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Abstract: A simple and highly efficient protocol for the synthesis of biologically active 1,8-dioxo-
octahydroxanthenes from various aromatic aldehydes with dimedone by using thiourea dioxide
(TUD) as catalyst in aqueous media is reported. This protocol gives wide range of xanthene
derivatives with high yield.
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Introduction

Xanthene and their derivatives are an important family of organic compounds because they
have wide range of biological and pharmaceutical properties such as antibacterial,
antiviral?, anti-inflammatory”, anti-depressants and antimalarial agents®. Also, they are as
structural unit in a number of natural products® and santalin pigments isolated from a
number of plant species are major sources for xanthenes®. Furthermore, these compounds are
utilized in industries as leuco-dye’, in laser technology® as pH sensitive fluorescent
materials for the visualization of biomolecular assemblies’ and used in photodynamic
therapy™. Recently, xanthenes have been used as rigid carbon skeletons for the construction
of new chiral bidentate phosphine ligands with potential applications in catalytic processes'".

Even though, various methods have been reported for preparation of xanthenes and
substituted xanthenes, the classical method for the synthesis of 1,8-dioxo-octahydro
xanthenes involves the condensation of appropriate active methylene carbonyl compounds
with aldehydes'. For this purpose, two molecules of dimedone (5,5-dimethyl-1,3- cyclohexane
dione) reacts with various aromatic aldehydes®®, by using of different Lewis acid catalysts such
as triethylbenzyl ammonium chloride®, p-dodecyl benzenesulfonic acid®, diammonium
hydrogen phosphate under various conditions®, sulfonic acid under ultrasonic irradiation’,
ionic liquids™®, Amberlyst-15", NaHSO,-SiO, or silica chloride®, phosphomolybdic acid
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supported on silica gel?!, nanosized MCM-41-SOsH under ultrasonic irradiation?, sulfonic
acid on silica gel®, Dowex-50W ion exchange resin under solvent-free conditions®,
HCI0,-Si0,, ZnO® and ZnO acetyl chloride? and heteropoly acid supported MCM-41%",
Each of these methods have their own advantages but also suffer from one or more
disadvantages such as prolonged reaction time, tedious work-up processes, low yield, lack of
easy availability/preparation of starting materials and hazardous reaction conditions.

Thiourea dioxide (TUD)? easily prepared by the oxidation of thiourea with hydrogen
peroxide is highly stable and possesses the ability to activate organic substrates through
hydrogen bonding. Owing to the presence of two extra oxygen atoms it forms strong hydrogen
bonding and can provide higher activation than the corresponding thiourea. In addition,
thiourea dioxide is insoluble in common organic solvents and therefore can easily be recovered
at the end of the reaction for its reuse. Despite its high potential, the use of thiourea dioxide as
organocatalyst for organic reactions is not much reported in the literature®.

In continuation of our interest on synthesis of heterocyclic compounds, we report here a
new, green and highly efficient method for the synthesis of 1,8-dioxooctahydroxanthenes via
the condensation of dimedone with aldehydes using TUD as catalyst in aqueous media at 50-
60 °C (Scheme 1).
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Scheme 1. Synthesis of 1,8-dioxo-octahydroxanthenes using TUD as catalyst

Experimental

All chemicals were purchased from Merck or Fluka Chemical Companies and they were
used as received. All compounds are known and their structures were identified by
comparing their melting points and *H and **C NMR data with those reported in the
literature. The *H NMR (500 MHz, 400 MHz) and *C NMR (125 MHz, 100 MHz) spectra
were recorded on a Bruker Avance DPX-250, FT-NMR spectrometer (0 in ppm).
Tetramethylsailane (TMS) was used as internal standard. The abbreviations used for NMR
signals are: s = singlet, d = doublet, t = triplet, g = quartet, and m = multiplet. Melting points
were recorded on a Buchi B-545 apparatus in open capillary tubes and are uncorrected.

General procedure for the preparation of 1,8-dioxo-octahydroxanthenes using
Thiourea dioxide as catalyst

A mixture of dimedone (2 mmol), aromatic aldehyde (1 mmol) and 5 mL of 2% thiourea
dioxide(TUD) aqueous solution in a round-bottomed flask connected to a reflux condenser,
was heated and stirred in an oil-bath (50-60 °C) for appropriate time shown in Table 2. After
completion the reaction as monitored by TLC, cool the reaction mass and filter the obtained
solid and recrystallized in ethanol to afford the pure products.

