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Abstract: In this study, oxalic acid was successfully loaded onto Fe;0,/PEG-400
under ultrasonic irradiation and Fe;0,/PEG/oxalic acid as a new nanomagnetic
catalyst was synthesized. The chemical structure of the catalyst was investigated
by the FT-IR, XRD, EDX and SEM methods. The catalyst was used for the syn-
thesis of 3-acyl-5-hydroxy-3-pyrrolin-2-one derivatives from the corresponding
aldehydes, anilines and dimethyl acetylenedicarboxylate (DMAD) by a one-pot
and three-component MCR reaction in the excellent yields (90-95 %) of products
within 24 h at room temperature. Fourteen samples are available. The recovered
catalyst could be satisfactorily used for a second and third run without regener-
ation. This method has a green and eco-friendly profile. In addition, this research
introduces an improved mechanism for these types of reaction. The chemical
structures of new compounds was characterized by their FT-IR, '"H-NMR, '3C-
-NMR and mass spectra.

Keywords: iron(Il),iron(Il) oxide; nano-composite catalyst; 2-pyrrolidinone;
green chemistry; MCR.

INTRODUCTION

In many catalytic methods, recyclability, recovery, non-toxicity and econom-
ical affordability are four valuable characteristics. Magnetic nanoparticle (MNPs)
catalysts due to their simple synthesis, easy application, great efficient reusability
by magnetic force, low toxicity and economics, are attractive.! Such acceptable
qualities have caused MNPs to become desirable substitutes for some catalysts.24
Surface functionalized magnetic Fe304 nanoparticles have been used in biotech-
nology and catalysis as a functional substance. There are a variety of different
magnetic nanoparticles for the core magnetic support, but Fe304 nanoparticles
have been widely investigated due to their low toxicity, super paramagnetic
behavior, large surface areas and especially presenting a great number of OH
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1 040 ESMAEILZADEH and SETAMDIDEH

groups on the exterior of their particles.>-© Therefore, specific shells of different
substances can be built to enclose the Fe3O4 core, for example: forming proper
functional groups for specified different actuators, ligands, and catalysts.” On the
other hands, interest in magnetic nanoparticles (MNPs) have been increasing for
applications in organic synthesis.3:% The surface of magnetic nanoparticles can be
functionalized by surface modifications for performing of a variety of organic
reactions. 10

Multicomponent reactions (MCRs) have been of interest in one-pot synthesis
of heterocyclic compounds,!! such as pyrrolidinones.12 The pyrrolin-2-one moi-
ety is important in organic compounds because of its biological activity in some
drugs and natural products, for example: cotinine (the predominant metabolite of
nicotine in tobacco),!3 doxapram hydrochloride (a respiratory stimulant),!4 etho-
suximide (a succinimide anticonvulsant),!> lactacystin (synthesized by bacteria
of the genus Streptomyces), ¢ salinosporamide A (produced by the bacteria Sal-
inispora tropica,!’ (—)-azaspirene (an angiogenesis inhibitor that is extracted
from the fungus Neosartorya sp).18 In view of the importance of these com-
pounds, some synthetic methods have been reported.!9-24 Moreover, the syn-
thesis of pyrrolin-2-one derivatives, involving the coupling of aromatic alde-
hydes, arylamines with acetylenedicarboxylate derivatives, has been studied, and
the development of this procedure under a green profile is attractive and desired,
such as: a) using of admicellar catalysis such nano-TiO,,25 b) in water for non-
bulky products,2® ¢) in the presence of p-toluensulfonic acid,!2 d) using uncon-
ventional energy sources such as ultrasound irradiation?’ or microwaves,?8
e) with application of ionic liquids?® and f) nano magnetic particles
Fe304@SiO>@Propyl-ANDSA as a reusable catalyst.30 The study of these
methods clarified the development of this procedure under green profile is more
attractive and desired. Furthermore, for the extension of green chemistry, several
eco-friendly procedures for the synthesis of heterocyclic compounds have been
reported.!1:31 On the other hand, for a synthetic project a series of pyrrolin-2-
-ones were needed. Encouraged by these results, attention was directed to a new
methodology for the room temperature synthesis of 3-acyl-5-hydroxy-3-pyrrolin-
-2-one derivatives from aldehydes, anilines and dimethyl acetylenedicarboxylate
(DMAD) catalyzed by Fe304/PEG-400/0xalic acid as a novel reusable magnetic
nano-catalyst, as shown in Scheme 1.

