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Abstract

In this study, a novel biomass and Starch-derived carbonaceous solid acid catalyst (FesOs@C-SO3H) that has
superparamagnetism with high acid density was successfully prepared for the first time by incomplete
hydrothermal carbonization of Starch followed by FesOa grafting and —~SO3H groups functionalization. The
characterization of physicochemical properties of Fes0.@C-SOsH NPs was achieved by X-ray diffraction
(XRD), Fourier-transform infrared spectra (FT-IR) and Field Emission scanning electron microscope
(FESEM). The resulted catalyst contained -SOsH, -COOH, and phenolic -OH groups and exhibited good
catalytic activity for the one-pot synthesis of dihydropyrano[c]chromenes, 2-Amino-3-cyano-4H-pyrans and
2-amino-4H-chromenes derivatives (chromenes and pyrans) via multicomponent reactions. High catalytic
activity and easy magnetical separation from the reaction mixture are two significant factors for evaluating

the performance of Fes04@C-SO3H nanoparticles in the organic transformations.

Keywords: Magnetic nanoparticles, FesOs@C-SOsH, dihydropyrano[c]chromenes, Starch.

1.Introduction

In recent years, much attention has been focused on
heterogeneous catalysts, since these catalysts can be
recovered and reused several times after the reaction
without loss of activity[1, 2].. Among the heterogeneous
solid acid catalyst in organic synthesis, carbon base
solid acids (CBSAs), which are important materials
with many practical and research applications have been

extensively studied [3].

On the other hand, the synthesis of magnetic sulfonated
carbon nanoparticle indicating that the magnetism
separation could be an efficient way to separate the
catalyst from the reaction mixture [4]. The magnetic
Fes04@C-SO3H nanoparticle (MNPs) was widely
studied and showed high catalytic activities in many
chemical reactions. The enhanced activity of
heterogeneous (MNPs) ascribed to the high stability of

its acid sites, high density, carbon sheets hydrophobic
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property, and the existence of -SOsH and —COOH
groups in its molecular structure. [5]. Many research
nowadays focused on the production of these solid acid
catalysts that are found to be recoverable and reusable
which are eco-friendlier and greener than a catalyst in a
liquid phase [6].

A multi-component reaction (or MCR), sometimes
referred to as a "Multi-component Assembly Process"
(or MCAP), is a chemical reaction where three or more
compounds react to form a single product [7]. By
definition, multicomponent reactions are those
reactions whereby more than two reactants combine
sequentially to give highly selective products that retain

the majority of the atoms of the starting material.

NH»

Br CN

@]
e O
o —

Ar: furan, pyrrole,

The heterocyclic scaffold containing chromene and
pyran represent a “privileged” structural motif well
distributed in naturally occurring compounds [8-10].
Chromene moiety is present in naturally occurring
compounds and interesting pharmaceutical materials.
Chromenes and pyrans have attracted adult interest
because they can exhibit a broad spectrum of significant
[11],
antifungal [12], antibacterial [13], antioxidant [14],

biological activities such as antimicrobial
antileishmanial [15], anticancer [16], and hypotensive
[17]. Some of these compounds could also be applied as
inhibitors [18, 19]. Fig. 1 represents a glimpse of some
of 4H-chromenes which display strong biological
activity including and

antibacterial, anticancer,

inhibitory.

o) NH,

CN
Ar

thiophene

A anticancer
and Bcl-2 inhibitor

E: (+)-Calanolide A- anti-HIV

OCHs
D: inhibitor
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B: antibacterial
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anti-inflammatory, antibiotics
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Fig. 1. Selected examples of chromenes and pyrans derivatives with biological, inhibitory, and pharmacological activity.

