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Abstract

A novel acidic nanocatalytic system, sulfamic aftidetionalized FegxTixO, magnetic
nanoparticles (MNPs), was synthesized through ategaction of FgTixO4 MNPs with
3-chloropropyltrimethoxysilane and imidazolidinet2lione followed by functionalization
with chlorosulfonic acid. The structure of this newynthesized nanocatalyst was established
by several analysis methods including, Fourierdfamm infrared (FTIR) and
energy-dispersive X-ray (EDX) spectroscopies, traasion (TEM) and scanning (SEM)
electron microscopies, thermal gravimetric (T&}ray diffraction (XRD), and vibrating
sample magnetometer (VSM). The potential catalgimlity of this nanocatalyst was
evaluated in one-pot four-component condensati@cti@ between aromatic aldehydes,
dimedone, alkyl acetoacetates and ammonium acetateorder to synthesis of
hexahydroquinoline derivatives. The reactions pedeel smoothly under solvent-free
condition offering excellent yields of corresporglihexahydroquinolines successfully. In
addition, the fabricated nanocatalyst exhibitede#igat reusability up to four subsequent

runs.
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1. Introduction

Over the last few decades, development of enviromatlg benign and eco-friendly
processes and catalysts has emerged as increasimgytant goal in the chemistry domain
[1, 2]. Recently, an area of intense catalytic @vde in organic synthesis has emphasized the
use and design of the catalysts immobilized onougrinano-sized supports possessing high
performance of catalytic activity and stability qoamed to unsupported counterpdBk
Among the solid nanomaterials used as supporta faide variety of catalysts, magnetic
nanoparticles (MNPs) have attracted great deahtefést as efficient catalysts and supports
throughout the scientific as well as industrial coomities due to their unique size, high
surface-to-volume ratio, good biocompatibility, lotexicity, efficient recyclability, and
coordinated parts which provide a larger numbeaative sites per unit area in comparison
with their corresponding bulk materials [4-18]. Mower, MNPs can be easily separated
from the reaction mixture simply using an externagnet bar. This strategy avoids the
tedious process of isolation via filtration or a#ogation for such small NPs [19-20].
However, the main problem regarding the applicatibMNPs is their quick aggregation into
large bunches that leads to lose their unique ptiege To circumvent this problem and
preserve their nano-scale properties, their surfacsually shielded with organie.d., silan
coupling agent) or inorganic materiaésy, silica) to form core-shell structures [21, 22].
Among the most extensively studied MNPs as the coagnetic support to immobilize

various catalysts, E®,[23-27] and FgO;[28-30]NPs have received enormous attention



because of their simple synthesis, low cost, ardtively large magnetic susceptibility
[31-35]. In addition, the incorporation of*Tications into th&e;0, MNPsstructure in order
to produce FgTixO4 MNPs significantly increase the relative number of aaé hydroxyl
groups that lead tamprove physicochemical features of the final naatarial [23, 26].

A wide variety of pharmacologically active heteroky compounds embrace a quinoline
scaffold in their framework [36, 37]. Many of thesempounds possesses antibacterial,
anti-hypersensitive, anti-malarial, anti-inflammatand anti-asthmatic activities [38, 39],
and tyrosine kinase PDGF-RTK inhibiting propertiesntinue to spur synthetic efforts
regarding their acquisition [40, 41]. In additioguinolones are useful synthons for the
preparation of various industrial products suchasostructures and polymers with enhanced
electronic, optical and mechanical properties [4Berefore, these important industrial,
pharmacological and synthetic values have rendé@duinolones attractive as synthetically
challenging research targets. Various synthetiatesgies including, Skraup, Doebner von
Miller, Combs, and Friedlander procedures [43-4, well as one-pot multi-component
reactions (MCRs) have been introduced for the ggishof quinolones. Among these, MCRs
catalyzed by various catalysts such as silica-bomaédazolium-sulfonic acid chloride [46],
hafnium (IV) bis(perfluorooctanesulfonyl)imide corapl[47], scandium triflate [48], protic
pyridinium ionic liquid [49], magnetite—ceria naraalyst [50], nanometasilica disulfuric
acid and nanometasilica monosulfuric acid sodiulin[S4], and ZrQ nanopatrticles [52] are
particular of interest.

