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Abstract

An effective and environmentally friendly Fe;O,-PVP nanocomposite functional-
ized with sulfonic group, Fe;0,-PVP-SO;H, was synthesized and characterized as
the heterogeneous nanocatalyst for one-pot synthesis of xanthene derivatives via
condensation reaction of various aldehydes and dimedone in ethanol media. The
catalyst was efficient, and can be separated easily from the reaction mixture and
recovered rapidly by an external magnetic field. It can be used five times without
significant loss of its activity. Physicochemical properties were characterized using
different techniques including FT-IR, XRD, FE-SEM, EDS, TGA, and VSM to illus-
trate the structure of the catalyst. The presence of sulfonic group on the surface of
the catalyst was confirmed by these analyses. Large number of the acidic groups
on the surface of the PVP layer led to the more activity of the catalyst and conse-
quently, the yield of xanthene increases. The products were obtained in high yields
with short reaction times.

Keywords Polyvinylpyrrolidone - Magnetic nanoparticles - Xanthene - Solid acid
nanocatalyst

Introduction

Nanocomposites are a specific class of nano-sized materials that have been applied
in different area such as catalysts, drug delivery, cosmetic orthodontics, modern
construction, electronics, tissue engineering and agriculture. [1-7]. Magnetic nano-
composites were prepared by modification of magnetic nanoparticles with different
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organic and inorganic materials with unique functionality [8]. Iron oxide nanopo-
wder (Fe;O,) is one of the most popular nanoparticles because of its application
in ferrofluids [9], high-density information storage [10], magnetic resonance imag-
ing [11] as well as the role of catalyst or support of catalysts [12]. Moreover, in
recent years, Fe;O, nanoparticles (MNPs) have been attracted in different fields due
to their unique properties such as simple synthesis, high surface area, easy sepa-
ration and recovery from reaction medium using a simple magnet [13—19]. How-
ever, MNPs have several problems such as the tendency for aggregation and easily
air oxidation because of having high chemical activity on their surface which then
cause their magnetic properties and dispersibility to decrease [13, 20-22]. Thus, it
is necessary to overcome these problems by chemically stabilization of MNPs via
functionalization with different materials such as polymer, silica, carbon, metal
oxide and oxide absorber [12, 23-28]. These problems were overcome using one of
the promising candidates, polymer coating, which stabilizes MNPs due to its spe-
cific characteristics [20, 29-31]. Polymers like PVP can tackle the challenge due
to its solubility (soluble in water and polar solvents), stability, low production cost,
easy functionalization, and low toxicity. Also, PVP is an excellent stabilizer and
has been used for coating of MNPs [32-34]. This polymer made from the monomer
N-vinylpyrrolidone that has polar amide group in the ring. These functional groups
along their backbones are soluble in many solvents and give them chelating charac-
teristics [35-37]. It was reported that PVP molecules prevent of random agglomera-
tion of iron oxide particles and facilitate the cluster formation [33]. This stabilizer
prevents aggregation of MNPs through the repulsive forces due to its hydrophobic
carbon chains that disperse within solvents and interact with each other. Moreover,
the addition of PVP to MNPs reduces average particle size by preventing agglom-
eration [38]. The increasing amount of PVP, during chemical reduction synthesis
of iron oxide nanoparticles, controls the size and oxidation of the final nanoparti-
cles and changes the final morphology. In addition, crystal growth of iron oxide was
restricted in the presence of PVP, and its oxidation limited. Significantly, PVP can
apply as a growth modifier, nanoparticle dispersant, and reducing agent related to
the particular synthetic conditions [34, 38]. Also, the type of materials and the syn-
thesis method are important for modifying the performance of Fe;O, nanoparticles
[39]. The uniqueness of the powder with large surface-area is detrimental for the
catalytic applications.

Xanthene derivatives constitute an important class of organic oxygen-containing
compounds that have been used for pharmaceutical applications possessing antiviral
and antibacterial properties [40—42]. In addition, these heterocyclic compounds have
been widely used as sensitizers in photodynamic therapy [43], pH sensitive fluores-
cent materials for visualization of biomolecules [44, 45], and luminescent dyes [46].

