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Abstract

The present study described design, preparation dnagtacterization of a new magnetic
nanocomposite based on polyvinyl alcohol (PVA) a®a-toxic, water-soluble, high mechanical
stable and low-cost polymer. Fourier transformardd (FT-IR) spectroscopy, field-emission
scanning electron microscopy (FE-SEM) image, trassion electron microscope (TBMnage
X-ray diffraction (XRD) pattern, energy-dispersi¥eray (EDX) analysis and thermogravimetric
(TG) analysis were used to describe the morphodbgahemical and physical properties of the
prepared nanocatalyst. All these results confirrttesl successful synthesis B&0,@PVA-
SO;H. This heterogeneous nanocatalyst was then sucdgssfgd for the synthesis af-
aminonitrile derivatives by starting from an aldday an aniline and trimethylsilyl cyanide
(TMSCN). High efficiency, green chemistry propestiesimple and easy separation are the
specific properties of this nanocomposite;T#PVA-SQH can be derived out by an external

magnet and reused ten times without any changés structure.

Keywords:. Polyvinyl alcohol; Nanocomposite; Magnetic nartatgst; Sulfonic acid; a-

Aminonitrile; Green chemistry.




1. Introduction

By looking more closely at the needs of industrgyeloping new catalysts based on green
chemistry principals is urgently needed. Nowadaganomaterials have been exhibited
significant advantages and features due to thegelaurface-to-volume ratio [1-15]. The
difficulty of separating nanocatalyst from reactioredia extremely limits their applications in
industry. To conquer this drawback in the last detamagnetic nanoparticles (MNPs) gained
considerable attention [16]. Among the magneticopanmticles, FgO, nanoparticles have been
recognized the most widely used due to its progersuch as low cost, relative high magnetic
saturation, and easy preparation [17]. To prevgglameration and oxidation of §&, NPs
coating with organic and inorganic materials inahgdsmall molecules, silica, polymers, carbon,
metal or metal oxide NPs is urgently needed [18, A8s0, the coating procedures provide
reaction sites or active groups for covalently oraovalently grafting the active catalytic units
onto the coated MNPs to construct magneticallyverable catalysts.

PVA can be used as a high performance polymer kecafi the unique combination of
beneficial properties such as non-toxicity, wat@ubility, biocompatibility, biodegradability,
low cost and high mechanical efficiency [20]. Itgth hydrophilicity and high surface —OH
groups lead to easy modification by different naartiples and can decrease the aggregation
process [21]The effective immobilization of the g®, inside the PVA was achieved by their
bonding with the exposed hydroxyl groups in PVA.

There are several protocols reported in the libeeat for synthesizing RE®JPVA
nanocomposites such as in situ [22], ex-situ metH@d], and sonochemical method [24]. The
reported methods have their own advantages andwdistages but, then situ method gives

more homogenate composite in relatively short tifrtee application of this nanocomposite has



been investigated in many different fields suchnadrug delivery [25], as membranes for bone
regeneration [26], as magneto-thermal for hypentiieerin cancer [25], an enzyme carrier [27]
and biomedical application [28].

Recently, due to high reactivity, operational siitip}, low toxicity, non-corrosive nature and
recoverable properties heterogeneous acid catadystgound as an effective catalyst for the
organic reactions [29-30]. The three-component t®gis of a-aminonitriles via Strecker
reaction was carried out by the combination of laydies, amines and TMSCN. Aminonitriles
are versatile intermediates for the synthesis aharacids via hydrolysis of the nitrile moiety
[31]. Many methods have been developed for thehggirs of aminonitriles by use of acid
catalysts such as In{gJB2], BiCl3[33] and CoC [34].

In continuation of last research on green nanogsttaind organic synthesis [35, 36], herein, the
synthesis and characterization oGg@PVA-SGQH nanocomposite were investigated for the
first time and its application as a nanocatalyst eamined in the synthesis of aminonitriles via

Strecker reaction (Schemel)
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Scheme 1. Preparation of F©,@PVA-SQH and catalytic application in the-aminonitrile

derivatives.

