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Hydrotrope induced synthesis of 1,8-dioxo-octahydroxanthenes in aqueous medium

Santosh Kamble, Gajanan Rashinkar, Arjun Kumbhar and Rajashri Salunkhe*

Department of Chemistry, Shivaji University, Kolhapur 416004, Maharashtra, India
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Hydrotrope induced synthesis of 1,8-dioxo-octahydroxanthenes from aromatic aldehydes and dimedone/1,3-
cyclohexadione in aqueous medium is reported. The remarkable features of the new procedure are high
conversions, shorter reaction times, cleaner reaction profiles, and simple experimental and work-up procedures.
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Introduction

Xanthene derivatives are important heterocyclic
compounds due to their interesting biological activ-
ities such as antiviral (/), antibacterial (2), anti-
inflammatory (3), and antinociceptive activities (4)
possessed by them. They have also been reported for
their use as dyes, fluorescent materials for visualiza-
tion of bio-molecules and laser technologies due to
their useful spectroscopic properties (5). They are
versatile synthons because of inherent reactivity of
the inbuilt pyran ring (6). The most common strategy
for the synthesis of 1,8-dioxo-octahydroxanthenes
involves condensation between an aldehyde with
dimedone or cyclohexane-1,3-dione. Although the
reaction has been investigated using a number of
Lewis acid catalysts (7—11), there is still scope for
improvement especially towards developing a green
protocol using highly efficient and reusable catalyst.

Organic solvents are conventionally used in or-
ganic synthesis and industrial processes on a large
scale. These solvents are often problematic owing to
their toxicity and flammability. There is now a
realization that more benign chemical synthesis is
required, as an integral part of developing sustainable
technologies (/2). Eliminating the use of organic
solvents can reduce the generation of waste, which is
a requirement of one of the principles of green
chemistry. One important aspect of research toward
green processes for organic synthesis is the scientific
evaluation of potential replacement for volatile or-
ganic compounds (VOCs) as solvents and reaction
media. Alternative solvents suitable for green chem-
istry are those that have low toxicity, are inert, easy
to degrade, and do not contaminate the product.

Alternative media to organic solvents include water
(13), ionic liquids (4, 15), supercritical solvents (16),
polyethylene and polypropylene glycol (1/7), and so on.
The term hydrotropes refers to a diverse class of water
soluble surface active compounds that enhance the
solubilitie’s of organic reactants in the aqueous phase
at higher concentration. They are capable of increasing
the solubility of organic compounds up to 200 times in
water. They usually comprise hydrophilic and hydro-
phobic moieties, with the latter being typically too
small to induce micelle formation. Their solubilizing
power was recognized as early as 1916 by Neuberg
(18). The potential use of hydrotropes in industry was
stressed in 1946 by McKee (1/9). Aqueous solutions of
hydrotropes represent the unique properties of an
alternative reaction media for organic synthesis. Be-
sides being cheap, non-toxic, and environment
friendly, aqueous hydrotropic solutions possess the
other physico-chemical characteristics required to be
an alternative reaction media. In our efforts devoted to
green chemistry (20, 21), we recently established the
compatibility of aqueous hydrotropic solutions as
safer solvents for microwave-assisted reactions (22).
In continuation of our effort to tap the barely exploited
potential of hydrotropes in organic synthesis, we
report herein hydrotrope induced synthesis of 1,8-
dioxo-octahydroxanthenes in aqueous medium.

Results and discussion

Our investigations began with the scrutiny of an
appropriate hydrotrope for the present work. The
different hydrotropes such as sodium benzene sul-
phonate (NaBS), sodium p-xylene sulphonate
(NaXZ8), and sodium p-toluene sulphonate (NaPTSA)
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Scheme 1. Hydrotrope induced synthesis of 1,8-dioxo-octahydroxanthenes.

were selected for this purpose. Our investigations
began with the optimization of aqueous concentra-
tion of the selected hydrotropes. After considerable
experimentation, we optimized 50% aqueous solution
of hydrotropes as solvent since this concentration was
suitable for the solubilization of organic compounds
in sufficient quantities. Next, we turned our attention
to the synthesis of 1,8-dioxo-octahydroxanthenes
(Scheme 1). A series of experiments were undertaken
in which a mixture of dimedone 1a and benzaldehyde
2a was stirred in 5 mL of 50% of aq. NaBS, NaXs§,
and NaPTSA in an open air. Preliminary investiga-
tions carried out at room temperature did not yield
quantitative results. The reaction between la and 2a
was performed at different temperatures. The best
results were obtained when the reaction was carried
out at 80 °C (Table 1). As evident from the results in
Table 1, NaPTSA was found to be better alternative
as compared to NaBS and NaXS8.