In continuation of our ongoing studies towards tbevelopment of efficient and

environmentally friendly synthesis of heterogeneaascatalysts and their application



in organic transformations and heterocyclic complsusynthesis [53-58], herein, we report
the synthesis and characterization of imidazoliflfiedione-1-sulfamic acid-functionalized
Fe;xTixO4s MNPs (denoted as EglixO,-SOsH MNPs) and their application as efficient
nanocatalyst for the synthesis of hexahydroquieslirba-m through a one-pot

four-component reaction between aromatic aldehydasedone, alkyl acetoacetates and

ammonium acetate (Scheme 1).

0 (0] Ar 0O
0 @/‘\
+ ACHO + + Cat &8 ) OR
(2a-m) O N
0 OR (5a-m)H
R=Me or Et

Scheme 1Synthesis of hexahydroquinolinga-m catalysed by FgTixO4-SO;H MNPs.

2. Results and discussion

2.1. Catalyst Characterization

In the present work, we have synthesized.,FgrO;,-SO;H as magnetic heterogeneous
nanocatalyst. As illustrated in Scheme 2, we iilytiaynthesized FgTixO4 MNPs by the
reaction of an equimolar amounts of FeS®,0 and TiC}, in acidic solution with hydrazine
monohydrate [53]. In the next stage, the surfac&eTixO, MNPs were modified using
3-silylpropylhydantoin (SPHyia one-pot reaction with 3-chloropropyltrimethoxysiéaand
imidazolidine-2,4-dione (hydantoin). Finally, thesulted NPs were sulfonated by treatment
with chlorosulfonic acid. It is interesting to knathat, the presence of fications in the

structure of NPs can increase the number of sugerfiydroxyl groups [59], and improve



the loading capacity of sulfonic acid groups on theface of the titanomagnetite NPs
(4.1-5.5 mmolg) compared with the magnetite $8 NPs (1.76 mmolg) [60], and

magnetite silica-coated &4 NPs (0.32 mmold) [61].
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Scheme 2Synthesis of FgTixO4-SO;H MNPs.

The structure of the synthesized nanocatalyst whg ¢haracterized by different analysis
methods including, FTIR spectroscopy, EDX, SEM, TEARD, VSM, and TGA as follows.
The FTIR spectra of the EgTixO4, NPs (a), SPH-functionalized &£dixO, (b), and
Fe;xT1x04-SOsH MNPs (c) are shown in Figure 1. Comparison betwtbeee spectra clearly
confirms the successful conjugation of 3-(3-silypgyl) hydantoin-1-sulfonic acid onto the
surface of the RgTixOs NPs. The peaks shown at 3418, 587 and 798 innthe FTIR
spectrum of the RgTi O, NPs are assigned to the O-H, Fe-O and Ti-O stmegchibrations,

respectively (Figure d). Similarly, SPH-functionalized kEgTiy O, and Fe,TixOs-SO;H



exhibited the same stretching vibrations at 3418j0684 (Fe-O), 764 (Ti-O) ci(Figure

1b) and 3422 (O-H), 594 (Fe-O), 764 (Ti-O) ¢iffrigure k), respectively. The appearance
of aliphatic C-H stretching vibrations at 2934 t658 cm’ rejoin along with the -Ch
bending vibrations at 1457 and 1460 tin FTIR spectra provides evidence for the
successful attachment of silylpropyl linker to theface of the FgTixO4 NPs.

