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EFFICIENT AND GREEN SYNTHESES
OF 12-ARYL-2,3,4,12-TETRAHYDROBENZO[b]
XANTHENE-1,6,11-TRIONES IN WATER AND
TASK-SPECIFIC IONIC LIQUID

Jitender M. Khurana, Anshika Lumb, Ankita Chaudhary, and
Bhaskara Nand
Department of Chemistry, University of Delhi, Delhi, India

GRAPHICAL ABSTRACT

Abstract Facile and convenient one-pot cascade/tandem approaches for the syntheses of

privileged medicinal scaffolds, 12-aryl-2,3,4,12-tetrahydrobenzo[b]xanthene-1,6,11-trione

derivatives, have been reported under extremely mild reaction conditions using a catalytic

amount of H2SO4 in water or in the presence of the acidic ionic liquid bmim[HSO4], which

could be recycled.

Supplemental materials are available for this article. Go to the publisher’s online edition

of Synthetic Communications1 to view the free supplemental file.

Keywords Aqueous media; benzoxanthenes; bmim[HSO4],2-hydroxy-1,4-naphthoqui-

none; cyclic-1,3-dicarbonyl compounds

INTRODUCTION

The concept of privileged medicinal structures or scaffolds[1] has emerged as
one of the guiding principles of the drug discovery process. These privileged
scaffolds, such as substituted benzoxanthenes and naphthoquinones, commonly
consist of a rigid heterocyclic system with well-defined orientation of appended
functionalities for target recognition.[2] Benzoxanthenes show therapeutic and
biological properties,[3] and they are used in photodynamic therapy,[4] polymer
photoimaging systems,[5] and laser technologies.[6]

2-Hydroxy-1,4-napthoquinone (HNQ) is a principal natural dye in the leaves
of henna, Lawsonia inermis. Today, semipermanent hairdyes containing henna as
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well as its pure dye ingredient HNQ are extensively used and have become increas-
ingly popular because of their natural origin.[7] An array of naphthoquinone
pigments (streptocarpone, a-dunnione, dunniol, and dunnione) have been isolated
and characterized from Streptocarpus dunni.[8] Moreover, molecules containing
naphthoquinone structure constitute an important class in organic chemistry
because of their various biological activities, industrial applications, and potential
as intermediates in the synthesis of heterocycles.[9]

The development of new and simple synthetic methods for xanthene containing
a naphthoqinone framework is therefore an interesting challenge, and only few
methods have been reported for the synthesis.[10–12] These methods have their own
merits and demerits. An application of water as a green solvent for organic synthesis
has received considerable attention.[13] Ionic liquids (ILs) also offer a unique
environment because of their interesting properties such as chemical and thermal
stability, nonvolatility, noncoordinating nature, good solvating capability, and ease
of recycling.[14] Recently, task-specific acidic ionic liquids which can act as solvent
and=or catalyst have been successfully used in different reactions.[15,16]

In continuation of our focus on the environmentally benign synthesis of diverse
heterocyclic compounds of biological significance,[17] we disclose herein new and
efficient protocols for the syntheses of 12-aryl-2,3,4,12-tetrahydrobenzo[b]xanthene-
1,6,11-triones.

RESULTS AND DISCUSSION

In the present study, we report ‘‘one-pot’’ syntheses of 12-aryl-2,3,4,12-
tetrahydrobenzo[b]xanthenes-1,6,11-triones (1a–x) by condensation of 2-hydroxy
naphthalene-1,4-dione, aromatic aldehydes, and cyclic 1,3-dicarbonyl compounds
catalyzed by sulfuric acid or the task-specific ionic liquid 1-butyl-3-methylimidazo-
lium hydrogen sulfate (bmim[HSO4]).

The reaction conditions were optimized by attempting the condensation
of 4-nitrobenzaldehyde (1mmol), 2-hydroxy-1,4-naphthoquinone (1mmol), and
5,5-dimethylcyclohexane-1,3-dione (dimedone) (1.2mmol) in the presence or absence
of acids such as HCl, H2SO4, HNO3, and AcOH in various solvents such as water,
acetonitrile, dimethylformanide (DMF), EtOH, tetrahydrofurane (THF), and
bmim[HSO4]. The standardization results are summarized in Table 1.

