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Coconut shell nanoparticles were transformed into magnetic nanoparticles (Fe304 @nano-coconut shell)
that were utilized for Lewis acid (Cu(II)) support. Consequently, the synthesis of the Fe304 @nano-coconut
shell /Cu(II) catalyst, possessing easy and complete recovery capabilities, was achieved. The characterization
of Fe304 @nano-coconut shell/Cu(I) was conducted using various techniques, including FT-IR, FESEM,
VSM, EDS-MAP, XRD, BET, and TGA. The catalytic efficacy of Fe304 @nano-coconut shell/Cu(II) as
a potent Lewis acid nano-catalyst was assessed for the manufacture of 2-aryl-2, 3-dihydro-1H-naphtho[1,
2-e][1, 3]oxazine derivatives via a reaction of formaldehyde, aniline derivatives, and phenolic substrate such
as B-naphthol. Fe3O4 @nano-coconut shell /Cu(II) demonstrated robust performance in the reaction and could
be reused up to four consecutive times with only a minor decline in catalytic activity.
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1. Introduction

Multicomponent reactions (MCRs) offer advantages in se-
lectivity, simplicity, and effectiveness over traditional multi-
step synthesis methods [1-3]. For this reason, MCRs have
received considerable interest in organic chemistry, like
combinational chemistry or pharmacochemistry [4, 5].
Nowadays, magnetic nanoparticles (MNPs) have expanded
due to their special physical and chemical properties, high
surface area and high penetration power [6, 7]. Recently,
various coating techniques for Fe3O4 noparticles such as
carbon, [8] surfactants, [9] biopolymers [10, 11] and silica
[12, 13] have been used. The most common method for
the synthesis of various naphthol [1, 2-e][1, 3]oxazines is
the multi-component reaction of 2-naphthol, formaldehyde
and a primary amine via a Mannich-type condensation. Re-
cently, several catalysts such as alum (KAI(SO4),.12 H>0),
[14] PEG-400, [15] Thiamine hydrochloride (VB), [16]
ZrOCl,.8H,0, [17], GA-OPO3H, [18] and CCI3COOH
[19] have been used for this reaction.

Yet, several existing procedures come with drawbacks such
as high costs, extended reaction times, reliance on toxic
organic solvents, and low product yields [20, 21]. Thus,
emphasis has been placed on adopting safe and environmen-
tally friendly methods for the preparation of 1, 3-oxazine
derivatives. Recently, there has been a growing interest
in utilizing non-toxic, eco-friendly solvents like water as
alternatives to volatile organic solvents [22, 23].

The nano-coconut shell, being a natural biopolymer,
presents itself as an ideal coating layer for Fe3O4 nanopar-
ticles. This coating not only stabilizes the nanoparticles
in solution but also provides free OH groups, facilitat-
ing functionalization for various purposes. In this study,
Fe304 @nano-coconut shell/Cu(Il) was synthesized as a
natural-based nano-magnetic catalyst, and its effects were
considered in the reaction of amines, formaldehyde and -
naphthol for the synthesis of 1, 3-naphthoxazine derivatives.
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2. Experimental

2.1 General

Chemical materials were prepared by Neutron and Merck
companies. The FTIR of products was recorded by Bruker,
Equinox 55 spectrometer. The 'H-NMR spectra were ob-
tained on a Bruker (DRX-400 Avance) NMR. Melting
points were measured on a Buchi melting point B-540
B.V.CHI instrument. X-ray diffraction (XRD) pattern was
obtained by a Philips Xpert MPD diffract meter equipped
with a Cu Ko anode (k = 1.54 A) in the 26 range from
10 to 80 °. Field Emission Scanning Electron Microscopy
(FESEM) was recorded by a Mira 3-XMU. XRF analy-
sis was done with Bruker, S4 Explorer instrument. The
magnetization of the prepared catalyst was characterized
by using a Vibrating Sample Magnetometer (Meghnatis
Daghigh Kavir Co. Kashan, I.R.IRAN). Quantitative ele-
mental information and maps of the catalyst were analyzed
using energy-dispersive X-ray spectroscopy (EDX) with a
Phenom Pro X instrument. The specific surface area of the
catalyst was determined at 77 K using a BELSORP MINI
IT nitrogen adsorption apparatus from Japan, recording the
Brunauer-Emmett-Teller (BET) data.