In continuation of our ongoing research on using heterogeneous nanocatalyst
[47-51] herein, the efficient synthesis of xanthenes catalyzed by Fe;O,-PVP-SO;H
via one-pot reactions of aldehydes and dimedone was reported. This work was
cleanly performed in ethanol as the solvent under reflux conditions. Moderate cat-
alytic activity, catalyst recyclability, easy reaction conditions, simple magnetically
catalyst separation and reduction in the amount of acidic waste make the catalyst as
an effective green catalyst for the synthesis of xanthene derivatives.
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Experimental
General

The chemical materials, reagents, and solvents in this research were purchased
from Merck and Sigma-Aldrich companies and used without any purification. 'H
NMR and '3C NMR spectra were recorded on a Bruker 300 MHz spectrometer
in CDCl; as the solvent. Melting points were determined with Electrothermal
9300 (Electrothermal, Essex, UK). FT-IR BRUKER, Model tensor 27spectrom-
eter was applied to record IR spectra of all samples with a scanning range of
400-4000 cm~! with using KBr pellets. X-ray diffraction (XRD) patterns were
obtained by a Philips X-ray analytical diffractometer using Cu/Ka radiation at
room temperature in the range of 20 from 10 to 80° to prove the catalyst contents.
VSM spectrum was obtained by a vibrating-sample magnetometer (VSM, LBKFB
model-Meghnatis Daghigh Kavir Company) at room temperature and measured
the magnetic properties of the catalyst. Thermogravimetric analysis (TGA) was
carried out by BAHR STA 503 thermal analysis system heated from 25 to 500 °C
using a heating rate of 10 °C /min under N, flow. Field emission scanning elec-
tron microscopy (FE-SEM) images and energy-dispersive X-ray (EDX) analysis
of samples were obtained with a TESCAN MIRA3 digital scanning microscope
and Bruker XFlash6130 to determine the morphology and location the elements
of the catalyst, respectively. The size, shape and morphology features of nano-
composite were identified using TEM Philips EM 208S and HR-TEM FEI TEC-
NAI F20. Plasma atom emission spectrometer (Perkin-Elmer, DV-530) was used
to present the chemical composition of the Fe;O,-PVP-SO;H composite.

Synthesis of Fe;0,-PVP nanocomposites

The Fe;O, NPs were produced with modification according to the previously
reported method [52]. At the room temperature, 0.54 g of FeCl;.6H,0O (2 mmol)
was dissolved in 25 mL of ethylene glycol, in the presence of N, gas to remove
oxygen. Then, 0.04 g of CTAB (0.108 mmol) and 0.23 g of PVP (0.0057 mmol)
were added into the above solution, respectively. The solution color was changed
from yellow to green. Next, 10 mL of the aqueous solution of NaOH (0.2 M) was
added to the solution, resulting in a darker solution. Then, the solution was heated
to 100 °C under stirring and 0.322 g of sodium citrate (1.25 mmol) as a reduc-
ing agent added to the solution. The temperature of the solution was increased
to 140 °C under the mechanical stirring vigorously for 24 h. After the reaction
was complete, the reaction mixture was allowed to cool for collecting the iron
oxide powders using an external magnetic field. The black iron oxide precipitate
was washed thoroughly with ethanol two times and dried overnight under vacuum
desiccator at room temperature (Fig. S1). To understand and observe the effect of
PVP and CTAB on the structure and morphology of Fe;O, nanoparticles, the iron
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oxide nanoparticles without the PVP and CTAB capping agents have been also
synthesized using the same procedure.

Synthesis of Fe;0,-PVP-SO;H nanocomposite

To a suspension solution of 0.6 g Fe;O,-PVP nanocomposite in 15 mL. CH,Cl,, a
solution of 0.15 mL chlorosulfonic acid (2.2 mmol) in 10 mL CH,Cl, was added and
the mixture stirred for 2 h at room temperature. The obtained precipitate was filtered
by an external magnet and washed two times with CH,Cl, (2x10 mL). The black
powder was produced after drying it in a vacuum desiccator at room temperature.