From Table 1 it is notable that 92% and 91% of 3,3-dimethyl-12-
(4-nitrophenyl)-2,3,4,12-tetrahydrobenzo[b]xanthene-1,6,11-trione (1a) was obtained
when the reaction was carried out in H2O=H2SO4 under reflux (Table 1, entry 5) and
bmim[HSO4] at 70

�C (Table 1, entry 9) respectively. Increasing the amount of cata-
lyst (H2SO4) did not affect the rate of reaction or yield while decreasing the amount
of catalyst (H2SO4) decreases the rate of reaction and yields significantly. Hence, the
reaction of 4-nitrobenzaldehyde, 2-hydroxy-1,4-naphthoquinone and dimedone
(1.2mmol) gives best and comparable results in water=H2SO4 (method A) and
bmim[HSO4] (method B). Therefore, we decided to pursue both protocols for the
synthesis of 12-aryl-2,3,4,12-tetrahydrobenzo[b]xanthenes-1,6,11-triones (Scheme 1).

Then, the generality of this protocol was applied to the synthesis of a variety of
tetrahydrobenzo[b]xanthene-1,6,11-triones (Table 2, 1a–m) using diversely subsi-
tuted aldehydes, 2-hydroxy-1,4-naphthpquinone, and dimedone. The scheme was
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extended to another cyclic b-diketones viz. 5-methyl-cyclohexane-1,3-dione and
cyclohexane-1,3-dione to give the corresponding novel tetrahydrobenzo[b]xanthene-1,6,
11-triones in excellent yields (Table 2, 1n–v). Reaction of aromatic aldehydes and
2-hydroxy-1,4-naphthoquinone with cyclopentane-1,3-dione also underwent successful
condensation under similar conditions to afford novel dihydro-2H-4-oxa-cyclopenta
[b]anthracene-1,5,10-trione derivatives (Table 2, 1w–x).

The ionic liquid employed in method B could be recycled for three cycles before
losing activity. A plausible mechanism for the formation of 12-aryl-2,3,4,12-
tetrahydrobenzo[b]xanthene-1,6,11-trione in the presence of acid catalyst is proposed
in Scheme 2, which is confirmed by the initial condensation of 4-chlorobenzaldehyde
and dimedone to form 2-[(4-chlorophenyl)methylene]-5,5-dimethylcyclohexane-1,3-
dione[18] (A), which is then condensed with 2-hydroxy-1,4-naphthoquinone using
H2SO4 in aqueous media and bmim[HSO4] to give desired product 1c.

The electronic absorption spectra of 2� 10�5M solutions of 1a–x in CHCl3
were measured (Table 3). The longest wavelength maximum absorption (kmax) of
all the compounds was located between 335 and 341 nm. The color of the
compounds varied from yellow to orange.

Table 1. Effect of different media and catalyst on the condensation of 4-nitrobenzaldehyde,

2-hydroxy-1,4-naphthoquinone, and dimedone (molar ratio 1:1:1.2)

Entry Reaction media Temperature (�C) Catalyst Amount Time Yield (%)a

1 DMF 100 H2SO4 20 5.0 h 40

2 CH3CN 80–85 H2SO4 20 5.0 h 45

3 THF 65–70 H2SO4 20 5.0 h 25

4 EtOH 70–80 H2SO4 20 2.0 h 78

5 H2O 100 H2SO4 20 25min 92

6 H2O 100 CH3COOH 20 5.0 h —b

7 H2O 100 HCl 20 5.0 h —b

8 H2O 100 HNO3 20 5.0 h —c

9 bmim[HSO4] (1mL) 70 — — 30min 91

aIsolated yield (%) of 1a.
bSluggish and incomplete reactions.
cNumber of products on TLC.

Scheme 1. Synthesis of 12-aryl-2,3,4,12-tetrahydrobenzo[b]xanthene-1,6,11-triones.