2.2 Preparation of nano-coconut shell

To prepare the nanococonut shell, it was initially heated in
boiling water for 30 minutes, then dried and ground into
powder. Next, the powdered shell was treated with a 17.5%
w/v NaOH solution at 90 °C for 24 hours under reflux condi-
tions. Afterwards, the coconut shell was filtered and rinsed
with distilled water. Following that, it underwent bleaching
with a 1:1 aqueous dilution of 3.5% w/v sodium hypochlo-
rite (NaOCl) at 80 °C for 3 hours under reflux conditions.
The resulting powder was then partially hydrolyzed using a
35% sulfuric acid (H,SO4) aqueous solution with a coconut
shell-to-acid weight ratio of 1 — 10 at 45 °C. After 3 hours,
the suspension was diluted five-fold with water to halt the
hydrolysis reaction. Finally, the suspension was centrifuged
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at 4000 rpm to separate the nano-coconut shell from the
acidic medium (yield 65%).

2.3 Preparation of Fe; O, @nano-coconut shell

1.5 g of nano-coconut shell powder was poured into 100
mL of 0.05 M acetic acid solution. Then, FeCl3.6H,O
(3.51 g, 0.013 mol) and FeCl;.4H,0 (1.29 g, 0.0065 mol)
were added to it. The mixture was stirred for 6 h at 80
°C. As aresult, 6 mL of 25% NH4OH was added dropwise
into the reaction mixture with constant stirring. After 30
min, the mixture was cooled to room temperature. Then,
Fe304 @nano-coconut shell was collected by an external
magnet, washed with distilled water and dried at 80 °C for
4 h. The weight of the nano-Fe;O4 @almond shell obtained
is 2.073 g.

2.4 Preparation of Fe;0,@nano-coconut shell /Cu(II)

A mixture of CuCl, (75 mL, 0.04 M), Fe;04 @nano-coconut
(1 g) and ethanol (20 mL) was stirred at room temperature
for 6 hours. The resultant magnetic nanocatalyst underwent

washing with ethanol and water and then dried in an oven
at 80 °C.

2.5 General procedure for synthesis of naphtho[1, 2-
e][1, 3]oxazine derivatives:

A mixture of Fe304 @nano-coconut shell /Cu(Il) (0.05 g),
primary amine (1.0 mmol), -naphthol (1.0 mmol) and
formaldehyde (2.0 mmol) was stirred for 15 min at room
temperature. The completion of the reaction was checked
by TLC (ethyl acetate: n-hexane (1:4)). The reaction mix-
ture was dissolved in 5 mL of hot ethanol, and the magnetic
nano-catalyst was separated using an external magnet. Cold
water was then added to the reaction mixture, and the solid
product was collected via filtration. The recovered cata-
lyst underwent three washes with hot ethanol, followed by
drying, and was subsequently reused for subsequent runs.
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Scheme 1. Preparation of Fe304 @nano-coconut shell /Cu(II).
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3. Results and discussion

The preparation steps of Fe304 @nano-coconut shell /Cu(II)
were shown in Scheme 1.

For the identification of the structure of Fe3;O4@nano-
coconut shell /Cu(Il), FT-IR (ATR) spectra of (a) coconut
shell, (b) Fe304 @nano-coconut shell, and (¢) Fe304 @nano-
coconut shell/Cu(II) were recorded (figure 1). The FT-IR
spectrum of the nanococonut shell shows a broad band at
3250 — 3450 cm ™!, which is related to the stretching vibra-
tions of OH groups. The absorption band at 2950 cm™!
is attributed to C-H aliphatic bonds. The absorption band
around 1044 cm™! is due to the C—O bonds stretching vibra-
tions. For the Fe304 @nano-coconut shell, the absorption at
624 cm~! indicates the Fe/O groups stretching vibrations
that show the magnetic FezOy4 is coated by a nano-coconut
shell. The peak at 1504 cm ™~ is associated with the bending
vibration of H-O-H that catalyses adsorbed water [24]. The
absorption bands at 691 cm ™! may be attributed to the Cu-O
band.

To clarify, the morphologies and sizes of the Fe3O4 @nano-
coconut shell /Cu(Il), FESEM, TEM and histogram images
were shown in figure 2. These results exhibit that the di-
mension of catalyst particles is 20 — 40 nm.