MeO,C_ OH
CHO NH,  CO.Me =

I" nano-Fe;0,/PEG-400/Oxalic Acid (0.5 gr) N0
@ * @ * lo,Me  MeOH (Smi),RT, 24 hours, 90% yield @

1mmol 1mmol 1 mmol

Scheme 1. The synthesis of 1,5-diphenyl-3-hydroxy-4-methoxycarbonyl-3-pyrrolin-2-one.
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EXPERIMENTAL
Materials

All solvents and reagents were obtained from the Sigma—Aldrich Company. FT-IR, !H-
and 13C-NMR spectra were recorded on a PerkinElmer FT-IR RXI and (250 or 500) MHz
Bruker spectrometers, respectively. The products were characterized by their FT-IR, !H-NMR,
and 13C-NMR spectra and comparison with authentic samples for known products. The new
compounds characterization has been supported by mass spectrum obtained using Agilent
Technology (HP), MS model: 5973 network mass selective detector (ion source: electron impact
(EI) 70 eV, ion source and analyzer temperature 230 °C, analyzer: quadrupole). The nano-
structures were characterized using a Holland Philips (model: PW1730) Xpert X-ray powder
diffraction (XRD) diffractometer (CuK, radiation, 4 = 0.154056 nm), Step size 0.05°, time per
step, 1 s (26 5-80°). Scanning electron microscopy (SEM) of the nanoparticles was performed
on a model FESEM: Tescan company (model: Mira III), Czech Republic. Energy dispersive X-
ray analysis (EDX) was performed by FESEM: Tescan company (model: Mira II, detector:
SAMX, France). Elma (S60H, Germany) with high-performance transducer system with 37 kHz
was used.

Preparation of Fe;0, magnetic nanoparticles

The magnetic Fe;O0, nanoparticles were prepared by the chemical co-precipitation
method.?32 FeCl,-4H,0 (2.25 g) and FeCly-6H,0 (6.11 g) were dissolved into 400 mL deoxy-
genated water. The reaction was followed by the dropwise addition of 20 mL of concentrated
liquid NH; under vigorous stirring and N, protection at 80 °C. The obtained magnetic nanopar-
ticles were separated from solution by a powerful magnet and were washed with 200 mL deion-
ized water three times. Finally the products were dried at 40 °C overnight to give Fe;0,4 nano-
particles.

Preparation of Fe;0,/PEG-400 magnetic nanoparticles

The magnetic Fe;04/PEG-400 nanoparticles were synthesized by modification of a
method known in the literature.832 The detailed procedure is described as following: Fe;0,
nanoparticles (1 g) were dispersed in 60 mL deionized water in an ultrasonic bath for 30 min
under nitrogen gas. Then PEG-400 (5 ml) was added, and the mixed solution was irradiated in
an ultrasonic bath for 1 h under nitrogen gas at 80-90 °C. After the reaction, the Fe;0,/PEG-
-400 nanoparticles were isolated with a strong magnet and washed with deionized water and
dried at 40 °C overnight to give Fe;04/PEG-400.

Preparation of Fe;0,/PEG-400/oxalic acid magnetic nanoparticles

The Fe;04/PEG400 nano composite (5 g) was dispersed in ethanol (20 mL) in an ultra-
sonic bath for 30 min. Subsequently, oxalic acid (0.75 g) was added to the reaction mixture.
The mixture was irradiated in an ultrasonic bath for 1 h under nitrogen gas at 80-90 °C. The
resulting magnetic nanocomposite was separated from the suspension by a strong external
magnet. They were washed with ethanol (2x10 ml) and acetone (2x5 ml), and then dried at 40
°C overnight to give magnetic Fe;04/PEG-400/0xalic acid nano particles.