Measuring the acidity of the catalyst

To determine the number of SO;H groups on the catalyst, the Fe;0,-PVP-SO;H
(0.1 g) was added to an aqueous solution of NaOH (10 mL, 0.2 M) in an Erlenmeyer
flask. Then the system was stirred for 1 h at room temperature. The catalyst was then
removed using an outer magnet and to the resulted a clear solution, two drops of
phenolphthalein indicator added. The solution was titrated to a neutrality point using
17.7 mL of an aqueous HCI solution (0.1 M). The blank titration (without adding
the catalyst) was also carried out and the volume of used HCI solution (0.1 M) found
to be 20 mL. Therefore, the volume of used HCI solution (0.1 M) for computing the
number of SO;H groups on the catalyst was observed to be 2.3 mL. The H* loading
of the nanocatalyst can be computed based on Eq. 1:

in which M; (mol. L™ and V, (L) are the used concentration and volume of the
NaOH solution (0.2 M), respectively, and M, (mol. L") and V, (L) are the used
concentration and volume of the HCI solution (0.1 M), respectively, in the titration
process. Therefore;

V.a =20 = 17.7 = 2.3ml(the acidity rate of the catalyst)

Hltadmg = 2.3ml X 0.1M = 0.23mmol(in the 0.1g of catalyst)
1+ o 0.23mmol x 1g _ 2.3mmol.g‘l
oading 0. ]g

General procedure for preparation of xanthene derivatives

A mixture of aldehyde (1 mmol), dimedone (2 mmol) and Fe;0,-PVP-SO;H nano-
composite (30 mg) as the catalyst was stirred in 2 mL ethanol at 80 °C under reflux
condition. The progress of the reaction was continuously monitored by TLC: ethyl
acetate/n-hexane (1:5). After completion of the reaction, the catalyst was separated
by an external magnet. Then, the mixture was cooled to room temperature and 5 mL

@ Springer



Synthesis of Fe;0,-PVP nanocomposite functionalized. .. 4541

of ice water added drop by drop and decanted to isolate the crude product. The crude
product was put in the oven at 80 °C till dried. The resulting solid as the crude prod-
uct was recrystallized from EtOH to afford the pure product. The obtained products
were characterized by m.p., '"H NMR, and '*C NMR techniques.

Results and discussion
Preparation and characterization of Fe;0,-PVP-SO;H nanocomposite

The polyol process was used for the preparation of iron oxide nanopowders due
to create iron oxide nanoparticles of high magnetization and hydrophilic surfaces
[32, 53]. In this study, the effects of PVP and CTAB were evaluated on the syn-
thesis of MNPs. It was observed that CTAB and PVP as the coating and stabilizer
agents changed MNPs morphology and protected them from oxidation. It is interest-
ing to note that PVP chains cannot interact with MNPs due to their neutral charge
and hydrophilic properties, while CTAB can interact easier than PVP with MNPs
because it is a cationic surfactant. Moreover, CTAB was converted to cetyltrimethyl-
ammonium hydroxide (CTAOH) by alkaline environment during the synthesis [54].
This interaction resulted in smaller crystallite sizes, as well as prevented from oxi-
dation and agglomeration of MNPs [39, 55]. Thus, MNPs were synthesized in the
presence of both PVP and CTAB and well protected from agglomeration and oxida-
tion (Figs. 2b and 4a). The preparation of Fe;O,-PVP-SO;H nanocomposite as the
solid acid nanocatalyst was depicted in Scheme 1.

FT-IR The presence of key functional groups was ascertained through FT-IR
spectroscopy. The FT-IR spectra of PVP, Fe;O,-PVP and Fe;0,-PVP-SO;H have
been presented in Fig. 1. The FT-IR spectrum of PVP (Fig. 1a) indicates the bands
around 3458 and 1658 cm™! that are denoted to hydroxyl and carbonyl groups in
PVP while the bands located at 1423 and 1288 cm™! related to bending vibration of
CH, groups and stretching vibration of the C-N bond of PVP, respectively, [56, 57].
The spectrum of Fe;0,-PVP (Fig. 1b) shows a new strong band at 584 cm ™! attrib-
uted to Fe—O stretching vibration and the peak 1658 shifted to 1649 cm™! indicating
the interaction among Fe;O, and PVP. The FT-IR spectrum of Fe;0,-PVP-SO;H
(Fig. 1c) shows the appearance extra absorbance peaks at 1074 and 1230 cm™,
corresponding to the stretching vibrations of the S—O of sulfonic acid groups [58].
Also, a moderate peak at 1639 cm™! which denoted to the imine groups in catalyst is
appeared. The obtained results from FT-IR spectra confirm that SO;H groups have
functionalized on the surface of the Fe;O,-PVP nanocomposite.