2. Experimental

2.1. General

All the solvents, reagents, and chemicals werehased from Merck, Fluka and Aldrich. FT-IR
spectra were recorded on a Shimadzu IR-470 speeteonby the method of KBr pellets.
Melting points were measured on an Electrotherm@l0Sapparatus and are uncorrected. Field-
emission scanning electron microscopy (FE-SEM) iesagwere taken with KYKY-
EM3200.Transmission electron microscope (TEM) image wasinbd by Philips CM120. X-
ray (EDX) analysis was recorded with a Numerix DXBOP. Thermal analysis was taken by

Bahr-STA 504 instrument in the air atmosphere. Xgiterns of the solid powders were carried



out using a JEOL JDX-8030 (30 kV, 20 mA). The priduwvere identified by comparison of

their spectroscopic and analytical data with thafseuthentic samples.

2.2.  Preparation of Fe;0,@PVA nanocomposite

FeO,@PVA nanoparticles were synthesized by co-precipitanethod. At first, 2.0 g of PVA
72000 M, was dissolved in 40 mL water at 80 °C for 6 h¢bieve homogenous mixture. The
homogenous PVA was mixed with 12 mL of BIH,O in a three-necked flask undeitrogen
(N2) atmosphere. Then, 2.5 g of Fe6H,O and 1.0 g of FeGKUH,O were dissolved in 10 mL
of deionized water. The mixture of Fg®BH,O and FeGl4H,O was added slowly to the NH
PVA solution and the mixture heated at 60 °C forO #in. The obtained F@®,@PVA
precipitate was washed with deionized water urtlvpas reached to 7. Finally, it was dried at

80 °C in an oven.

2.3. Preparation of Fe;0,@PVA-SOsH nanoparticles

Functionalizing of prepared g@,@PVA nanocomposite with S8, was done by using a
suction flask equipped with a constant-pressuregpmny funnel and a gas inlet tube for
conducting HCI gas over an absorbing solution, (water), charged with the fy@PVA (0.5

g) in CHCI, (20 mL) and dispersed by an ultrasonic bath forn8f. Then, a solution of
chlorosulfonic acid (0.25 mL) in Ci&l, (5 mL) was added dropwise at -10 °C during 30 min.
After the addition was completed, the mixture wisexl for 90 min until HCI was fetched up

completely. A powder of nano-g@,@PVA-SQH was obtained. The nanocomposite was



filtered and washed several times with dry- CH, methanol and distilled water. The precipitate

was dried under vacuum at 70 °C.

2.4. General procedure for the synthesis of 2-(N-anilino)-2-phenyl acetonitrile 4a-z

The Mixture of benzaldehyde (0.107 g, 1 mmol), iagil(0.093 g, 1 mmol) and TMSCN (0.120
g, 1.2 mmol) in 3 mL of EtOH was stirred for 10 neihambient temperature in the presence of
Fe;0,@PVA-SQH nanocomposite (0.050 g). The completion of trextien was monitored by
TLC (ethyl acetate—n-hexane, 1:3). Catalyst wasrsepd easily by an external magnet. The
pure crystalline products were achieved from thection mixture by recrystallization in hot

EtOH.

3. Resultsand discussion

In this work, FeO,@PVA-SQH heterogeneous acidic nanocatalyst was synthe&zele first
time under mild conditions and short reaction tin®s can be seen in Scheme L;GDPVA-
SOsH nanocatalyst was prepared after two steps. At, fiFgO,@PVA nanoparticles were
synthesized by co-precipitation method in presesic®VA and solution of FeGlbH,O and
FeCb.4H,O under N. After that, FeO,@PVA was treated by chlorosulfonic acid to synthesi
Fe0,@PVA-SQH nanocatalyst. Various methods have been usednéirm synthesis the
nanocomposite. FT-IR spectra for confirming theonporation of SGH onto FgO,@PVA,
Energy-dispersive X-ray (EDX) for the elementallgsis, The field emission scanning electron
microscopy (FE-SEM) for morphology and the sizeadetof synthesized nanocomposite, X-ray
diffraction (XRD) for crystalline phases of f&@PVA-SQH and The thermogravimetric

analysis (TGA) for thermal stabilitwhich are discussed as follow.



