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Abstract : Fe,O, magnetic nanoparticleswere syn-
thesized viachemicd preci pitation method and used as
anefficient and recyclablecatayst in ultrasound-assisted
§p° C-H functionaization of 2-methylpyridines. Good
yields of 3-substituted-3-hydroxyindolin-2-oneswere
obtained viareaction of 2-methylpyridinesandisatins

INTRODUCTION

Inthelast decade, the use of nano-sized magnetic
particlesinthe manufacture of finechemicalshas at-
tracted increasing attention, owing to the specid fea-
tures such as unigque el ectrical and magnetic proper-
ties, selectivity, stability and aboveadl, reusability, which
aremost sought after in green chemistry, drug delivery
and biosensors!**Y. Specially, Fe,O, magnetic
nanoparticles have attracted great attention in recent
years because of their inherent propertiessuch asease
of recovery by using an external magnetic field, high
surfaceareas, low toxicity and moistureinsensitivity!>
B On the other hand, Oxindoles are well known
amongst different isatin derivativesand are useful as

under mild conditions. Thecatalyst, retained activity for
fiveruns  © Global ScientificInc.

Keywords: Fe,0,; Magnetic nanoparticles; Ultra-
sound irradiation; Isatin; 3-hydroxyindolin-2-ones.

antibacterid, anti-inflammatory and laxative agentg*617,
Such heterocyclic compoundswere recently isolated
from plantsand marineanimals, for example, theaka-
loid convolutamydine A from the marine bryozoan
Amathia convolute*®. To date, most attention has
been focused on the direct addition of nucleophilesto
isatinsto construct, for example, 3-aryl™, 3-alkyl?"
or 3-indolyl®?Y substituted 3-hydroxyindolin-2-ones.
Recently, 3-azaarene-substituted 3-hydroxyindolin-2-
ones have attracted attention asanew motif. A litera-
ture survey showed that the reported methods on the
synthesisof 3-azaaryl-3-hydroxyindolin-2-onesfrom
thereaction of 2-methylpyridinesand isatins, are as-
sociated with serious drawbacks such aslong reaction
times?24, use of toxic solventg?>?4, need of special
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apparatus®!, high load of catalysts§?23 and environ-
mental concernsrelated to catalyst waste?>23, Our
interest in the study of oxindol etype moleculeg?-,
prompted us to investigate the reaction of 2-
methylpyridines and isatinsunder catalysis of Fe,O,

Fe;O, magnetic
A nanoparticles

magnetic nanoparticles, asaheterogeneousrecyclable
catalyst. Our successful experiencesintheapplication
of sonic wavesin heterogeneous cata ytic systemg?’2,
a so, prompted usto take advantage of ultrasoundir-
radiationinthisreaction (Schemel).

O
’
R 1_\ I o + I /J—
N\ N
R2

* H,0:EtOH (60:40)
50 °C, )))

Scheme1: Ultrasound-assisted reaction of 2-methylpyridinesand isatinsunder catalysisof Fe,O, magnetic nanoparticles

MATERIALSAND METHOD

General

IR spectrawere recorded on a Shimadzu FTIR-
8400S spectrometer. 'H NMR spectrawere obtained
on aBruker DRX-400 Avance spectrometer and *C
NMR spectrawere obtained on aBruker DRX-100
Avance spectrometer. Chemical shiftsof *H and *C
NMR spectrawere expressed in ppm downfield from
tetramethylsilane. Melting pointswere measured ona
Biichi Melting Point B-540 instrument and are uncor-
rected. Elemental analyseswere made by a Carlo-
ErbaEA 1110 CNNO-Sanayzer and agreed with the
calculated values. X-ray powder diffraction (XRD)
measurements were performed using a Philips
diffractometer with mono chromatized Cuk_ radia-
tion. The morphology of synthesized sampleswas
characterized with ascanning el ectron microscope
(SEM) from Philips Company (XL30 ESEM).
Ultrasonication was performed inaTECNO-GAZ
Tecna3 ultrasonic cleaner with afrequency of 50-60
KHz and anormal power of 250 W. The reaction
flask was|ocated in the water bath of the ultrasonic
cleaner. Anaytical GLC evauationsof product mix-
tures were carried out on a Varian CP-3800 chro-
matograph (using asplit/splitlessinjector, CPSil 8CB
column, FID assembly).

Materials

Fe, O, magnetite nanoparticleswere synthesized
with higher efficiency by using afive-necked reactor. A

