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A B S T R A C T 
 

1,8-Dioxooctahydroxanthene derivatives were synthesized from 5,5-
dimethyl-1,3-cyclohexanedione and substituted aromatic aldehydes in 
attendance of Fe3O4@OMWCNT aseco-friendly and recyclable nano-catalyst. 
The heterogeneous and magnetically separable catalyst was prepared as per 
procedure and characterized with help of analytical tools. After successful 
characterization of catalyst, it was used for present transformation, which 
reported 90-96% yield of isolated product. Key advantages of this method are 
magnetically separable and reusable catalyst, improved yield, short time, less 
expensive, and easy handling of reaction procedure. 

  

Introduction 

n multicomponent reactions, more than 
two substrates react to give a product, it 
involves all essential atoms from reactant. 
These are more convenient and useful 

compared to traditional method of stepwise 
synthesis of target molecule. In 

multicomponent reactions, target molecule is 
synthesized by adding number of reactants in 
one pot and single step. MCRs were performed 
via simple experimental procedure without 
need of any special conditions [1]. These types 
of reactions have been studied widely in 
organic synthesis, because of generation of new 
functionality in target molecule from simple 
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starting material in one-pot reactions [2]. The 
importance of this method is due to 
considerably reduction of efforts and time. 
Among the various MCRs, synthesis of xanthene 
is one of the methods, which paying attention of 
larger audience from researcher and academic 
community due to the importance of xanthene 
in several fields. However, xanthene derivative 
possesses various applications in biological and 
pharmaceutical field. Derivatives of xanthenes 
are reported as anti-inflammatory [3], 
antibacterial [4], antiviral [5], anti-tumor [6], 
anti-proliferative [7, 8], anticancer [9, 10], anti-
oxidant [11], and antiplasmodial [12], also acts 
as trypanothione reductase inhibitor [13] and 
selective estrogen receptor modulator [14]. In 
addition, these compounds were used as 
fluorescent materials in biological process [15], 
luminescent sensors [16], xanthene-
fluorescence based probes for optical imaging 
applications [17]. Even though, these are used 
in blocking of zoxazolamine induced paralysis 
[18], some derivatives of xanthene like 
xanthenediones are versatile synthons in 
organic synthesis chemistry owing to presence 
of reactive structural unit. Nowadays, 
considerable interest of researchers has been 
enhanced in synthesis of fused heterocycles, 
due to its plenty of applications in the field of 
biological and material science. 
Literature includes number of methods for the 
synthesis of the xanthenes, these includes 
cycloaddition of cyclic aryltriflate esters [19], 
cyclization of 2-hydroxy aryl aldehyde and 2-
tetralone [20], cyclization of benzynes with 
phenols [21], via Grignard reagent and triethyl 
orthoformate [22], etc. Conversely, synthesis of 
1, 8-dioxooctahydroxanthenes has been 
worked out using a variety of catalysts and 
solvent systems.  
Amid such various protocols, the well-
established technique for synthesis of 1, 8-
dioxooctahydroxanthenes encompasses 
cyclization between dimedone and various 
substituted benzaldehyde in presence of 
different catalysts. However, lot of methods 
suffers from some drawbacks, such as longer 
time, hazardous and expensive solvent, harsh 
reaction conditions, expensive chemicals, 

tedious work up, recovery of catalyst, and poor 
yield. Therefore, there was a scope to develop 
proficient technique for one-pot synthesis of 1, 
8-dioxo- octahydroxanthene derivatives.  
From the last decade, multi walled carbon 
nanotubes (MWCNTs) have been used as 
prominent support material for homogeneous 
reactions. The pure MWCNT based materials 
provides high dispersion of catalyst, which 
significantly increases the surface between the 
active catalytic sites and reactants [23]. 
Recently, great attention has been received for 
functionalization of MWCNT with number of 
inorganic materials for improving their 
properties and applications in diverse fields 
[24-25]. Subsequently, the successful 
conversion of multi walled carbon nanotube to 
MWCNT-Fe3O4 composite is one of the great 
demand due to its significant use in different 
field such as catalysis, storage of magnetic data, 
electronic tools, electrochemical biosensing, 
imaging, toners, as adsorbent, magnetically 
governed drug delivery system, nanoprobes, 
and biomedicine [26-29]. Due to such 
attractions of surface modified MWCNTs with 
Fe3O4, we intended to prepare it and screened 
for xanthene synthesis.  
In present protocol, we have reported efficient 
conversion of dimedone and substituted 
benzaldehyde to 1, 8-dioxooctahydroxanthenes 
in presence of catalytic amount of freshly 
prepared MWCNT-Fe3O4. The reaction 
parameters were finalised after the 
optimization. We also investigated the 
reusability of MWCNTs-Fe3O4 nano-catalyst 
and deliberated its role in present 
transformation through probable mechanism. 