The successful attachment of the hydantoin moiatg the surface of these NPs is justified
by the appearance of the absorption bands at 1704 266 crit for the SPH-functionalized
Fe;xTixOs and at 1702 and 1743 &nfior the Fe,TixOs»-SOsH MNPs, respectively that
related to the C=0 stretching vibrations. In adudiitithe appearance of two absorption bands
at 988 and 1210 crhin the FTIR spectrum of kgTixOs;-SO;H MNPs (Figure &) confirm

the presence of the sulfamic acid groups in thepam
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Figure 1. FTIR spectra of the EgTi,O4 NPs (a), SPH-functionalized £d1,0, (b), and

FesxTixOs-SOsH MNPs (c)

The elemental composition of the synthesizegFgO,-SO;H nanocatalyst was investigated

using EDX analysis as shown in Figure 2. The EDAlysis clearly indicates the peaks for
8



Si, Ti, Fe, C, N, S, and O elements that verify shecessful formation of ggTixOs-SO;H

MNPs. The results obtained from EDX analysis is siamzed in Table 1.
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Figure 2. EDX analysis of FgxTixO4-SO3H nanocatalyst.

Table 1.Results obtained from EDX analysis.

O (Wt%) Fe (Wt%) (it%) | S (Wt%)

Sample

C (Wt%)

N (Wt%

Si (Wt9b)

Fes«TixOs-SOsH

28.76

13.73

2.81

47.78

0.60

2.46

3.87

The morphological structure as well as size digtrdn of the synthesized EglixO,-SOsH
nanocatalyst were investigated using SEM as wellEd analysis as illustrated in Figure 3.
The SEM image exhibited that the catalyst was maga®f spherical and nanometer-sized
particles in the range of 35+10 nm. In contrass, TlIEM image exhibited spherical core-shell
morphology for these NPs. The average diametersod and shell are about 60+10 and
70£10 nm, respectively. This morphology as welt&sneter can provided high surface area

for the immobilization of organic compounds onte tiPs for efficient catalysis of various
9



reactions.
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Figure 3. SEM (left) and TEM (right) images of the synthesiZg.4TixO,-SO;H nanocata-

lyst.

It is well established that the catalytic activign be strongly affected by crystallinity of the
catalyst. The crystallinity of the synthesized H8.O;-SOsH nanocatalyst was studied using
XRD analysis as illustrated in Figure 4. The susfids synthesis of crystalline
Fe;xT1x0O4-SOsH nanocatalyst was approved through the appearahc®mme diffraction
peaks at 2=30.4, 35.8, 43.5, 53.8, 57.5, and 63.1°. It shdmdpointed out that the organic
shell around the RgTixO4-SOsH MNPs act as impurity that reduced the crystdifimif the
nanocatalyst. Despite, the fabricated nanocatdigst excellent crystallinity according to

XRD pattern.

10
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Figure 4. XRD pattern of the synthesizeds5&1,04,-SO;H nanocatalyst.

The magnetic properties of thesk&ixOs MNPs and Fg,TixOs-SOsH MNPs were measured
using VSM equipment at 300 K in the applied fieldegping range of -10000 to 10000 Oe.
The saturation magnetizatiods) of the FgxTixOs MNPs and FgxTixO4-SOsH MNPs were
obtained to be 33.85 and 14.02 erffy.gespectively. This reduction in tlde value is origi-
nated from the effective loading of precursors o surface of FgTixO4 MNPs that verify
the successful synthesis of;k&i,04-SO;H MNPs. In spite of this reduction, the catalyst st

retains sufficient magnetism to be efficiently seyp@d from the solution simply using an ex-

ternal magnetic field (Figure 5).

11
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Figure 5. VSM curves of Fg,TixO, MNPs and FgTixOs-SO;H MNPs.

The thermal gravimetric (TG) and differential thedn(DT) analyses were performed on the
Fe;xT1xO4-SOsH nanocatalyst to examine its thermal stabilityg(fFe 6). As evidenced from
TGA and DTA curves, the weight loss process ofrthrocatalyst is divided into three main
stages. The first stage involves the weight los89atC due to the loss of adsorbed water or
any organic solvents that used during the syntrafsiBe nanocatalyst. A significant weight
loss exhibited in the second stage at around 300cd@d be due to the loss of the
immobilized sulfamic acid groups. The third weidgs at 415 °C is attributed to complete
decomposition of organic residue on the surfacdhef nanocatalyst. According thermal
property study results, the fabricated nanocatdgst excellent thermal stability even to

apply for various reactions at high temperaturgst@300 °C).