TETRAHYDROBENZO[b]XANTHENE-TRIONES 2149

D
ow

nl
oa

de
d 

by
 [

B
ro

w
n 

U
ni

ve
rs

ity
] 

at
 2

2:
55

 1
6 

Ju
ne

 2
01

3 



EXPERIMENTAL

All the chemicals used were purchased from Sigma-Aldrich and used as
received. Silica gel 60F254 (precoated aluminium plates) from Merck was used to
monitor reaction progress. Melting points were determined on a Tropical Labequip

Table 2. Synthesis of 12-aryl-2,3,4,12-tetrahydrobenzo[b]xanthene-1,6,11-trione derivatives by conden-

sation of aldehydes, 2-hydroxy-1,4-naphthoquinone, and cyclic 1,3-dicarbonyl compounds

Entry Ar

Cyclic-1,3-

dicarbonyl compounds

Method A Method B

Mp

(�C) obs.
Mp

(�C) lit.
Time

(min)

Yield

(%)

Time

(min)

Yield

(%)

1a 4-O2NC6H4 5,5-Dimethyl-cyclohexa-

ne-1,3-dione

25 92 30 91 256–258 —

1b 3-O2NC6H4 5,5-Dimethyl-cyclohexa-

ne-1,3-dione

25 92 30 89 236–238 —

1c 4-ClC6H4 5,5-Dimethyl-cyclohexa-

ne-1,3-dione

30 90 25 89 275–278 282–284[12]

1d 4-CH3OC6H4 5,5-Dimethyl-cyclohexa-

ne-1,3-dione

40 88 30 88 268–270 —

1e C6H5 5,5-Dimethyl-cyclohexa-

ne-1,3-dione

25 90 30 89 260–262 263–265[12]

1f 4-CH3C6H4 5,5-Dimethyl-cyclohexa-

ne-1,3-dione

35 89 25 90 178–180 —

1g 2-ClC6H4 5,5-Dimethyl-cyclohexa-

ne-1,3-dione

25 88 25 91 242–244 —

1h 3-ClC6H4 5,5-Dimethyl-cyclohexa-

ne-1,3-dione

35 90 30 86 210–212 —

1i 2,4-ClC6H3 5,5-Dimethyl-cyclohexa-

ne-1,3-dione

25 90 25 88 256–258 —

1j 2-Naphthyl 5,5-Dimethyl-cyclohexa-

ne-1,3-dione

20 89 30 85 268–270 —

1k 4-OH C6H4 5,5-Dimethyl-cyclohexa-

ne-1,3-dione

45 85 30 87 198–200 —

1l 3-OH C6H4 5,5-Dimethyl-cyclohexa-

ne-1,3-dione

40 88 25 88 194–196 —

1m Thien-2-yl 5,5-Dimethyl-cyclohexa-

ne-1,3-dione

30 90 25 87 178–180 —

1n 4- O2NC6H4 Cyclohexane-1,3-dione 15 94 25 91 218–220 —

1o 4-ClC6H4 Cyclohexane-1,3-dione 20 90 30 92 188–190 —

1p 4-CH3OC6H4 Cyclohexane-1,3-dione 40 89 30 89 190–192 —

1q C6H5 Cyclohexane-1,3-dione 30 91 30 88 220–222 —

1r 4-CH3C6H4 Cyclohexane-1,3-dione 35 85 30 87 260–262 —

1s 2,4-ClC6H3 Cyclohexane-1,3-dione 25 91 30 86 252–254 —

1t Thien-2-yl Cyclohexane-1,3-dione 30 92 25 89 212–214 —

1u 4-O2NC6H4 5-Methyl-cyclohexane-

1,3-dione

20 90 30 88 180–184 —

1v 4-CH3OC6H4 5-Methyl-cyclohexane-

1,3-dione

35 89 30 90 182–184 —

1w 4-O2NC6H4 Cyclopentane-1,3-dione 40 88 25 91 198–200 —

1x 4-CH3OC6H4 Cyclopentane-1,3-dione 35 90 25 91 256–258 —

Notes. Method A: H2SO4, water, reflux.