The synthesis of 1,5-diphenyl-3-hydroxy-4-methoxycarbonyl-3-pyrrolin-2-one by Fe;0 ,/PEG-
-400/oxalic acid: A typical procedure

In a round-bottomed flask (25 mL) equipped with a magnetic stirrer, a mixture of benz-
aldehyde (0.106 g, 1 mmol), aniline (0.093 g, 1 mmol) and Fe;04/PEG-400/0xalic acid (0.5 g)
in 5 mL of methanol was prepared and strongly stirred at ambient temperature for 30 min.
Then dimethyl acetylenedicarboxylate (DMAD, 0.14 g, 1 mmol) was added to the mixture.
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The reaction was completed within 24 h. The reaction was monitored over silica gel 60 F,s4
aluminum sheet (eluent: ethyl acetate/n-hexane: 1/1).The catalyst was separated using a strong
magnet. The separated catalyst was washed with acetone two times and then dried in oven for
reuse in further reactions. The solvent was evaporated under reduced pressure and further
purification was achieved by recrystallization from methanol. The white solid was achieved in
excellent yield 0.28 g (90 %) with a melting point 173—175 °C. The product was characterized
by their 'H-NMR, 13C-NMR and FT-IR spectra.
Analytical and spectral data are given in the Supplementary material to this paper.

RESULTS AND DISCUSSION

Oxalic acid is a stronger than acetic acid (pk,; = 1.27). It was assumed that
by addition of oxalic acid to the mixture of benzaldehyde and aniline, the con-
densation reaction between them would proceed easily for the preparation of
imine as an intermediate. However, the results showed that oxalic acid reacts
with aniline and produces oxalate precipitation in many cases. Therefore, many
aniline derivatives cannot efficiently react with benzaldehydes derivatives. To
avoid the preparation of oxalate precipitation, it was decided to use oxalic acid on
Fe304/PEG-400 magnetic nanoparticles. According to method presented in the
literature, 832 Fe304/PEG-400 magnetic nanoparticles were synthesized by the
modified preparation approach. After the synthesis nano-Fe304/PEG-400, oxalic
acid was loaded using ultrasonic irradiation onto this magnetic core. Therefore,
the magnetic nanoparticles of Fe304/PEG-400/0xalic acid were successfully pre-
pared, as shown in Scheme 2. The chemical structure of this catalyst was charac-
terized by different methods, i.e., FT-IR, XRD, EDX and SEM. Furthermore,
attempts were made to load other organic acids, such as acetic acid, citric acid,
succinic acid, phthalic acid and tartaric acid, onto Fe3O04/PEG-400, but these
attempts were unsuccessful. It seems Fe304/PEG-400 has a selectivity for load-
ing oxalic acid, which is because of the chemical structure and the molecular size
of oxalic acid. Oxalic acid has two carboxyl groups that make strong hydrogen
bonds with the hydroxyl groups of PEG-400 loaded on the Fe3O4 magnetic core.
In addition, the molecular structure of oxalic has an appropriate size for trapping
by PEG-400. On the contrary, although succinic acid, phthalic acid and tartaric
acid have two carboxyl groups, the size of the molecular structure of these com-
pounds is greater than that of oxalic acid and they cannot be trapped by Fe3zO4/
/PEG-400. Moreover, acetic acid has one carboxylic group which cannot make a
strong hydrogen bond with Fe304/PEG-400. Some interaction for the stabiliz-
ation of oxalic acid on Fe304/PEG-400 magnetic nanoparticles are shown in
Scheme 2.

The FT-IR spectra of nano-Fe304, nano-Fe304/PEG-400 and nano-Fe304/
/PEG-400/0xalic acid are shown in Fig. 1 (A, B and C, respectively). The FT-IR
spectrum of nano-Fe304 shows bands at 3367 (assigned to O—H stretching vib-
rations of absorbed water),33 1625 (assigned to O—H bending vibration of water
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molecules),3* 1399 (assigned to Fe—O stretching vibration),35 631 (attributed to
some amount of maghemite)3¢ and 581 cm! (assigned to the Fe-O bending vib-
ration).3”

(OH)n

OH
é n(HO)

HO %L"L-Lq
oH Ultasonic Bath
(A) + PEG-400 : N at
i H;0, 80 °C, 1 hour
Ho"ij ; OH under Ar
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(OH)n

n{HO)
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Scheme 2. The steps for synthesis of nano magnetic Fe;04/PEG-400 and nano magnetic
Fe;04/PEG-400/0xalic acid.