stock solution of FeCl,.6H,0 (10.4 g), FeCl,.4H.,0
(4.0g) andHCI (1.7mL, 12moal L) in50mL of deion-
ized water which was degassed with nitrogen gasfor
20 min before use, added dropwise (by using adrop-
ping funnel connected to one neck) into 500 mL of de-
gassed NaOH solution (1.5 mol L) at 80 °C during
30 min. Central neck was connected to ahome-made
condenser alowing circulation of cold water to prevent
vaporization of solution. A glasswarestirrer rotating at
1000 rpm, was passed through the condenser and cen-
tral neck. Third neck was used to sparge nitrogen gas
during the synthesis. The other necks were used for
temperature monitoring and sampling. After comple-
tion, the obtained Fe,0, nanoparticleswere separated
from thereaction medium by amagneticfield (1.4 T
strength), and washed with 500 mL deionized water
four times. Theobtained nanoparticleswere character-
ized by using XRD, SEM and TEM. Figure 1 shows
the XRD pattern of the synthes zed nanoparticles, which
matched well with library patterns (JCPDS No. 19-
629), indicating that the sample hasacubic crystal sys-
tem. No specific reflection dueto any impuritieswas
observed and the broad peaksindicated the nano size
of theparticles, with an average crystallite s ze of about
35nm (ca culated by Debye-Scherrer equation, D=KN/
BcosH, where [ is full-width at half-maximum in radi-
ans, 0 is the position of the maximum diffraction peak,
K isthe so-called shapefactor, which usually takesa
valueof about 0.9, and A is the X-ray wavelength (A=
1.5406 A for Cu Ka)).

SEM and TEM images of the prepared
nanoparticles were obtained as shown in Figure 2.
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Fe,O, surface morphology analysisby SEM demon-
strated the agglomeration of many ultrafine particles,

whichtheir diameter ranged from 10to 40 nmasitis
obviousfrom TEM.

Counts

=2el

Figure1: XRD patter n of synthesized Fe,O, magnetic nanoparticles

Figure2: SEM (left) and TEM (right) imagesof synthesized Fe,O, magnetic nanoparticles

General procedurefor thesynthesisof 3-azaaryl-
3-hydroxyindolin-2-ones

Isatin (1.0 mmol), 2-methyl pyridine (1.0 mmol) and
Fe, 0, magnetic nanoparticles (300 mg), were added
to 10 mL of a60:40 mixtureof H,O: Ethanol and the
reaction mixturewasirradiated at 50 °C for the appro-
priatetime(TABLE 3). After completion of thereac-
tion, the mixture was cooled in an ice bath and then
filtered and washed with cold ethanol to separatethe
precipitated product. The obtained solid wasthendis-
solvedin ethyl acetate and the catalyst wasrecovered
by amagneticfield of 1.4 T. Recrystalization from ethyl
acetate provided the pure products and the recovered
catalyst waswashed with acetone and reused for suc-
cessivecycles.

SO0 nm

Selected spectroscopic data

3-hydroxy-1-methyl-3-(pyridin-2-ylmethyl)indolin-
2-one, 3b

PaeYdlow solid, m.p. 136°C; IR (KBr): v (cm™);
601, 752, 1092, 1470, 1610, 1715, 2963, 3353. *H
NMR (400 MHz, CDCl,, 25°C):  =3.08 (d, J=14.8
Hz, 1H), 3.18(s, 3H), 3.33(d, J=14.8 Hz, 1H), 6.77-
6.84 (m, 2H), 6.94 (t, J=7.6 Hz, 1H), 7.05(d, )= 7.8
Hz, 1H), 7.25 (m, 2H), 7.52 (s, 1H), 7.65 (t, J=7.8
Hz, 1H), 8.59 (d, J= 4.9 Hz, 1H) ppm. 2C NMR
(100 MHz, CDCl,, 25°C): § = 26.21, 42.60, 76.22,
108.24, 122.32, 122.69, 123.90, 124.61, 129.38,
131.01, 137.10, 140.33, 143.00, 148.20, 157.72 ppm.
Anal. Calcd. for C_H. ,N.O.: C, 70.85; H, 5.55; N,

15° 14 2727

11.02. found: C, 70.88; H, 5.54; N, 11.02.
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DISCUSSIONAND CONCLUSIONS

In order to optimize the reaction conditions, 2-
methylpyridineand isatin were sel ected asmodel sub-
stratesand progress of the reaction was monitored by
GL C technique. To examinetheinfluence of the cata-

lyst type and loading, thereaction wascarried outin
different catalystsand loadings. Decreaseinthe corre-
sponding 2-methyl pyridine peak areaswas selected as
ameasure of reaction progress. Also, thepeak of etha
nol wasused asinternal standard. Theresultsaresum-
marizedinTABLE 1.

TABLE 1: Effect of different catalystsand loadingson thereaction of 2-methylpyridineand isatin

Reaction time, 2-methylpyridine

Entry? min consumption, % Catalyst Type Catalyst L oading
1 15 10 Fe;O4 nanoparticles 300 mg
2 30 42 " "
3 60 77
4 Q0 80
5 20 <5 Commercial magnetite granules
6 60 35 FeCls. 6H,0 5 mol%
7 60 <5 FeCl,. 4H,0 "

@The reaction was carried out according to general experimental procedure.

Based onthesedata, 300 mg of Fe,O, nanoparticles
per mmole of 2-methylpyridine was selected asthe
optimized catalyst concentration. Commercia magne-
titegranul es, on the other hand, were not as satisfying
(entry 5). Higher activity of Fe,O, nanoparticlesmay
be attributableto thelarger surface areaof these par-
ticles. ConsideringaLewisacid rolefor the cataly<t,
led to a comparison between Fe™ and Fe2ionsin a
homogeneous system. Fe' resulted inamoderate con-
sumption of 2-methyl pyridine, whileFe* faledinthis
reaction (entries6, 7). Hence, higher efficiency of Fe,O,
nanoparti cles against homogeneous Feionsmay be
related to the Fe™ speciesof thecrystal structureand
thier oxide counterparts.

