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Polymer-anchored [Fe(l11)Azo] complex: An efficient reusable catalyst for
oxidative bromination and multi-components reaction for the synthesis of
spiropiperidine derivatives
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ABSTRACT: A heterogeneous catalyst was prepared by attadbégldl) into organically
modified chloromethylated polytstyrene and charmamte by AAS, IR, PXRD, TG-DTA,
UV-Vis, and SEM studies. In presence 0§04 and KBr as bromine source, the catalyst
showed remarkably high conversion with para-selggtiowards the oxidative bromination
reaction in acetic acid medium. The catalyst was akry active and highly efficient for the
production of spiropiperidine derivatives throughulticomponent reaction in isopropyl
alcohol at room temperature. The catalyst was eatHed during the catalytic reactions,
moreover, after five cycles the catalytic activdapd selectivity of the catalyst were not

decreased very significantly.
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1. I ntroduction

During several years, appreciable attention has geen to the improvement of the
green environmental influences of the chemical @secin the industry [1]. The
heterogeneous catalysts can execute a pivotal iolehe development of greener
technologies. It is well accepted that heteroges@atalysts can show high catalytic activity,
can be separated very easily from the product mextstability and selectivity is higher in
comparison to the unsupported metal catalystarjd]the industrial needs of recyclability for
steady operation can also be achieved here. A qahtion has been given to the
improvement of the heterogeneous catalyst becaluteese enormous advantages over the
homogeneous catalyst [JDifferent types of supports have been used inclydinganic
resins [4] and polymers [5, 6] as well as inorgacéeriers such as clays [7], silica [8],
zeolites [9], and molecular sieves [10] to genehserogeneous catalysts. In recent years,
great interest has been paid to the applicatiggobyfmer-anchored metal catalysts for organic
transformations [11jand the development of functionalized polymers sugpl catalytically
active metal has produced a magnificent interet [1
The bromination of organic substances is a sigmficeaction as the brominated products
have been exclusively used as an important precdosocross-coupling and substitution
reactions which produced many pharmaceuticalscagmral, and specialty chemicals [13].
Some brominated products are also very useful aScmkes, herbicides, flame retardants,
and bioactive materials [13Numerous protocols for bromination reaction of oiga
compounds have been published previously [1d].the classical method of direct
bromination, elemental bromine is used and halftrd bromine is consumed for the
production of hydrogen bromide waste (eq. 1). Moegpthe elemental bromine is a health
hazard material and a pollutant.

Ar-H + Br, —— Ar-Br + HBr (1)



Therefore, it will produce an economical and vasiemvironmental problems for large-scale
synthesis. That's why development of environmefrtahdly bromination process has been
focused on to avoid the use of elemental bromia. Bome reagents have been developed
as a substitute for Brsuch as N-bromosuccinimide, TK8-crown-6]Bg, methylimidazolium
tribromide, 1-butyl-3-methylpyridinium tribromide, ZrBrydiazene, 1-butyl-3
methylimidazolium tribromide, ethylene bis(N-methyildazolium) ditribromide and 3-
pentylpyridinium tribromide [16]Some bromine containing reagent systems have aso b
used like: B#/Ag.SOy, Br/SbR/HF, Br/SO,Cl/Zeolite, Br/ Zeolite, Bp/H20,,
Bro/H,O./Layered Double Hydroxide-Wf Br,/tetrabutylammonium peroxydisulphate, etc
[17]. But those reagents are expensive, they have pooveey and recycling performance
and release large amounts of HBr waste on dispdsaome stage the synthesis of those
reagents involves liquid bromine, as a result, @asmg the cost of the end-product.
Therefore, the catalytic oxidative bromination teat has been still gaining a considerable
importance to develop a more efficient and suitablkethod for the synthesi€atalytic
oxidative bromination is a process of generationelgictrophilic bromine using different
oxidants in presence of catalyst. From greenertpimiew environmentally benign oxidant
H,O, and Q are considered as best oxidants for oxidative bration as only water is the
waste product generated here [18].