The magnetic properties of FezO4 and Fe3;04@nano-
coconut shell/Cu(Il) were studied by using a vibrating
sample magnetometer (VSM) (figure 3). A superparam-
agnetic behaviour was achieved from the measured sam-
ples of Fe3O4 and the catalyst. At room temperature,
the saturation magnetization (Ms) values of Fe3O4 and
Fe304 @nano-coconut shell/Cu(Il) are 50 emu ¢ ! and
32 emu g~ !, respectively. The resulting values show that
bonding Fe; 04 @nano-coconut shell /Cu(Il) has a consider-
able effect on the magnetic properties of Fe304.

The thermal gravimetric analysis (TG-DTA) pattern of the
Fe;04 @nano-coconut shell /Cu(IT) catalyst is shown in fig-
ure 4. A minor weight loss (10%) in the range of 50 —280°
can be related to removing the adsorbed water in the catalyst.
The other weight losses of the catalyst, making 30% in the
range of 280 — 380 °C and 10% in the range of 630 — 650
°C, are attributed to the burning of the carbohydrate section
of the catalyst. The char yield of the catalyst at 800 °C is
39%, which confirms the existence of metal in the catalyst.
Thus, the catalyst is stable up to 280 °C. and can be used
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Figure 1. FT-IR spectra of (a) nano-coconut shell, (b)
Fe304 @nano-coconut shell, (¢) Fe304 @nano-coconut shell /Cu(Il).

1JC15 (2025) -152507  3/8

SEM MAG: 250 kx Oot: inBoam |

WO: 5.1 mm 8 7.00 200 nm
View field: 0530 prm_Date{midiy): 070121

50 4

(b) .

40 4

Ferquency
w
o
)

n
=3
L

y
0 - R i N
10 20 30 40 50 60 I

Diameter(nm)

Figure 2. (a) FESEM (b) histogram and (c) TEM images of
Fe304 @nano-coconut shell/Cu(Il).
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Figure 3. Magnetization loops of (a) Fe304 and (b)
Fe304 @nano-coconut shell/Cu(II).
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Figure 4. Thermal gravimetric analysis pattern of Fe304 @nano-coconut
shell/Cu(II).

under 280 °C.

By measuring the Fe and Cu content in the catalyst using In-
ductively Coupled Plasma (ICP), we found that the amount
of Fe is 190 mg/g, and that of Cu is 100 mg/g. Thus, ac-
cording to ICP, the molar ratio of Cu: Fe is 1: 1.6.

The distribution of the Fe;04 @nano-coconut shell /Cu(II)
is also analyzed by elements mapping that shows C, O, Cl,
Fe, and Cu elements are distributed homogeneously in the
synthesized catalyst (figure 5).

EDX analysis was employed for the study of the chemical
composition of the catalyst. This study shows the existence
of C, O, Cl, Fe, and Cu in the catalyst (figure 6). In figure 6,
the weight percentages of these elements are: C (20.64%),
O (61.88%), CI (1.22%), Fe (6.06%), and Cu (10.20%).
The Fe304 @nano-coconut shell /Cu(Il) XRD pattern in a
range of 10 — 80 o was shown in figure 7. In this pattern, all
peaks of naked FezO4 (20 = 30°, 37°, 43°, 53°, 57°, 63°,

T = 20 KV_Mag = 2500 X_I probe = 10 nA
CKa

HT = 20 kV_Mag = 2500 X | probe = 10 nA

HT =20 KV_Mag = 2500 X | probe = 10 nA
CuKa dKa
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FeKa

Figure 5. Elements mapping images of FezO4 @nano-coconut
shell/Cu(I).
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Figure 6. EDX analysis spectra of Fe304 @nano-coconut shell /Cu(II).
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Figure 7. XRD patterns of the Fe304 @nano-coconut shell /Cu(II).

71° and 73°) have been shown.

The Burunauer-Emmett-Taller specific surface area (Spgt)
of the Fe304 @nano-coconut shell /Cu(II) catalyst was mea-
sured by Nj adsorption-desorption analysis at 77 K (fig-
ure § and Table 1). As shown, the N, adsorption-desorption
isotherm for Fe3O4 @nano-coconut shell/Cu(Il) is of the
II-type with H3 hysteresis. As shown in Table 1, the surface
area of particles, mean pore diameters, and total pore vol-
ume were 36.6 m?.g~!, 18.107 nm, and 0.1657 cm?.g~!,
respectively.