SEM The surface morphology was characterized and the fundamental physical
properties of the surface were analyzed by scanning electron microscopy (SEM)
(Fig. 2). Cheng et al. [32] showed that iron oxide particle size and its dispersion
are controlled by tuning the concentration of sodium citrate and adjusting the elec-
trostatic repulsion between particles in the polyol synthesis of iron oxide powders.
They concluded by TEM images that the particle size decreased and the particles
became loosely packed when, the amount of sodium citrate was increased. Also,
Graeve et al. indicated that the small amount of PVP had the similar effect as the
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Fig.1 The FT-IR spectra of (a) PVP, (b) Fe;0,-PVP and (c) Fe;0,-PVP-SO;H

effect of sodium citrate in Cheng et al.’s work [39]. In our study, the obtained SEM
image of Fe;0,-PVP nanocomposites (Fig. 2b) not only clearly describes the pres-
ence of PVP and CTAB decreased the particle size but, also shows that these nano-
composites have a spherical morphology with loosely packed surfaces, confirming
the uniformly coating of PVP as protective layer on the Fe;O, particles. The Stabi-
lizer has been widely applied to control the size and morphology of nanocrystals due
to its great effect on the growth of nanocrystals in the synthesis process. According
to Fig. 2¢, Fe;0,-PVP-SO;H nanocomposites did not keep the morphological prop-
erties of Fe;O,-PVP and lost their spherical morphology due to the little aggregation
of the nanocomposites upon addition of chlorosulfonic acid.

TEM and HR-TEM

Figure 3 shows the TEM and HR-TEM images of the Fe;O,-PVP-SO;H nanocom-
posite synthesized through electrostatic interactions between cetyltrimethylam-
monium bromide (CTAB) stabilized Fe;O, nanoparticles and PVP chains by the
polyol process and then modified by the addition of chlorosulfonic acid. Figure 3a,
b indicates layers of the continuous network of the PVP on the Fe;O, nanoparti-
cles surface so that they look much brighter than Fe;O, nanoparticles. Evidently,
the spherical magnetic nanoparticles are observed by dark spots and some of them
are shown more dark seem to be agglomerated but, most they are not. However,
there are many Fe;O, nanoparticles with spherical structures who are uniformly dis-
persed due to the strong interaction between the nanoparticles and the PVP chains.
These uniformly dispersed nanoparticles confirm that PVP successfully can prevent
of coagulation. To observe the structure with precise detail, the typical HRTEM
images of Fe;0,-PVP-SO;H nanocomposite are shown in Fig. 3¢, d. The structures
of Fe;0,-PVP-SO;H nanocomposite exhibit the crystallinity of Fe;O, nanoparticles
with several spherical shaped nanocrystals in sizes less than 10 nm [39] and amor-
phous nature of the PVP layer. So that, Fe;O, NPs were homogenously distributed
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MIRA3 TESCAN

SEM MAG: 50.0 kx Det: InBeam | MIRA3 TESCAN
'WD: 4.89 mm BI: 7.00
View field: 4.15 ym | Date(m/dly): 11/20/20

Fig.2 Scanning electron micrographs of Fe;O, NPs synthesized without PVP (a), with PVP (b) and
Fe;0,-PVP-SO;H nanocomposite (c)

in PVP matrix which resulted to regular arrangement of Fe;O, nanoparticles. Fur-
thermore, it must be noted that the SAED pattern with bright spots represented in
Fig. 3d can clarify the crystalline nature of Fe;O, as indicated by bright spots with
uniform diffusive circles.
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Fig.4 EDX pattern of Fe;0,-PVP-SO;H nanocomposites
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EDX

EDX is used as a useful technique to determine the elements presented in the nano-
composites. Figure 4 indicates the EDX pattern of Fe;O,-PVP-SO;H nanocompos-
ites. This pattern clearly shows the elemental compositions are Fe, N and C and
the peaks attributed to S, demonstrating the presence of sulfonic acid group along
with PVP in the nanocomposite and the successful synthesis of Fe;0,-PVP-SO;H
nanocatalyst.