Many metal complexes show catalytic activity toveaokidative bromination reaction along
with other oxidation reactions [19However; these metal complexes usually used as a
homogeneous catalyst and during the catalytic icgathey decomposes, as a result, it was
very difficult to recover them from the reactionxture. One of the important ways to solve
this problem and make the catalyst heterogeneots immobilize the catalytically active
metals onto organically modified polymer suppoitee most widely used macromolecular

support is Chloromethylated polystyrene [20]. Thaygtyrene supported materials offer



advantageous characteristics of heterogeneousysigtaduch as selectivity, recyclability,
thermal stability, and their separation from thdabaic reaction mixture [21]. Though
diverse materials have been explored as catalgst®Xidative bromination, polystyrene
supported transition metal complexes have raregnhesed [22]. Moreover, the application
of polystyrene supported Fe(lll) complex catalyst dxidative bromination has been hardly
studied [23].

Multicomponent reactions forming heterocyclic compds are powerful tools in the drug
discovery process. In a single method, they camigeathe convenient synthesis of libraries
of drug-related compounds [24]he importance of multi-component reactions is sicity,
less costly, a high degree of variations, high agsonomy, good vyields, short reaction
durations, high bond-forming efficiency [25], emuimentally friendly methods, and
ignorance of multiple steps with high-value pu@ation processes [26].

Spiropiperidine derivatives conquer an importansifion in the field of heterocyclic
chemistry as they are commonly found in numerotsrahand synthetic products along with
useful biopharmaceutical, physiopharmaceutical, githrmaceutical activities. These
derivatives are potent receptor ligands which can be utilized in the dspion treatment,
epileptic disorders, abuse of cocaine, and SgH&ceptor antagonists [27].

Owing to the importance of the spiropiperidine comnpds in medicinal field, unexpectedly,
only a few procedures for the synthesis of thesepounds are available in the literature
[28]. However, the procedures mainly involve thee us¥f homogeneous catalysts, long
reaction time and toxic solvents. Therefore, dgwelent of an efficient and eco-friendly
procedure which involves heterogeneous catalysiighly expectable for the synthesis of
spiropiperidine derivatives. For this purpose, heee developed an eco-friendly and cost-
effective protocol in which spiropiperidine deriwas can be synthesized very easily within

very short reaction time using a polymer suppohteigrogeneous metal catalyst.



In this paper, we report the preparation, charazgon of a polymer-anchored iron(lll) azo
catalyst and the investigation of its catalytichaties for oxidative bromination and one pot

multiple components reaction for the synthesispaiopiperidine derivatives.

2. Experimental

2.1. Materials
Chloromethylated polystyrene was purchased fromm&igldrich Company (USA) and
other chemicals were available from Merck (Indi@he reagents were used as received

without any purification. Reagent grade solventsenried and distilled prior to use.

2.2. Characterization techniques

Elemental analysis (C, H and N) was performed orkiRdzImer 2400 C elemental
analyzer. FTIR spectra of the samples were caroedon a Perkin-Elmer FTIR 783
spectrophotometer using KBr pellets. Thermo gratiimgTGA) analysis was done on
Mettler Toledo TGA/SDTA 851 instrument. The morpbgy of samples was analyzed using
a scanning electron microscope (SEM) (ZEISS EVCHEQgland) equipped with EDAX
facility. NMR spectra were carried out using tetedhylsilane as internal standard on a
Bruker AMX- 400 NMR spectrophotometer and UV-Visesfra were done on Thermo
Scientific (Model no. GENESYS 10S UV-VIS) spectroptmeter. AAS analysis for the
loading of iron on polymer support was measured $pectra- AA 240 (Agilent
Technologies). The powder X-ray diffraction (PXRData were taken on a Bruker D8
Advance X-ray diffractometer using Cu;Kadiation § = 1.5418 A) operating at 40 kV and
40 mA. The XRD patterns were recorded in ther@&nge of 3-50 using a LynxEye detector

(1D mode) with a step size of 0.02 and a dwell toh#& s per step.



