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Abstract:

Chemical fixation of C@into the organic molecules is very challengingrirthe perspective
of greenhouse gas consumption and manufacturinghemicals with C1 backbone. The
process was developed with the synthesis of arciefti polystyrene functionalized
Magnesiumanthranilic acid complex (Mg@P&hthra). The catalytic system was
successfully explored as a heterogeneous catalygshé synthesis of cyclic carbonates by
CQO; fixation at atmospheric pressure and Knoevenagetiensation reaction under room
temperature solvent free condition. The materias weoroughly characterized by diffuse
reflectance UWis, FTIR spectroscopy, thermal gravimetric anay$i GA), scanning
electron microscopy (SEM), energyspersive Xray spectroscopy (EDX) and powdesrXy
diffraction (PXRD) techniques. The catalytic patlyweas been investigated for the cyclo
addition reaction of epoxides using atmospheric, @0companied by the Knoevenagel
condensation reaction with a variety of differelstelydes over cost effective environmental
friendly Mg-catalyst. This is attributed to its high catalyaictivity, recovery simplicity and
excellent five times recycling efficiency; withowny substantial decrease in catalytic
performance.
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1. Introduction

Carbon dioxide i®ne of the primary components of grédesuse gas emerging out through
various human and continuous industrial activitigming in the environment. Accumulation
of CQO; is a very challenging aspect to the modern cheimisecompensing the utilization of
abundant CQ@in nature eventually. The excess concentration asban dioxide in the
atmospheric layers over the last few decades ofanucivilization is an obsessing problem in
our society [1]. The source of energy is fossillsugpon burning leads to carbon dioxide,
which has the high capacity to heat storage thedsdo the warming of atmosphere [2].
Carbon capture and separation (CCS) has recendn Ipeoved as the most fascinating
technique for regulating the unremitting releasegdenhouse gases. Though, CCS meets
several operational and commercial limitations évedop on a large scale. One of the vital
economic drawbacks is that it is not a cost-efiectnovement that requires large capital
investment. Later, a carbon capture and utilisaf@@U) process has been introduced to
draw attention since it can transform emitting ;C§as from power plants into valuable
products such as chemicals and fuels. The powéprstue gas contains the very small
extent of CQ than pure CQ and is contaminated by numerous impurities andd sol
particulate matter. Several functional and metakebacatalysts have been designed fop CO
capturing and its exclusive separation with high,@€&overy rate in a power plant flue gas
for the catalytic transformations. This area ofrent discussion will convey the scenario for
upcoming research on further practical based €pture and separation for conversion into
cyclic carbonates directly from power plant fluesda,3]. Therefore, the advancement of an
efficient catalytic process for GQransformations into useful chemical compounds has
become an unveiling issue in the arena of benighsaistainable synthetic procedures [3,4].
Out of the several demanding and economig tt&ahsformations of utilizing C1 backbone is
established to date, the most industrially effioasi process is a cyechudition reaction
between C@and epoxide [5].

The generation of cyclic carbonates have beennagitshed through fixation of CO
on epoxide over a wide range of homogeneous arefdggneous catalysts such as crown
ether [6], mixed oxides [7], ionic liquids [8], @k metal salts [9]Schiff-base or metal
complexes [10], organic bases [11], quaternary amumo or phosphonium salts [12],
functionalized MOFs [13], zeolite [14hd titanosilicates [15].

The major concern for the chemical fixation of £i® the low energy level of the GO

molecule itself which requires stringent conditiswueh as air sensitivity, high temperature



and high pressure. Hence, it is a very challengask to furnish an effective catalyst
embedded with suitable polymer moiety for the sgaih of fine chemicals through @O

fixation process in the context of green chemisffhe five or six membered cyclic

carbonates are tremendous aprotic solvents of palture. The synthesized organic cyclic
carbonates have broadly appeared as intermediatethd production of pharmaceuticals,
carbamates, biomedical agents, engineering mateaatl can be applied as electrolyte
components in Lion batteries [16,17].

Apart from C@ transformations in organic synthesis, the carbarban bond
formation reactions have also significant industrégoplications in high added value
chemicals synthesis. One such significant and kargeeful GC bond forming reaction is
Knoevenagel condensation between aldehydes ang angthylene moieties. The reactions
are frequently catalyzed by bases [4&th as ammonia, Graphene based material, amimmes, o
sodium ethoxide in organic solvents. lonic liqujd8], lewis acids [20], surfactants [21] and
zeolites [22]have also been applied to catalyze this reactiompractise the environmental
friendly solvents like water in association withh@ntfree reactions are expressively
convenient in terms of economical, benign and grebemical procedures [23]. The
advantage of using water or other green solventonky eliminate the toxicity of organic
solvents but also enhance the reaction rate innarggynthesis. A variety of homogeneous
catalysts are exploited for cyehudition of epoxides via COfixation and Knoevenagel
condensation reactions over several years [24]. thewact is there are certain difficulties in
homogeneous catalysts such as the catalysts areydsl and cannot be isolated or reused
further. From this perspective, the developmentirutjue heterogeneous base catalysts has
gained extensive attention and is successfullyiegpghroughout the synthesis to eliminate
the above limitations.