In order to confirm heterogeneity of the catalyst,
thereaction of 2-methylpyridine and isatin wasinter-
rupted half way of thereaction. The catalyst wasre-
moved by amagnetic field of 1.4 T and thereaction
continued without catalyst. GL C analysisshowed 35%
of 2-methyl pyridine consumption beforeinterruption (30
min), and an additional 5% consumption of 2-
methylpyridine after 6 h. Thisresult showed that no
considerableleaching of cationswas occurred during
thereaction. Solvent screening experiments showed that
theyieldswere solvent dependent (TABLE 2). A mix-
ture of H,0: Ethanol (60:40) was used asthe best sol-
vent. Large excessof water may haveadua role. First,
it helps precipitation of the productsand resultsinan

easy work-up procedure and catalyst recycling (see
experimenta), which minimizesorganic solvent waste.
Second, it may prevent dehydration of the product and
subsequent attack of asecond nucleophiletoform 3,32
-di(pyridin-2-ylmethyl)indolin-2-one.

TABLE 2: Effect of solvents on theyield of 3-hydroxy-3-
(pyridin-2-ylmethyl)indolin-2-one

Reaction time, Yield®

Entry® Solvent min %
1 1,4-dioxane 60 55
2 THF " 38
3 Toluene 32
4 Ethanol 63
5 H,O: Ethanol (60:40) 75

aThe reaction was carried out according to general experimen-
tal procedure; "lsolated yields.

With theoptimized conditionsin hand (Scheme 1),
various substrateswere used and indi cated the gener-
aity and scopeof thereaction. Typica resultsareshown
iINTABLE 3. Indl cases, the productswereinsoluble
inthereaction mediaand asimplework-up provided
spectroscopically pure products.

Asitisevident from thesedata, isatinsbearing elec-
tronrel easing substituentsresulted in higher yieldsand
shorter reactiontimes. Specidly, substituentson the 5-
position of theisatinring system, haveamoredramatic
effect (entriesb-e). All of thereactionswere aso, con-
ducted intheabsence of ultrasoundirradiation. Inthis
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TABLE 3: Ultrasound-assisted synthesisof 3-azaaryl-3-hydroxyindolin-2-ones catalyzed by Fe,O, magnetic nanoparticles

Reaction time Yield (%)b’c
Entry® R1, Ra, R3 Product min  Ultrasound  Mechanically
irradiated stirred
7\
=N
a H,H,H OH 60 75 68
(@]
N
H
3a
7\
~N
b H, methyl, H OH 45 78 62
(@]
N
\
3b
7\
~N
c 5-bromo, H, H Br OH 30 92 79
(@]
N
H
3c
7\
=N
d 5-methoxy, H, H H3CO OH 30 85 77
(@]
N
H
3d
7\
S~
N
e 5-chloro, H, H Cl OH 60 73 63
(@]
N
H
3e
7\
=N
H, H, 6-methyl OH 75 73 65
o
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Reaction Yield (%)P°
Entry® R1, Rz Rs Product time, Ultrasound M echanically
min irradiated stirred
7\
=N
g 5-bromo, H, 6-methyl Br OH 60 88 70
O
N
H
39
7\
=N
h 5-chloro, H, 6-methyl Cl OH 90 72 60
O
N
H
3h
7\
N
i H, methyl, 3-methyl OH 75 68 62
(0]
N
\
3i
7\
=N
j 5-chloro, methyl, 6-methyl Cl OH 75 64 58
(0]
N
\
3
7\
=N
K 5-methoxy, methyl, 6- H5CO OH 55 70 66
methyl o
N
\
3k

3All products were characterized by *H NMR, *C NMR and IR data; "Isolated yields; °ldentified by comparison with authentic
samples/?z29,

case, vigorousmechanical stirring of thereaction mix-

ture, provided dightly lower yid dsof theproducts. These
resultsreved ed thepotentia application of ultrasound
irradiationin promotion of thisreaction. Ultrasound ir-
radiationinfact, isknownto generate extremely fine
emulsionsto enhance masstransfer?d,

In order to evaluate reusability of the catayst, the
reaction of 2-methylpyridineandisatinwascarried out
inthe presence of therecycled catalyst in successive
runs. From reactionrun 1to 5, theyieldswere 75%,
75%, 73%, 69% and 56%, respectively. Therefore af -

ter fiveruns, 19% decreaseintheefficiency of catalyst
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was observed.

In brief, a combination of Fe,O, magnetic
nanoparticlesand ultrasound irradiation wasfound to
be an effective catalytic system for preparation of 3-
azaaryl-3-hydroxyindolin-2-ones. Highlights of the
present work are: higher yields, easy work-up, use of
nontoxic solventsand milder reaction conditions.
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