2.3.  Preparation of the Catalyst
Synthesis of polymer-anchored iron(lll)Azo (PS{R¢Az0]) complex is depicted in

the following Scheme 1.
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Scheme 1. Schematic presentation for the preparation of REHFAzO] catalyst.
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2.3.1. Preparation of polymer-anchored azo (PS-Agahd B)

PS-Azo ligand B) was synthesized by two steps syntheses proceduttee first step,
in a 50 mL round-bottomed flask 1 g of chlorome#itgtl polystyrene was dissolved in 10
mL dry THF. Then 0.7 mL ethylenediamine was addegbwise to this mixture and stirred it
for 48 h at room temperature [29he obtained white solid be#d) was filtered and washed
thoroughly with deionized water and followed by heetol. The product was dried under
vacuum.
In the second step, 1 g AA)Y was suspended in 50 mL methanol in a 250 mL rdagttbm
flask. Then 50 mL methanolic solution of 1-nitradaaphthol (1 g) was added dropwise to
the suspension ofA(. After that, the reaction mixture was refluxed & h under stirring
condition. The colour of the reaction mixture wémmged from white to deep brown. The
mixture was cooled to room temperature. Finally-A28 Ligand 8) was obtained by

filtering and washing thoroughly with methanol airgling it under vacuum.



2.3.2. Preparation of PS-[Fe(lll)Azo] Cataly§))(

In a 100 mL round bottom flask, 1 g of PS-Azo LidaB) was taken in 20 mL dry
ethanol. Under constant stirring, 5 mL 1% (w/v) éthanolic solution of iron (lll) chloride
was added dropwise to the solution. Then the swiutvas refluxed for 24 h under stirring
condition. The obtained complex was filtered andhea properly with methanol and then it

was dried under vacuum.

2.4. General procedure for the catalytic oxidativemination reaction of organic
compounds by PS-[Fe(lll)Azo] catalyst

To a 50 mL two-necked round-bottomed flask 50 mgatélyst, the substrate (5 mM)
and KBr (2.2 mM) were taken in 5 mL acetic acid.emh30% HO, (5 mM) was added
dropwise to the reaction mixture and stirred atmdemperature (Scheme 2). The progress of
the reaction was monitored by thin layer chromaipgy (TLC). After completion of the
reaction, 10 mL water was added to the reactiorturex Then the catalyst was filtered and
washed thoroughly with ether. To the filtrate, sated sodium bicarbonate solution was
added and the organic layer was extracted. Anhydsodlium sulphate was used to dry the
organic layer and solvent was evaporated underceztipressure. The obtained products
were analyzed by Varian 3400 gas chromatographppqdi with a 30 m CP-SIL8CB

capillary column and a Flame lonization Detector.
Br

\ PS-[Fe(III)Azo] Catalyst \

| |
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Scheme 2. Schematic presentation of PS-[Fe(ll)Azo] catatys&idative bromination reaction.



2.5. General process for the preparation of sgenpline derivatives
In 50 mL round-bottomed flask, 2 mM of amines (Ja4imM of active methylene

compounds (2a or 2b), 6 mM of 37% aqueous formaidehsolution and 50 mg of
PS-[Fe(lll)Azo] catalyst were added to 15 mL isqproalcohol. The reaction mixture was
stirred at room temperature for the specified gkd time (Table 7). The precipitation of
solid compound indicated the formation of produéifter the stipulated time of completion
of the reaction (monitored by TLC), 20 mL water veakled to reaction mixture and 10 ml
ethyl acetate was then added to extract the predilibe solid products were obtained by the
evaporation of organic layer under reduced presfeerystallization of the solid products
from ethanol solution gave pure compounds. Thelysdtan the aqueous phase was filtered,

washed thoroughly with the mixture of ether andharbl (1:10), dried and reused.
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Scheme 3. General schematic presentation of synthesis obgipieridine derivatives.
3 Results and Discussion
3.1 Characterization of PS-[Fe(lll)Azo] catalyst

The polymer-supported metal catalyst is generatigoluble in common organic
solvents; so, its structural characterization waanoed to their chemical analysis, SEM,
EDX, FTIR, PXRD, TGA, UV-Vis spectroscopic analysiad physicochemical properties.
The elemental analysis data is given in Table le Tetal loading on the catalyst was

measured by atomic absorption spectroscopy (AAS).



Tablel

Chemical composition of Ps-Azo ligand and its itdpCatalyst.