12
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Figure 6. TGA (a) and DTA (b) curves of the synthesized.H&O,-SO;H nanocatalyst.

2.2. Catalytic activity

The fabricated FgTixOs-SOsH MNPs were explored as magnetically separableiacid
nanocatalyst for the synthesis of hexahydroquiesliBa-m) from one-pot four-component
reaction between aromatic aldehydes, dimedoneb,5-dimethylcyclohexane-
1,3-dione), alkyl acetoacetates and ammonium aceaatllustrated in Scheme 1. In order to
optimize the reaction conditions, the reaction ohetlone 1, 4-chlorobenzaldehydeb)2
ethyl acetoacetat&) and ammonium acetaté) (was selected as model reaction. The effects
of different reaction parameters were examinedsasd in Table 1. The effect of solvent on
the reaction was evaluated using some solventadimd, HO, EtOH and CHGlunder the
same amount (0.01 g) of nanocatalyst loading anticet that solvent-free condition
provided the best result (entry 4). As seen in §abl the optimal catalyst loading and
reaction temperature in terms of the reaction t{{&emin) and yield (94%) were found to be
0.02 g and 60 °C respectively (entry 5). No improeats of the reaction time and yield were
observed by further increasing the amount of theooatalyst (entries 6 and 7) or reaction

temperature (entries 9 and 10). To verify the gétaimportance, the reaction was carried
13



out under the optimized conditions in the abserfcéh® catalyst and it was found that the

product was formed in a very low yield (entry 11).

Table 1. Screening the reaction parameters for the modeitioea of dimedone,

4-chlorobenzaldehyde, ethyl acetoacetate and anumoacetaté.

CHO
O
o)
+ OEt
o) 4
O Cl OEt
1 2b 3
Entry Catalyst (g)  Solvent Temperature (°C) Time (min) Yield (%)°
1 0.01 H,O 60 60 45
2 0.01 EtOH 60 60 61
3 0.01 CHCl 60 60 40
4 0.01 - 60 20 85
5 0.02 - 60 20 94
6 0.03 - 60 20 89
7 0.04 - 60 20 87
8 0.02 - RT 60 56
9 0.02 - 90 20 86
10 0.02 - 110 20 82
11 - - 60 60 15

#Reaction conditions: 4-chlorobenzaldehytienmol), dimedone (1 mmol), ethyl acetocetate (hat), ammonium acet

(1.5 mmol), solvent (5 mL).

®|solated pure yield.

This achievement encouraged us to extend the sifdpe described methodology to a series

of variously substituted aromatic aldehyd@s-(n) in reaction with dimedoné&, ethyl or

methyl acetoacetat® and ammonium acetaeunder the optimized conditions (Table 2). As

summarized in Table 2, all the reactions proceesi@dothly to furnish the respective

14



products in relatively short reaction times witlcebkent and comparable yields irrespective
of the nature of the substituent groups bondetieécatomatic ring. All the obtained products
(5a-m) were known compounds, which were characterizetherbasis of their physical and

spectral (FTIR*H NMR and®C NMR) analysis and compared with the correspondaig

reported in the literature.

Table 2. FeTixO4-SOsH-catalyzed synthesis of hexahydroquinolinBa-m under

solvent-free condition at 60 °€.

o) ] ~ ArQ
+ AICHO + + Boa B ) OR
(2a-m) 0o N
0 OR (5a—m)H
R=Me or Et
Entry Ar Product R Time Yield Mp (°C)
(min)  (%)° Found Reported

