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Abstract Zinc oxide (ZnO) nanoparticles have been used as an efficient and
recyclable catalyst for one-pot synthesis of 1,8-dioxo-octahydroxanthene deriva-
tives via condensation of aromatic aldehydes and 5,5-dimethyl-1,3- cyclohexane-
dione under mild reaction conditions in good to excellent yields. ZnO nanoparticles
were easily recycled from the reaction mixture and were reused three times without
any loss in activity.

Keywords ZnO nanoparticles - 1,8-Dioxo-octahydroxanthenes - Aromatic
aldehyde - 5,5-Dimethyl-1,3- cyclohexanedione - Solid acid - Reusable
catalyst

Introduction

Xanthenes derivatives constitute an important class of heterocyclic compounds due
to their various biological and pharmacological properties [1], such as antibacterial,
[2] antiviral, [3] antiplasmodial [4], and anti-inflammatory [5] activities, while they
are also being developed to act as new clinical agents in cancer therapy [6]. In
addition, because of their useful spectroscopic properties, they have been widely
used as dyes in laser technology [7], sensitizers in photodynamic therapy [8], and
pH-sensitive fluorescent materials for visualization of biomolecules [9]. There are
several methods for the synthesis of 1,8-dioxooctahydroxanthenes; these com-
pounds conventionally prepared using condensation of aromatic aldehydes with
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5,5-dimethyl-1,3-cyclohexanedione (dimedone) in the presence of catalysts such as
InCl3-4H20 [10], FeCl5-6H,O [11], NH,SO3/SDS [12], NaHSO,/SiO, [13],
PPA-SiO,; [14], ZnO-acetyl chloride [15], BiCl; [16], (L)-proline [17], trimethyl-
silyl chloride [18], amberlyst-15 [19], p-dodecylbenzene sulfonic acid [20], and
tetrabutylammonium hydrogen sulfate [21].

Although, many of the reported methods are effective, but suffer from drawbacks
such as the use of expensive or toxic catalysts, long reaction times, low yields,
tedious work-up processes, and hazardous reaction conditions. Furthermore, the
main disadvantage of some existing methods is that the catalysts are not recyclable
and are destroyed during the work-up procedure. Therefore, the introduction of a
mild, simple, efficient, and environmentally benign method to synthesize 1,8-dioxo-
octahydroxanthene derivatives is still needed.

As reflected by the large number of publications in the past decade, nanomaterials
have received much interest due to their potential application in many diverse areas,
from basic research to various applications in electronics [22, 23], as biochemical
sensors [24], in catalysis, and energy [25, 26]. Nanoparticles have emerged as
sustainable alternatives to conventional materials, as robust high surface area
heterogeneous catalysts and catalyst supports [27]. The nano-sized particles increase
the exposed surface area of the active component of the catalyst. Therefore,
nanoparticles can dramatically enhance the contact between reactants and catalyst and
mimic the homogeneous catalysts [28]. Among several studies in this area, transition-
metal oxide nanoparticles, specifically zinc oxide nanoparticles (ZnO NPs), have
great potential as a professional catalysis in various organic transformations due to
their high surface to volume ratio, easy recoverability, and their low cost [29-35].

In this work, we reveal zinc oxide (ZnO) nanoparticles as an efficient and
reusable catalyst for one-pot multicomponent synthesis of 1,8-dioxo-octahydrox-
anthene derivatives via the condensation reaction of various aromatic aldehydes
with dimedone in refluxing ethanol as a solvent (Scheme 1).

Experimental
Chemicals and materials

Melting points were determined with an Electrothermal 9100 apparatus. '"H NMR
spectra were recorded on Bruker Avance 400 MHz spectrometer, using deuterated
chloroform (CDCl3) as solvent. XRD patterns were recorded by a CBC MMA
Instrument. Transmission electron microscopy (TEM) image was obtained on a
Philips CM10 microscope. Materials were purchased from Fluka and Merck.