Experimental 

Instruments and reagents 

Multi-walled carbon nanotubes, potassium 
permanganate and sulphuric acid (98 %), other 
reagents, solvents were obtained from Sigma 
Aldrich and checked their purity before use. 
Distilled water and methanol were used in the 
reaction for synthesis and purification of the 
MWCNTs-Fe3O4 catalyst. 
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Catalyst preparation 

Oxidation of MWCNTs 

Carboxylic group were imparted by oxidation 
of MWCNTs, these modification of MWCNTs 
was done as per literature [15, 25]. 6.0 g of 
MWCNTs was added to the solution of 140 ml 
of sulphuric acid and nitric acid (3:1) in a 1000 
mL round bottom flask. The obtained reaction 
mixture was ultrasonicated for 4 h at room 
temperature, and then it was cooled up to 0 °C. 
After that, sonicated mixture was reacted with 
18 g of potassium permanganate (KMnO4) 
under temperature below 15 °C, and then the 
reaction mixture was stirred for one and half-
hour under maintained temperature. There 
after, it was diluted with adding 300 mL of 
distilled water and heated up to 90 °C with 
continues stirring for 30 minutes. Further 
more, 850 mL of water was added in the 
reaction composition and filtered using PVDF 
filter papers with the help of a vacuum pump. 
The oxidised MWCNTs (COOH-MWCNTs) were 
washed using distilled water and dried at 60 °C 
for overnight, under vacuum. 

Synthesis of Fe3O4-oxidized MWCNTs 
(Fe3O4@OMWCNTs) 

Fe3O4-oxidized MWCNTs catalyst was prepared 
using chemical co-precipitation method. The 
oxidised MWCNTs (90 mg) was reacted with 
aqueous solution (25 ml) of 0.4 mmol (157 mg) 
(NH4)2Fe(SO4)2•6H2O and 0.8 mmol (386 mg) 

NH4Fe(SO4)2•12H2O at 50 °C, and then the 
mixture was sonicated for 10-15 minutes and 
aqueous solution of ammonium hydroxide (5 
ml) was added which produces precipitation of 
iron oxide. The stirring of reaction mixture was 
continued at 50 °C for half an hour. Finally, the 
obtained solid was separated from the reaction 
container using external strong magnet. There 
after, the separated magnetically active 
material was purified followed by number of 
washing with distilled water and dried in oven 
at 120 °C for 24 hours. 

General procedure for synthesis of 1,8-
dioxooctahydroxanthene using 
Fe3O4@OMWCNTs catalyst 

A 100 ml RB flask charged with substituted 
aldehyde (1 mmol), 5, 5-dimethyl-1, 3-
cyclohexanedione (2 mmol), and 
Fe3O4@OMWCNTs (10 wt %), the resultant 
mixture was refluxed in 10 ml of ethanol till 
completion of reaction, which was monitored 
via TLC technique (Hexane:EA; 8:2) (Scheme 
1). After successful transformation of reactants 
to product, the catalyst was separated using 
external magnet without filtration and solvent 
evaporated. The solid of targeted product was 
filtered off, and then recrystallized in hot 
ethanol to acquire pure xanthene derivatives. 
Formation of target molecule was confirmed 
with spectral analysis and comparative study of 
analytical data with data existing in literature 
[30-32]. 

 
 

 
Scheme 1. Synthesis of xanthene derivatives in the presence of prepared Fe3O4@OMWCNTs catalyst 
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Spectral analysis of selective derivatives of 
xanthenes 

3,3,6,6-tetramethyl-9-(4-methylphenyl)-1,8-
dioxooctahydroxanthene (3a) 

FT-IR (KBr, in cm-1): 3032, 2960, 2872, 1664, 
1622, 1356, 1197, 1165, 1140, 1000, and 
844;1H-NMR (CDCl3, in δ ppm): 7.15 (d, 2H), 
7.03(d, 2H), 4.72 (s, 1H), 2.46 (s, 4H), 2.25 (s, 
3H), 2.16 (q, 4H), 1.08(s, 6H), and 0.97 (s, 6H); 
13C-NMR (CDCl3, in δ ppm): 196.2, 162.1, 141.3, 
135.8, 128.4, 128.21, 115.8, 50.6, 40.8, 32.3, 
31.5, 29.2, 27.4, and 21.2; MS (m/z): 365.28 
(M+). 
9-(4-Hydroxyphenyl)-1,8-dioxo-
octahydroxanthene (3c) 