1 CsHs 5a Et 25 85 225-227 -

2 4-CIGH, 5b Et 20 94 245-247 245-246 [62]
3 2-CIGH, 5c Et 25 90 207-209 208-209 [36]
4 3-CIGH, 5d Et 25 91 204-206 209-211 [63]
5 4-FGH, 5e Et 20 93 196-299 184-186 [49]
6 4-NO,CgH, 5f Et 25 89 246-248 247-249 [64]
7 4-MeGH, 5g Et 25 98 264-267 262-264 [49]
8 4-MeOGH, 5h Et 15 96 256-258 256-258 [46]
9 CsHs 5i Me 20 88 263-266 261-263 [65]
10 4-FGH,4 5j Me 15 90 245-248 -

11 4-MeGH, 5k Me 10 94 274-277 >270 [66]
12 2-MeOGH3 5l Me 10 93 267-270 -

13 2-CIGH, 5m Me 15 92 271-274 271-273 [63]

& Conditions: aldehyde (1 mmol), dimedone (1 mmothyk (or methyl) acetoacetate (1 mmo
ammonium acetate (1.5 mmol), catalyst (0.02 gyestlfree, 60 °C.
® |solated pure yield.

15



2.3. Reaction mechanism

According to the mechanisms proposed in the liteea{36, 46, 65], a plausible reaction
pathway to explain the formation of hexahydroquimed Ga-m) is depicted in Scheme 3.
First, the Fe,Ti,O4-SOsH-activated dimedong in its enolized form undergoes nucleophilic
condensation with catalyst-activated aldehgde form the Knoevenagel type intermediate
On the other hand, the alkyl acetoace8atmdergoes nucleophilic condensation reaction with
ammonium acetaté in the presence of the catalyst to produce thenar&intermediatél .
Then, the nucleophilic addition of the enamiheto the catalyst-activated intermedidte
occurs to provide the intermediatél , which undergoes intramolecular nucleophilic

cyclization followed by dehydration to furnish teepected products

CoH

H,0 Oj? -
m or AT

Scheme 3Proposed mechanism for £81,04-SOsH-catalyzed synthesis of the hexahydroquinolines
(5a-m).
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2.4. Recyclability of nanocatalyst

The potential recovery and reusability of the naalyst was investigated for the model

reaction. The nanocatalyst was recovered simplyguain external magnet, washed with ethyl
acetate (5 mL) and hot ethanol (10 mL), dried iowan at room temperature and reused in
the next 4 subsequent runs. The summarized dathable 3, demonstrated practical

recyclability of the synthesized nanocatalyst watlslight loss of its activity up to 4 fresh

runs.

Table 3. Recyclability of the FgTiyO4-SOsH nanocatalyst for the model reaction between

4-chlorobenzaldehyde, dimedone, ethyl acetoacatateammonium acetate.

Run Time (min) Yield (96)
1 20 94
2 20 92
3 23 90
4 25 87

%Isolated yield.

2.5. Catalyst efficiency

The efficiency of the synthesized K&ix04,-SO;H nanocatalysin comparison with some
other catalysts for the synthesis of similar hexkbguinolines are summarized in Table 4.
As seen, in the case of some products the develegesdiO,-SO;H nanocatalyshas higher

catalytic performance than those of the reportatiéniteratures.

17



Table 4. The efficiency of the FgTixO4-SO;H nanocatalysin comparison with some other

catalyst that employed to the synthesis of hexadguinoline derivatives

Sample | Catalyst Condition Temperature (°C) | Time (nm) | Yield (%) | References

5a Fe;,Ti,O0,-SO;H | Solvent-free| 60 25 85 Current

5a t-BuOK Solvent-free| 60 120 73 67]

5a K7[PW1,C0Qyq | CH:CN reflux 35 80 69

5b Fe,, Ti,0,-SOH | Solvent-free| 60 20 94 Current

5b K/ [PW;;,CoOy | CHCN reflux 30 85 69

5b p-TSA EtOH r.t. 120 90 q9]

5b SSA Solvent-free, 60 or MW 30 91 7q

5b ANP EtOH r.t. 240 88 [71]