Preparation of ZnO nanocrystals
Aqueous solutions of Zn**and urea (molar ratio of Zn>" to urea: 1/4) were placed in
a flask under vigorous stirring (300 rpm). In order to inhibit the growth of the ZnO

crystallite during the course of precipitation, a certain amount of surfactant SDS
(0.001 M) was added into the reaction system. Then, the reaction system was heated
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Synthesis of 1,8-dioxo-octahydroxanthenes
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Scheme 1 ZnO nanoparticles-catalyzed synthesis of 1,8-dioxo-octahydroxanthenes

to 95 °C and stirred for 2 h. The precipitates were then filtered, washed with
distilled water and ethanol four times, dried in air at 80 °C, and calcined at 230 °C
for 2 h to prepare the ZnO nanoparticles whose mean particle size was 15 nm.

Procedure for preparation of 1,8-dioxo-octahydroxanthenes 3a-r

To a solution of aromatic aldehyde (1 mmol) and dimedone (2 mmol), in EtOH
(10 mL), ZnO nanoparticles (10 mol %) were added. Then, the mixture was stirred
in reflux conditions for the appropriate time (Table 2). The progress of the reaction
was monitored by TLC. After completion of the reaction, the mixture was filtered to
remove the catalyst and the solvent was concentrated in a rotary evaporator. The
crude product was purified by recrystallization from EtOH to obtain the pure
compound. All the products were known compounds and characterized by
comparing melting point and "H NMR spectra with those reported in the literature.

Spectral data of selected compounds

3,4,6,7-Tetrahydro-3,3,6,6-tetramethyl-9-phenyl-2H-xanthene-1,8(5H,9H)-dione
(3a)

"H NMR (400 MHz, CDCl,): & = 7.28 (m, 2H), 7.24 (m, 2H), 7.13 (m, 1H), 4.80
(s, 1H), 2.51 (s, 4H), 2.20 (q, J = 16. 1 Hz, 4H), 1.15 (s, 6H), 1.03 (s, 6H).

9-(3-Chlorophenyl)-3,4,6,7-tetrahydro-3,3,6,6-tetramethyl-2 H-xanthene-
1,8(5H,9H)-dione (3d)

'"H NMR (400 MHz, CDCl;): § = 7.27 (s, 1H), 7.19 (t, J = 7.8 Hz, 2H), 7.11 (d,
J = 7.7 Hz, 1H), 4.77 (s, 1H), 2.53 (s, 4H), 2.25 (q, J = 16.0 Hz, 4H), 1.14 (s, 6H),
1.05 (s, 6H).

3,4,6,7-Tetrahydro-3,3,6,6-tetramethyl-9-(3-nitrophenyl)-2H-xanthene- 1,8(5H,9H )-
dione (3i)

'"H NMR (400 MHz, CDCl,): 5 = 8.09 (s, 1H), 8.01 (d, J = 8.2 Hz, 1H), 7.84 (d,

J=7.7Hz, IH), 743 (t, J = 7.9 Hz, 1H), 4.88 (s, 1H), 2.55 (s, 4H), 2.29 (q,
J = 16.3 Hz, 4H), 1.16 (s, 6H), 1.03 (s, 6H).
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3,4,6,7-Tetrahydro-3,3,6,6-tetramethyl-9-(4-nitrophenyl)-2H-xanthene- 1,8(5H,9H )-
dione (3j)

'H NMR (400 MHz, CDCls): 5 = 8.13 (d, J = 8.1 Hz, 2H), 7.51 (d, J = 8.1 Hz,
2H), 4.86 (s, 1H), 2.54 (s, 4H), 2.24 (q, ] = 16.2 Hz, 4H), 1.16 (s, 6H), 1.02 (s, 6H).