The FT-IR spectrum of Fe304/PEG-400 shows bands at 3366 (assigned to
O-H stretching vibrations of PEG-400), 2867 (assigned to C-H stretching
vibrations of PEG-400), 1637 (assigned to O—H bending vibration of the abs-
orbed water), 1449 (assigned to C—H bending vibration of PEG-400), 1349
(assigned to O—H bending of vibrations of PEG-400), 1248 (assigned to C-O
stretch of PEG-400), 1097 (assigned to C—C-O stretching vibrations of PEG-
-400), 947 (assigned to O—H bending vibration of PEG-400), 631 (attributed to
some amount of maghemite) and 579 cm~! (assigned to the Fe—O bending vib-
ration). The FT-IR spectrum of Fe3O4/PEG-400/0xalic acid shows bands at 3367
(assigned to O—H stretching vibrations of PEG-400 and COOH stretching vibrat-
ions of oxalic acid), 2870 (assigned to C—H stretching vibrations of PEG-400),
1712 (assigned to C=0O bond stretching of the COOH group), 1624 (assigned to
O-H bending vibration of the absorbed water), 1384 (assigned to C—H bending
vibration of PEG-400), 1304 (assigned to C—O stretch vibrations of PEG-400),
1087 (assigned to C—C—O stretching vibrations of PEG-400), 1036 (assigned to
C—C-O stretching vibrations of COOH group), 940 (assigned to O—-H bending
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vibration of PEG-400), 805 (assigned to O—H bending vibration of COOH
group), 631 (attributed to some amount of maghemite) and 553 cm! (assigned to
the Fe—O bending vibration). The spectrum of nano-FezO4 (Fig. 1A) shows an
absorption at 1399 cm~!, which is assigned to Fe—O stretching bond. This abs-
orption does not appear in the spectrum of Fe304/PEG-400 (Fig. 1B). This could
be explained by the covering of PEG-400 layer. The existence of PEG-400 layer
in the spectrum of Fe304/PEG-400 can be seen by the C—H stretching vibration
at 2867 cm~! as well as the 1449 cm~! C-H bending vibration and 1087 cm!
C—C-O stretching vibrations with strong intensity. The data strongly suggest that
the Fe3O4 nanoparticles were successfully coated with PEG-400 layer. On the
other hands, the spectrum of nano-Fe304/PEG-400/0xalic acid (Fig. 1C) in com-
parison of the spectrum of Fe304/PEG-400 (Fig. 1B) shows a peak at 1712 cm™!
for C=0 bond stretching, as well as the 1036 cm~! C—C-O stretching vibration,
and the 805 cm~! O—H bending vibration of the COOH group. These peaks indi-
cate the existence of oxalic acid in Fe304/PEG-400 nanoparticles. Therefore, the
data shows that oxalic acid was successfully loaded on Fe304/PEG-400 nanopar-
ticles for preparation of nano-Fe304/PEG-400/oxalic acid catalyst. The Fe-O
bending vibration was shifted from 579 to 553 cm™! after addition of oxalic acid
to Fe304/PEG-400. This red shift would not have happened after addition of oxa-
lic acid, unless the coverage of the Fe particle with PEG molecules was not com-
pleted or oxalic acid causes hydrolysis of some Fe—~O—C bonds on Fez04/PEG-
-400 or other unknown reactions.