XRD

XRD analysis was used in order to investigate the crystallographic structure of the
catalyst. XRD patterns of Fe;0,-PVP and Fe;O,-PVP-SO;H are shown in Fig. 4.
The XRD of pure PVP indicates the amorphous nature of the polymer owing to
appearance of a broad diffraction peak at 20=11 and 21° (Fig. 5a) [59, 60]. The
pattern of Fe;O,-PVP (Fig. 4a) indicates the presence of peaks in 20 =30, 36, 43,
53, 57, 63 and 75°, that is related to (200), (311), (400), (422), (511), (440) and
(511) planes of Fe;O, nanoparticles (JCPDS 19-0629) [56, 61, 62]. The broad peak
at 20=21° is related to PVP. It can be seen that the XRD patterns of Fe;0,-PVP and
Fe;0,-PVP-SO;H show the same diffraction patterns indicating that the structure of
nanocomposite remained intact during the coating and loading of PVP and SO;H.

VSM

The magnetic hysteresis measurement of Fe;0,-PVP-SO;H is obtained by VSM with
the field sweeping from -10,000 to + 10,000 Oe (Fig. 6). As shown in this figure, the

a. PVP
b. Fe;O,/ PVP
c. Fe;0,/ PVP-SO;H

Intensity (a.u.)

W4

Ml
g |
| 'l‘l |ﬂq‘_£ﬁlh. pl.'.i? |

A
! \"‘I
”‘Hv
¥

\

"‘;‘-L
r

NIt}

4
i\
o

10 20 30 40 50 60 70 80
Position (20)

Fig.5 The X-ray diffraction patterns of (a) Fe;0,-PVP and (b) Fe;0,-PVP-SO;H
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Fig.6 Magnetic hysteresis loops of Fe;0,-PVP-SO;H nanocatalyst. The inset indicates the practical
model of catalyst separation under an external magnetic field

saturation magnetization values for Fe;O,, Fe;O,-PVP and Fe;0,-PVP-SO;H are
61.3, 29.0 and 19.7 emu g~', respectively. The intensity of magnetization of bare
Fe;O, was reduced from 61.3 to 19.7 emu g~ 1 because of the increased thickness
of grafting by PVP and SO;H. The nanocomposites exhibit the superparamagnetic
characteristics since the hysteresis loop for the particles was completely reversible.
Thus, the Fe;0,-PVP-SO;H can easily separate and recycle from the products using
an external magnetic field.

TGA

The TGA analysis in the temperature range of 25-500 °C for Fe;O,-PVP-SO;H was
shown in Fig. 7. There are three stages of weight losses. The first mass weight loss

110

100 -

70 4

Weight (%)

50 4

20 T T T T T T T T
0 100 200 300 400 500
Temperature (OC)

Fig.7 Thermogravimetric analysis curve of Fe;0,-PVP-SO;H
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(12%) up to145 °C is assigned exclusively to physically adsorbed water or ethanol
molecules on the catalyst surface and the solvent trapped on the surface and /or pol-
ymer matrix pores of nanocomposites. The second mass weight loss of 27% was
observed at 145-275 °C that can be related to the degradation and decomposition
of the sulfonic moieties in Fe;0,-PVP-SO;H. The third one with mass weight loss
(19.0%) occurred at bigger than 275-500 °C and it is corresponded to PVP decom-
position. These results can prove the attachment of sulfonic acid group and PVP
moiety onto the surface of Fe;0, and show the catalyst has around 58% of organic
material. Therefore, it can be concluded that the excellent grafting of PVP and sul-
fonic groups on the Fe;O, exist.