3,4,6,7-Tetrahydro-3,3,6,6-tetramethyl-9-p-tolyl-2 H-xanthene-1,8(5H,9H )-dione
(3k)

'"H NMR (400 MHz, CDCl3): § = 7.20 (d, J = 8.0 Hz, 2H), 7.04 (d, J = 8.0 Hz,
2H), 4.76 (s, 1H), 2.52 (s, 4H), 2.25 (s, 3H), 2.21 (q, J = 16.3 Hz, 4H), 1.11 (s, 6H),
1.03 (s, 6H).

3,4,6,7-Tetrahydro-9-(4-hydroxy-3-methoxyphenyl)-3,3,6,6-tetramethyl-2H-
xanthene-1,8(5H,9H)-dione (3p)

'H NMR (400 MHz, CDCl,): & = 6.98 (m, 1H), 6.73 (m, 1H), 6.67 (m, 1H), 5.56
(s, 1H), 4.69 (s, 1H), 3.90 (s, 3H), 2.47 (s, 4H), 2.21 (q, J = 16.3 Hz, 4H), 1.13 (s,
6H), 1.03 (s, 6H).

3,4,6,7-Tetrahydro-3,3,6,6-tetramethyl-9-(thiophen-2-yl)-2H-xanthene-1,8(5H,9H)-
dione (3q)

'H NMR (400 MHz, CDCl3): § = 7.84-8.00 (m, 2H), 6.81 (m, 1H), 4.94 (s, 1H),
2.56 (s, 4H), 2.28 (q, J = 16.0 Hz, 4H), 1.16 (s, 6H), 1.03 (s, 6H).

Results and discussion

Initially, ZnO nanoparticles were prepared by uniform precipitation using urea
hydrolysis [36]. The ZnO precursor was slowly deposited from aqueous solution.
An anionic surfactant, sodium dodecyl sulfonate (SDS), was added into the solution
to block ZnO crystal growth and its agglomeration. Then, ZnO nanoparticles were
synthesized by the calcination of the precursor at high temperature. X-ray
diffraction (XRD) studies (Fig. 1) confirmed that the synthesized materials were
ZnO with a hexagonal wurtzite structure, and all the diffraction peaks agreed with
the reported JCPDS data [37]. The results obtained from the XRD pattern and TEM
micrograph of the ZnO nanoparticles (Figs. 1, 2) show that the mean particle size
was 15 nm.

To optimize the reaction conditions, the reaction between benzaldehyde and
dimedone was chosen as a model reaction. When benzaldehyde was treated with
dimedone in the presence of ZnO nanoparticles (10 mol%) in ethanol under reflux
conditions, the corresponding xanthene (3a) was obtained in 94 % yield within
1.5 h. This reaction was carried out in different solvents such as CH,Cl,, THF, H,0,
MeCN, and under solvent-free condition, and the best results in terms of reaction
time and yield of the desired product 3a, was obtained when the reaction was
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Intensity
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Fig. 1 XRD pattern of the ZnO nanoparticles

Fig. 2 The TEM image of ZnO
nanoparticles

o

40 nm

conducted in ethanol (Table 1, entries 1-6). Only 15 % of the desired product (3a)
was obtained after heating the reaction mixture for 12 h in ethanol under reflux
conditions in the absence of ZnO nanoparticles (Table 1, entry 12). ZnO bulk was
also employed in the model reaction as a catalyst in ethanol, and product 3a was
formed in 60 % yield (Table 1, entry 13). Decreasing the catalyst loading from 10 to
2 mol% significantly lowered the yield of the reaction (Table 1, entries 6 and 9-11).
The best catalyst loading was found in 10 mol%, which gave an excellent yield of
3a after only 1.5 h. It is worth mentioning that the reaction temperature was
optimized to be reflux in ethanol (Table 1, entries 6-8).