Various types of homogeneous or heterogeneous
catalysts have been applied to this heterocyclic system,
such as silica nanoparticles [20], MgO [21], ferric
hydrogen sulfate [22], meglumine [23], [omim] OH [24,
25], DMAP, [26] SnO,, [27] basic ionic liquid, [28]
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TBAB, [29, 30] DBU, [31] diammonium hydrogen
phosphate, [32] nano ZnO, [33] (S) proline [34].
Although these procedures reported by others find
certain merits of their own, however, many of these

approaches suffer from some drawbacks including

OH
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prolonged reaction times, tedious workup procedures,
expensive catalyst/reagents, high catalytic loading; and
as well as the requirement of special apparatus. Thus, a
search for more general, simple, efficient, feasible, and
high yielding routes to this class of the organic
molecules remains a valid exercise.

In this work, we developed a rapid and efficient protocol
for the synthesis of some derivatives of chromenes and
pyrans using Fes0.@C-SOsH as green and reusable
catalysts.

2. materials and methods

All chemicals were used as received without further
(mn
(FeCl3-6H,0, 99.0%), Iron (II) Sulfate Heptahydrate
(FeSO4, 7H,0, 99.0%) and other chemical materials
were purchased from Fluka and Merck Companies.

purification.  Iron chloride  hexahydrate

Products were characterized by comparison of their
physical data, IR and *H NMR and *C NMR spectra of
known samples. All 'H-NMR and *C NMR spectra
were recorded at 500 MHz in DMSO relative to TMS
(0.00 ppm). IR spectra were recorded on Perkin-Elmer
Spectrum RXI FT-IR spectrophotometer. X-ray
diffraction (XRD) patterns of samples were taken on a
Philips X-ray diffract meter Model PW 1840. The
particle morphology was examined by FESEM (Philips
XL30 scanning electron microscope).

3. Experimental

3.1.1. Preparation of the FesO4 (MNPs)

Fes0. MNPs were synthesized by coprecipitation
method [35]. Typically, 2 gr of FeCl3-6H,0 and 1 gr of
FeSO,7H,O were dissolved in 250 mL of deionize
water at 60 °C. Then, NaOH (2 M) solution was added
to keep the pH between 10 and 11. After being rapidly
stirred for 6 h, the magnetic core was obtained by the
magnetic attraction and washed with water and dried at
60 °C in vacuum for 4h.

3.1.2. Synthesis of the carbon-based solid acid (C-
SOsH)

The Sulfuric acid (10 ml) was mixed with Starch (5 g).
Then, the mixture was transferred into the autoclave at
180 °C for 24 h. The solid black product was washed
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with water. The carbon-based solid acid was obtained
after drying at 80 °C.

3.1.3. Synthesis of the FesO4s@C-SO3H MNPs

For a typical procedure, magnetic FesO4 nanoparticles
MNPs (3 g) and carbon-based solid acid (C-SOsH), (1
g) were mixed with 80 mL water in a flask under
vigorous stirring in an oil bath at 100 °C. After
evaporation of water, the mixture was transferred into a
100 mL Teflon-sealed autoclave. The autoclave was
kept at 180 °C for 6 h before cooled naturally the carbon
Intermediate were separated by a magnet, and washed
with deionized water and ethanol several times to
neutral solution, and dried in an oven.

3.2 Synthesis by B-Naphthol,
Dimedone or 4-hydroxycoumarin using Fe3O.@C-
SOsH

A mixture of Aryl aldehyde (1 mmol), p-Naphthol,

of chromene

Dimedone or 4-hydroxycoumarin compound (1 mmol),
Malononitrile (1.2 mmol, 0.0726 g), Fe;0.@C-SOsH
catalyst (0.03 g) and 5 mL water were taken in a round-
bottom flask and stirred and heated at 60 °C for a time
(monitored by TLC). After satisfactory completion of
the reaction and cooling, the catalyst was collected by
an external magnet, and the reaction mixture was
washed with ethanol. The organic layer was
concentrated under reduced pressure and then the
product so obtained was recrystallized from ethanol to
afford the pure product.