Investigation of catalytic activity of Fe;0,-PVP-SO;H

The catalytic performance of Fe;0,-PVP-SO;H was evaluated in the synthesis of
xanthene derivatives (Scheme 2). To optimize the reaction conditions for synthesis
of xanthenes, the effects of the catalyst amount, solvent and temperature were exam-
ined. The reaction of benzaldehyde (1 mmol), dimedone (2 mmol), was chosen as a
model reaction.

First, the reaction was carried out in solvents including ethanol, acetonitrile,
methanol, dimethyl formamide and water under reflux conditions (Table 1, entries
3, 8-11). As indicated in Table 1, ethanol was the best solvent and the xanthene
was obtained in 87% yield after 20 min using 0.03 g of the catalyst. The other sol-
vents were not as effective as EtOH and only gave moderate to low yields of the
product. Second, the reaction was heated at different temperatures. It was found that
the reflux temperature afforded the best result compared with room temperature
and 50 °C (Table 1, entries 5 and 6). This reaction at room temperature even after
60 min gave only trace amount of the product. Finally, to determine the optimum
amount of the catalyst, the reaction was examined using 0.02, 0.03 and 0.04 g of the
catalyst. Based on the obtained results, the best performance is found when 0.03 g
of the catalyst is used. When the amount of the catalyst was increased, the yield of
the reaction was slightly raised. It is notable that in the absence of the catalyst the
yield of the product was trace (Table 1, entry 1). With the optimal reaction condi-
tions in hand, EtOH as a solvent, reflux temperature, and 0.03 g of the catalyst, the

H  Fe;04PVP-SO;H

o Ethanol, 80°C/reflux

R

Scheme 2 Preparation of xanthenes catalyzed by Fe;0,-PVP-SO;H nanocomposite
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Scheme 3 Plausible mechanism for the synthesis of xanthene derivatives in the presence of
Fe;0,-PVP-SO;H nanocatalyst

Table 1 Optimization of the reaction conditions

Entry Catalyst (g) Temperature o) Solvent Time (min) Yeild (%)
1 - 80 /Reflux EtOH 60 Trace
2 Fe;0,-PVP-SO;H (0.02) 80/Reflux EtOH 40 74

3 Fe;0,-PVP-SO;H (0.03) 80/Reflux EtOH 20 87¢

4 Fe;0,-PVP-SO;H (0.03) 80/Reflux EtOH 40 87

5 Fe;0,-PVP-SO;H (0.03) 50 EtOH 20 65

6 Fe;0,-PVP-SO;H (0.02) r.t EtOH 60 Trace
7 Fe;0,-PVP-SO;H (0.04) 80/Reflux EtOH 20 88

8 Fe;0,-PVP-SO;H (0.03) 80 DMF 20 70

9 Fe;0,-PVP-SO;H (0.03) 80 H,O 20 45

10 Fe;0,-PVP-SO;H (0.03) Reflux CH,;CN 20 81

11 Fe;0,-PVP-SO;H (0.03) Reflux MeOH 20 54

12 Fe;0, (0.03) Reflux EtOH 20 49

13 PVP (0.03) Reflux EtOH 20 Trace
14 Fe;0,-PVP (0.03) Reflux EtOH 20 45

“Reaction conditions (optimum): benzaldehyde (1 mmol), dimedone (2 mmol), the catalyst (0.03
2), reflux, EtOH, and 20 min.

The reaction proceeded rapidly with functionality substituted aromatic aldehydes with various electron-
donating or electron-withdrawing groups such as hydroxyl, methoxy, methyl, chloro and nitro to give the
corresponding 1,8-dioxo-octahydroxanthenes in good to high yields. The results are presented in Table 2
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Table 2 Synthesis of xanthene derivatives catalyzed by Fe;0,-PVP-SO;H

Entry Product Time (min) M.P ("O)[ref|/M.P ('C) Yield® (%)
1 20 199-201[63)/ 87
o o 190-195
||
0
2 20 227-229[64] 93
224-226
3 20 220-222[64, 65] 85
218-220
4 20 163-165[63] 74
162-164
5 20 213-215[63] 77
210-212
6 20 242-244[64] 83
244-246
7 20 198-200[63] 81
194-196