3.1. Characterization of the nanocomposite
3.1.1. FT-IR Analysis

FT-IR spectroscopy, Fig. 1, confirmed the formatioh the nanocomposite. The bending
vibration band of Fe—O appeared at 584'cfihe O—H stretch of E®, and PVA appeared
around 3400, and confirm the presence of a greaibeu of PVA hydroxyl functional groups
that can be easy modified by $ODgroups. Stretching vibration band at 2923 is reigg to C—

H of PVA [37]. The S-O stretching vibrations of $O groups in Fe&O4-PVA-SO;H
nanocomposite on E@,@PVA surface appeared at 1124 tthat indicated the synthesis of
FesO,@PVA-SQH [38]. Finally, as can be seen, we have charaeérithe recycled
nanocatalyst by FT-IR spectroscopy which showethblg retention of its structure and there

was no considerable deformation or leaching aétertimes reusing.
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Fig. 1. The FT-IR spectra of E@®,@QPVA, Fe&O,@PVA-SO;H and the recycled

Fes0,@PVA-SG;H.



3.1.2. Energy-dispersive X-ray (EDX)

The EDX elemental analysis of the ;:2g@PVA-SQH MNPs was shown in Fig. 2. This
analysis strongly clarifies that tH8O;H groupswere successfully incorporated onto the
magnetic PVA It approved the presence of carbon, oxygen andursdfements in the

nanocomposite and confirmed the purity of the nangmsite.
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Fig. 2. The EDX analysis of the F@,@PVA-SQH nanocomposite.

3.1.3. Field-emission scanning el ectron microscopy (FE-SEM)

The FE-SEM images of the outer surface of th®FH@PVA-SQH nanocomposite is illustrated
in Fig. 3. A close examination of the figure rewshlthat the iron oxide impregnated in the

polymer matrix and embedded in a sponge-like PVArimalso, The Fg), nanoparticles



exhibit cubic structure. Furthermore, iron oxidetjgées show the uniform size of nanometer

dimensions with the range of average diameter 40627m.

26 KV 40.0 KX 1um KYKY-EM3200 SN:0725

Fig. 3. The FE-SEM image of E®,@PVA-SQH nanocomposite.

3.1.4. Transmission electron microscope (TEM)

TEM image micrograph of F®@,@PVA-SQH nanocomposite was illustrated in Fig. 4. It
clearly shows considerable exfoliation of PVA afienctionalized by F£,and SQH by nearly
monodisperse in gray colour. This analysis complatan confirm the successful synthesis of

the nanocomposite.
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Fig. 4. The TEM image of F©,@PVA-SO;H nanocomposite.

3.1.5. Thermogravimetric analysis (TGA)

The thermogravimetric analysis (TGA) curve, displayg relation between temperature and
weight loss of the nanocatalysts (Fig. 5). Decontjpos of the nanocomposite was achieved
while heating at a rate of 10 °C/min in the airviietn 20 °C and 800 °C. As can be seen, the
weight loss in the temperature range from 50 to A50s related to the removal of the surface
adsorbed water and weakly absorbed impurities. tkerFgO,@PVA-SQH, the new weight
loss about 40% in the temperature range of 200=658ssigned to the decomposition of PVA

and SQH groups. Moreover, can be seen that the nanocateguass a higher thermal stability

10



compared to PVA alone that is decomposition at aB60 °C [39]. This result shows the strong

interaction in the nanocomposite.
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Fig. 5. The TGA curve of F4/PVA-SO;H nanocomposite.