To show the generality of this procedure, several aromatic aldehydes were treated
with dimedone in the presence of ZnO nanoparticles under optimized conditions
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Table 1 Optimization of the reaction conditions®

o Conditions
2 + H
(0]

1 2a

3a 4a

Entry Amount of catalyst (mol%) Solvent Temperature (°C) Time (h) Yield (%)°

3a 4a

1 Nano-ZnO (10) MeCN Reflux 3 65 -
2 Nano-ZnO (10) THF Reflux 3 57 -
3 Nano-ZnO (10) CH,Cl, Reflux 3 20 -
4 Nano-ZnO (10) H,0 Reflux 1.5 68 -
5 Nano-ZnO (10) Neat 80 1.5 77 -
6 Nano-ZnO (10) EtOH Reflux 1.5 94 -
7 Nano-ZnO (10) EtOH 60 1.5 70 -
8 Nano-ZnO (10) EtOH 25 1.5 30 -
9 Nano-ZnO (8) EtOH Reflux 2 87 -
10 Nano-ZnO (5) EtOH Reflux 3 80 -
11 Nano-ZnO (2) EtOH Reflux 3 75 -
12 - EtOH Reflux 12 15 25
13 ZnO bulk (30) EtOH Reflux 6 60 -

# Reaction conditions: benzaldehyde (1 mmol) and dimedone (2 mmol) in solvent (10 mL)

® Isolated yields

(Table 2). The results indicate that the rate of reaction is dependent on the
substituent effect. As a matter of fact, substrates having an electron-withdrawing at
the aryl ring benzaldehyde give a higher yield of desired products (3) in shorter
reaction times (Table 2, entries 2-10) compared with one having an electron-
donating substituent (Table 2, entries 11-14). Aromatic aldehydes possessing two
groups on the aryl ring such as 3,4-dimethoxybenzaldehyde and 4-hydroxy-3-
methoxybenzaldehyde reacted with dimedone under reaction conditions to give the
corresponding xanthenes in good yields (Table 2, entries 15-16).

Having these data in hand, we decided to apply this method for heterocyclic
benzaldehydes. Thiophene-2-carbaldehyde and picolinaldehyde reacted with dime-
done under optimum reaction conditions, and were found to produce the
corresponding products 3 in somewhat lower yields than those with aromatic
aldehydes (Table 2, entries 17-18).

An interesting feature of this method is that the catalyst can be recovered at the
end of the reaction and can be used several times without losing its activity. To
recover the catalyst after completion of the reaction, the mixture was filtered and the
catalyst was washed with CHCl5. After activating the catalyst at 100 °C, it was used
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Table 2 Synthesis of different 9-aryl-1,8-dioxooctahydroxanthene derivatives 3 catalyzed by ZnO
nanoparticle

Entry  Aldehyde Product® Time Yield M.p. (°C)
OEEN(O,

Found Reported [Ref]

1.5 94 203-205 204-205 [20]

: CHO

2a
2 cl 12 95 225-226  224-226 [20]
i CHO
2b
3 Br 13 94 225-227 226229 [10]
i CHO
2¢c
4 cl CHO Cl 1 9 184-186  183-186 [20]
\©/ 0 e o
“ e8s
o}
3d
5 cl 1 9 227-229  228-230 [20]

CHO
A
O O

2e
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Table 2 continued

Entry  Aldehyde Product® Time Yield M.p. (°C)
(h) (%)°
Found Reported [Ref]
6 CHO 1 95 232-233  231-233 [10]
Br/©/
2f
7 CHO 0.5 98 225-227  226-227 [10]
S
2g
8 NO, 0.7 96 248-250  247-249 [20]
i CHO
2h
3h
9 O,N CHO NO, 0.6 97 167-169  168-170 [20]
i (@) l (6]
(0O
O
3i
10 0.5 97 227-228  226-228 [20]
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Table 2 continued