FT-IR (KBr, in cm-1): 3433, 2952, 1644, 1555, 
1376, 1235, 1197, 1188, 776; 1H-NMR (CDCl3, 
in δ ppm): 9.16 (s, 1H), 6.92 (d, 2H), 6.57 (d, 
2H), 4.45 (s, 1H), 2.48-2.65 (m, 4H), 2.22-2.30 
(m, 4H), 1.96-2.12 (m, 2H), and 1.78-1.89 (m, 
2H); 13C-NMR (CDCl3, in δ ppm): 196.83, 
164.95, 156.07, 135.50, 129.30, 116.38, 115.11, 
36.90, 30.20, 26.87, and 20.34; MS (m/z): 
367.1(M+). 
3,3,6,6-Tetramethyl-9-(4methoxy-phenyl)-1,8-
dioxooctahydro-xanthene (3d) 

FT-IR (KBr, in cm-1): 3058, 2959, 2877, 1664, 
1627, 1512, 1463, 1358, 1261, 1194, 1109, 
1032, 844, and 564; 1H-NMR (CDCl3, in δ ppm): 
7.22 (d, 2H), 6.77 (d, 2H), 4.68 (s, 1H), 3.74 (s, 
3H), 2.45 (s, 4H), 2.19 (q, 4H), 1.08 (s, 6H), 0.99 
(s, 6H); 13C-NMR (CDCl3, in δ ppm): 196.72, 
162.00, 157.86, 136.52, 129.42, 115.80, 113.52, 
55.22, 50.80, 40.92, 32.30, 30.83, 29.22, and 
27.40; MS (m/z): 381.20 (M+). 
3,3,6,6-tetramethyl-9-(4-chloro-phenyl)-1,8-
dioxooctahydroxanthene (3e) 

FT-IR (KBr, in cm-1): 3032, 2964, 2954, 1677, 
1662, 1468, 1362, 1199, 1168, 1004, 852; 1H-
NMR(CDCl3, in δ ppm): 7.18 - 7.25 (dd, 4H), 4.72 
(s, 1H), 2.18 (q, 4H), 2.46 (s, 4H), 1.12 (s, 6H), 
and 1.00 (s, 6H); 13C-NMR (CDCl3, in δ ppm): 
191.10, 157.18, 137.44, 126.78, 124.54, 122.98, 
110.04, 45.46, 35.62, 26.96, 26.23, 24.04, and 
22.06; MS (m/z): 385.2 (M + H). 

3,3,6,6-tetramethyl-9-(4-hydroxy-3-methoxy-
phenyl)-1,8-dioxooctahydroxanthene (3f) 

FT-IR (KBr, in cm-1): 3414, 3025, 2957, 1668, 
1625, 1516, 1433, 1358, 1279, 1228, 1198, 
1136, 1027, and 625,574; 1H-NMR (CDCl3, in δ 
ppm): 7.03 (s, 1H), 6.74 (d, 1H), 6.57 (dd, 1H), 
5.48 (bs, 1H), 4.67 (s, 1H), 3.85 (s, 3H), 2.48 (s, 
4H), 2.22 (q, 4H), and 1.02 (s, 12H); 13C-NMR 
(CDCl3, in δ ppm): 196.5, 162.2, 145.9, 144.2, 
136.5, 120.2, 115.8, 113.8, 112.3, 55.4, 50.5, 
40.5, 32.4, 31.4, 29.3, and 27.4; MS (m/z): 
419.40 (M+). 
3,3,6,6-Tetramethyl-9-(4-nitrophenyl)-1,8-
dioxo-octahydroxanthene (3i) 

FT-IR (KBr, in cm-1): 3022, 2928, 1686, 1655, 
1530, 1368, 1188, 1033, 855, 756, 633, and 
513; 1H-NMR(CDCl3, in δ ppm): 8.11 (d, 2H), 
7.38 (d, 2H), 4.85 (s, 1H), 2.88 (s, 4H), 2.33 (s, 
4H), 1.14 (s, 6H), and 1.01 (s, 6H); 13C-NMR 
(CDCl3, in δ ppm): 197.20, 164.82, 148.64, 
133.10, 131.42, 128.32, 126.80, 115.72, 114.40, 
51.82, 43.90, 43.62, 30.10, 29.51, 27.61, and 
27.4; MS (m/z): 395 [M+]. 

