H4CHO 3g 1 95 239–240 10(d)

Table 2 Comparison of methanesulfonic acid with other catalysts for the
synthesis of 14-aryl-14H-dibenzo[a.j]xanthenes. 

aReferences for earlier methods.

Substrate Catalyst Catalyst 
(mol%)

Reaction 
time

Yielda 
(%)
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† General experimental procedure. To a mixture of an aldehyde (1 mmol)
and 2-naphthol (2 mmol), methanesulfonic acid (10 mol%) was added, and
the mixture was microwaved (Kenstar Model No. OM-9918C; 2450 MHz,
2350 W) for a specified period (Table 1) in an open vessel. After com-
pletion (TLC), the reaction mass was cooled to room temperature, water
was added and extracted with dichloromethane (3×50 ml). The combined
extracts were dried (anhydrous Na2SO4) and evaporated to dryness. The
crude was subjected to column chromatography (SiO2, 230–400 mesh,
EtOAc–hexane) to furnish pure compounds. All the products were
characterised by spectral data and comparison with authentic samples.

14-Phenyl-14H-dibenzo[a,j]xanthene 3a: 1H NMR (200 MHz, CDCl3)
d: 6.48 (s, 1H), 6.93–7.13 (m, 3H), 7.36–7.61 (m, 8H), 7.76–7.83 (m,
4H), 8.38 (d, 2H, J 8.8 Hz). 13C NMR (50 MHz, CDCl3) d: 38.1, 117.4,
118.1, 122.7, 124.3, 126.4, 126.8, 128.3, 128.5, 128.8, 128.9, 131.1,
131.5, 145.1, 148.8. IR (CHCl3, n/cm–1): 2923, 1591, 1461, 1377, 1249.
Found (%): C, 90.30; H, 4.98. Calc. for C27H18O (%): C, 90.47; H, 5.06.

14-(3-Methoxyphenyl)-14H-dibenzo[a,j]xanthene 3b: 1H NMR (200 MHz,
CDCl3) d: 3.61 (s, 3H), 6.41 (s, 1H), 6.48–6.53 (m, 1H), 7.01–7.13
(m, 3H), 7.34–7.60 (m, 6H), 7.74–7.82 (m, 4H), 8.38 (d, 2H, J 8.4 Hz).
13C NMR (50 MHz, CDCl3) d: 38.0, 55.1, 111.0, 115.0, 117.2, 118.0,
120.8, 122.8, 124.3, 126.8, 128.8, 128.9, 129.3, 131.1, 131.5, 146.6,
148.8, 159.6. IR (CHCl3, n/cm–1): 3018, 2958, 2933, 1593, 1487, 1458,
1431, 1400, 1251. Found (%): C, 86.45; H, 5.06. Calc. for C28H20O2 (%):
C, 86.57; H, 5.19.

14-(4-Methoxyphenyl)-14H-dibenzo[a,j]xanthene 3c: 1H NMR (200 MHz,
CDCl3) d: 3.57 (s, 3H), 6.41 (s, 1H), 6.64 (d, 2H, J 8.5 Hz), 7.33–7.58
(m, 8H), 7.72–7.81 (m, 4H), 8.35 (d, 2H, J 8.5 Hz). 13C NMR (50 MHz,
CDCl3) d: 37.1, 55.1, 113.9, 117.5, 118.0, 122.7, 124.2, 126.8, 128.8,
128.8, 129.2, 131.1, 131.4, 137.4, 148.7, 157.8. IR (CHCl3, n/cm–1):
3018, 2399, 1602, 1508, 1423, 1215. Found (%): C, 86.46; H, 5.13.
Calc. for C28H20O2 (%):C, 86.57; H, 5.19.

14-(4-Methylphenyl)-14H-dibenzo[a,j]xanthene 3d: 1H NMR (200 MHz,
CDCl3) d: 2.12 (s, 3H), 6.45 (s, 1H), 6.94 (d, 2H, J 8.1 Hz), 7.35–7.61
(m, 8H), 7.75–7.83 (m, 4H), 8.38 (d, 2H, J 8.4 Hz). 13C NMR (50 MHz,
CDCl3) d: 21.0, 37.7, 117.5, 118.1, 122.8, 124.3, 126.9, 128.2, 128.9,
129.3, 131.2, 131.6, 136.0, 142.2, 148.8. IR (CHCl3, n/cm–1): 2943,
2852, 2362, 1591, 1461, 1377, 1242. Found (%): C, 90.12; H, 5.36.
Calc. for C28H20O (%): C, 90.29; H, 5.41.

14-(4-Hydroxy-3-methoxyphenyl)-14H-dibenzo[a,j]xanthene 3e: 1H NMR
(200 MHz, CDCl3) d: 3.64 (s, 3H). 5.32 (s, 1H), 6.42 (s, 1H), 6.71 (d,
1H, J 8.0 Hz), 6.82 (d, 1H, J 2.14 Hz), 7.12–7.16 (m, 1H), 7.37–7.58 (m,
6H), 7.76–7.84 (m, 4H), 8.39 (d, 2H, J 8.30 Hz). 13C NMR (50 MHz,
CDCl3) d: 40.8, 58.9, 114.6, 117.5, 120.8, 121.1, 124.2, 126.0, 127.5,
129.9, 132.0, 134.3, 134.7, 140.2, 147.5, 150.5, 151.9. IR (CHCl3, n/cm–1):
3020, 2399, 1593, 1508, 1431, 1215. Found (%): C, 83.02; H, 4.88.
Calc. for C28H20O3 (%): C, 83.15; H, 4.98.

14-(3-Chlorophenyl)-14H-dibenzo[a,j]xanthene 3f: 1H NMR (200 MHz,
CDCl3) d: 6.46 (s, 1H), 6.94–7.12 (m, 2H), 7.39–7.64 (m, 8H), 7.79–7.86
(m, 4H), 8.32 (d, 2H, J 8.4 Hz). 13C NMR (50 MHz, CDCl3): 37.8, 116.6,
118.1, 122.5, 124.4, 126.5, 126.8, 127.0, 128.4, 129.0, 129.2, 129.7,
131.1, 131.3, 134.4, 147.0, 148.8. IR (CHCl3, n/cm–1): 2918, 2852,
2362, 2335, 1596, 1458, 1377, 1251. Found (%): C, 82.26; H, 4.18.
Calc. for C27H17ClO (%): C, 82.54; H, 4.36.

14-(4-Flourophenyl)-14H-dibenzo[a,j]xanthene 3g: 1H NMR (200 MHz,
CDCl3) d: 6.48 (s, 1H), 6.77–7.86 (m, 2H), 7.38–7.62 (m, 8H), 7.78–7.86
(m, 4H), 8.34 (d, 2H, J 8.2 Hz). 13C NMR (50 MHz, CDCl3): 37.2, 115.1,
115.6, 117.1, 118.0, 122.5, 124.4, 126.9, 128.9, 129.0, 129.6, 129.7,
131.1, 131.3, 140.8, 140.8, 148.7. IR (CHCl3, n/cm–1): 2952, 2852, 2362,
2331, 1591, 1458, 1377, 1247, 1213. Found (%): C, 86.02; H, 4.28.
Calc. for C27H17FO (%): C, 86.15; H, 4.55. Received: 15th January 2007; Com. 07/2860
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