Therefore it is very necessary to design an efiicidow cost, ecdriendly, and highly
selective heterogeneous solid catalyst to attaia tlesired selective product. The
heterogeneous catalysts have been used for numergaisic transformations on account of
easy recovery and recycle of the catalyst fromtr@aenixture [25].

Regarding this research work, generally alkalinghemetal oxides like CaO, BaO
and MgO are commonly used as the active site epablinctioning as solid basic catalysts.
Particularly, MgO can potentially increase the badita activity due to their enormous basic
features [2630]. Hence, it may be expected that a combined nahterepared by the Mg
species coordinated with Merrifield resin (PS) tdjganthranilic acid ligand could play

efficient catalytic performance in the Knoevenagehdensation reaction. This could be



assigned to the distinctive chemical structure aj@PSanthra complex along with the
tremendous basicity of the Mg species.

Cinnamic acid with its corresponding esters is esiteely synthesized by Knoevenagel
condensation reactions. Very essential componamth as perfumes, flavours, synthetic
indigo and pharmaceuticals are prepared from thbogglic functional derivatives of
cinnamic acid31,32].

In this work, we have simply demonstrated the prafp@n of efficacious heterogeneous base
catalyst namely Mg@R&nthra complex by the reaction of Merrifield resagged with
anthranilic acid and Mg metal. Catalytic investigas on Mg@P&nthra complex have
been accomplished for the cycloaddition reactiotwben different epoxides and carbon
dioxide at atmospheric pressure. Additionally, tatalyst was proved magnificent in the
Knoevenagel Condensation reaction using severahgtte derivatives under solvent free
condition at room temperature. The recycling penfance and the catalytic efficiency of
Mg@PSanthra complex material were examined for the @adiition of oxirane along with

the Knoevenagel condensation reaction.
2. Experimental section
2.1. Materials

All chemicals and reagents were A.R. grade. Chletbylated polystyrene was received
from Sigma-Aldrich Company (USA) and other chenscalere available from Alfa aesar
(India). Magnesium(Il) chloride was purchased frivtarck (India). The reagents were used
as received without further purification. Reagermadg solvents were distilled and dried
according to the standard methods before use.

2.2. Characterization Techniques

A Perkin Elmer, 2400C, USA elemental analyzer waerated to collect the
microanalytical data (C, H and N). The amount otaheontent was determined by Optima
2100DV instrument (ICFAES, Perkin Elmer). Scanning electron microscopyEN$
measurements of the synthesized materials wereeshwiith the help of a JEOL JEM 6700F
field-emission scanning electron microscope. PowdeayXdiffraction (PXRD) patterns of
the Mg@PSanthra material was recorded through a Bruker D8vafde Xray
diffractometer using the Niltered Cu Ko (A = 0.15406 nm) radiation. FIR spectra of the
samples were monitored using KBr pellets in a PeBtmer FTIR 783 spectrophotometer
instrument. The Shimadzu U401 PC doubled beam spectrophotometer connectad to

integrating sphere attachment was successivelizadilin order to observe the WWis



spectra of the solid samples with a certain timettMrToledo TGADTA 851e instrument
provided the thermogravimetric analysis (TGA) ok tmaterial. The Atomic absorption
spectrophotometer (Model Varian AA240) was utilizenl estimate the % content of
magnesium in the Mg@P&hthra catalyst quantitatively. The Varian 3400 gas
chromatograph equipped with a 30 m-SR. 8CB capillary column and a flame ionization
detector precisely analyzed the reaction produbtaimed after completion of the reactions.

The products were identified by comparing with teeresponding authentic samples.

2.3. Preparation of Mg@PS -anthra complex catalyst

The Mg@PSanthra complex was prepared according to the metlesdribed in the earlier
literature [33]. At the beginning, the Merrifielé@sin (1) (500 mg) was added to react with
anthranilic acid (250 mg) dissolved in DMF (5 ml)der the reflux condition for 30 h to
yield the polymer supported ligand (2). This polyreepported ligand (1 g) then reacted with
MgCl,.6 H,O (0.1 g) in ethanol (10 mL) for 9 h at 70 to produce the resultant polymer
grafted Mg catalyst (3). The outline for the pregien of polymer supported metal complex
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catalyst is given below (Scheme 1):
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Scheme 1.Schematic representation of the synthesis of palysapported Mg@P&nthra