Results and Discussion 

Characterization of prepared catalyst 

FT-IR analysis 

Analysis of functional groups present on 
surface modified MWCNTs catalyst was 
determined with help of stretching and bending 
vibrations in FT-IR spectrum as seen in Figure 
1. The signal at 3344 cm-1 exhibited O-H 
stretching frequency, which indicated the 
presence of O-H functionality on the wall of 
MWCNTs, which specified adsorption of water 
molecule from atmospheric moisture [33–35]. 
Correspondingly, two intense bands observed 
at 2869 cm-1 and 3022 cm-1 indicated the C-H 
stretching. 
The FT-IR spectrum displayed several signals 
amid 1390-1640 cm-1, showed presence of 
aromatic building units in MWCNTs [36,37]. 
After oxidation process, prominent additional 
peaks for C=O functionality were observed at 
1740 cm-1 which clearly indicated creation of 
COOH group [34-37]. The FT-IR spectrum of 
Fe3O4@OMWCNTs catalyst consists with all 
exactly similar signals as in OMWCNTs with one
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Figure 1. FT-IR spectrum of a) MWCNTs, b) OMWCNTs, c) Fe3O4@OMWCNTs 

 
additional peak for Fe-O-Fe stretching at 559 
cm-1. The prepared catalyst Fe3O4@OMWCNTs 
displayed Fe-O-Fe stretching peaks along with 
all signals for OMWCNTs [38]. Form this 
observation, we have concluded that the 
successful dispersion of the Fe3O4 
nanoparticles over the OMWCNTs and 
formation of OMWCNT-Fe3O4 nano-composite. 
In addition, FT-IR spectrum of 
Fe3O4@OMWCNTs (Figure 1 (iii)) is free from 
any additional peaks that indicated the 100% 
purity of prepared nano-composite. 

XRD analysis 

The crystalline nature of prepared 
Fe3O4@OMWCNTs catalyst was deliberated 
through the comparative study of XRD pattern 
with MWCNTs and OMWCNTs (Figure 2). The 
XRD spectrum of MWCNTs and OMWCNTs 
displayed distinguishing signals at 002 and 100 
plans at 2θ values of 26° and 42°, respectively 
(JCPDS file no. 33-0664). These results 
exhibited the crystalline nature of both pure 
MWCNTs and OMWCNTs, while the intensity of 
peaks were observed somewhat decreases for 
OMWCNTs and is due to the modification of 
MWCNT surface through introduction of 

oxidized functionality by ruptured surface 

[39]. 
Figure 2 (iii) showed XRD pattern of 
Fe3O4@OMWCNT, it exhibited signals for 
OMWCNT and Fe3O4 nanoparticles. XRD of 
Fe3O4@OMWCNT catalyst represented the 
peaks at 2θ values 18.4° for plane (111), 30.3° 
for plane (220), 35.7° for plane (311), 37.3° for 
plane (222), 43.3° for plane (400), 53.8° for 
plane (422), 57.3° for plane (511), and  62.9° for 
plane (440) which were exactly similar planes 
observed in XRD pattern of Fe3O4 (JCPDS file 19-
0629, Fe2O3) [40]. The average particles size of 
crystallite Fe3O4 was near about 20 nm and 
determined through Debye-Scherrer Equation 
[41]. Accordingly, we reported as the successful 
formation nano-crystals of iron oxide dispersed 
over the OMWCNTs surface. 

Surface area determination 

The surface area and specific pore volume of 
prepared material has been calculated using 
nitrogen adsorption and desorption technique. 
Likewise, BET technique was used to calculate 
surface area, pore size and specific active cites 
of the prepared nano-particles accessible as 
efficient catalyst for the current 
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transformation. The specific surface area of 
pure MWCNTs was observed as 117.59 m2g-1 

and average pore diameter was found to be 
3.95 nm. BET study showed that, reduction in 
the surface area to 113.48 and average pore 
diameter to 3.57 of oxidised MWCNTs as 
compared to pure MWCNTs was due to 
oxidation functionalities covered the surface of 
MCNTs. Furthermore,  according to Figure 3, it 
was clearly indicated that the reduction in total 
specific surface area up to 86.638 m2g-1 while 
average pore diameter of Fe3O4@OMWCNTs 
nano-crystals were found to be 3.48 nm. From 
these outcomes, it was confirm that the 
scattering of Fe3O4 over the OMWCNTs surface 
that resulted in reduction of surface area and 
average diameter of pore. Besides, we have 
studied comparative colour of pure MWCNTs 
and prepared catalyst. As seen, MWCNT has 
black colour, highly smooth powder, while after 
oxidation, it turned in greyish black colour, it 
supplementary support to successfully 
oxidation of MWCNT. Correspondingly, 
adsorption of Fe3O4 nanoparticles on the 

OMWCNT surface turns greyish black powder 
to reddish brown colour powder of expected 
catalyst. These results are well coincided with 
the data available in literature [41, 42]. 

