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Phospho sulfonic acid as efficient heterogeneous Brgnsted acidic
catalyst for one-pot synthesis of 14 H-dibenzo[a,j]xanthenes and
1,8-dioxo-octahydro-xanthenes
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A simple, efficient procedure for the preparation of phospho sulfonic acid PO(OSO3H)s as a
Brgnsted acidic and recoverable heterogeneous catalyst is described, used for the one-pot synthesis
of aryl-14 H-dibenzo|a,j]xanthenes and 1,8-dioxo-octahydro-xanthenes. A cost-effective, simple and
convenient procedure for the synthesis of aryl-14 H-dibenzola,jJxanthenes was developed via a one-
pot condensation from substituted benzaldehydes and S-naphthol under solvent-free conditions. The
one-pot condensation of substituted benzaldehydes and 5,5-dimethyl-1,3-cyclohexanedione (dime-
done) under solvent-free conditions leads to 1,8-dioxo-octahydro-xanthenes. These protocols afford
a number of advantages, such as: excellent yields, very short reaction times, easy procedure, simple
methodology and ease of preparation and regeneration of the catalyst.
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Introduction

Xanthenes and benzoxanthenes are an important
category of organic compounds which have recently
received a great deal of attention from organic and
medical chemists due to their wide range of therapeu-
tic and biological properties, including their antivi-
ral (Lambert et al., 1997), antibacterial (Takeshiba
& Jiyoujima, 1981) and anti-inflammatory activities
(Poupelin et al., 1978). Furthermore, these compounds
are used in laser technologies (Ahmad et al., 2002), flu-
orescent material in the visualisation of biomolecules
(Knight & Stephens, 1989), as well as being widely
used as dyes (Kitahara & Tanaka, 2002).

Many methods using the synthesis of xanthene
and benzoxanthene have been reported in the litera-
ture, including cyclodehydration (Bigdeli et al., 2007;
Nagarapu et al., 2007; Pasha & Jayashankara, 2007;
Patil et al., 2007), cyclisation of polyclic aryl tri-
flate esters (Wang & Harvey, 2002), trapping benzynes
by phenols (Knight & Little, 1998), intermolecular
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phenyl carbonyl-coupling reactions of benzaldehydes
and acetophenones (Kuo & Fang, 2001) and cyclo-
condensation between 2-hydroxy aromatic aldehydes
and 2-tetralone (Jha & Beal, 2004). Different reagents
have been employed for the synthesis of xanthenes
and benzoxanthenes, such as Al(HSO,4)s (Shaterian
et al., 2007), ZnO-NPs (Rao et al., 2012), PVPP-
BF3 (Mokhtary & Refahati, 2013), HsPW19V2040
(Tayebee & Tizabi, 2012), imidazol-1-yl-acetic acid
(Nazari et al., 2014), succinimide- N-sulfonic acid
(Shirini & Khaligh, 2012), ceric ammonium nitrate
(CAN) (Sivaguru & Lalitha, 2014), sulfonic acid func-
tionalized imidazolium salts (SAFIS) (Zolfigol et al.,
2012) and 1,3-disulfonic acid imidazolium hydrogen
sulphate (Shirini et al., 2014) as catalysts. However,
these methods suffer from certain drawbacks including
longer reaction times (Khosropour et al., 2005; Dabiri
et al., 2008; Tisseh et al., 2008), unsatisfactory yields
(Khosropour et al., 2005; Saini et al., 2006; Dabiri et
al., 2008; Tisseh et al., 2008), harsh reaction condi-
tions and the use of toxic catalysts (Das et al., 2006).
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Fig. 1. One-pot synthesis of xanthene derivatives using PSA.

Hence, the development of a new catalyst for the
synthesis of xanthenes and benzoxanthenes would be
highly desirable. In the past, researchers have shown
increasing interest in applying ionic liquids (ILs) to
organic reactions, because ILs are excellent candi-
dates as replacements for toxic and volatile organic
compounds. The important features of these ILs in-
clude their tunable polarity, high thermal stability,
immiscibility with a number of organic solvents, in-
significant vapour pressure and ease of recyclability
(Dupont et al., 2002; Sarkar et al., 2011; Zolfigol et
al., 2011).

In organic synthesis, the use of solid acidic cat-
alysts and solid-state reactions (or solvent-free reac-
tions) has many advantages. For example, high ef-
ficiency and selectivity, operational simplicity, envi-
ronmental compatibility, non-toxicity, reusability, low
cost, ease of isolation and benefits for industry as well
as the environment (Carrigan et al., 2001; Hajipour
et al., 2008; Kiasat & Fallah-Mehrjardi, 2008; Haji-
nasiri & Rezayati, 2013; Karami et al., 2013; Zareyee
et al., 2013; Rezayati et al., 2014; Sajjadifar & Reza-
yati, 2014; Zareyee & Serehneh, 2014).