3.1.6. X-ray diffraction (XRD)

XRD measurement is used to determine crystallinereaf nanocomposite. Fig. 6 shows the X-
ray diffraction patterns of E®,@PVA-SQH and confirm the presence of;8a NPs on PVA.
The broad diffraction peak arouné 2 20 corresponds to PVA [400ll of the observed peaks
for the FgO, are in perfect match with the characteristic ddtanagnetite iron oxide (JCPDS
card No. 01-075-0449). The crystalline peaks of me#ite iron oxide with cubic structure
observed at the diffraction angle®)af 18.59, 30.53, 35.86, 37.53, 43.54, 54.13, 57&nd
63.31.Peak broadening and peak high lowering afdzare due to the grafting of nanoparticles
on the surface of the PVA with amorphous naturetiéumore, the particle size of J&a/PVA-
SO;H nanocomposite was calculated by Debye—Scherrer tiequa As a result,

the average crystallite size was around 28 nm.
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Fig. 6. The XRD pattern of: (a) E®,@PVA-SGQH nanocomposite, (b) the reference®e
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3.1.7. Vibrating sample magnetometer (VSM)

VSM analysis was applied at room temperature tosomeamagnetic properties (Fig. 7). The
saturation magnetization values ofsGg@PVA and FgO,@PVA-SQH nanocomposite were
around 32.95 and 24.15 emi.grhe decrease of the saturation magnetizationegdf@PVA
after loading to the Sl groups confirmed the successful synthesis of theocomposite.

Moreover, the both of F®,@PVA and FegO,@PVA-SQH show an acceptable magnetic

property.
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Fig. 7. The VSM curves of F©,@PVA and FeO,@PVA-SQH nanocomposite.

3.1.8. Back titration of Fe;0,@PVA-SQH in agueous media

Acidity ([H™]) of the synthesized E@,@PVA-SQH nanocatalyst was achieved by the back
titration method. At first, 0.5 g of E@,@PVA-SQH, 0.5 g of NaCl, and 10 mL of NaOH 0.1 M
were added to 35 mL of distilled water and stineth a magnet for 24 h. After that, a few drops

of phenolphthalein were supplemented into the méxand the colour changed to pink. Finally,

13



the mixture was titrated by the solution of HCI 041to reach the neutral pH. Accordingly, the

pH of the nanocatalyst was calculated 1.61.

3.2. Application of the nanocatalyst in organic synthetic reaction

In this work, a-aminonitrile derivatives were synthesized by thaction of different aromatic
aldehydes with aniline and TMSCN in the presencd@D,@PVA-SQH as a recoverable
magnetic nanocatalyst in ethanol at room tempezafline work-up procedure of the product
was easy as the nanocatalyst can be separatedydm@in external magnet. To optimize the
reaction conditions, a series of experiments wesdopmed with the variation of different
reaction parameters such as solvent and amouratalfyst for a representative condensation of
4-chlorobenzaldehyde (1 mmol), aniline (1 mmol) aiRISCN (1.2 mmol) as the model
reaction. The results are summarized in TabkeJO,NPs and~e;0,@PVA are able to produce
relatively low yields in EtOH, but, in the presengeFe;0,@PVA-SGQGH nanocompositethe
yield of the product increased to 99 % (Table 1ryeh). The model reaction was also studied in
various solvents such &0, EtOH, EtOAc, and CHGI The best result was achieved in EtOH.
Also, different amount of the catalyst was investigl. As can be seen in Table 1, entrinhe
presence of 50 mg of the catalyst, a significaaldywas obtained/Nhile the yield of the desired
product4b was not significantly improved in presence of esscamount of the catalyst (Table 1,
entries 11 and 12)The best result was obtained by carrying out thectren at ambient

conditions in ethanol for 10 min using 50 mg o§G£OPVA-SQH.

14



Table 1. Optimization of reaction conditions by reactiordethlorobenzaldehyde, aniline and

TMSCN at room temperature.