Thermo gravimetric analysis of catalyst 

Figure 4 showed comparative TGA analysis of 
MWCNTs, OMWCNTs, and Fe3O4@OMWCNTs. 
Initially, we have inspected the neat MWCNT 
sample for TGA study. It was found that the 
42% weight loss in MWCNT at 550 oC and 
onwards remain stable up to 1000 oC, this may 
happened owing to the breakdown of carbon 
skeleton present in MWCNTs (Figure 4 (i)) 
[43]. Subsequently, we have also determined 
the weight loss in the process of formation of 
various functional groups like –COOH and -OH 
on the MWCNT. According to Figure 4 (ii)), we 
identified as 13% weight loss of MWCNT was 
owed to the sluggish reduction in oxidation 
functionalities at above 100 °C and this 
obtained results were corresponding to 
reported decomposition pattern in literature 
[44].



 

 

2023, Volume 3, Issue 3 

190 

 

0 5 10 15 20 25 30 35 40 45

0

20

40

60

80

100

P/Po

V
o

lu
m

e 
A

d
so

rb
ed

/c
m

3 g
-1
, 

S
T

P

 Adsorption of Fe3O4 @ Neat MWCNTs 

 Desorption of Fe3O4 @ Neat MWCNTs

 Adsorption of Fe3O4 @OMWCNTs 

 Desorption of Fe3O4@OMWCNTs

0 10 20 30 40 50

0

20

40

60

80

100

V
o

lu
m

e
 A

d
s

o
rb

e
d

/c
m

3
g

-1
, 

S
T

P

P/Po

 Adsorption of Oxi. MWCNTs 

 Desorption of Oxi. MWCNTs

 Adsorption of Neat MWCNTs 

 Desorption of Neat MWCNTs

0 5 10 15 20 25

0.002

0.004

0.006

0.008

0.010

0.012

0.014

0.016

0.018

0.020

 

 

d
V

p
/d

d
p

dp/nm

 Neat MWCNTs

 Oxi. MWCNTs

0 5 10 15 20 25
0.002

0.004

0.006

0.008

0.010

0.012

0.014

0.016

0.018

0.020

 

d
V

p
/d

d
p

dp/nm

 Fe
3
O

4
@Neat WMCNTs

 Fe
3
O

4
@OMWCNTs

 
 

Sr. No. Nano-Composite Surface area 
(in m2/g) 

Pore size 
(in nm) 

Pore Volume 
(in cm-1/g) 

1 Pure CNT’s 117.48 3.93 0.1931 
2 Oxidized CNT’s 113.48 3.47 0.1761 
3 Fe3O4@Oxidized CNT’s 86.814 3.56 0.1423 
4 Fe3O4@Neat CNT’s 98.636 3.47 0.1516 
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Figure 4. TGA analysis of (i) MWCNTs, (ii) OMWCNTs, and (iii) Fe3O4@OMWCNTs 
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Similar to OMWCNT, the prepared 
Fe3O4@OMWCNTs nano-composite showed 
near about 14% weight loss, which indicates 
the decomposition of oxidized functionality 
with rising the temperature from 100 oC to 590 
oC. Furthermore, TGA graph of 
Fe3O4@OMWCNTs displayed huge weight loss 
within range of 670 oC to 690 oC, this indicated 
the breakdown of carbon skeleton and 
decomposition of Fe2O3 nanoparticles adhere 
on the surface of MWCNT [45]. Whereas, 
comprehensive weight loss pattern was 
observed at higher temperature range from 
700 oC to 1000 oC, these results were parallel to 
the TGA pattern of OMWCNTs. 

FE-SEM analysis of prepared heterogeneous 

catalyst  

Figure 5 exhibited the morphology of neat 
MWCNT, OMWCNT, Fe3O4@OMWCNT, and 
Fe3O4 on neat MWCNT, investigated using SEM 
analysis. SEM images of MWCNTs displayed 
uniform surface whereas from the surface 
morphology of OMWCNT notable modification 
of surface was clearly observed through the 
introduction of acid functionality. Furthermore, 
grafting of Fe3O4 nano-particles on the 
OMWCNTs surface was performed by chemical 
method. The SEM images showed successful 
and uniform grafting of Fe3O4 nano-composite 
over the OMWCNTs surface. We trust that, the 
Fe3O4 nanoparticles are uniformly detached 
over OMWCNTs and that may owed to the 
hydrogen bonding between Fe and -COOH 
functionality [33, 41]. To know actual 
mechanism, one more experiments were 