The efficiency of Fe304@nano-coconut shell/Cu(Il) was
justified for the synthesis of naphtho[1, 2-e][1, 3]Joxazines
derivatives via pseudo three-component reactions of -
naphthol, primary amine and formaldehyde. The synthesis
of 2-phenyl-2,3-dihydro-1H-naphtho[1, 2-e][1, 3] oxazine
was selected as a model reaction for obtaining the best con-
dition for this protocol (Table 2). The best condition for
this reaction is using 0.05 g of catalyst under solvent-free
conditions at room temperature (Table 2, Entry 12). Thus,
according to the best condition for the synthesis of naph-
tho[1, 2-e][1, 3]Joxazines by using Fe;04@nano-coconut
shell /Cu(Il) as an efficient catalyst were explored, and the
derivatives were obtained in good yields (Table 3). The

Table 1. Parameters obtained from porosity analysis.

BET Plot
Vm 8.4111 [cm’(STP)/g]
a5 BET 36.609 [m?%/g]
C 43.125

Total pore volume(p/pg = 0.990) 0.1657 [em?/g]

Mean pore diameter 18.107 [nm]
Langmuir plot
Vi 10.609 [cm>(STP)/g]
a5 Lang 46.174 [m?/g]
B 0.2929
t plot
Plot data Adsorption branch
aj 27.312 [m%/g]
Vi 0 [em?/g]
BJH Plot
Plot data Adsorption branch
vV, 0.1698 [cm’/g]
Ip peak (Area) 4.61 [nm]
ap 49.768 [m%/g]
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Figure 8. N, adsorption (black line) - desorption (orang line) isotherm and corresponding diagrams.

Table 2. Synthesis of naphtho[1, 2-¢][1, 3]oxazine under various conditions®.

PN

[ 0
% I“II/L'I

=" OH

Fey0y@nane-coconnut/Cu(ll)

Various Conditians

e
Ol =
Cor 2
-
CHy

Entry

Catalyst (g)

NeRNeCIIEN B e Y A S

—_
—_ o

—_— = =
[V I OS]

Fe304 @nano-coconut shell/Cu(Il) (0.05)
Fe304 @nano-coconut shell/Cu(II) (0.05)
Fe304 @nano-coconut shell/Cu(II) (0.05)
Fe304 @nano-coconut shell/Cu(Il) (0.05)
Fe304 @nano-coconut shell/Cu(Il) (0.05)
Fe304 @nano-coconut shell/Cu(II) (0.05)
Fe304 @nano-coconut shell/Cu(II) (0.05)
Fe304 @nano-coconut shell/Cu(II) (0.05)
Fe304 @nano-coconut shell/Cu(Il) (0.05)
Fe304@nano-coconut shell /Cu(II) (0.08)
Fe304 @nano-coconut shell/Cu(II) (0.06)
Fe304 @nano-coconut shell/Cu(Il) (0.05)
Fe304 @nano-coconut shell/Cu(Il) (0.04)
Fe304 @nano-coconut shell /Cu(Il) (0.03)
Fe304 @nano-coconut shell/Cu(II) (0.00)

Solvent®(Conditions) ~ Time (min)  Yield® (%)

C,Hs0H (rt.) 30 68
MeOH (r.t.) 30 60
CCly (rt) 30 63
CH;CN (rt) 30 36
CHCI; (r.t.) 30 52
H,0 (r.t.) 30 62
- (60°C) 30 35
- (50°C) 30 46
- (40°C) 30 63
- (rt) 15 79
- (rt) 15 97
- (rt) 15 97
- (rt) 20 95
- (rt) 20 80

- (r.t) 120 None

2The molar ratios are f3-naphthol (1 mmol), anilin (1 mmol) and formaldehyde (2 mmol)

®Solvents (1 ml)
‘Isolated yield.

presence of a strong electron-withdrawing group, such as
NO;, on the para-position of aniline reduces its reactivity
as a nucleophile, resulting in a decreased yield of product
(Table 3, Entry 14).

In this protocol, the factor of reusability for the catalyst was
taken into account. After each run, the catalyst was sepa-
rated by an external magnet and washed with chloroform.
The results indicated that the catalyst could be reused for
up to five times without any significant loss of its activity
(Fig. 9).

The structure of the reused catalyst was studied by FTIR.
The comparison between fresh and reused catalysts shows
no difference between them (Fig. 10).

Yeild %

Run

1 2 3 4 5

Figure 9. Recycling experiment.
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Table 3. Fe304 @nano-coconut shell/Cu(II) catalyzed synthesis of naphtho[1, 2-e][1, 3]oxazine.

Fe,0 @nano-coconut shel/Cu(Il)

0.05 g, Solvent-free, r.t

Hajati et al.