Method B: bmim[HSO4], 70
�C.
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apparatus and are uncorrected. Infrared (IR) (KBr) spectra were recorded on
Perkin-Elmer Fourier transform (FT–IR) spectrophotometer, and the values are
expressed as nmax cm

�1. Absorbance measurements were made using an Analytikjena
Specord 250 spectrophotometer. Mass spectral data were recorded on a

Scheme 2. Proposed pathway for the synthesis of 12-aryl-2,3,4,12-tetrahydrobenzo[b]xanthene-1,6,11-

triones.

Table 3. UV=visible data for compounds 1 in CHCl3

Compound kmax (nm) e (104 Lmol�1 cm�1)

1a 343 6.00

1b 336 7.50

1c 335 5.50

1d 336 3.30

1e 338 5.80

1f 337 3.50

1g 333 5.00

1h 338 5.50

1i 333 5.50

1j 339 6.00

1k 340 3.50

1l 338 6.50

1m 338 4.00

1n 343 4.50

1o 336 7.50

1p 338 3.50

1q 335 6.00

1r 338 6.00

1s 336 4.00

1t 339 6.50

1u 338 5.50

1v 340 5.00

1w 340 5.00

1x 339 5.50
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Jeol-AccuTOF mass spectrometer having a direct analysis in real time (DART)
source. The 1H NMR and 13C NMR spectra were recorded on Jeol JNM ECX-400P
at 400MHz, using tetramethylsilane (TMS) as an internal standard. The chemical
shift values are recorded on d scale and the coupling constants (J) are in hertz
(Hz). Ionic liquid 1-butyl-3-methylimidazolium hydrogen sulfate bmim[HSO4] was
synthesized according to a reported procedure.[19]

General Procedure for the Synthesis of
12-Aryl-2,3,4,12-tetrahydrobenzo[b]xanthene-1,6,11-triones (1a–x)

Method A. In a 50-mL round-bottom flask, aldehyde (1.0mmol),
2-hydroxy-1,4-naphthoquinone (1.0mmol), 5,5-dimethylcyclohexane-1,3-dione or
5-methyl-cyclohexane-1,3-dione or cyclohexane-1,3-dione or cyclopentane-1,3-dione
(1.2mmol), H2SO4 (0.20mmol), and 10mL water were taken. The reaction mixture
was refluxed for appropriate time as mentioned in Table 2, Method A. The progress
of the reaction was monitored by thin-layer chromatography (TLC) using ethyl
acetate–petroleum ether (30:70, v=v) as eluent. After completion, the reaction
mixture was filtered and the crude product was purified on silica gel (100–200 mesh)
column chromatography to yield pure 12-aryl-2,3,4,12-tetrahydrobenzo[b]xanthene-
1,6,11-trione derivatives.

Method B. A mixture of aldehyde (1.0mmol), 2-hydroxy-1,4-
naphthoquinone (1.0mmol), and cyclic-1,3-dicarbonyl (1.2mmol) was placed in a
50-mL, round-bottomed flask and 1mL bmim[HSO4] was added. The mixture was
heated at 70 �C. After completion of the reaction as monitored by TLC, water
(�5–7mL) was added to the mixture. The product was filtered at the pump and
purified through column chromatography (silica gel 100–200 mesh) to yield pure
products 1a–x.

After separation of the product by filtration, the filtrate containing the ionic
liquid was rinsed with ether and further vacuumed to dryness at 100 �C to eliminate
any trapped moisture. It afforded bmim[HSO4], which was reused directly for the
next run. Marginal loss in the yield of the products were observed in first three runs
(90%, 88%, and 86%), while in fourth and fifth runs the yields were quite poor.

The spectral data of the synthesized compounds have been provided in the
Supplementary Information, available online.

CONCLUSION

In conclusion, we have reported efficient syntheses of 12-aryl-2,3,4,12-
tetrahydrobenzo[b]xanthene-1,6,11-trione derivatives via an acid-catalyzed conden-
sation reaction in aqueous media as well as with the task-specific ionic liquid
bmim[HSO4].
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