conducted using non-oxidised MWCNT with 
same reaction parameter. Obtained results of 
SEM analysis reveals that, unequal and inferior 
amount of Fe3O4 nanoparticles were grafted 
over the surface of neat MWCNTs, this indicates 
lower interaction between Fe and MWCNTs due 
the absence of hydrogen bonding. Based on the 
results, we concluded as the oxidation of 
MWCNTs is a key process that fascinated the 
attraction forces among Fe and -COOH 
functionalities on MWCNTs, which facile to 
uniform distribution of Fe3O4 nanoparticles 
over wall of CNTs. 
 Furthermore, the crystal size of Fe3O4 nano-
composite was observed same as 30-40 nm in 
both cases of OMWCNT and pure MWCNTs 
surface modification, which indicated 
successful growth of Fe3O4 nanoparticles on 
pure MWCNTs and OMWCNTs.  
 
Elemental analysis (EDX) of prepared catalyst 

Figure 6 showed the elemental composition of 
OMWCNT and Fe3O4@OMWCNT over and done 
with EDX analysis. The higher percentage of 
oxygen along with carbon indicated the 
successful formation of -COOH functional 
groups over the walls of CNTs. 
Moreover, the EDX of Fe3O4-OMWCNT showed 
presence of C, Fe and especially with increased 
intensity of oxygen element, which assured 
that, grafting of Fe3O4 nano-particles on surface 
of OMWCNTs. In addition, from EDX analysis 
we can say that the formation of pure Fe3O4 

nanoparticles and uniformly dispersed over the 
OMWCNTs without fabrication of impurities. 

 

Figure 5. (a) SEM ofOMWCNTs and (b) SEM of Fe3O4@OMWCNT catalyst 

(a) (b) 
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Figure 6. EDX mapping of OMWCNTs and prepared Fe3O4@OMWCNT catalyst 

 
Catalytic Activity 

Efficiency of OMWCNT-Fe3O4as heterogeneous 
catalyst for conversion of dimedone and 
substituted benzaldehyde to 1,8-
dioxooctahydroxanthenes have been studied. 
The reaction condition was optimized through 
the model reaction as 2 mmol. dimedone and 1 
mmol. benzaldehyde refluxed in 10 ml of 
solvent and their outcomes were summarized 
in Table 1. The initial attempt was carried out 

in catalyst free and solvent free atmosphere to 
check the reactivity of component; this 
displayed null conversion even to 42 hours 
stirring. Further reaction was performed at 100 
oC under similar conditions as above, to 
determine effect of temperature on reaction; no 
isolated product was obtained (Table 1, entry 
2). Next experiment was carried out in 10 ml 
ethanol as solvent without catalyst at reflux 
temperature for 24 hours; it reported fair 50 % 
yield (Table 1, entry 3).  

 
 

Table 1. Influence of reaction parameters on the synthesis of 1,8-dioxooctahydro-xanthenes using 
Fe3O4@OMWCNT 

Entry Catalyst Catalyst loading Solvent Temp. (oC) Time (h) Yield (%) 

1 - - 
 
 
 