Compound Colour C®) H(») N (@) CI(%) Fe (%
PS-Azo ligand brown 84.13| 7.24| 4.14 1.20 -
PS-[Fe(lll)Azo]Catalyst | dark brown 75.6Q0 7.12 3.982.94 1.25

(1.24f
(1.17Y
(0.72f

aReused catalyst after 1 cycl®eused catalyst after fourth cyciReused catalyst after tenth cycle.

The loading of metal to the organically modifiedlymer support was confirmed by
comparison of the FT-IR spectra (Fig. 1) of polyraachored ethylenediamine (PS-en), PS-
Azo ligand and PS-[Fe(lll)Azo] catalyst. Pure clolorethylated polystyrene shows an IR
active absorption band at 1,261 tulue to the C-Cl bond stretching frequency. Thiscbis
absent in the ligand as well as in the catalyse FMIR spectra of the PS-¢A) shows one
band near 3410 crhfor N—H stretching vibration of attached secondamyine. Due to N—H
bending vibration of primary amine, PS-éh) also gives a moderate peak at 1600 tm
When (A) reacted with 1-nitroso-2-naphthol to form PS-Azgahd (B) the peak at 1600
cm ! was disappeared. The band at 1510'@hPS-Azo ligandB) may be for the stretching
vibrations of the azo group (N=N). This band isftsli to 1495 crifin the PS-[Fe(lll)Azo]
catalyst C) indicating coordination of the PS-Azo ligand te #hrough the azo N [30]. The
peak observed at 2921 chin all spectra may be due to C-H stretching vibrabf ethylene
group [31]. In case of PS-Azo ligand, a new baséppeared at 3205 chdue to OH
stretching frequency, which is absent in the specti the catalyst that confirmed the
coordination of the phenolic oxygen atom with Feahdn addition, a new absorption band
is observed at 560 crhdue to the formation of M—N bonds between metasiand PS-Azo

ligand [23]. The complexation of Fe(lll) metal wiBS-Azo ligand was further evidenced by



the absorption band at 455 Tndue to the formation of the bond between metalpreholic

oxygen (M-0) [23].
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Fig. 1. FT-IR spectra of PS-en (a), PS-Azo ligand (b) B&d[Fe(lll Azo] Catalyst (c).

The metal loading in the catalyst was measured A8 which suggested 1.25% (w/w) of Fe
present in the immobilized metal catalyst.

Fig. 2 showing the powder XRD pattern of PS-Azaitid and PS-[Fe(lll)Azo] catalyst. Both
ligand and catalyst exhibit a broad band at thgeaf 2 (10-30) which clearly indicates the
amorphous nature of ligand as well as the cat#Bt Thus there was no nano-crystalline

material of iron is formed after the introductioihneetal onto the ligand.
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Fig. 2. PXRD of PS-Azo ligand and PS-[Fe(lll)Azo] catalyst.



The field emission scanning electron micrographB® Azo ligand 4) and its iron complex

(b) are shown in Fig. 3. There is a clear changergbden the morphological pattern of the

PS-Azo ligand after insertion of iron metal by BEM image which confirms the loading of

metal on the functionalized polymer surface. EDXalgsis of PS-[Fe(lll)Azo] catalyst

further confirms the loading of iron on organicathypdified polymer support (Fig. 4).
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Fig. 3. FE SEM image of PS-Azo ligand (a) and PS-[Fe(ItdPcatalyst (b).
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Fig. 4. EDX images of PS-Azo ligané) and PS- [Fe(lll)Azo] Catalysbj.

UV-Vis spectrum (Fig. S1) of the PS-Azo ligand anp8-[Fe(lll)Azo] catalyst were taken

after ultra-sonicating the samples in MeOH meditlihe PS-Azo ligand in MeOH shows two

intense band at 225 and 293 nm due tof mnd n-n* transitions respectively [23[These

bands shifted at 213 and 281 nm respectively ifHe841)Azo] catalyst. A very weak new

band has appeared near at 400-410 nm in the spédtra catalyst. This band is for the spin

forbidden d-d transition of the Fe complex [33)e shifting of bands and appearing in new



band for d-d transition clearly indicates the fotima of the iron complex with the PS-Azo
ligand.