5f Fes;,Ti,O0,-SO;H | Solvent-free| 60 25 89 Current

5f Nano MgO EtOH reflux 100 75 78

5f K/ [PW;,CoOy | CHCN reflux 30 80 68

5g Fe,, Ti,0,-SOH | Solvent-free| 60 25 98 Current

5¢ SBA-Pr-SQH Solvent-free| 80 10 90 78

5¢ SGH-KIT-5 Solvent-free| 90 70 89 7H

59 SBISAC Solvent-free| 50 9 90 46¢]

5g nano-FgO, Solvent-free| 50 7 89 30

5g PPA-SIQ Solvent-free| 80 60 a0 75

59 ANP EtOH r.t. 240 82 [71]

5¢ DBH or DCH Solvent-free. 130 30(35) 86(82) | 7]

59 SnCh.2H,0 Solvent-free| 80 5 86 M

59 t-BuOK Solvent-free| 60 120 92 6T]

59 Sc(OTfy EtOH r.t. 360 87 48]

5h Fe;4TixO4-SO;H | Solvent-free| 60 15 96 Current

5h CuO NPs Solvent-free 140 38 85 78]

5h t-BuOK Solvent-free| 60 60 85 67]
SBA-Pr-SQH: sulfonic acid functionalized SBA-15; ANP:

hreo-(1S,2S)-2-amino-1-(40-nitrophenyl)-1,3-propdiok p-TSA: p-toluenesulfonic acid; SSA: silica

sulfuric acid; SBISAC: silica-bonded imidazoliumHsuic acid chloride.

18




3. Experimental

3.1. General

Melting points were measured in open capillary subsing a BUCHI 510 apparatus. Fourier
transform infrared (FTIR) spectra were recordedmfré&KBr pellets using a Shimadzu
435-U-04 FTIR spectrophotometéd NMR and™C NMR spectra were recorded at 250 and
90 MHz, respectively on BRUKER AVANCE instrumentsing CDC} or DSMOds; as
solvents at ambient temperature. Scanning electrienoscopy (SEM) image was obtained
on a KYKY-EM3200 instrument operated at 26 kV aecafing voltage. Transmission
electron microscopy (TEM) image was captured on M1GTH microscope (Philips,
Eindhoven, The Netherlands) with a 100 kV acceilegavoltage. Energy-dispersive X-ray
(EDX) analysis of the synthesized nanocatalyst wadormed on a FE-SEM TESCAN
MIRAS3-FEG instrument. Thermal properties of the oeatalyst was investigated in air using
TGA/DTA Linseis-181a1750. Magnetic properties o€ teamples were measured with a
vibrating sample magnetometer (VSM, MDKFT, Iran)y@abm temperature. Ultrasonication
was performed in a 2200 ETH-SONICA ultrasound cteaat a frequency of 45 MHz.

3.2. Synthesis of F&Ti,04 MNPs

The Fg«TixO4MNPs were synthesized according to our previousported procedure [53].
In a round-bottomed glass reactor equipped witflax condenser, FeSOH,O (1.90 g, 6.8
mmol) was dissolved in deionized water (10 mL).efftard, the pH of the solution was
reduced to < 1 using an HCI solution (1 mdjLthen TiCk (0.75 mL, 6.8 mmol) and
hydrazine monohydrate (2 mL, 41.2 mmol) were addespectively. The resulted mixture

was refluxed at 90 °C under nitrogen atmosphere aloout 30 minutes followed by

19



consecutive dropwise addition a solutions of Na@B(@ g) and NaNgX0.77 g) in deionized
water (10 mL) under vigorous stirring at a rat&s00 rpm for 1 hour. Afterward, the resulted
mixture was cooled to room temperature, the predigd FexTixOs MNPs were collected
using a magnet bar, washed with deionized watesraktimes, and dried in reduced pressure

at room temperature.

3.3. Synthesis of the (3-silylpropyl)hydantoin-fungonalized Fe4TixO4
(Fes,TixOs-SPH)

The Fe;xTixOs-SPHMNPs was synthesized as follows. Theg HeO, MNPs (1.00 g) were
dispersed in dried pyridine (30 mL) using sonicatior 30 minutes. To the resulted mixture
were added a small amount of sodium metal, (3-oplapyl)-trimethoxysilane (CPTS; 2 mL
10 mmol), and imidazolidine-2,4-dione (hydantoih)50 g, 15 mmol), respectively followed
by refluxing under nitrogen atmosphere for aboutdrs. Eventually, the reaction mixture
was cooled to room temperature to precipitate det MNPs which were magnetically

separated, washed several times with ethanol aed irvacuum at room temperature.