Entry Solvent Catalyst Amount of Temperature  Yield?
catalyst (mg) (°C) (%)
1 EtOH Fe;0, 50 r.t. 50

2 EtOH PVA 50 r.t. trace
3 EtOH Fes0,@ PVA 50 r.t. 35
4 H.0 Fe;0.@PVA-SQH 50 r.t. a7
5 EtOH Fe;0,@PVA-SQH 50 r.t. 96
6 EtOAC Fe;0,@PVA-SQH 50 r.t. 55
7 CHCl3 Fe;0,@PVA-SQH 50 r.t. 56
8 Solvent-free  Fe;0.@PVA-SGQH 50 r.t. 45
9 EtOH Fe;0,@PVA-SQH 20 r.t. 53
10 EtOH Fe;0,@PVA-SQH 32 r.t. 60
11 EtOH Fe;0.@PVA-SQH 70 r.t. 96
12 EtOH Fe;0,@PVA-SQH 100 r.t. 96
13 EtOH Fe;0,@PVA-SQH 50 60 35
14 EtOH Fe;0,@PVA-SQH 50 Reflux 40

%lsolated yield.

15



In order to demonstrate the repeatability of thiategy, a broad variety of aromatic aldehydes

possessing electron-withdrawing and electron-re@lgasubstitutions, were employed and a

variety of products were synthesized under thenupéd conditions at room temperature. The

desirable results of study are shown in Table 2.th#d utilized aldehydes supplied the desired

products in high yields and short reaction times.

Table 2. Synthesis ofi-aminonitrile derivativega-z in optimal condition$.

Time  Yield® e te)
Entry R! R?>  Product (min) (%) Obs. Lit.

1 Phenyl H 4a 5 96 70-83  73-75 [41]
2 4-Chlorophenyl H 4b 5 97 91-93 92-94 [42]
3 4-Bromophenyl H 4c 5 98 102-104 100-101 [41]
4 3-Nitrophenyl H 4d 5 90 88-90 89-90 [41]
5 4-Methoxylphenyl H de 10 90 91-92 91-92 [41]
6 4-Nitrophenyl H 4f 5 98 86-88 86-88 [41]
7 4-Hydroxyphenyl H 49 15 89  124-126 124-125 [41]
8 4-Methylphenyl H 4h 15 91 71-73  70-71[41]
9 4-Fluorophenyl H 4i 5 96 101-102 99-101 [43]

10 2-Thienyl— H 4 10 85 97-99 97-99 [44]
11 2-Furanyl H 4k 10 89 73-75  72-74[44]
12 4-(Dimethylamino)phenyl H 4 15 90 107-109 107-110 [44]
13 4-Cyanophenyl H  4m 5 98  112-114 113-115 [45]
14 3,4,5-Trimethoxyphenyl H 4an 10 96 146-148 147-149[43]

16



15 4 pydroxy-3-methoxyphenyl  H 40 20 88  114-116 113-115 [45]
16 2-Nitrophenyl H 4p 15 89  135-137 135-137 [41]
17 2,6-Dichlorophenyl H 4q 15 85 74-76 75-78 [44]
18 Cinnamaldehyde H 4r 10 95 118-120 117-118 [46]
19 2-Chlorophenyl H 4s 20 84 69-71 69-70 [45]
20 3-Fluorophenyl H 4t 5 90 91-93 91-9[17]

21 Phenyl 4-Me  4u 5 97  106-108 105-107 [45]
22 4-Chlorophenyl 4-Me  4v 5 97 87-89 85-87 [43]
23 Cinnamaldehyde 4-Me 4w 10 96 104-106 103-106 [45]
24 4-Methylphenyl 4-Me 4 10 92  116-118 116-118 [45]
25 4-Nitrophenyl 4-Me 4y 5 97 84-86 83-85 [44]
26 Phenyl 4-N@ 4z 30 68 128-129 128-129 [48]

% Reaction conditions: benzaldehyde (1 mmol), aeilfl mmol) and TMSCN (1.2 mmol) and

Fe;0,@PVA-SQH composite (0.05 g) at room temperature in 5 metb&nol.

b |solated yield.