“Reaction conditions: benzaldehyde (1 mmol), dimedone (2 mmol), Fe;0,-PVP-SO;H (0.03 g), EtOH,
80 °C

A plausible mechanism of xanthene derivatives synthesis catalyzed by Fe;O,-PVP-SO;H is indicated in
Scheme 3. The Brgnsted acidity of the SO;H group capable of bonding with the carbonyl oxygen of
aldehydes and activated carbon of carbonyl group are shown in Scheme 3

different benzaldehyde derivatives were reacted with dimedone for preparation of
various 1,8-dioxo-octahydroxanthenes (Table 2).

To further examine the catalytic behavior of the catalyst for the synthesis of xan-
thene derivatives, the obtained results were compared with some of those reported
in the literature (Table 3). The catalysts of entries 1-4 are homogeneous catalysts
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Table 3 Comparison of Fe;O,-

PVP-SO,H with reported Entry Catalyst Condition Yield (%), Ref
catalysts in the synthesis of 1 [Et;NH][HSO,] Solvent free,100 °C 77, [66]
xanthene derivatives ‘

2 [(n-Pr,NH,)][HSO,]  Solvent free, 80 °C 85, [67]

3 Cs, sHy sPW,,0, H,0, 100 °C 80, [68]

4 CH;CH,NH,SO;H]CI Solvent free,120 °C 91, [64]

5 Fe(HSO,); DCM, 25 °C 85, [69]

6 Fe;0,@Si0,-SO;H Solvent free, 110 °C 94, [70]

7 Fe;0,-PVP-SO;H Ethanol, 80 °C 87, This work

and isolation of them after completion of the reaction are difficult and some of them
need higher temperatures for the reactions occur. In addition, they are not recover-
able and reusable. Fe(HSO,); is robust and heterogeneous catalyst, but its isolation
needs filtration which takes time to be isolated. This catalyst was easily separated
from the products by exposure of the reaction vessel to an external magnet followed
decantation of the reaction solution. The catalyst is energy saving and can be iso-
lated faster without needing filtration. It was found that this catalyst is comparable
with the others in terms of the reaction time and yield. Also, due to the magnetic
feature of this catalyst, it can be readily separated from the reaction mixture and
used at least five times without any noticeable loss of the yield in product.

Leaching test

The hot filtration was carried out to examine the catalyst durability using the model
reaction under optimized conditions (Fig S2). The reaction was stopped after 5 min
and the catalyst separated from the reaction medium, then the reaction continued in
the absence of the catalyst for 20 min. A reaction yield of 25% was found. In another
testing, the reaction proceeded for 10 min, then the catalyst was removed from the
medium, and the reaction let continue for 20 min in the absence of the catalyst. A
yield of 50% was obtained. We believe that the leaching was negligible during the
reaction, and after the removal of the catalyst, the reaction was not able to proceed
further to a higher yield.

To determine the weight percent of Fe element in the fresh and reused
Fe;0,-PVP-SO;H composite, ICP-OES analysis was employed. The weight percent
of Fe for the fresh catalyst was calculated to be Fe 7.41%, and in the reused catalyst
was 7.24%. The slight decreasing in the element content of Fe indicating unavoid-
able loss for recycled catalyst after five consecutive runs during the process of col-
lection and washing of the catalyst.

Recyclability of the catalyst

To consider the stability and recyclability of Fe;O,-PVP-SO;H, after each reaction,
the nanocatalyst was separated from the reaction mixture with a magnet, washed
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Fig. 8 Recyclability of Fe;0,-PVP-SO;H nanocatalyst in the synthesis of xanthene
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Fig.9 FT-IR spectra of Fe;O,-PVP-SO;H before (a) and after (b) being reused

with water and ethanol, dried under vacuum and reused for another reaction to eval-
uate its recycling performance. As indicated in Fig. 8, the Fe;0,-PVP-SO;H nano-
catalyst can be successfully used for at least five times for synthesis of the xanthene
without significant loss in its catalytic activity. A small decrease in its performance
can be ascribed to the loss of the nanocatalyst after every recycling. Furthermore,
the FT-IR spectrum of the reused nanocatalyst matches well with the fresh one and
it confirms the recoverability and stability of the nanocatalyst during the reactions
(Fig. 9).
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Selected spectra data of products
3,3,6,6-Tetramethyl-9(phenyl)-1,8-dioxo-octahydroxanthene (Table 2, entry 1)