3.2.1. 3-amino-1- (4-chlorophenyl) -1H-benzo [f]
chroman-2-carbonitrile (Table 3: entry e).

Cream powder, m.p. 205-208 °C; IR (potassium
bromide): (vmax, cm™): 3411, 3326, 2193, 1643, 1591,
1488, 1404, 1234, 1093; 6H (ppm): 4.41 (s, 1H), 4.55
(s, 2H, NHy), 7.30 (m, 1H), 7.37 (t, 1H, J = 6.7), 7.52 (t,
1H,J=6.1), 7.54 (d, 1H, J = 7.7), 7.85 (m, 1H), 8.0 (m,
2H), 8.52 (d, 1H, J =6.7), 8.62 (d, 2H, J = 8.3).

3.2.2 2-amino-5-0x0-4- (3, 4 di-methoxyphenyl) -5,
4-dihydropriano [3, c-2] - chromene -3-carbonitrile
(Table 3: entry j)

Yellow powder, m.p. 230-232 °C; IR (potassium
bromide) (vmax, cm™): 3367, 1668, 1608, 1587, 1484

cmt. 6H (ppm): 3.93 (s, 3H), 3.98 (s, 3H), 4.37 (s, 1H),
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4.49 (s, 2H, NH), 7.29 (t, 1H, J = 7.1 Hz), 7.37 (t, 1H,
J=7.5Hz),7.53(, 1H,J=8.0Hz),7.58 (d, 1H,J=7.3
Hz), 7.84 (s, 1H), 7.98 (d, 1H, J = 7.5 Hz), 8.09 (d, 1H,
J=8.1Hz).

3.23 8-dihydro-4-  (4-
hydroxyphenyl) -H4-chroman -5 (6) —one (Table 4:

2-amino-3-cyano-7,
entry n)

White powder, m.p. 226-228 °C; IR (potassium
bromide): (vmax, cm™): 3430, 3110, 3041, 1706, 1606,

U CXOTH]
1 T

Starch

H,S0,, 180°C/ 24 h
TP el

. Hydrothermal
carbonization

1519, 1309, 1201, 1103, 941; 5H (ppm): 1.05 (s. 3H),
1.12 (s. 3H), 2.23 (d, J = 8.3 Hz, 2H), 2.45 (d, J = 8.4
Hz, 2H), 4.37 (s, 1H), 4.49 (s, 2H, NH), 4.89 (s, 1H,
OH), 6.75 (d, J = 8.5 Hz, 2H), 7.12 (d, J = 8.4 Hz, 2H).
4. Result and Discussion

The synthetic procedure for the Fes0,@C-SO3H solid
acid catalysts is shown in Scheme 1.

Fe;0, grafting

Sulfonation
—_—

»

Scheme 1. The synthetic route of the magnetic carbon-based solid acid.

Firstly, the FesO, was prepared according to the
reported method [35] and carbon-based solid acid (C—
SOsH) was synthesis by the reaction of a mixture of
Sulfuric acid and Starch in a 100 mL Teflon-Lined
Autoclave Reactor. Then, FesO, MNPs and carbon-
based solid acid (C—SOsH), were mixed and the mixture
was transferred into a 100 mL Teflon-sealed autoclave.
The resulted sulfonic acid-functionalized magnetic

nanoparticles were denoted as Fe;0,@C-SO3H.
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Consequently, as-synthesized Fe;0,@C-SOsH was
used the solid acid catalyst in the preparation of
Heterocyclic compounds with high efficiency under
mild conditions. One of the advantages of this
nanocatalyst is that this catalyst can be separated by an
external magnet (0.2 T), and be then reused several
times. The separation of the catalyst by an external

magnet was shown in Fig. 1.
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Fig. 1 The separation of catalyst by an external magnet