complex

The ICRAES spectroscopy provided the elemental analysistfe synthesized Mg@PS
anthra complex containing the Mg loading close.26% by weight (Table)1The elemental
analysis provided 3.78 wt% of Cl in the Mg@RB&hra complex. The calculated molar ratio



of Cl/Mg 1.1 is in line with the suggested struet8) [(PSanthra)MgCl].Additionally, the
presence of 1.16 wt% of N corresponding to a m@to of N to Mg ~ 1.1 was computed by
the data acquired from elemental analy$ise value of N/Mg = 1 is within the range of
uncertainty in the elemental analysis (£ 10%) andlmost identical with expected structure
(3). The above analysis substantially indicategptiesence of 2.45 wt% CI (i.e elimination of
1.33 wt% CI in ligand from 3.78 wt% CI in the corag) in Mg@P Santhra complex (Table
1). This 2.45 wt% of CI in Mg@R&nthra complex comes exclusively from Mg6H,O.
The obtained data for structure (3) was supportov@nalyze the determination of molar
Cl/Mg ratio close to 1.1 [34,35].

Table 1. Chemical composition polymemnchored ligand and its Mg catalyst.

Compound Colour C(%) | H(®) | N(%) | Cl (%) | Mgloading (%)
PSanthra ligand Pale yellow 83.98 7.94 4.28 1.33 -
Mg@PSanthra Pale yellow 79.44 7.39 1.16 3.78 4.26

complex

2.4. Typical procedure for synthesis of cyclic carbonates at 1 atmospheric pressure of
CO;

The reaction was executed by using epoxide (5 mnmi@AB (BwNBr) (5 mol %), and
Mg@PSanthra complex (30 mg) into a 100 ml of round hottbask fitted with magnetic
stirring bar. After mixing the reactants one affee other in the round bottom flask, it was
followed by fitting with a CQ balloon under the appliance of 1 atm pressure.réhetion
mixture was stirred at room temperature fe6é 3. After completion of the reaction, the
polymer supported catalyst was filtered and thelemproduct was removed then dried in an
oven. The filtrate was extracted up to five timathvethyl acetate and washed several times
with water. The column chromatography was carriatl with the isolated fivenembered
organic carbonates.

2.5. General procedurefor Knoevenagel condensation reaction

The heterogeneous catalyst Mg@#&g&hra was stirred with 2 mmol of ethyl cyanoaeetat
50 ml round bottle flask for 45 min at room tempera. The respective aldehyde (1 mmol)
was added to this mixture and the resulting mixtues stirred for the appropriate time at
room temperature. After the end of the reactiom tbhaction mixture was treated with

dichloromethane followed by successive separatfoorganic and agueous layers by using



separating funnel. N8O, was added to the organic layer to remove the agueonient. All

the yields of individual esters were calculatedrfrie isolated product.

3. Resultsand discussion

3.1. Characterization of Mg@PS-anthra complex

3.1.1. Power X-ray diffraction analysis

The Mg@PSanthra complex exhibits a broadband at the range€6o{10-30) clearly
suggesting the amorphous nature of the cataly$t (3Bnsequently, there was no indication
of any nanocrystalline nature of the MgO matergtedted in the synthesized Mg@R&hra
complex during the introduction of Mgetal into the ligand (Fig. 1).
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Fig. 1. PXRD of Mg@P Santhra complex

3.1.2. Microscopic analysis
Scanning electron micrographs (SEM) support to résice the morphological changes
between polymesupported ligand and the Mg@{a8thra complex on the polymer matrix.
The SEM images of the polymsupported ligand (a) and the Mg@B&thra complex (b)
are described in Fig. 2. SEM images provided aitgizle approach about the alteration in
morphology between R&nthra ligand and the Mg@Rfathra complex (Fig. 2b). It was
clearly observed the Mg@PR&thra complex that quite roughening of the ligatiched
polystyrene surface appeared when coordinated gnesum metal. In addition, the EDX
data also facilitates to determine the attachmémhetal on the polymer surface (Fig. 3).
There observed no remarkable changes in morphopzgtern between the synthesized

Mg@PSanthra complex and the reused Mg@dEhra catalyst.
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Fig. 2. FE-SEM picture of P&nthra ligand (a) and Mg@ Pithra complex (b) respectively
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Fig. 3. EDX spectra of R&nthra ligand and Mg@ P&hthra complex.