Thermo gravimetric analysis of PS-Azo ligand and[P&lIl)Azo] catalyst (Fig. 5) were
performed in open atmosphere in between temperednge from 30 °C to 600 °C with 10 °C
min™ heating rate. The higher thermal stability of #®-[Fe(lll)Azo] catalyst compares to
PS-Azo ligand clearly evidences the loading of imetal to the polymer surface. Both the
metal catalyst and ligand were thermally stabletauga. 400 °C; beyond the temperature,

they decomposed.
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Fig. 5. TGA curves for PS-Azo Ligand and PS-[Fe(lll)Azaitalyst.

3.2 Catalytic Activity
3.2.1 Catalytic oxidative bromination reaction ofjanic compounds

The catalytic activity of PS-[Fe(lll)Azo] catalystas tested for oxidative bromination
reaction of different organic compounds under noidhditions. The effects of different salts
were investigated for this reaction taking salitydédnyde as a model substrate. The polymer-
catalyst PS-[Fe(lll)Azo] was used with oxidang®4 and metal bromide (like NaBr, KBr and

LiBr) as a bromine source for the bromination resci{Table 2). Potassium bromide was



seemed to be the most powerful bromine source antibaghree bromide salts and its
application gave the mono-selective product. Tiggoselective product was not obtained by

the use of sodium bromide and lithium bromide vess lefficient than Potassium bromide.

OH OH

CHO CHO
PS-[Fe(11I)Azo] Catalyst

KBr/Hzoz/ACOH, RT

Br

Scheme 4. PS-[Fe(lll)Azo] catalyzed oxidative bromination sdlicyaldehyde.
Table2

Effect of various bromide salts on the brominatieaction of salicylaldehyde using PS-[Fe(lll)Azajtalyst.

Entry Bromide salt % of conversibn Product selectivify*
1 Sodium bomide 75 5-Bromo-2-hydroxy benzaldehyy
3, 5-dibromo-2-hydroxy benzaldehyde (40)
2 Lithium bromide 92 5-Bromo-2-hydroxy benzaldeéyd00)
3 Potassium bromide 100 5-Bromo-2-hydroxy benzaldet{100)

Tonditions: Salicylaldehyde (5 mM); Metal bromidZ mM); glacial AcOH (5 mL); KD, (2.2 mM); 50 mg
catalyst; room temperatuf€onversion and selectivity were checked by GC.

The effect of temperature was also monitored fergame bromination reaction. But there is
no influence of temperature on the transformatibrsalicylaldehyde. The conversion of
salicylaldehyde with raise in temperature remaiimoat same. Different solvents like
hexane, carbon tetrachloride, ethanol, acetonitatetic acid, chloroform, and methanol
were used to study the solvent effects on the yatalbromination reaction of
salicylaldehyde. Among the different solvents, ecatid worked as the best solvent. The
function of hydrogen peroxide ¢B,) as an oxidant was established by conducting akbla
test where no production of bromo derivative wasth

The oxidative bromination of various organic compds was extensively carried out

maintaining the reaction conditions as optimized dalicylaldehyde (Table 3). Selective



mono-brominated products were obtained from themibration reaction of substrates with
the activated aromatic ring. Phenol, resorcinol angole gave the para-selective product
with the excellent high conversion. But in casetled deactivated aromatic substrate, like
nitrobenzene, did not show any conversion undesitindar reaction conditions. Under same
reaction conditions, benzene showed a low conversifier long reaction times. 2-
Substituted organic compounds were selectively eded to 4-bromo derivatives and vice
versa.