'"H NMR (CDCl;, 300 MHz), 8ppm: 0.98 (s, 6H), 1.09 (s, 6H), 2.16 (d, J=16.3,
Hz, 2H), 2.23 (d, J=16.3 Hz, 2H), 2.46 (s, 4H), 4,75 (s, 1H), 7.09 (t, J=7.0 Hz,
1H), 7.21 (t, J=7.0 Hz, 2H), 7.28 (d, J="7.20 Hz, 2H); 1*C NMR (CDCl,, 75 MHz),
dppm: 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 ppm.

3,3,6,6-Tetramethyl-9(4-chloro-phenyl)-1,8-dioxo-octahydroxanthene (Table 2,
entry 2)

'H NMR (CDCl;, 300 MHz), Sppm: 0.98 (s, 6H), 1.09 (s, 6H), 2.14 (d, J=16.1 Hz,
2H), 2.23 (d, J=16.1 Hz, 2H), 2.45 (s, 4H), 4.70 (s, 1H), 7.19-7.29 (m, 4H); 13C
NMR (CDCl;, 75 MHz), dppm: 27.5, 29.4, 31.7, 32.4, 41.1, 50.8, 115.6, 128.6,
130.2, 132.4, 143.1, 162.5, 196.7.

3,3,6,6-Tetramethyl-9(4-nitro-phenyl)-1,8-dioxo-octahydroxanthene (Table 2, entry
3)

'H NMR (CDCl,, 300 MHz), 8ppm: 0,98 (s, 6H), 1,12 (s, 6H), 2,15 (d, J=16,3 Hz,
2H), 2,24 (d, J=16,3 Hz, 2H), 2,49 (s, 4H), 4,81 (s, 1H), 7,46 (d, J=7.9 Hz, 2H),
8,08 (d, J=7.,9 Hz, 2H);

13C NMR (CDCl,, 75 MHz), dppm: 27.2, 29.2, 32.3, 32.4, 40.8, 50.6, 114.5,
123.1, 129.3, 146.4, 151.5, 163.0, 196.3.

3,3,6,6-Tetramethyl-9(4-methoxy-phenyl)-1,8-dioxo-octahydroxanthene (Table 2,
entry 6)

'H NMR (CDCl,, 300 MHz), 5ppm: 0,98 (s, 6H), 1,11 (s, 6H), 2,15 (d, J=15,7 Hz,
2H), 2,23 (d, J=15,7 Hz, 2H), 2,44 (s, 4H), 3,72 (s, 3H), 4,71 (s, 1H), 6,75 (d,
J=8,6 Hz, 2H), 7.20 (d, J=8,6 Hz, 2H); '*C NMR (CDCl,, 75 MHz), Sppm: 27.4,
29.4,31.2,32.3,40.8, 50.8, 55.1, 113.4, 115.8, 129.3, 136.5, 157.7, 162.0, 196.5.

Conclusion

In this work, we have successfully synthesized a novel, effective and magnetic
Fe;0,-PVP support chlorosulfonic acid as the catalyst for the preparation of xan-
thene derivatives through condensation of aldehydes and dimedone in ethanol at
80 °C. Clean reactions, simple performance, reusability of the nanocatalyst, easy
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work-up method, high yield of products, and using Fe;O,-PVP-SO;H as the power-
ful heterogeneous proton donor are outstanding advantages of this produced catalyst.
It is worth mentioning that the catalyst has a wide surface area due to its nanospheri-
cal structure. Moreover, it was found to be potentially valuable in industrial applica-
tions and widespread use in organic synthesis for other compounds because of reus-
ability of the magnetic heterogeneous nanocatalyst with maintaining its efficiency.

Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1007/s11164-021-04542-3.
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