The present work reports a new and simple method
for the synthesis of aryl-14H-dibenzo|a,j]xanthenes
Ila—IIIn and 1,8-dioxo-octahydro-xanthene V using
phospho sulfonic acid as a new, environmentally be-
nign, heterogeneous, solid acid catalyst under solvent-
free conditions (Fig. 1).

Experimental
General

All reagents were purchased from Aldrich (USA)
or Merck Fine Chemicals (Germany) and were used
without further purification. The IR spectra of the
compounds were obtained using a Perkin-Elmer spec-
trometer (USA), version 10.03.06 using a KBr disk.
'H NMR spectra were recorded on a Bruker DRX-
300 AVANCE (Germany) spectrometer in CDCl; as
a solvent and chemical shift values are given as parts
per million (§) relative to TMS as an internal stan-
dard. Thin-layer chromatography (TLC) was per-
formed on pre-coated aluminium plates (silica gel 60
F254, Merck, Germany). The chromatographic spots
on the plates were visualised under UV light and io-
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dine vapour. Melting points were recorded on an elec-
trothermal capillary melting point apparatus (UK)
and are uncorrected.

Preparation of phospho-sulfonic acid

A 100 mL suction flask was equipped with a
constant-pressure dropping funnel. The gas outlet was
connected to a vacuum system through an adsorbing
solution (water) and alkali trap. The flask was charged
with diammonium hydrogen phosphate (4 g, 30 mmol)
and chlorosulfonic acid (10.48 g, 90 mmol) in CH5Cls
(10 mL) was added dropwise over a period of 45—
60 min at ambient temperature. After completion of
the addition, the mixture was shaken for 2 h, while
the residual HCI was eliminated by suction. Next, the
mixture was washed with CH2Cly (2 x 5 mL) to re-
move the unreacted chlorosulfonic acid (Fig. 2). Fi-
nally, phospho sulfonic acid was obtained as a solid
white powder (8.50 g, 83 %); free-flowing powder could
be stored at ambient temperature for several months
without losing its catalytic potentiality.

Typical procedure for preparation of aryl-14H-
dibenzo/a,j/ranthenes

A mixture of S-naphthol (2.0 mmol), various alde-
hydes (1.0 mmol) and PSA (0.05 g, 7.0 mole %) was
added and the mixture was kept in an oil bath at 80°C
for a certain time (Table 4). The progress of the re-
action was monitored by TLC. After completion of
the reaction (hexane : ethyl acetate, 8 : 2, vol.), the
mixture was cooled to ambient temperature, and the
reaction mixture was washed with CHCl3 (10 mL) and
filtered to recover the catalyst. Chloroform was evap-
orated from the reaction mixture. The solid product
was purified by a recrystallisation procedure in aque-
ous ethanol. The structures of the products were iden-
tified from their spectral (IR, 'H NMR and *C NMR)
data.

Typical procedure for preparation of 1,8-dioxo-
octahydro-zanthenes

The procedure was similar to that described for
III, with the exception that S-naphthol was replaced
with 5,5-dimethyl-1,3-cyclohexanedione.
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Table 1. Spectral data of prepared compounds

Compound

Spectral data

Ila

IR, 7/cm~1: 805, 1248, 1518, 1591, 1625, 3056

LHNMR (CDCl3), &: 5.39 (1H, s, CH), 7.30 (d, 2H, J = 8.5 Hz, ArH), 6.68-6.74 (4H, m, ArH), 5.89-6.80 (11H, m,
ArH)

13CNMR(CDC]3), §: 38.03, 117.31, 118.01, 122.68, 124.23, 126.37, 126.78, 128.25, 128.47, 128.79, 128.85, 131.04,
131.44, 144.98, 148.71

Iy IR, 7/cm—1: 680, 744, 813, 1590, 1243, 1625, 3321
1HNMR (CDCls), §: 5.34 (1H, s, CH), 6.16-6.48 (10H, m, ArH), 6.68-6.75 (4H, m, ArH), 7.19-7.22 (2H, m, ArH)
ISCNMR(CDClg), §: 37.46, 116.65, 118.01, 120.21, 122.39, 124.37, 126.92, 128.91, 129.11, 129.88, 131.04, 131.24,
131.58, 143.98, 148.67