Table3

PS-[Fe(lll)Azo] catalysed oxidative bromination céian of different organic substrafes

Entry Substrate % of ConversiBiitime in h) Product selectivity(%) TON/TOF
1° Salicylaldehyde 100, 99, 98, 96, 93, 5-Bromo-2-hydroxy benzaldehyde (100)  (447/£49)
89, 80, 71, 62, 54, 40 (3.0) (444/148),
(310/103§
2 Phenol 100 (2) 4-Bromophenol (100) 448/224
3 4-Aminophenol 88 (3) 2-Bromo-4-aminophenol (100) 393/131
4 Resorcinol 90 (3) 4-Bromo-1,3-dihydroxybenzeng0jl 402/134
5 4-Nitrophenol 78 (6) 2-Bromo-4-nitrophenol (100) 348/58
6 2-Nitrophenol 65 (6) 4-Bromo-2-nitrophenol (100) 288/48
7 Anisole 100 (2.5) 4-Bromoanisole (100) 445/178
8 Aniline 98 (3) 4-Bromoaniline (97) 438/146
2-Bromoaniline (3)
9 4-Nitroaniline 88 (3) 2-Bromo-4-nitroaniline (100 393/131
10 Benzene 14 (6.0) Bromobenzene (100) 60/10

11 Nitrobenzene - -

#Conditions: substrate (5 mM); KBr (2.2 mM); glaciat®@H (5 mL); 30% aq kD, (2.2 mM), catalyst (50 mg), room
temperature®Conversion and selectivity were determined by @Catalytic runs to test recyclabilitfTON (turn over
number) = moles of substrate converted/moles dfasttes of catalyst"TOF (turn over frequency) = TON/time (in h);
*TON/TOFcalculated after first cycle based on AAS dataresli catalyst TON/TOFcalculated after fifth cycle based on
AAS data of reused catalyst after fourth cy8l@ON/TOFcalculated after fifth cycle based on AAS dataeafsed catalyst
after tenth cycle.



Table4

Comparison of the catalytic activity of PS-[Fe(NBo] catalyst with other reported systems towarxislative

bromination.
Sl. Catalyst Substrate % conversion  Product Select{¢ty TOF Reference
No
1 PS-[Fe(llNteta] Aniline 96.0 4-bromoaniline (8%. 118 23
2-bromoaniline (15.0)
2 PS-[Fe(llNteta] Anisole | 94.0 4-bromoanisole (1m0 96 23
3 Fe(opbmzhY Aniline 84.4 4-bromoaniline (95.6) 77 34
2-bromoaniline (4.4)
Fe(opbmzhY Anisole | 72.0 4-bromoanisole (100.0) - 35
PS-[Fe(ll)Azo] Aniline 98.0 4-Bromoaniline (9.0 146 This work
2-Bromoaniline (3.0)
6 PS-[Fe(ll)Azo] Anisole | 100.0 4-bromoanisole (10) 178 This work

3.2.2 Catalytic synthesis of spiropiperidine detives by PS-[Fe(lll)Azo] catalyst

At room temperature, different control reactiongevearried out in isopropyl alcohol
using dimedone, formaldehyde and aniline as madaledtsates to ensure that Fe sites bound
to PS-Azo ligand create the catalytic activity. dbhsence of any catalyst no product was
obtained, whereas using PS-Azo ligand (10 M %) asatalyst gave disappointing results.
Then the reaction was performed by using E&SELO (10 M %) as a catalyst, a good result
with product yield of 64% after 3 h was observelisTresult confirmed that the Fe sites are
responsible for the catalytic activity, but Fe®H,O act as a homogeneous catalyst under
this reaction conditions, as a result, the recytlitalof the catalyst becomes complicated.
Then the reaction was carried out in presence ofFHe@II)Azo] catalyst (50 mg), an
incredible yield of 95% product in a short rangetiofie period was obtained. Effects of
different solvents and the catalyst loading wereniooed to optimize the reaction
conditions. The reaction between dimedone (4 miynaldehyde (6 mM) and aniline (2

mM) under different reaction conditions was usea asodel reaction for all experiments. At



room temperature, the effects of different solvehite H,O, MeOH, EtOH, isopropyl
alcohol, PEG-600, PEG-400 and PEG-200 on the nrea@etion were explored using 50 mg
of the catalyst (Table 5). The best result wasiobthwhen isopropyl alcohol was used as a

solvent compared to others.

Table5

Solvents effect on the model reaction.