3.3. Comparison the efficiency of synthesized nanocatalyst

To investigate the efficiency of f@,@PVA-SQH catalyst with some other reported works for
the synthesis ofi-aminonitrile derivatives, the model reaction ofnbaldehyde, aniline and
TMSCN was compared with other previous reports. t\db$ast reports have disadvantages such
as long time reaction, toxic solvent and low e#fraty can be seen in Table 3, the results of the

present work is more reliable than previous ones.
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Table 3. Comparison the efficiency of the synthesized natadgst with other reported works.

Entry Catalyst Condition Time Yield (%) Ref
1 InClg THF/r.t. 6 h 75 [49]
2 (Bromodimethyl)sulfonium  CH3CN/r.t. 1h 89 [50]
bromide
3 RuClk (20 mol %) CHsCNI/r.t. 20 h 74 [51]
4 PVP-SQ CH,CI,/50°C 6h 86 [52]
5 Fe(ClQy)s; CHsCNI/r.t. 3h 95 [53]
6 Fe;0,@PVA-SQH EtOH#.t. 5min 98 This work

3.4. Mechanistic evaluation

A proposed mechanism for the formationaedminonitrile derivatives is shown in Scheme 2. In
the first step, carbonyl of aldehyde was activdtgde0,@PVA-SQH catalyst, intermediate
was formed. Iminium intermediatél was formed by the condensation reaction between
intermediatd and different amine® in the presence of the catalyst. according tolitbeature

[44], the nucleophilic attack of TMSCN into imineeidedthe productsda-z.

18



|
S
H,O oe\,s, 7"\ |
\\\ R 3 |
R2NH, N= —?i—OH
2 R2 H
I
@
HN-R2
0.0 ® 7\
3~ OH K -
R
4
D N
1// I
R
Fe;0,@PVA-SO3H
o}
\ -
| " ON\N\sopH
/=~ 1

Scheme 2. Proposed mechanism for the synthesidast by using FeO.@PVA-SQH.

3.5. Catalyst recycling

A valuable property for a catalyst is its easy keryg and reusability. Therefore, in order to
further evaluation of the nanocatalyst, after catiph of the reaction, the catalyst was separated
with an external magnet, washed with ethanol antemand dried after each run, and then
reused in the next runs under the same ratio afysdtand other reaction conditions to the model
reaction. The results shows that the catalyst shmwonsiderable reduction in activity within 10
cycles (Fig. 8). Also, recoverability and reusdpilof the catalyst without any decrease in

catalytic activity after several times show cataltability.
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4. Conclusions

In this research, E®,@PVA-SQH with particular properties such as eco-friendhygh
efficiency, green chemistry properties, non-expensind easy separation was prepared in two
steps. PVA with hydroxyl functional groups can bedified by MNPs and S groups. The
nanocomposite was characterized by FT-IR, EDX, HMMSXRD, TEM and TGA analyses. The
FT-IR spectra demonstrated that :5Qgroups were successfully grafted onto HegO,@PVA
nanocompositeThe two major stages of degradation, corresponttinghysical absorption and
the organic phase of PVA and Owere clearly displayed in TGA analysis. Also, XRBttern
and FE-SEM images supported the FT-IR and TGA tesuld confirmed the preparation of the

nanocomposite. This efficient nanocomposite was algplied as a novel nanocatalyst for the
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synthesis of an importantaminonitrile derivatives in high yields. The naatadyst was derived
out by an external magnet and reused ten times higg efficiency. This is the first report on
design, synthesis and characterization of the ptesanocomposite and its application as an

efficient catalyst with high reusability and statyil
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Highlights

* PVA as ahigh performance polymer was used as non-toxic, water-soluble, high mechanical
and low cost.

* FesO,@PVA-SOsH polymer nanocomposite was synthesized successfully under mild
conditions for the first time.

» The new nanocatalyst was employed as an efficient green magnetic nanocomposite catalyst
for the synthesis of a-aminonitriles.

» It was easily separated from the reaction mixture by an external magnet.

* It wasrecovered and reused without considerable decrease in catalytic activity after ten times.