Ilc IR, 7/em~1: 744, 810, 1242, 1513, 1592, 3065
IHNMR (CDCls), &: 5.44 (1H, s, CH), 6.33-6.57 (8H, m, ArH), 6.71-6.76 (4H, m, ArH), 6.85-6.89 (2H, d, ArH),
7.16 (2H, d, J = 8.3 Hz, ArH)
ISCNMR(CDClg), §: 37.88, 115.75, 118.06, 122.04, 123.86, 124.58, 127.19, 128.96, 129.06, 129.59, 131.07, 146.27,
148.75, 152.01

HIf IR, 7/em~1: 810, 1230, 1250, 1570, 1640, 3053
LHNMR (CDCls), &: 2.49 (3H, s, OMe), 5.36 (1H, s, CH), 5. 60 (2H, d, J = 8.66 Hz, ArH), 6.32-6.45 (6H, m, ArH),
6.49-6.55 (2H, m, ArH), 6.69-6.76 (4H, m, ArH), 7.32 (2H, d, J = 8.48 Hz, ArH)
I3CNMR (CDCls), 8: 37.17, 55.05, 113.89, 117.58, 118.06, 122.77, 124.28, 126.81, 128.80, 128.87, 129.23, 131.13,
131.47, 137.45, 148.69, 157.89

IIIh IR, i7/em~1: 742, 836, 1240, 1450, 1510, 1580, 1625, 3044
THNMR (CDCls), &: 5.57 (1H, s, CH), 5.63 (1H, s, ArH), 5.78 (2H, d, J = 8.56 Hz, ArH), 6.16-6.21 (4H, m, ArH),
6.52 (2H, d, J = 8.20 Hz, ArH), 6.55-6.74 (4H, m, ArH), 7.55 (2H, d, J = 8.54 Hz, ArH)
I3CNMR (CDCls), 6: 34.2, 117.4, 118.0, 123.1, 124.5, 127.0, 128.4, 128.7, 129.1, 129.2, 130.5, 130.9, 131.5, 132.7,
132.8, 142.2, 148.9.

11Tk IR, D/cm_l: 748, 812, 1256, 1592, 1625, 3055
IHNMR (CDCls), &: 5.69 (1H, s, CH), 5.82 (2H, d, J = 5.19, ArH), 6.27-6.40 (5H, m, ArH), 6.50 (2H, d, J =
7.15 Hz, ArH), 6.55-6.67 (4H, m, ArH), 7.65 (2H, d, J = 8.5 Hz, d, ArH)
I3CNMR (CDCl3), 6: 34.63, 118.02, 118.11, 123.46, 124.44, 126.93, 127.87-127.94, 128.66, 129.08, 129.60, 130.13,
130.89, 131.76, 131.81, 143.57, 148.95

Vb HNMR (CDCls), 5: 0.98 (s, 6H, 2Me), 1.10 (s, 6H, 2Me), 2.14-2.46 (m, 8H,), 4.70 (s, 1H, CH), 7.17-7.26 (m, 4H,
ArH)
13C NMR (CDCls), §: 27.2, 29.2, 31.4, 32.9, 40.7, 50.6, 115.1, 115.2, 128.1, 129.7, 131.9, 142.7, 162.5, 196.4

Ve

1H NMR (CDCls), &: 1.00 (s, 6H, 2Me), 1.09 (s, 6H, 2Me), 2.13-2.46 (m, 8H), 5.50 (s, 1H, CH), 7.22-7.26 (m, 1H,
ArH), 7.37-7.45 (m, 2H, ArH), 7.75 (d, J = 8 1 Hz, ArH)
13C NMR (CDCls), &: 27.5, 28.4, 28.9, 32, 40.7, 50.5, 114.1, 124.5, 127.1, 132, 138.1, 149.7, 163, 196.3
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Fig. 2. Scheme of phospho sulfonic acid preparation.

Phospho sulfonic acid as a new solid acid catalyst

Results and discussion was investigated to afford IIla under solvent-free con-
ditions in order to better determine the role of PSA,

as can be seen in Table 2. When reactions were carried

was reported by Kiasat et al. (2013) and it was used
for the regioselective conversion of indazolo[1,2-b]-
phthalazinetriones under solvent-free condition. Phos-
pho sulfonic acid was readily prepared. This reac-
tion included the addition of chlorosulfonic acid to
diammonium hydrogen phosphate in CH5Cl, under
Ny atmosphere at ambient temperature. This reaction
was clean and easily performed, because HCI and NHjg
gases evolved instantly in the reaction vessel (Fig. 2).