¢

O o N o

[0)
[PS-Fe(I1T) Azo] complex
+ + !
H

H R.T, isopropyl alcohol

0 00

Entry Solvent Tim&(min) % of Yield*
1. methanol 60 90
2. isopropyl alcohol 30 95
3. PEG-400 60 74
4. PEG-600 60 72
5. PEG-200 60 77
6. ethanol 60 92
7. Water 60 trace

®Reaction of aniline (2 mM), demidone (4 mM and folsehlyde (6 mM), room temperature. Progress of i@acwas
monitored by thin layer chromatograpfisolated yield ‘catalyst amount 50 mg.

Table6

Effects of the different amount of catalyst on thedel the reaction.

Entry Amount of catalyst (mg) Reaction time (nfin) % of yield
1. 20 90 73
2. 30 60 85
3. 40 30 90
4. 50 30 95
5. 60 30 95

®Reaction of aniline (2 mM), indane-1,3-dione (4 mit)d HCHO (6 mM) in isopropyl alcohol (10 mL) at room
temperature. Progress of the reaction was monitoyeELC. ®Isolated yield.



Under the optimized conditions, various spiropigere derivatives were synthesized and the
results are summarized in Table 7. The result &iél'd clearly indicates that the catalyst is
very efficient for the synthesis of spiropiperididerivatives. For further confirmation of the

catalytic efficacy of the catalyst a comparisonhwitie reported catalysts is shown in Table 8.

Table7

Synthesis of different spiropiperidine derivativesng amines, active methylene compounds and folehgtle

in presence of PS-[Fe(lll)Azo] Catal§st

Entry Amines Active methylene Product8 Time (minf  Yield (%)° TOF
(1a-1d) compounds (2a-2b) (3a-3h)
1. NH, Y 30 95 340
A ap
la Y 00
2a 3a
2. NH,

O (\g 30 85 304
NO, 0
1b 2a 7&00&<

3. NH, O é 30 90 322
E o N O
(0
cl 2a 7&&(
00

1c

4. O f© 30 88 314
><:§ o NGO
O

la

5. NH, 0 @ 30 92 328
@ ©E§ (0] N [0)
(0]
2b




6. NH, i({ 30 83 296
0 28
NO
: L~
1b 2b aYas
3f
7 NH; 20: ¢ 30 89 318
0O [0] N [0]
¢ 2b OO0
1c
39
8. 20: f© 30 88 314
HoN 0 O' QQ
1d 2b [0 [0}
3h

®Reaction of amine (2 mM), dikitone (4 mM) and HCHOn®), catalyst (50mg) in isopropyl alcohol (10 nf) room
temperature?Compounds characterized lyf NMR spectra’Reaction progress monitored by TL&solated yield °TOF
(turn over frequency) = no. of moles of the startmaterials being converted per mole of active Gitthe catalyst /time (in

h).

Table8

Catalytic efficacy of PS-[Fe(lll)Azo] catalyst fahe synthesis of

reported protocols.

spiropiperidine derivatives wither

Entry Catalysts Conditions solvents Products | Yield Time reference
(%)
1 STA R. T. DCM @ 93 4h 35(a)
o NSO
7&0&(
2 FeO, 80 °C solvent-free é 73 5h 35(b)
o X (o}
0
3 reflux (5 min)/| ethanol NO: 62 12 h 35(d)
overnight/R. T. ©
[0} ;\; (o}
00




4 Ce/chitosan R.T. PEG-200 © 94 38 min 36
o NGO
m
5 PS-[Fe(ll)Azo] R.T. isopropyl @ 95 30 min This work
alcohol Of E‘]/ ?3
00
6 PS-[Fe(ll)Azo] R.T. isopropyl f 89 30 min This work
alcohol
[0} N [0
R0
7 PS-[Fe(ll)Azo] R.T. isopropyl NO: 85 30 min This work
alcohol
0 :\: o
00
3.2.3. Reaction Mechanism

Scheme 5. The derivatives are seemed to derivaighriKnoevenagel condensation, Michael

The probable mechanism of the synthesis of sppesjline derivatives is depicted in

addition and double Mannich reactions [35]. In tery first step, PS-[Fe(lll)Azolcatalyst

activates formaldehyde and dimedone via Knoevenagalensation to produce intermedidte. (

Then Michael addition occurs to the intermediate y another mole of activated iron-dimedone

intermediate I() through the double bond to form intermedidté)( In the next step, the Mannich

reaction between intermediatd|(, aniline and activated iron-formaldehyde giveteimediate

(V). Finally, intermediatel{/) and activated iron-formaldehyde take part in haotMannich

reaction to generate final produet, releasing PS-[Fe(lll)Azo] catalyst for successiyeles.