N\ w

102122

162557 63106 53150
L

1300 79

1.
1449 60
134056

163706

330653 256738

240 54

|
63106 55310

102713
/ 120417 1036 59
134870 20577

336706

(@

171220
162439

I 5800 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 B00 450
'}
Wavenumber,cm

Fig. 1. The FT-IR spectra of the magnetic nano-Fe;O4 nanoparticles (A), the magnetic
nano-Fe;O4/PEG-400 nanoparticles (B) and the magnetic nano-Fe;0,/PEG-400/oxalic
acid nanoparticles (C).
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The XRD patterns of the magnetic nano-Fe3O4/PEG/oxalic acid are pre-
sented in Fig. 2. In the 26 range of 20-70°, the peak positions are indexed as
(220), (31 1), (222), (400), (422), (511) and (440). The diffraction peaks suggest
the particles are indexed to nano-Fe3zO4, which is in good agreement with the
literature3® and reveals the existence of a magnetic nano-Fe304 core in the mag-
netic nano-Fe304/PEG/oxalic acid.

311

:

:

511

Relative intensity
3 &
8

g

0 5 1015 20 25 50 35 40 45 50 55 60 65 70 Fjg 2 The XRD patterns of the magnetic
26/ degree Fe3;04/PEG-400/0xalic acid nanoparticles.

The SEM images of the nano-magnetic Fe304/PEG-400 particles Fig. 3A
and the nano-magnetic Fe3O4/PEG-400/oxalic acid Fig. 3B present particles of
size and morphology of nanoparticles. The results show nanoparticles in the
range of nanometers of uniform size and spherical shape.

D3 =63.01 nm

D1 =86.42 nm

15y
i
D2 = 57.59 nm

D3 = 86.26 nm

D2 =59.17 nm

SEM MAG: 200 kx Det: InBeam 1 MIRA3 TESCAN SEM MAG: 200 kx Det: InBeam MIRA3 TESCAN|
WD: 5.02 mm BI: 7.00 200 nm WD: 5.1 mm Bl: 7.00 200 nm

View field: 1.04 pm Date(midly): 12/08/20 View field: 1.04 pm Date(m/dly): 12/08/20

(A) Fe;04/PEG-400 nanoparticles (B) Fe304/PEG-400/0xalic acid nanoparticles

Fig. 3. A) An SEM image of the magnetic Fe;04/PEG-400 nanoparticles and B) an SEM
image of magnetic Fe;0,4/PEG-400/oxalic acid nanoparticles.

The surface chemical composition of magnetic nano-Fe304/PEG (Fig. 4A)
and magnetic nano-Fe3;O4/PEG/oxalic acid (Fig. 4B) were analyzed by EDX.
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The EDX spectrum for nano-Fe3O4/PEG shows iron (67.17 wt. %), oxygen
(25.71 wt. %) and carbon (7.12 wt. %). It reveals that the iron was from magnetic
Fe304, carbon from PEG-400 and oxygen from Fe304 and PEG-400. According
to these results PEG-400 loaded more than 7 wt.% on the surface of the magnetic
Fe304 nano-particles. Additionally, the EDX spectrum for the magnetic nano-
Fe304/PEG/oxalic acid shows iron (27.04 wt. %) (from Fey03), oxygen (55.92
wt. %, from Fe304, PEG-400 and oxalic acid) and carbon (17.03 wt. %, from
PEG-400 and oxalic acid). A comparison of the results of the EDX spectra shows
that oxalic acid loaded more than 10 wt. % on the surface of the magnetic nano-
Fe304//PEG-400 particles.

Elements nano-Fe:0./PEG-400, Wi% 1 Elements nano-Fes0./PEG-400/oxalic acid, Wt%
c 7.12 500 [ C 17.03

400 [+ 25.71 3 0 55.92
E Fe 67.17 ] Fe 27.04

Counts
i

Energy, keV Energy, keV

Fig. 4. A) The EDX analysis of the magnetic Fe;04/PEG-400 nanoparticles. B) The EDX
analysis of the magnetic Fe;0,4/PEG-400/oxalic acid nanoparticles.