First, the effect of catalyst-loading on the conden-
sation between benzaldehyde (I) and S-naphthol (IT)

out in the absence of a catalyst for long periods of time
(180 min under solvent-free conditions), the yields of
products were low (< 5 %) (Table 2, Entry 1). Better
yields and shorter reaction times were obtained when
the reaction was carried out in the presence of 0.05 g
of the catalyst under solvent-free conditions (Table 2,
Entry 4). It is worth noting that, when 0.1 g of the
catalyst was used, the yield did not increase nor did
the conversion time shorten (Table 2, Entry 5). It was
observed that the reaction did not proceed at ambient
temperature. Raising the reaction temperature proved
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Table 2. Optimisation of PSA amount

Entry  Loading of catalyst/g  Time/min  Yield/%®
1 - 180 <5
2 0.01 120 58
3 0.03 50 62
4 0.05 25 74
5 0.07 35 70
6 0.1 45 68

a) Yield of isolated products.

Table 3. Effect of temperature on synthesis of IIIa®

Entry Temperature/ °C Yield/%
1 60 78
2 80 84
3 100 76
4 120 68

a) Benzaldehyde (1 mmol) and B-naphthol (2 mmol) in pres-
ence of 0.05 g catalyst, under different thermal and solvent-free
conditions.

helpful, and the yield of the desired product increased
considerably. The reaction proceeded smoothly and an
almost complete conversion to the product was ob-
served at 80°C, affording 14H-dibenzo|a,j|xanthenes
with 84 % yield within a short time (Table 3, Entry
2).

As anticipated, both aromatic aldehydes contain-
ing electron-donating as well as electron-withdrawing
groups were used in the present case to form the
corresponding benzoxanthenes ITla—IIIn with high

539

yields. In addition, as shown in Table 4, the reaction
was performed with benzaldehyde containing electron-
withdrawing as well as electron-donating groups, but
benzaldehyde with electron-donating groups is gener-
ally more reactive than its equivalent with electron-
withdrawing groups and affords the desired product in
a short reaction time with an excellent yield (Table 4).
This observation clearly shows that the preparation
of benzoxanthenes is more strongly affected by elec-
tronic factors. This method was general and efficient;
all reactions were successfully performed to furnish
the corresponding 14-aryl-14 H-dibenzo[a,j]xanthenes
with high to excellent yields and in relatively short
reaction times.

However, the reaction conducted by a-naphthol in-
stead of (-naphthol did not afford any product. In
Table 5, the results are compared with the results
of some other procedures for the synthesis of 14-
aryl-14 H-dibenzo|a,j]xanthenes. Table 5 clearly shows
the current method for the synthesis of 14-aryl-14 H-
dibenzo|a,j]xanthene derivatives to be simpler, more
efficient and less time-consuming. The data show a
comparison of the promising features of this method
in terms of molar ratio of the catalyst, reaction time
and yield of the product with those reported in the
literature.

It was found that the catalyst could be reused a
number of times without any appreciable loss of ac-
tivity. This was demonstrated using benzaldehyde and
B-naphthol under solvent-free conditions as a model
reaction. After completion of the reaction, the reac-
tion mixture was washed with CHCl3 (10 mL) and fil-
tered to recover the catalyst (Table 4, Entry 1 and Ta-
ble 6, Entry 1). The proposed mechanism for the phos-

Table 4. PSA-catalysed efficient synthesis of aryl-14 H-dibenzo|a,j|xanthenes®

Ar
PSA (cat.),

solvent-free,

OH
Ar—CHO + 2

48®

80 °C
Entry Ar Product Time/min Yield/ %" M.p./°C Reference

1 CeHs Ila 15 84 (83, 82, 80)¢ 178-179 Kumar et al. (2010)

2 4-BrCgHy IIIb 20 78 291-293 Kumar et al. (2010)

3 4-NO2CgHy IIlc 25 76 307-308 Kumar et al. (2010)

4 3-NO2CgHy 111d 30 85 207-208 Kumar et al. (2010)

5 4-ClCeHy4 Ile 15 80 288-291 Kumar et al. (2010)

6 4-OMeCgHy IIIf 15 81 204-205 Kumar et al. (2010)

7 4-OHCgHy4 IIlg 30 74 141-143 Madhav et al. (2008)

8 2,4-ClCgHy IITh 20 76 255-256 Mahdavinia et al. (2009)
9 2-NO2CgHy 11T 35 85 290-291 Rajitha et al. (2005)
10 3-BrCgHy 1115 30 81 186-187 Khosropour et al. (2005)
11 2-ClCeHy 1Tk 30 86 212-213 Khosropour et al. (2005)

a) Reaction conditions: S-naphthol (2 mmol), aldehyde (1 mmol) in the presence of PSA under solvent-free condition at 80 °C; b)
yield of isolated products; c) yield of isolated products after the catalyst recycling.
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Table 5. Comparison of efficiency of various catalysts in synthesis of 14-aryl-14 H-dibenzo[a,j]xanthenes