As excellent results were obtained for NaPTSA,
we employed this particular hydrotrope for subse-
quent studies. To explore the versatility of the
protocol, a series of 1,8-dioxo-octahydroxanthenes
were synthesized by the reaction of 1a as well as 1,3-
cyclohexadione 1b with differently substituted aro-
matic aldehydes 2b—j in 50% aq. NaPTSA solution at
80 °C The reactions proceeded smoothly in all the
cases yielding the corresponding 1,8-dioxo-octahy-
droxanthenes in good to excellent yields. The results
of the reactions are summarized in Table 2. With both
electron-poor and electron-rich benzaldehydes, the
corresponding 1,8-dioxo-octahydroxanthenes were
obtained in good to excellent yields. The reaction of
the sterically hindered 2-substituted benzaldehydes
even gave higher yields highlighting the general
applicability of the protocol. The note worthy feature
of all the reactions was the easiness of product
separation. It can be effected by adding water to the
reaction mixture, which precipitates the product that
can be isolated merely by filtration. The product
obtained after sufficient washings with water was
found to be practically pure. The identity of all the

products was ascertained on the basis of IR, 'H
NMR, '*C NMR, and mass spectroscopy data and is
consistent with the literature (23, 24).

In order to investigate the role of hydrotrope, the
reaction between la and 2a was carried out using
pure water. The reaction did not gave quantitative
yield of corresponding product indicating that the use
of NaPTSA is crucial. Aqueous NaPTSA solution
was found to be better in terms of cost, handling,
remarkable operational simplicity, product isolation,
and reaction time.

The recovery and reuse of catalysts is highly
preferable for a greener process. To check the possi-
bility of the catalyst recycling, the reaction between 1a
and 2a was carried out in 50% aq. NaPTSA at 80 °C.
After the completion of reaction, the product was
separated out from the reaction mixture and the
resultant aqueous hydrotropic solution was concen-
trated and reused in the next cycles without any
further purification. As shown in Figure 1, the aq.
NaPTSA solution could be reused at least five times
with modest change in the yields of the products.

Experimental

Melting points were determined in an open capillary
and are uncorrected. Infrared spectra were recorded
on a Perkin-Elmer FTIR spectrometer. The samples
were examined as KBr discs ~5% w/w. 'H NMR
spectra were recorded on a Bruker Avon 300 MHz
spectrometer using DMSO-dg as solvent and TMS as

Table 1. Screening of various hydrotropes for synthesis of
1,8-dioxo-octahydroxanthenes.?

Hydrotrope Time (min) Yield® (%)
p-Toluene sulphonate (NaPTSA) 60 87
p-Xylene sulphonate (NaXS) 90 72
Benzene sulphonate (NaBS) 120 63

3All products were characterized by 'H, '*C NMR, and IR
spectroscopy.
®Isolated yields after recrystallization.
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Table 2. Synthesis of 1,8-dioxo-octahydroxanthene in 50% aq. NaPTSA solution.

1,3-cyclohexadione/ Time  Yield®
Entry Dimedone Aldehydes Product® (min) (%) Mp (°C)° [Lit.]
a 60 87 199-202 [198-200] (26)

: _.CHO

b HO 75 90 220222 [218-220] (27)
Me HaC
M 0
c o cho oM 70 92 225-227 [224-226] (28)
Me?@ MeO
e
Me ©
d o cHo on 90 84 247-250 [246-249] (29)
Me?@ "o
Me o
e o cho 90 85 207-208 [205-206] (30)
Me?@
OH
Me 0o
f o cHO o 80 90 230-232[230-232] (31)
Me?@
Cl
Me 0
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Table 2 (Continued)

1,3-cyclohexadione/ Time Yield®
Entry Dimedone Aldehydes Product® (min) (%) Mp (°C)° [Lit.]
g ° 85 88 226-228 [228-230] (7)
Me?@
Me 0
h o 90 85 225227 [226-228] (32)
Me?@
Me 0o
i o 85 80 256-258 [259-261] (33)
Me?@
Me 0
j o 90 84 146-148 [145-147] (32)
Me?@
Me 0
k O| 75 87 279-281
NS
N (0]
1 80 84 224-226




Table 2 (Continued)
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1,3-cyclohexadione/

Time  Yield®

Entry Dimedone Aldehydes Product® (min) (%) Mp (°C)° [Lit.]
m o oo 75 87 288-290 [289-291] (34)
Cl

N
N (0]

n o CHO 90 82 249-251 [250-251] (34)
N Cl
N (0]

0 o CHO 85 84 245-246
N NO
o 2

All products were characterized by 'H, '*C NMR, and IR spectroscopy.

®Isolated yields after recrystallization.
“Literature values in parenthesis.

internal reference. The hydrotropes viz NaBS, NaXS
and NaPTSA were synthesized by following proce-
dures reported in the literature (25). All other
chemicals were obtained from local suppliers and
used without further purification.