After characterization of the chemical structure of magnetic nano-Fe3Oy4/
/PEG/oxalic acid, several reactions for optimum reaction conditions were per-
formed, as shown in Table I. The reaction conditions were carefully examined. It
was the best to combine benzaldehyde (1 mmol), aniline (1 mmol), and 0.5 g
magnetic Fe304/PEG/Oxalic acid nano particles as the catalyst in methanol, and
the mixture was stirred at room temperature for 30 min. The order of addition
components is important to avoid by-products. Then, methyl acetylenedicar-
boxylate (DMAD) was added, and the reaction was completed after 24 h to give
the corresponding pyrrolin-2-ones in 90 % yields as shown in Table I, entry 7-8
and Scheme 1.

The all the new products were characterized by their FT-IR, IH-NMR, 13C-
-NMR and mass spectra. The C=0 stretching frequency in the FT-IR spectrum of
the products appears around 1675-1691 cm~! (Table II, column 5). The chemical
shifts of the CH group in heterocyclic ring (Table II, column 4), which appears at
around 5.29 to 6.47 ppm, as a singlet signal. Melting points of the products
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(Table II, column 6) were measured and compared with literature data for the
known compounds.25-30

TABLE I. Optimization of the reaction conditions for the reaction of benzaldehye (1 mmol),
aniline (1 mmol), DAMD (1 mmol) in the presence of magnetic Fe;0,/PEG-400/oxalic acid
nano-particles as catalyst at room temperature for the synthesis of 1,5-diphenyl-3-hydroxy-4-
-methoxycarbonyl-3-pyrrolin-2-one, as shown in Scheme 1

Entry Catalyst Amount Solvent t/h Conversion, %*“
1 Oxalic acid 1-10 mmol EtOH 72 30>

2 Oxalic acid 1-10 mmol ~ MeOH 72 30>

3 Fe;04/PEG-400 lg EtOH 72 0

4 Fe;04/PEG-400 lg MeOH 72 0

5 Fe;04/PEG-400/Oxalic acid 025¢g EtOH 72 50>

6 Fe;04/PEG-400/Oxalic acid 025¢g MeOH 72 50>

7 Fe;04/PEG-400/Oxalic acid 05¢g EtOH 24 90>

8 Fe;04/PEG-400/Oxalic acid 05¢g MeOH 24 100

9 Fe;04/PEG-400/Oxalic acid lg MeOH 24 100

3The conversions were monitored by TLC, eluent: (EtOAc/n-hexane:1/1)

The efficiency of this protocol was examined by the reaction of a variety of
aromatic aldehydes and arylamines. All the reactions were completed in appro-
priate times within 24 h in the excellent yields of pure products (90-96 %) as
shown in Table II.

TABLE II. The synthesis of 3-acyl-5-hydroxy-3-pyrrolin-2-one derivatives from aldehydes
(Ar), anilines (Ar’) and DMAD under the optimized reaction condition (Table 1, entry 2)

Entry Ar Ar’ Scn/ ppm Ve—o/cml m.p.,°C  Yield, %
177 Phenyl phenyl 5.71 1681 173-175 90
2% 3-Nitrophenyl phenyl 5.65 1686 204-206 90
327 2-Cholorophenyl phenyl 6.47 1686 200-202 92
426 2-Methoxyphenyl phenyl 5.73 1691 167-169 90
526 2-Boromophentyl phenyl 6.41 1686 203-205 90
6% 4-Bromophenyl  4-bromophenyl 5.29 1684 218-220 95
712 Phenyl 4-methoxyphenyl ~ 5.63 1675 170-171 90
8 3-Bromophenyl  4-bromophenyl 5.64 1689 230-231 95
9 4-Methoxyphenyl 4-bromophenyl 5.64 1683 165-167 92
10 2-Methoxyphenyl 4-methoxyphenyl — 6.23 1687 210-212 94
11 2-Chlorophenyl  4-bromophenyl 6.38 1683 193-194 95
12 2-Methoxyphenyl 4-methylphenyl 6.25 1686 173-175 90
13 3-Bromophenyl  4-methylphenyl 6.08 1686 184-186 91
14 3-Nitrophenyl 4-bromophenyl 5.69 1679 176-178 91

The magnetic Fe304/PEG-400/0xalic acid nanoparticles provide a catalyst
system that can release hydronium ion smoothly in situ to the reaction in the best
concentration for the reaction to proceed. The participation of oxalate by this
catalyst was not observed during of the reactions. In addition, according to the
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1 048 ESMAEILZADEH and SETAMDIDEH

chemical structure of Fe304/PEG-400/0xalic acid, the OH and CO,H groups can
provide a good polarity on the catalyst surface. On the other hand, all moieties in
this reaction are polar. Therefore, they can condense easily on Fe3O4/PEG-
-400/oxalic acid surface by dipolar—dipolar interactions.