3.4. Synthesis of FgTix04-SOsH nanocatalyst

The Fe;4TixO4-SOsH  nanaatalyst was synthesized through the solfunation of
Fes «TixO4-SPHMNPs. For this purpos&e; «xTixOs-SPHMNPs (1.00 g) were dispersed in
dried CHCI, (15 mL) through the sonication for about 30 missutellowed by dropwise
addition of chlorosulfonic acid (1.5 mL, 22.5 mmoljhe resulted reaction mixture was

refluxed at room temperature for about 4 hours.ti end of this time, the NPs were
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magnetically separated from the reaction mixturastved consecutively with G8l, (2 x 5

mL) and ethanol (3 x 5 mL), and dried in reducesspure at room temperature.

3.5 General procedure for the synthesis of hexahydguinoline derivatives

A mixture of dimedonel (0.140 g, 1 mmol), aldehyd2 (1 mmol), ethyl or methyl
acetoacetat8 (1 mmol), ammonium acetate(0.115 g, 1.5 mmol), anBe; 4Ti,O4-SOsH
nancaatalyst (0.02 g) was stirred at 60 °C under sdke®e condition for the appropriate
time (Table 2). After completion of the reactiongmitored by TLC), the reaction mixture
was diluted with hot ethanol (10 mL) and stirredtiluthe solid materials dissolved
completely. The nanocatalyst was recovered maglgtiaising a magnetic bar. The
remaining supernatant was diluted with water (20) mhd cooled to room temperature to
precipitate the product&a-m, which were filtered and purified by recrystaltioa from a hot
mixed ethanol/water (3:2 v/v) to afford the pur@durcts. All the products synthesized are
known compounds, which were characterized by tieiting points and spectral (FTIR, and

'H/*C NMR) analyses and compared with their correspundata reported in the literature.

Selected physical and spectral data

Ethyl 2,7, 7-trimethyl-4-(4-nitrophenyl)-5-oxo-1,4,5,6,7,8-hexahydroquinoline-3-
carboxylate (5f)

Yellow solid (342 mg, 89%); m.p. 246—248 °C; FTKB{) v: 3276, 3187, 3072, 2966, 1703,
1651, 1607, 1493, 1344, 1215, 1068, 830, 532;cid NMR (250 MHz, CDCJ) 6: 0.89 (s,

3H, CHy), 1.06 (s, 3H, Ch, 1.14-1.19 (t, 3H, Cl, 2.08-2.40 (m, 7H, 2CH CHy),
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3.99-4.08 (g, 2H, Ch), 5.14 (s, 1H, CH), 6.65 (s, 1H, NH), 7.46-7.49 @&H, Ar-H),
8.05-8.08 (d, 2H, Ar-H) ppm-*C NMR (62.90 MHz, CDG) &: 14.1, 19.3, 27.0, 29.3, 32.6,
37.2, 40.8, 50.6, 60.0, 104.8, 110.9, 123.3, 12844.6, 146.1, 149.1, 154.5, 166.8, 195.5
ppm.

Ethyl 4-(4-methoxyphenyl)-2,7,7-trimethyl-50x0-1,4,5,6,7,8-hexahydroquinoline-3-
carboxylate (5h)

Pale yellow solid (355 mg, 96%); m.p. 256—-258 °C|R(KBr) v: 3276, 3204, 3078, 2957,
1701, 1651, 1605, 1496, 1380, 1280, 1215, 1032, B&Dcnt; *H NMR (250 MHz, CDGJ)