- RT 48 0 
 2 - - 

 
- 100 24 <10 

3 - - Ethanol Reflux 24 50 

4 Fe3O4@OMWCNTs 10 wt % - RT 10 65 
5 Fe3O4@OMWCNTs 10 wt % Ethanol Reflux 2 94 

6 Fe3O4@OMWCNTs 10 wt % Acetonitrile Reflux 5 70 

7 Fe3O4@OMWCNTs 10 wt % Toulene Reflux 5 65 

8 Fe3O4@OMWCNTs 10 wt % THF Reflux 2 72 

9 Fe3O4@OMWCNTs 7.5 wt % Ethanol Reflux 4 86 

10 Fe3O4@OMWCNTs 5 wt % Ethanol Reflux 5 80 

11 Fe3O4@OMWCNTs 15 wt % Ethanol Reflux 2 94 

12 Fe3O4@OMWCNTs 20 wt % Ethanol Reflux 2 95 
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Next, the reaction was carried out in presence 
of wt % Fe3O4@OMWCNTs under solvent free 
and reflux condition to know the efficiency of 
catalyst; product was obtained with moderate 
65 % yield after 10 h (Table 1, entry 4). The 
obtained results showed that the catalyst under 
solvent free atmosphere unable to produce 
efficient yield, so the same reaction was 
continued in 10 ml ethanol at reflux 
temperature. This exercise produced 
outstanding 94 % yield of xanthenes and major 
attraction of this experiment was shorter 
reaction time (Table1, entry 5). It was very 
necessary to check the productivity of various 
solvents compared to ethanol for current 
transformation and in presence of 10 wt % 
Fe3O4@OMWCNTs catalyst. To understand the 
influence of solvent on outputs of reaction, the 
number of solvents was screened for xanthenes 
production. The model reaction was tried in 
presence of Fe3O4@OMWCNTs in acetonitrile at 
reflux temperature gives moderate 70 % yield 
after 5 h (Table 1, entry 6). While the same 
reaction becomes slower in toluene solvent, 
resulted 65% yield in 5 h (Table 1, entry 7). 
Furthermore, next reaction was conducted in 
10 ml THF solvent, it resulted 72% yield and it 
required only 2 h (Table 1, entry 8). This result 
showed respectable outcomes, but failed to 
overcome result of ethanol solvent. Screening 
test of solvent reveals, reaction performed in 
nonpolar solvent gave lower yield, while in 
polar solvent enhanced performance of 
reaction. Finally, ethanol was found to be better 
solvent for conversion of dimedone and 
bezaldehyde into 1,8-dioxooctahydroxanthene 
upto 94% yield. Subsequently, to set the 
optimised reaction parameters, we have tested 
different amount of prepared catalyst under 
reflux temperature in ethanol. Initially, we tried 

same reaction with reduction of catalytic 
amount with 7.5 wt. % and 5 wt. %; the reaction 
becomes sluggish with quite low yield 86 % and 
80%, respectively (Table 1, entries 9 and 10). 
However, on increasing catalytic amount to 15 
wt. % and 20 wt. %, both catalytic amounts are 
capable to produce equivalent yield as for 10 
wt. % catalytic amount. Based on the atom 
economy and concern with principles of green 
chemistry; we finalized 10 wt. % catalytic 
amount for further investigations. 
Consequently, 10 wt. % catalytic amount and 
10 ml ethanol under reflux condition was 
selected as optimized condition for the current 
transformation.   

To understand catalytic efficiency of prepared 
catalyst, we have compared it with some other 
reported and available catalysts for the 
xanthene synthesis under described conditions, 
the obtained results were summarised in table 
2. Synthesis of xanthenes using PTSA catalyst at 
high temperature 125 oC, the reaction was very 
sluggish gave 81-93% yield after 24 h (Table 2, 
entry 1). Further comparison with Fe3+-
Montmorillonite under reflux in ethanol for 6 h 
with 84-96% yield (Table 2, entry 2). Xanthene 
synthesis in presence of PPA-SiO2 under reflux 
in acetonitrile, the reaction was found to be 
very slow and results into lower yield as 47% 
after 12 h (Table 2, entry 3). One more catalyst 
TMSCl, under reflux condition gave 72-84% 
yield within 8-10 h (Table 2, entry 4). After the 
comparison of these results compared with 
present methodology, it was clearly indicated 
that the Fe3O4@OMWCNT is highly efficient 
catalyst for conversion of dimedone to 1, 8-
dioxooctahydroxanthene derivatives (Table 2, 
entry 5). 

 
Table 2. Comparative study of various catalysts for the xanthene transformation 

Entry Catalyst Condition Time (h) Yield (%) [Ref.] 

1. PTSA 125oC 15-24 81-93 [25] 

2. Fe3+-Montmorillonite C2H5OH/reflux 6 84-96 [26] 

3. PPA-SiO2 CH3CN/reflux 12 47 [36] 

4. TMSCl CH3CN/reflux 8-10 72-84 [37] 

5. Fe3O4@OMWCNT C2H5OH/reflux 2 90-96 [present work] 
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To examine the scope and applicability of 
present methodology, series of aromatic 
aldehydes were condensed with dimedone 
under optimized reaction condition. 
Monitoring of all reactions and their 
completion was confirmed by thin layer 
chromatography, time taken, and yield of 
product was summarized in Table 3. The 
dimedone and substituted aldehydes were 
undergoes cyclization in presence of little 
quantity of catalyst for short reaction time and 
furnished with moderated to outstanding yield. 
As it can be in Table 3, entry 1 is for the well set 
model reaction under optimised conditions, it 
clearly gives an idea about reactivity of aryl 
aldehyde with dimedone in presence of catalyst 
to give xanthenes. Entry 2 shows the result for 
para methyl substituted benzaldehyde, 
reaction ends with 90 % yield of targeted 
molecule which  revealed that the decrease in 
reactivity due to presence of electron donating 
group on aryl aldehyde. Similar results were 
observed in case electron donating substituents 
on benzldehyde as 4-hydroxy and 4-methoxy 
substituted benzaldehydes, displayed 93 % and 
92 % yield, respectively (Table 3, entries 3 and 
4). 