The total acid density and the sulphonic acid density of ~ reaction for the catalysts was achieved by treating 0.03
Fe;04@C-SO3H were obtained based on the acid-base g of the sample with 6 ml of a NaCl solution (2 N) for
titration. To determine total acid density, the catalyst 24 h at room temperature. The catalysts were separated
sample (0.04 g) was mixed with NaOH solution (10 mL, using an external magnet, and the NaCl solution was
0.01 mol/L) and was stirred for 2 h at room temperature decanted and saved. The same procedure was repeated
for neutralizing the surface acidity of catalyst. The to ensure that all the protons have been exchanged
consumed base concentration was back-titrated by HCI completely. Then, two drops of a phenolphthalein
solution (0.01mol/L) with phenolphthalein as the  solution were added to the NaCl solution. The solution
indicator [36]. The acid loading of the sulfonic group was titrated to neutrality using a 0.01 M NaOH solution
functionalized Fe;0.@C MNPs was determined by an to determine the loading of acid sites of the catalyst
ion exchange reaction of H* by Sodium cation and then MNPs. The results of titration of the solid acid was

titration of released H* ion [37]. The ion exchange shown in Table 1.
Table 1.The total acid density of Starch -derived catalyst

Entry sulfuric acid Starch (g) Acid site density (mmol/g)
(ml)
Total SOsH
1 10 1 8.67 1.37

Fig. 2 shows representative X-ray powder diffraction (440) lattice planes of Fe;O4 , respectively. After a
(XRD) patterns of nanoparticle catalyst. As shown in  series of treatments including functionalization of Fe;O.
Fig. 2, characteristic diffraction peaks were observed at MNPs with C-SOsH Solid Acid, the magnetite
30.3°, 35.4°, 43.1°, 53.4°, 56.9° and 62.5°, which were nanoparticles were stable, as revealed by the XRD
assigned to the (220), (311), (400), (422), (511), and
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Fig. 2: XRD spectra of the catalyst Fe;0,@C-SO3;H

The components of the nanocatalyst were analysis
using Field Emission Scanning Electron Microscope
(FESEM) in Fig. 3 and Fig. 4. FESEM spectrums in
Fig. 3 show that C-SOsH nanoparticles are nearly
spherical with Nano dimension ranging from 28 to 36
nm in size and smoother surface. FESEM spectrums in
Fig. 4 show that conditions in which aggregation of

uniform particles of 27-40 nm in size was observed.
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According to Fig. 3 and 4 to form the core-shell
structures, the concentration of the magnetic core and
carbohydrate should be controlled carefully, which
resulted in low solid yield [38]. No significant
difference in morphology was observed among the
prepared catalyst after a series of treatments including
magnetite nanoparticles by the FESEM analysis.
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Fig. 3. FESEM images of the C—SOzH
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Fig. 4. FESEM images of the catalyst Fe;0,@C-SOsH

FT-IR spectrum (Fig. 5) showed characteristic peaks at cm? ascribed to C=0 stretching vibration of the —
1026 cm? and 1174 cm which are attributed to COOH group. The Bands due to O-H stretching were
0=S=0 stretching vibrations in -SO3H groups and peak observed at 3429 cm™™,

at 1127 cm? for SOzH stretching. This indicates that
the sulfonic acid groups have been successively

incorporated on the catalyst surface. The Peaks at 1642

n.s: 343911

40000 3000 2000 1500 1000 %00 4000
ol

Fig. 5. FT-IR spectrum of Nano catalyst.
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The catalyst was examined by TGA analysis as shown
in Fig. 6. The decomposition pattern shows two stages
of weight loss for the FesO,@C-SO3H sample. First
stage was starting from 100 to 200 °C due to lost of
water (around 10 wt. %). The second stage shows

B
°

Quantity [ma]

LB

404

another of weight loss (circa 50 wt. %) starting from
300 to 800 °C that indicated the decomposition of
carboxylic group, COOH and sulfonic, C-O-SO3H
functional groups for the Fes0,@C-SOsH catalyst.

€00 600 re0 €00
Temperature ['C}

Fig. 6. TGA curve of superparamagnetic carbonaceous material functionalized with sulfonic acid groups (Fe;0,@C-SO3H).