8: 0.91 (s, 3H, Ch), 1.03 (s, 3H, Ch), 1.18-1.23 (t, 3H, Ck), 2.08-2.31 (m, 7H, 2CH
CHs), 3.70 (s, 3H, Ch), 4.02-4.10 (g, 2H, C}), 4.98 (s, 1H, CH), 6.70-6.73 (d, 2H, H-Ar),
7.04 (s, 1H, NH), 7.19-7.22 (d, 2H, Ar-H) ppfi¢ NMR (62.90 MHz, CDQ) &: 14.2, 19.1,
27.0, 29.4, 32.6, 35.7, 40.6, 50.7, 55.0, 59.7,106111.9, 113.2, 128.9, 139.7, 143.6, 149.0,

157.7, 167.6, 195.9 ppm.

Methyl 4-(4-fluorophenyl)-2,7,7-trimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline-3-
carboxylate (5j)

Pale yellow solid (310 mg, 90%); m.p. 245-248 °C|R(KBr) v: 3262, 3196, 3072, 2962,
1709, 1679, 1644, 1609, 1501, 1383, 1227, 11695,11005, 847, 769, 650, 612, 542°tm
'H NMR (250 MHz, DMSOdg) &: 0.80 (s, 3H, Ch), 0.98 (s, 3H, Ch), 1.93-2.47 (m, 7H,
2CH,, CHs), 3.50 (s, 3H, Ch), 4.85 (s, 1H, CH), 6.94-6.97 (d, 2H, Ar-H), 7.124 (d, 2H,

Ar-H), 9.09 (s, 1H, NH) ppm*3C NMR (62.90 MHz, DMSQdg) 18.7, 26.8, 29.5, 32.5, 35.5,
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50.6, 51.1, 103.5, 110.4, 114.7, 115.0, 129.3,4,2314.1, 144.15, 145.9, 149.9, 158.9, 162.8,

167.6, 194.7 ppm.

Methyl 4-(2-methoxyphenyl)-2,7,7-trimethyl-5ox0-1,4,5,6,7,8-hexahydroquinoline-

3-carboxylate (5I)

White solid (331 mg, 93%); m.p. 267-270 °C; FTIRB{iKv: 3283, 3213, 3076, 2957, 1692,
1640, 1622, 1609, 1485, 1378, 1218, 1171, 1028, 3a5 cm’; ‘*H NMR (250 MHz,
DMSO-dg) &: 0.82 (s, 3H, Ch), 0.97 (s, 3H, Ch), 1.84-2.47 (m, 7H, 2CH CHs), 3.45 (s,
3H, CH), 3.67 (s, 3H, Ch), 5.02 (s, 1H, CH), 6.73-7.02 (m, 4H, Ar-H), 8.86 1H, NH)
ppm;*3C NMR (62.90 MHz, DMSQds) 18.4, 26.6, 29.7, 32.4, 32.9, 50.8, 55.7, 10808,0,

111.5,120.1, 127.4, 130.5, 135.4, 144.4, 150.%,419.68.2, 194.2 ppm.

4. Conclusions

In summary, we have successfully synthesizeg, FgO,-SOsH MNPs as magnetic acidic
nanocatalyst from a simple three-step procedure &y characterized by FTIR

spectroscopy, EDX, SEM, TEM, XRD, TGA, and VSM asals. The fabricated MNPs
conveniently catalyzed the one-pot four-componeeaction of aromatic aldehydes,
dimedone, ethyl or methyl acetoacetate and ammonawetate for the synthesis of
hexahydroquinoline derivatives in excellent yielgh preserving atom economy. The
prominent advantages of this new protocol are #se @f separation and recyclability of the

nanocatalyst (up to 4 new subsequent runs), opasadtisimplicity, high yields of the
23



products, short reaction time, and environmentaligrety avoiding toxic reagents and

volatile solvents.
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Highlights

. A novel magnetite nanocatalyst was synthesized based on FezxTixO4 nanoparticles.
. The catalytic activity was evaluated in synthesis of hexahydroquinolines.
. The high yields, short reaction time and simple procedure are the advantages of method.

. The nanocatalyst exhibited excellent reusability up to four subsequent runs.