In addition, we have checked reactivity of 4-
Chlorobenzaldehyde, 4-hydroxy-3-

methoxybenzaldehyde, and 4-
Flurobenzaldehyde under the optimized 
conditions. All these substituted aldehydes 
reported acceptable yield of respective 
derivatives (Table 3, entries 5-7). Moreover, 
electron-withdrawing groups such as –NO2, -Cl, 
accumulated benzaldehyde reacted smoothly 
with efficient yield of xanthenes (Table 3, 
entries 8-11). Among the all substituted 
benzaldehydes, p-nitrobenzaldehyde reacts 
faster with high yield (Table 3, entry 9). From 
these outcomes of such exercise, we concluded 
as the sketched protocol has been well fitted for 
various substituted aromatic aldehydes 
carrying different functionalities. All such 
functionalities were preserved throughout the 
reaction process and consists in final products 
under the 10 wt. % Fe3O4@OMWCNT catalysed 
optimized protocol. 

Proposed Mechanism 

On the basis of formation of product in 
presence of Fe3O4@OMWCNT, we have 
constructed probable mechanism for 
development of xanthenes is shown in Scheme 
2. The proposed mechanism has been 
supported by the literature data [30]. Initially 
dimedone undergoes keto-enol tautomerism to  

 

Table 3. Synthesis of 1,8-dioxooctahydro xanthene derivatives using Fe3O4@OMWCNT under optimized 
protocol 

Entry Aldehyde Time (h) Product code Yield (%) 

1 Benzaldehyde 2.00 3a 94 

2 4-Methylbenzaldehyde 3.30 3b 90 

3 4-Hydroxybenzaldehyde 4.00 3c 93 

4 4-Methoxybenzaldehyde 3.30 3d 92 

5 4-Chlorobenzaldehyde 3.00 3e 94 

6 4-Hydroxy-3- 
Methoxybenzaldehyde 

3.20 3f 92 

7 4-Flurobenzaldehyde 2.00 3g 92 

8 3-Nitrobenzaldehyde 3.00 3h 95 

9 4-Nitrobenzaldehyde 1.40 3i 96 

10 3-Chlorobenzaldehyde 4.30 3j 94 

11 4-Formylbenzaldehyde 4.00 3k 94 
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Scheme 2. Proposed mechanism for synthesis of xanthenes derivatives using Fe3O4@OMWCNT 

 
form enol which is activated by 
Fe3O4@OMWCNT catalyst, and then secondly 
catalyst interacts with oxygen of aldehyde 
which leads to generation of carbonium ion. It 
facilitates nucleophilic attack of previous enol 
to form carbon-carbon bond. Furthermore, it 
undergoes dehydration, which provides site for 
repetitive nucleophillic attack of another enol 
of dimedone. Finally, catalyst plays key role in 
cyclization to achieve target molecule (3). 

Recyclability test of Fe3O4@OMWCNT 

Development of eco-friendly and reusable 
catalytic system was the ultimate goal of 
present research work. We have used 
Fe3O4@OMWCNT as heterogeneous nano-
catalyst for 1,8-dioxooctahydroxanthenes 
synthesis. After the complete transformation, 
the catalyst was isolated simply using strong 
external magnet. Separated catalyst was 

washed with water and ethanol for two to three 
times, and then dried at 90 oC for 10-12 h, and 
then it has ready to use for next cycle. We have 
studied recyclability of prepared catalyst for 
prescribed model reaction as 2 mmol. 
Dimedone and 1 mmol. benzaldehyde were 
refluxed in 10 ml of EtOH and presence of 10 wt. 
% Fe3O4@OMWCNT. Catalyst was reused up to 
six cycles under optimized condition. 
Experimental results revealed that 1, 8-
dioxooctahydroxanthene yield was comparable 
with consistent up to six run of catalyst. 

Conclusion 

In conclusion, Fe3O4@OMWCNT was utilized as 
heterogeneous catalyst for the conversion of 
aryl aldehyde and dimedone to xanthene 
derivatives. The catalyst was prepared and 
characterized successfully with help of various 
spectroscopic techniques that showed 
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oxidation of MWCNT leads to -COOH 
functionality as well as anchoring of Fe3O4 on 
MWCNTs. The catalyst proved itself as 
extremely resourceful for 1,8-
dioxooctahydroxanthene synthesis. The 
experimental procedure is an environmental 
being protocol as well as it reported 
outstanding yield within manageable reaction 
time. Moreover, catalyst showed its catalytic 
efficiency up to six cycles without noticeable 
diminution in yield of product. Significance of 
this methodology is simplicity of operation, 
easy work up, recyclable catalyst, good yields 
with maximum purification, and short reaction 
time. The key attraction of this methodology is 
the use of magnetically separable and proficient 
catalyst. 
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