Entry  Aldehyde Product® Time Yield M.p. (°C)
(@
Found Reported [Ref]
11 CHO Me 2 90 215-217 216-218 [15]
Me/©/ O
2k (0] (0]
(LI
3k
12 MeO CHO OMe 2.1 92 160-162 161-162 [16]
J -,
. (I
(0]
31
13 CHO OMe 2.1 90 241-243  242-244 [20]
Meo/©/
2m
14 CHO OH 2.1 88 247-249  246-248 [20]
HO/© O
O (6]
2 (IO
3n
15 MeO CHO OMe 2.2 83 185-186  184-186 [15]
Xy
MeO O
O (6]
20
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Table 2 continued

Entry  Aldehyde Product® Time Yield M.p. (°C)
(h) (%)°
Found Reported [Ref]
16 MeO CHO OH 2.2 85 223-225  224-225 [15]
o
o ¢
O O
2p
17 N CHO 2.3 79 163-165 162-164 [16]
g
2q
3q
18 \ CHO '\I N 2.5 78 203-205 203-204 [16]
CN( 0 ¥ 0
2r o
3r

2 All the products were identified by comparing of melting point and "H NMR spectra with those of
authentic samples reported in the literature

® Yields refer to pure isolated products

Table 3 Recycling studies of

reaction between benzaldehyde Entry Cycle Time (h) Yield (%)
with dimedone in the presence
of ZnO nanoparticles to give 1 Fresh 15 o4
product 3a 2 1 1.5 92

3 2 1.5 89
* Yields refer to isolated 4 3 15 87

products

for the reaction of benzaldehyde with dimedone. This process was repeated for three
cycles and the yield of product 3a did not significantly change (Table 3). These
results clearly show the stability of ZnO nanoparticles in the reaction media as well
its recovery and recycling without any appreciable decrease in its activity.

In order to show the merits and drawbacks of this catalyst, some of our results
were compared with other catalysts reported in the literature (Table 4). As shown in
Table 4, the condensation of benzaldehyde with dimedone catalyzed by ZnO
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Table 4 Comparison of the efficiency of ZnO nanoparticles with reported catalysts for the synthesis of 3a

Entry Catalyst Conditions Time (h) Yield (%) [Ref]
1 Amberlyst-15 CH;CN/reflux 5 92 [19]
2 DBSA H,O/reflux 6 89 [20]
3 TMSCI CH;CN-DMF/reflux 8 84 [18]
4 Dowex-50 W Neat/100 °C 3 87 [38]
5 InCl5-4H,0 [bmim][BF4]/80 °C 4 87 [10]
6 InCl; Neat/100 °C 0.6 83 [39]
7 P,0s5 Neat/100 °C 0.7 80 [39]
8 (L)-proline DCE//60 °C 6 83 [17]
9 ZnO-CH;COC1 CH;CN/reflux 5 86 [15]
10 Silica sulfuric acid Neat/80 °C 1.5 82 [40]
11 PPA.SiO, Neat/140 °C 0.5 93 [14]
12 NaHS0,.Si0, CH;CN/reflux 6.5 90 [13]
13 H,SO, H,0/80 °C 3 90 [41]
14 [Hmim]TFA Neat/80 °C 3 85 [42]
15 BiCl; Neat/80 °C 3 90 [16]
16 ZnO nanoparticles EtOH/reflux 1.5 94

nanoparticles in EtOH offer the corresponding product 3a very fast in excellent
yield in mild conditions, while other catalysts need harder conditions and longer
reaction times for synthesis of xanthene 3a.

Conclusion

In summary, we have reported an efficient procedure for one-pot synthesis of 1,8-
dioxo-octahydroxanthenes using ZnO nanoparticles as a solid acid, reusable, and a
non-toxic nanocatalyst. The main advantages of this procedure include high yields,
simple experimental procedure, short reaction times, use of various substrates, ease
of the work-up, non-use of hazardous organic solvents, and ease of recovering and
reusing of the catalyst, which make it a useful, attractive, and green strategy for the
preparation of xanthene derivatives.

Acknowledgment We gratefully acknowledge financial support from the Research Council of Islamic
Azad University of Firoozkooh of Iran.
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