Entry Catalyst Temperature/ °C Time/h Yield /%% Reference
1 Sulphamic acid 125 6-12 90-95 Rajitha et al. (2005)
2 Selectfluor 125 6-12 90-95 Kumar et al. (2006)
3 Amberlyst-15 125 0.5 80-94 Ko and Yao (2006)
4 Iz 90 2 85-95 Das et al. (2006)
5 p-TSA 125 2.5 80-96 Khosropour et al. (2005)
6 p-TSAb 80 15-24 85-95 Khosropour et al. (2005)
7 LiBr 130 1-1.2 80-84 Saini et al. (2006)
8 Silica sulfuric acid 80 0.5 80—96 Seyyedhamzeh et al. (2008)
9 Dowex-50W 100 1 78-91 Shakibaei et al. (2007)
10 This work 80 15-35 min 76-86¢ -
11 This work 80 40-110 min 75-894 -

a) Yield of isolated products; b) in CH2Cly; ¢) reaction conditions: S-naphthol (2 mmol), aldehyde (1 mmol) in the presence of
PSA under solvent-free condition at 80 °C; d) reaction conditions: dimedone (2 mmol), aldehyde (1 mmol) in the presence of PSA

under solvent-free condition at 80 °C.

Table 6. PSA-catalysed efficient synthesis of 1,8-dioxo-octahydro-xanthenes

O Ar O
PSA (cat),
Ar—CHO + 2 solvent—free, _
o 0 o o
Entry Ar Product Time/min Yield/ % M.p./°C Reference
1 CeHs Va 50 86 (85, 84, 82)b 202-203 Hasaninejad et al. (2012)
2 4-ClCgHs Vb 90 89 228-229 Jin et al. (2004)
3 2-NO2CgHy Ve 100 84 172-174 Jin et al. (2004)
4 4-HOCgH4 Vd 90 85 242-243 Jin et al. (2005)
5 4-OCH3-CeHy Ve 40 78 239-240 Jin et al. (2004)
6 4-NO2CgHy Vf 90 79 221-223 Jin et al. (2005)
7 2,4-Cla-CgHy Vg 110 81 250-251 Jin et al. (2004)
8 4-MesNCgHy Vh 110 75 223-225 Horning and Horning (1964)
9 4-BrCgHs Vi 100 86 233-234 Song et al. (2007)
10 2-ClCgH4 Vi 85 80 227-228 Zhang and Liu (2008)

a) Yield of isolated products; b) yield of isolated products after the catalyst recycling.

pho sulfonic acid-catalysed transformation is shown in
Fig. 3. Concerning the reaction mechanism, it is sug-
gested that, initially, a carbocation be formed (struc-
ture VI) and then aryl-methanebisnaphthols prepared
(structure VII), which then undergo dehydration to
afford the final product (structure VIIT).

In another study, the reaction of 5,5-dimethyl-
1,3-cyclohexanedione (IV) instead of S-naphthol (IT)
was carried out using various aromatic aldehydes
such as those bearing electron-donating substituents,
electron-withdrawing substituents or halogens on their
aromatic rings under solvent-free conditions at 80°C,
which afforded 1,8-dioxo-octahydro-xanthene deriva-
tives Va-Vj (Fig. 1, Table 6). The various aro-
matic aldehydes containing both electron-donating
and electron-withdrawing groups and halogens on
their aromatic rings afforded the corresponding prod-
ucts with good to high yields and in short reaction
times (Table 6). Hence, the protocol was efficient and
general.

Conclusions

In summary, a facile and economical method for
the synthesis of aryl-14 H-dibenzo[a,j]xanthenes and
1,8-dioxo-octahydro-xanthenes under solvent-free con-
ditions using phospho sulfonic acid as an efficient, het-
erogeneous, solid acid catalyst. This simple method
is important from both environmental and econom-
ical perspectives as it produces little waste. The
present method possesses the advantages of, short
reaction times, simplicity of reaction and reusabil-
ity of the catalyst and non-chromatographic purifi-
cation of products, i.e. simple recrystallisation from
ethanol, as well as eliminating the use of corrosive lig-
uid acids. The catalyst is readily available, inexpen-
sive and can be conveniently handled and removed
from the reaction mixture. This protocol could serve
as a valuable alternative to the recognised reaction
systems.
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Fig. 3. Proposed mechanism for preparation of 14-aryl-14 H-dibenzo|a,j]xanthenes.
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