‘\ +2HCHO+ R-NH,
OH

Ent. R Prod. Time (min) Yield (%)® M.P.(°C) Lit. M.P (°C) [Refs.]
1 Ph- 4a 15 97 47 —49 46 —58 [14]
2 4-Me-Ph- 4b 12 92 87 -89 87 —89 [14]
3 4-Et-Ph- 4c 12 90 43 —46 43 — 46 [25]
4 4-Br-Ph- 4d 10 93 116 — 118 118 — 120 [26]
5 4-Cl1-Ph- 4e 10 91 100 — 104 100 — 104 [16]
6 4-OMe-Ph- 4f 7 92 76 —78 76 —78 [16]
7 Ph-CHj;- 4g 8 90 125 —127 123 — 125 [26]
8 2-Cl-Ph-CH;- 4h 10 88 70-175 70 —75 [25]
9 Ph-CH;-CH;- 4i 7 93 232(d) 232(d) [25]
10 2-Furyl-CH,- 4j 8 92 98 — 100 98 — 100 [25]
11 Cyclohexyl- 4k 8 94 248(d) 248(d) [25]
12 n-butyl- 41 7 93 170(d) 170(d) [25]
13 n-hexyl- 4m 7 91 177(d) 177(d) [27]
14 4-NO,-Ph- 4n 40 <10 - 165 — 167 [28]

2Reactions Conditions: primary amine (1) (1 mmol), formaldehyde (2) (2 mmol), -naphthol (3) (1 mmol)
bIsolated yield of pure products.
d: decompose

The suggested mechanism for synthesis of naphtho[l,
2-e][1, 3Joxazine catalyzed by Fe3O4@nano-coconut
shell/Cu(ll) was indicated in Scheme 2. Cu(l) in
Fe;04 @nano-coconut shell /Cu(Il) operates as a Lewis acid
and first activates the carbonyl functional group in formalde-
hyde and the formed imine (3). After condensation between
2-naphthol and imine (3), the intermediate (4) was formed,
which converted to the enol form of (5). In the final, the ox-
azine product was formed by cyclization of (5). In the next
step, to show the competency of the present work versus
the previously reported results in the literature, the model
reaction has been compared in Table 4. As Table 4 deter-
mines, the yield or the time of the reaction in our work is
shorter than that in other previously reported methods. This
can perhaps be credited to the higher local concentration

80 100

60

Transmittance [%]
40

20

© T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1

Figure 10. FT-IR spectra of (a) fresh Fe304 @nano-coconut shell /Cu(II),
(b) reused Fe304 @ nano-coconut shell/Cu(Il).
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Scheme 2. Proposed mechanism for the formation of naphtho[1, 2-¢][1, 3Joxazine derivatives catalyzed by Fe304 @nano-coconut shell /Cu(II).
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Table 4. Comparison Fe30,4 @nano-coconut shell /Cu(I) with to other catalysts in the model reaction.

Entry Catalyst Solvent Condition Time (min)  Yeld (%)* Ref.
1 Nano-Al, O3 /BF3/Fe304 H,O r.t 20 90 [25]
2 Nano-Fe304 @walnut shell /Cu(II) - 60 °C 25 93 [27]
3 - Glycerol 40 °C 8—-10 76 [29]
4 Thiamine hydrochloride H,O r.t 30 92 [30]
5 GO-Fe304-Ti(IV) - 60 °C 20 91 [31]
6 FNAOSiPAMP/Cu(II) - r.t 25 99 [32]
7 Iron(III) trifluroacetate H,0.SDS r.t 25 86 [33]
8 Fe30,4 @nano-cocoanut shell /Cu(II) - r.t 15 97 AP
Isolated yield

Y A: This work (Table 3, entry 1)

of catalyst species inside the pores insomuch, in fact, the
reaction occurs on the surface or in the pores of the cata-
lyst. Accordingly, we believe that in comparison with some
other recent reports accessible in the literature, the present
method is an improvement with respect to other procedures.

Conclusion

In conclusion, in this article, we have reported a facile
method for the synthesis of naphtho[1, 2-e][1, 3Joxazine
derivatives using Fe304 @nano-coconut shell /Cu(Il) as a
new magnetic natural-based nano-catalyst. This procedure
was done at room temperature under solvent free condition.
The newly synthesized catalyst has shown good utility
following the product yields, simple separation, and benign
reaction conditions.
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