After characterization of the solid acid catalyst, the
catalytic activity of core-shell magnetic nanoparticles
MNPs was tested in the preparation of some
heterocyclic derivatives. To investigate the catalytic
the Fes0.@C-SOsH

performance of core-shell

116

magnetic nanoparticles MNPs, the synthesis of
chromene and pyran derivatives was chosen.

In this study, Fes04@C-SOsH was used to catalyze the
condensation of aldehyde, malononitrile, and p-
naphthol, Dimedone or 4-hydroxycoumarin to give of

chromene derivatives. (Scheme 2)
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Scheme 2: Synthesis of chromene and pyran derivatives by condensation of aldehyde, malononitrile and p-naphthol, Dimedone or 4-

hydroxycoumarin using Fe;0,@C-SO3H

For optimizing the experimental conditions, the This condensation reaction was studied in various
reaction between malononitrile, benzaldehyde, and B- solvents at different temperatures and with differing
naphthol, Dimedone or 4-hydroxycoumarin in the amounts of catalysts.

presence of Fes0,@C-SOs;H was considered as a

model reaction (Scheme 3).

CN

NH,

)j\ <CN Fe,0,@C-SO,H
.

Ph H
CN

o NH,

CN
(0] Ph

Scheme 3: model reaction for the synthesis of chromenes and pyrans.
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Table 2. Optimization of the reaction conditions for the synthesis of chromene and pyran ®

Entry Catalyst. (g) T. (°C) Solvent Time (m) Yield (%)°

1 AN O - 100 - 180 -
\/ G

2 /\ X OH 0.01 100 - 180 40
\/J

3 /\ XN OH 0.02 100 - 180 55
\/J

4 /\ XN OH 0.03 100 - 180 70
\/J

5 /\ AN OH 0.03 Reflux H,O 160 85
\/J

6 /\ XN OH 0.03 80 H.0 160 85
\/J

7 A OH 0.03 60 Hz0 160 85
\/J

8 /\ AN OH 0.03 40 H.0 160 65
\/J

9 e Vet OH 0.03 Reflux n-hexane 190 10
\/J

10 /\ XN OH 0.03 Reflux Ethyl 180 30
| acetate
\/ G

11 OH - 100 - 240 -

dl
o~ ~o
12 OH 0.01 100 - 240 5
O\)l
o~ o
13 OH 0.02 100 - 240 30

8
O
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14 OH 0.03 100 - 240 55

oS
)

15 OH 0.03 Reflux H,0 200 80
Cfi
(@) (@)
16 OH 0.03 80 H,0 200 80
Cfi
O (@]
17 OH 0.03 60 H,0 200 80
di
(@) O
18 OH 0.03 40 H,0 200 50
Cfi
O (@]
19 OH 0.03 Reflux n-hexane 260 5
di
(@) O
20 OH 0.03 Reflux - Ethyl 240 15
©\)1 acetate
O (@]
21 i f - 100 - 120 -
(] (@]
22 ii 0.01 100 - 60 30
O (@]
23 if 0.02 100 - 60 60
(@] (@]
24 ii 0.03 100 - 60 80
O (@]
25 i f 0.03 Reflux H,0 40 87

o
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26 i f 0.03 80 H20 40 87
(@] (@]

27 if 0.03 60 H20 40 87
O (@]

28 i f 0.03 40 H20 40 60
O (@]

29 if 0.03 Reflux n-hexane 120 5
O (@]

30 0.03 Reflux Ethyl 240 20

acetate

(@) (@)

aReaction conditions: benzaldehyde (1 mmol), malononitrile (1 mmol), B-naphthol, Dimedone or 4-hydroxycoumarin (1 mmol), and
Fes0,@C-SO;zH under conditions. ° Isolate yield.