The proposed mechanism is shown in Schemes 3 and 4. The magnetic Fe304/
/PEG-400/0xalic acid nanoparticles catalyst activates aldehyde to produce imine
(A) as an intermediate by reaction with aniline (Scheme 3, step 1). Then, the
obtained H,O molecules react with the activated DMAD and the imine moiety to
produce the corresponding pyrrolin-2-one (B, Scheme 3, step 2).

CHO  NH, oh
Fe;0,/PEG-400/Oxalic acid -
Step 1) .\ © €30,/ /Oxalic aci M0 + 'CNH A)
Ph
Ph - co,Me MeO,C__ OH )
Step2) H,0 + ﬁH ' Fe;0,/PEG-400/Oxalic acid Ph =0
Ph Co,Me Ph

Scheme 3. The proposed steps for the synthesis of 1,5-diphenyl-3-hydroxy-4-methoxy-
carbonyl-3-pyrrolin-2-one by the magnetic Fe;04/PEG-400/0xalic acid nanoparticles.

The mechanism for step (1) in Scheme 3 is known. The mechanism for step 2
is shown in Scheme 4. The DMAD is activated by the protonation of the car-
boxylate group by the catalyst (Scheme 4, A). This process provides the required
activation energy for further progress of the reaction. Then, the imine moiety
Scheme 4B attacks the protonated carboxylate group of DMAD (Scheme 4, path-
way I). Simultaneously, H>O attacks to B-carbon of the protonated carboxylic acid
on DMAD (Scheme 4, pathway II) which produces a stabilized intermediate via
the intermolecular addition and cyclization (Scheme 4, C). Thereby, the corres-
ponding five-membered heterocyclic compounds (Scheme 4, D) were synthesized
by the condensation concerted reaction.

. CO;Me

S
H° H'o/ S @
_Ph
MeO @Né

i : Dipolar-Dipolar Interactions

Ph
Scheme 4. The modified mechanism of step (2) for the synthesis of pyrrolin-2-ones.
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The reusability of nano-Fe304/PEG-400/0xalic acid catalyst was examined.
Recycling of the catalyst is an important characteristic because of environmental
and economic concerns. After completion of the reaction, the magnetic nano-
catalyst was easily and efficiently separated from the product by an external
magnetic field. The nano-Fe304/PEG/oxalic acid was washed two or three times
with acetone and dried at room temperature. It is notable that the recycled catalyst
could be used two more times again. For example, in the second and third rounds,
the yields of the product (Table II, entry 1) were 87 and 85 %, respectively.
However, oxalic acid should be loaded on Fe304/PEG-400 according to the
instruction for the further rounds. Thus the recovered and regenerated catalyst
could be useful for reaction with loss of activity.

The efficiency of Fe3O4/PEG-400/0xalic acid nonmagnetic catalyst for the
synthesis of pyrrolin-2-one derivatives was compared with other reported pro-
tocols as shown in Table III. In all cases Fe304/PEG-400/oxalic acid catalyst has
a good potential for the synthesis of this class of compounds.