Representative spectral data of the products
3,3,6,6-Tetramethyl-9(phenyl)-1,8-dioxo-octahydroxanthene (Table 2, Entry 1)

'H NMR (CDCl3, 500 MHz): 6 0.90 (s, 6H), 1.04 (s, 6H), 2.09 (d, J = 16.1 Hz, 2H), 2.27 (d,
J=16.2 Hz, 2H), 2.53 (d, J = 17.1 Hz, 2H), 2.58 (d, J = 17.7 Hz, 2H), 4.53 (s, 1H), 7.10 (t, J

= 7.0 Hz, 1H), 7.18 (d, J = 7.0 Hz, 2H), 7.21 (t, J = 7.20 Hz, 2H); *C NMR (CDCls, 125
MHz): 27.7, 29.6, 32.3, 32.6, 41.3, 51.2, 116.1, 126.8, 128.4, 128.8, 144.5, 162.7, 196.8.
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3,3,6,6-Tetramethyl-9(4-chloro-Phenyl)-1,8-dioxo-octahydroxanthene (Table 2, Entry 2)

'H NMR (CDCl3, 500 MHz): 6 0.90 (s, 6H), 1.04 (s, 6H), 2.09 (d, J = 16.1 Hz, 2H), 2.27 (d,
J =16.1 Hz, 2H), 2.52 (d, 2H), 2.57 (d, J = 17.6 Hz, 2H), 4.51 (s, 1H), 7.19 (d, J = 8.3 Hz,
2H), 7.29 (d, J = 8.2 Hz, 2H); **C NMR (CDCP, 125 MHz): 27.7, 29.7, 31.8, 32.6, 41.3,
51.1, 115.6, 128.6, 130.2, 132.4, 143.1, 162.8, 196.7.

3,3,6,6-Tetramethyl-9(3-nitro-Phenyl)-1,8-dioxo-octahydroxanthene (Table 2, Entry 6)

'H NMR (CDCl3, 500 MHz): 6 0.91 (s, 6H), 1.04 (s, 6H), 2.11 (d, J = 16.1 Hz, 2H), 2.29 (d,
J=16.1 Hz, 2H), 2.57 (d, J = 17.9 Hz, 2H), 2.60 (d, J = 17.9 Hz, 2H), 4.65 (s, 1H), 7.56 (t, J
= 7.7 Hz, 1H), 7.66 (d, J = 7.6 Hz, 1H), 8.00 (d, 2H); *C NMR (CDCls, 125 MHz): 27.2,
29.6, 32.0, 32.7, 50.9, 56.6, 60.7, 106.3, 115.1, 136.8, 140.7, 153.2, 163.9, 197.0

Results and Discussion

Initially, we studied effect of amount of the catalysts on the reaction of dimedone (2 mmol)
with benzaldehyde (1 mmol) at 55-60 °C. The results are summarized in Table 1. As it can
be seen in Table 1, the best amounts of TUD aqueous solution was 2%.

Table 1. Synthesis of 3,3,6,6-Tetramethyl-9(phenyl)-1,8-dioxo-octahydroxanthene

S. No. % of TUD aqueous solution Time in Min  Yield %
1 10 45 92
2 5 45 92
3 2 45 96
4 1 70 80

After optimization of the reaction conditions, dimedone was reacted with different types
of aldehydes (including aromatic aldehydes possessing electron-releasing substituents,
electron-withdrawing substituents and halogens on their aromatic rings) in the presence of the
thiourea dioxide as catalysts. The results are displayed in Table 2. As it is shown in Table 2, all
reactions were completed within 35-50 min and the desired products were obtained in good to
excellent yields (82-97%). Thus, our method is highly efficient and general.

Table 2. Synthesis of 1,8-dioxo-octahydroxanthenes using TUD as catalyst

Entry R Timein Min  Yield* % M.P.°C
1 CeHs 45 96 200-202
2 p-CICgsH,4 35 97 230-232
3 m-CIC¢H, 35 90 184-186
4 0-CIC¢H, 40 91 224-226
5 p-NO,CgH,4 40 97 222-224
6 m-NO,CgsH, 30 94 162-164
7 0-NO,CsHy 50 88 250-252
8 p-Br CgH, 40 92 240-242
9 0-BrCgsH, 40 83 226-228
10 p-CNCgH, 45 82 218-220
11 p-CH3CeH, 40 94 214-216
12 m-CHsCgH, 35 94 208-210
13 0-CH3CgH, 50 84 210-212
14 p-CH;0CgH, 45 89 242-244
15 m-CH;0CgH, 50 85 160-162

Isolated yields



Chem Sci Trans., 2015, 4(1), 246-250 249

Conclusion

We have developed a new method for the synthesis of 1,8-dioxoocta-hydroxanthenes using
TUD in aqueous media as catalyst. The simple experimental and work-up procedure, high
yields, relatively short reaction times, application of inexpensive catalyst and compliance with
the green chemistry protocols are the advantages of the present method.
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