100
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General procedure for synthesis of 1,8-dioxooctahydro
xanthene

A mixture of 1,3-cyclohexadione/dimedone (2 mmol)
and aryl aldehyde (1 mmol) in 5 mL of aqueous 50%
hydrotropic solution was stirred until a clear solution

Cycle ————

Figure 1. Recyclability performance of 50% aq. NaPTSA in 1,8-dioxo-octahydroxanthene synthesis.
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was formed. The resulting mixture was stirred at 80
°C till the completion of the reaction as monitored by
thin layer chromatography. After completion of the
reaction, 50 mL of cold water was added to the
reaction mixture whereby the crude product precipi-
tated out. The resulting crude product was filtered
off, washed with water and recrystallized to afford
pure 1,8-dioxo-octahydroxanthenes that were char-
acterized by spectral analysis.

Spectral data of representative compounds
3,3,6,6-Tetramethyl-9-(phenyl)-1,8-dioxo octahydro-
oxanthene (Table 2 Entry-a)

IR (KBr): v =3039, 2976, 1687, 1669, 1465, 1360,
1201, 1143, 745, 701 cm~'; '"H NMR (300 MHz,
DMSO-dg): 6 0.97 (s, 6H), 1.14 (s, 6H), 2.10-2.46 (m,
8H), 4.75 (s, 1H), 7.24-7.46 (m, 5H); '*C NMR (75
MHz, DMSO-dy): 22.75, 29.69, 32.26, 32.61, 41.29,
51.18, 116.07, 126.76, 128.45, 128.80, 144.54, 162.70,
196.76.

9-(4-Hydroxyphenyl)-1,8-dioxo-octahydroxanthene
(Table 2 Entry-k)

IR (KBr): v =3434, 2951, 1642, 1556, 1373, 1237,
1199, 1185, 775 cm ~'; 'TH NMR (300 MHz, DMSO-
de): 0 1.78-1.89 (m, 2H), 1.97-2.10 (m, 2H), 2.22—
2.30 (m, 4H) 2.48-2.66 (m, 4H), 4.45 (s, 1H), 6.57 (d,
2H), 6.94 (d, 2H), 9.18 (s, 1H); '*C NMR (75 MHz,
DMSO-dg): 20.34, 26.87, 30.20, 36.90, 115.11, 116.38,
129.30, 135.50, 156.07, 164.95, 196.83.

9-(2-Hydroxyphenyl)-1,8-dioxo-octahydroxanthene
(Table 2 Entry-l)

IR (KBr): v =3399, 2923, 16425, 1556, 1372, 1296,
1184, 999, 775 cm —'; '"H NMR (300 MHz, DMSO-
de): 8 1.88 (m, 2H), 1.96 (m, 2H), 2.23 (m, 4H), 2.49
(m, 4H), 5.05 (s, 1H), 6.96 (d, 2H), 7.11 (d, 2H), 10.48
(s, 1H); '*C NMR (75 MHz, DMSO-d): 20.83, 26.87,
30.03, 36.50, 115.68, 116.40, 135.80, 138.50, 156.40,
165.55, 195.90.

9-(4-Chlorophenyl)-1,8-dioxo-octahydroxanthene
(Table 2 Entry-m)

IR (KBr): v =3434, 2926, 1668, 1592, 1425, 1359,
1128, 1014, 959, 762 cm~'; '"H NMR (300 MHz,
DMSO-dg): 6 1.88 (m, 2H), 1.91 (m, 2H), 2.29 (m,
4H), 2.64 (m, 4H), 4.52 (s, 1H), 7.26 (m, 4H); "*C
NMR (75 MHz, DMSO-d¢): 26.88, 36.79, 115.50,
128.34, 130.37, 165.46, 196.80.

9-(2-Nitrophenyl)-1,8-dioxo-octahydroxanthene
(Table 2 Entry-o)

IR (KBr): v =3412, 2925, 1667, 1519, 1456, 1358,
1177, 1013, 962, 786 cm~'; "H NMR (300 MHz,
DMSO-dg): & 1.86 (m, 2H), 1.95 (m, 2H), 2.27 (m,
4H) 2.64 (m, 4H), 5.40 (s, 1H), 7.35 (d, 2H), 6.94 (d,
2H), 7.56 (m, 1H), 7.77 (d, 1H); '*C NMR (75 MHz,
DMSO-dg): 20.20, 26.98, 30.10, 36.82, 114.90, 124.43,
127.71, 131.03, 133.3, 138.9, 155.9, 165.5, 196.8.

Conclusion

A simple, efficient, and green protocol for the
synthesis of 1,8-dioxo-octahydroxanthenes in aqu-
eous hydrotropic solution is described. The synthesis
has been performed in various hydrotropes. The
enhancement in the rate is observed for NaPTSA,
which furnishes quantitative yields within 1-2 hours
in most of the cases. Furthermore, NaPTSA is easily
reused without any appreciable loss in activity.
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