TABLE III. Comparison of synthesis of 1,5-diphenyl-3-hydroxy-4-methoxycarbonyl-3-pyr-
rolin-2-one by different reported protocols. All synthesis are green

Entry Protocol Yield,% Time Reusablecat. Reference
1 Fe;04/PEG-400/0A 94 24h Yes This work
2 p-TsOH/EtOH 62 24h Non 12
3 TiO, admicelle/H,0O 75 18 h Non 25
4 EtOH/H,0 87 I5h Non 26
5 Citric acid/US/EtOH 90 20 min Non 27
6 p-TsOH/MW/EtOH 96 6 min No 28
7 [bmim]BF4/PEG-400 89 lh Yes 29a
8 MW/[BBSI]Cl/Glycol 90 5 min Yes 29b
9 [BBSI]Cl/ball milling 90 25 min Yes 29c
10 Fe;0,@Si0,@Propyl-ANDSA/EtOH 87 8h Yes 30
CONCLUSIONS

Oxalic acid was have loaded on magnetic Fe304/PEG-400 for the synthesis
of magnetic Fe304/PEG-400/0xalic acid nanoparticles as a catalyst. The chem-
ical structure of this compound was characterized and approved by different
methods (FT-IR, XRD, EDX and SEM). Then, the magnetic Fe304/PEG-400/
/oxalic acid nanoparticles were applied for the preparation of a variety of pyr-
rolin-2-ones, using aromatic aldehydes, anilines and dimethyl acetylenedicarbo-
xylate (DMAD) precursors in one-pot, three-component condensation reaction at
room temperature with excellent yields of products (90-95 %). Easy work-up,
mild reaction conditions, appropriate catalyst (reusable, economic and eco-
-friendly), high efficiency and green profile make to this new protocol more
attractive for the synthesis of these classes of compounds. Therefore, this new
convenient protocol can be added to the list of the currently used methodologies.
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SUPPLEMENTARY MATERIAL

Additional data and information are available electronically at the pages of journal
website: https://www.shd-pub.org.rs/index.php/JSCS/article/view/10785, or from the corres-
ponding author on request.
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U3BOJ
CHUHTE3A U KAPAKTEPU3AIIUJA Fe;0,/PEG-400/OKCATHA KHMCEJIMHA MATHETHHUX
HAHOYECTHIA KAO XETEPOTEHOI' KATAJIU3ATOPA 3A CUHTE3Y
[TUPOJINH-2-OH JEPUBATA

SEYRAN ESMAEILZADEH u DAVOOD SETAMDIDEH
Department of Chemistry, Mahabad Branch, Islamic Azad University, Mahabad, Iran

Hanowemem okcanne kucenuse Ha Fe30,4/PEG-400 y3 ynTpa3ByyHO O3payuBame ycIe-
IIHO je cuHTeTHcaH HOBH Fe30,/PEG/oxcanHa KucelnHa HaHOMarHeTHW Kartanusartop. I1pu-
meHoM FT-IR cnextpockomnuje, XRD, EDX u SEM Merona WCHHUTHBAHA je CTPYKTypa Hodu-
jeHor xaTanusaTopa. Karanusarop je xkopumheH 3a cCMHTE3Y 3-allWi-5-XUOPOKCH-3-ITUPOJIUH-
-2-0Ha JilepuBaTa 13 oarosapajyhux angexuna, aHuInHa U JUMETHI aleTWIeHAUKapdoKkcuiaTa
(DMAD) y jenHOM peakLHUOHOM CyAy M TPOKOMHOHEHTHOM MCR peakuujom, ca BHCOKHUM
npuHocuma (90-95 %) Tokom 24 h Ha cobHOj TemneparypH. [JodujeHo je 14 y3opaxa. JemHoM
ynoTped/beH KaTalIM3aTop MOXE Ce Ca YCIEXOM YHOTPEOUTH joll fiBa IMyTa Oe3 pereHepanuje.
OnucaHu MeTtos “Ma nobap exonolikyd npocdun. Ilopen Tora, omucaHa WCTpakMBawa Npe-
CTaBJbajy Mobosblilahe MEXaHHW3Ma 3a peakiiije OBOT TUIA. XeMHjCKa CTPYKTypa NOOHjeHuX
jenumema onpehena je va 6asu FT-IR, TH-NMR, 13C-NMR 1 MaceHux crekrapa.

(ITpumrbeHo 21. Maja, peBuaupano 5. asrycra, mpuxsaheno 10. aBrycra 2021)
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