The best conditions were found to be 0.03 g catalyst at To see the applicability of this reaction, various
60 °C in H,O (Table 2, entry 7, 17 and 27). aromatic aldehydes were used according to the Scheme
4 and the results of this study are presented in Table 3.

OH Ry
O <
—Z == |

1 mmol o

OH
AN
Q CN
)I\ < Fe;0,@C-SO;H o0 o
.
Ri H CN HZ? 1 mmol
60 °C
1 mmol 1 mmol
o NH,
o o)
1 mmol CN

0 R

Scheme 4. Synthesis of chromene and pyran derivatives condensation reaction.
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Table 3: Preparation of chromene and pyran derivatives using Fes0,@C-SO3H.

(@]
CN Fe;0,@C-SOzH
Rl)J\H * < H,O
CN 60 °C
1 mmol 1 mmol
Entry R1 Enole or Naphtole Time (m)  Yield? (%) M.p.°cC Ref
A CeHs X O 160 85 277-280  277-280 1*°
\/J
B 4-NO,CeH4 l/\ N OH 120 90 199-200 185-186 39
\/ G
C 4-OHCgH4 l/\ N OH 190 70 223-226 234-236 [39
\/ S
D 3,4-(CH30),CeH3 l/\ o 210 75 150-152  ----ee-
\/ G
E 4-CICsH,4 l/\ N OH 130 80 200-202 208-210 B39
\/ G
F CeHs OH 200 80 254-255 254-256 [0
@f\l
o~ ~o
G 4-NO,CeH4 OH 150 87 253-256 258-260 1401
©f\l
o~ o
H 4-OHCgH4 OH 230 65 258-261  262-264 41
©f\l
(@] (@]
J 3,4-(CH30)2CsHs OH 240 60 249-250 268-269 [41]

8
o
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K 4-CICgH4
L CeHs

(@)
M 4-NO,CsH4

(@)
N 4-OHCgH4
P 3,4-(CH30),CsHs3

(@)
N 4-CIC¢H,4

etesesege

100 85 260-263
(@]

40 80 286-288

30 80 287-289

60 75 214-216

70 60 204-206

30 85 213-214

dyield of isolated pure products.

5. Recycling of the catalyst

The magnetic property of the solid acid is an emerging
solution for overcoming separation problems.
Therefore, determining the recyclability of a catalyst is
significant to evaluate its efficiency based on economic
and environmental factors. As shown in Figure 1a, the
used Fe;0,@C-SO;H catalyst could be separated from
the resulting reaction mixture easily via applying an
external magnetic field. After separation, the catalyst

was repeatedly washed with water, dried, and then used

122

262-264 ©“2

286-288 131

287-289 44

213-214 144

214-216 48]

212-214 48]

in a subsequent experiment at identical reaction
conditions and its recycled catalytic activities for
Chromenes production are shown in Fig. 7. It can be
seen that the Fe;04@C—SO;H catalyst remained active
for each recycles run. Decreasing the yield is probably
related to slight reduction in the catalytic activity of the
catalyst or decreasing the amount of catalyst recovery
which is attributed to the handling.
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100

80
60
40
20
1 2 3 4

Run

Fig. 7: Recycled catalytic activities of the Fe;0,@C—SO;H catalyst for Chromene production.

5. Conclusion

In Conclusions, the present study clearly showed that
the starch-derived solid acid, prepared through
sulfonation of incompletely carbonized starch in the
presence of FesO, nanoparticles, is the non-toxic,
inexpensive and promising eco-friendly catalyst. This
catalyst also manifested very excellent operational
stability. Also, the Fe;O4 core makes the catalyst to be
easily recovered by an externally applied magnetic
field. Chromene and pyran derivatives are successfully
synthesized using Fe;O,@C-SO3H respectively. The
mildness of the conversion, experimental simplicity,
compatibility with various functional groups, excellent
yields, short reaction times and the easy workup
procedure makes this protocol an attractive and user-
friendly alternate method for the synthesis of substituted
chromenes.
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