"Fe
Fe
Fe == PS-|Fe(lll)Azo] Catalyst
Fe

H" 'H/ Mannich Reaction

Y

Manmch Reaction

Scheme 5. Proposed reaction mechanism for the synthesspmbplperldlne derivatives

4, Testsfor Heter ogeneity

After catalytic reaction, the leaching of iron froRS-[Fe(lll)Azo] catalyst was assured
through IR, UV-Vis, AAS analysis of the utilizedtafyst and the product mixtures. The
analysis did not show any considerable loss of loaing compares to the unused catalyst.
We got similar results from IR spectrums of thesesl and fresh catalyst. AAS of used
catalyst after first cycle (Table 1) showed the ah&tading remains almost same in the fresh
and reused catalyst but AAS data of reused catalyst fourth cycle showed some small
decrease (~ 6.4 %) in metal loading of the cataly&tAS analysis of product mixtures
confirmed the absence of iron in the product metukfter catalytic reaction, a UV-Vis
spectrum of product mixture was taken but no charetics absorption peak of catalyst was
observed. All these analyses clearly confirm thateé was very low leaching of iron takes
place during the course of each recycling reactidih.the above mention observations

definitely support the heterogeneous nature of R§HI)Azo] catalyst.



5. Recycling of Catalyst

The recycling experiment of the catalyst was cdroat using the model reaction of
salicyaldehyde (5 mM); KBr (2.2 mM); glacial AcOE (nL); 30% aq HO, (2.2 mM),
catalyst (50 mg) at room temperature. After comptebf the reaction, 20 mL 40 was
added to the final reaction mixture and 10 ml etigétate was then also added to extract the
products. The solid product was obtained by evdpayahe organic layer under reduced
pressure. The catalyst was filtered from the remgiraqueous phase, washed thoroughly
with ether and methanol (1:10) mixture, dried asaised. Even after five cycles, the catalyst
shows its good catalytic efficiency (Fig. 6). Theadytic conversion by the catalyst becomes
almost half after ten cycle. After eleven cycle ga¢ only 40% conversion of salicyaldehyde.
AAS data showed that the catalyst contains 0.72%oof after tenth cycle. So the metal
loading decreases nearly 43% after tenth cyclette@d ON decreased from 447 to 310. The

leaching of metal from support and catalysis poisomesponsible for this decrease of

catalytic efficiency.

Conversion (%)

1 23 456 7 8 9101
No. of cycles

Fig. 6. Chart showing the recyclability of the PS-[Fe@ip] Catalyst.

5. Conclusion
An organically modified polymer-anchored [Fe(lll)@jzcatalyst was synthesized and

characterized properly. The catalyst showed maggnti catalytic activity towards oxidative

bromination reaction of different organic substsafEhis bromination protocol offers simple



reaction conditions of commercially available resgeand product yield is excellent without
generation of hydrogen bromide waste product. d ggeen alternative method in compare to
the hazardous method of classical bromination &u$ tarrying an opportunity of easy
production to a variety of bromo-derivatives.

The catalyst was also very effective in one potehtomponents synthesis of spiropiperidine
derivatives. An environmentally benign simple arificeent method for the preparation of
spiropiperidine derivatives by the efficient PS{IH@Azo] heterogeneous catalyst at room
temperature has been reported here. The catalgsteggclable and stable under the reaction
conditions. The reusability of this catalyst is hif.e. five times) without the significant

decrease in its activity.
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Research Highlights

A polymer supported catalyst, PS-[Fe(lll)Azo] has been synthesized and

characterized .
The oxidative bromination of organic substrates was carried out by PS-[Fe(l11)AzQ].

The catalyst showed excellent activities towards oxidative bromination of organic

substrates under mild reaction conditions.
The catalyst was also useful for the syntheses of spiropiperidine derivatives.

The catalyst is reusable upto five times without diminishing of its activity.