3.1.3. UV-visible spectra

Another evidence for the presence of Mg supportegaymer material was attained with
the help of UWvis spectra. The polymer attached Mg catalyst loaseslimitations of its

solubility in known organic solvents. As a consetpes the UVWvis spectra of the catalyst



has been achieved in reflectance diffused spectnade using BaSQas a reference. The
UV-vis reflectance diffused spectra of the producedatBira ligand and the Mg@ Raithra
complex has been indicated in Fig. 4. The-W¥ absorption spectrum of the Mg@B8thra
complex was revealed near 255 nm wavelength. T¢meotive absorption bands at 232, 255
and 344 nm for the pure ligand are assigning treeatheristicnt-n* electronic transitions
responsible for the aromatic ring. When-&8&hra ligand was coordinated to Mg, a new band
observed at 350 nm. It may be due to the chargesfera transitions between coordinated
atoms of the ligand and the central Mg atom [37].

1.4
3.0 — PS-anthra ligand 1.3] —Mg@PS-anthra complex
3 5. 3 1.2
s | E 1.1
Q @ i
% 2.0 % 1.0-
£ 1.5 £ 99
< 1.0- < 0.7
05 0.6
200 300 400 500 600 700 800 200 300 400 500 600 700 800
Wavelength in nm Wavelength in nm

Fig. 4. The U\tvisible absorption spectrum of Rfathra ligand and Mg@ P&thra complex
3.1.4. Thermogravimetric analysis

The P&nthra ligand and Mg@ P&hthra complex were taken in an air atmosphere at a
heating rate of 16C min’ to study the thermogravimetric analysis (TGA). réalized from
Fig. 5 the synthesized Mg@RBthra complex is reasonably stable up to 470however,
PSanthra ligand decomposes at slight lower tempezai®0C. The thermal stability of
Mg@PSanthra catalyst is sufficiently improved as a resillthe coordination followed by
complexation with magnesium metal. The correspanditudies of DTA support that the

stages of decomposition are exothermic in natusegnown).
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Fig. 5. Thermogravimetric analyses of fa8thra ligand and Mg@ P&hthra complex.

3.1.5. FT IR spectra

The binding mode of anthranilic acid andgmesium metal onto the Merrifield resin has
been established by infrared spectral data in 4@@cni* regions. The FAR spectrum of
the PSanthra ligand shows a very weak band or absendg-©f peak (due to —C¥Cl
groups) near 1,264 ¢inThe appearance of a strong band at 3382 @rNH, the secondary
amine) and disappearance ufQ-Cl) band upon reacting with anthranilic acid implige
formation of covalent bond through N atom. The ottlistinctive peaks at 1702 (C=0),
3449 § -OH), 3364 ¢-NH), 1403 {sym COO) and 1552 cth(vasymCOO) confirmed also the
formation of PSanthra ligand [38]. When P&nthra ligand coordinated to magnesium metal,
the shifting of peaks towards the lower wavenunregions (1407 fowsym COO, 1562 for
vasym -COO and 3282 fomw N-H respectively) implies the participation of thdH, and
COOH functional groups of anthranilic acid in thevdlopment of the Mg@P&thra
complex (Fig. 6).
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Fig. 6. FT IR spectra of P&nthra ligand and Mg@P&thra complex

3.2. Catalytic Activity

3.2.1. Synthesis of Cyclic carbonates catalysed by polymer supported Mg@PS-anthra
complex

CO, insertion on oxiranes initiates the formation offiae membered organic cyclic
carbonates by polymer supported fldgsed catalyst in presence of TBAB {(RBr) (Scheme
2).

R = Ph, Me, -CH,OPh, -CH,CI, -CH,OH etc.

R

Scheme 2. Preparation of organic cyclic carbonates fromy@a epoxides

Application of CQ fixation and/or conversion is potentially importafor the fruitful
utilization of abundant greenhouse £as into value added chemicals. In order to opgmiz
the yield of the fivemembered cyclic carbonates, we have tested allethetion parameters
such as time, amount of BNBr (co-catalyst). The production of styrene carbonate ftben
cyclo-addition reaction of COwith styrene oxide is selected as the model exarfgpléhis
reaction (Table 2). From Table 2 it is clear thabag the different amount of BNBr used,



5 mol% exhibited the best conversion (entry 10)thear, we have also checked the influence
of reaction time on the yield of the products (EaBl entries 110). The best output was
achieved when carrying out the reaction with 5 moPBwNBr in presence of 30 mg of the

catalyst at 1 atmospheric pressure and RT for 6h.

Table 2. Optimization of reaction conditions for the syegis of styrene carbondte

o

o Catalyst 0"{

<] +co, - L

Ph

Entry BusNBr Time CO,pressure Yield®
(mol %) (h) (atm) (%)
1 5 1 1 45
2 5 2 1 54
3 5 3 1 60
4 3 3 1 52
5 4 3 1 64
6 5 4 1 75
7 5 5 1 82
g° 5 6 1 Trace
9 0 6 1 Trace
10 5 6 1 97

Reaction conditions: Styrene oxide (5 mmol), catalyst (30 mg), RGC yield of cyclic

carbonatewithout catalyst.

Reactions experienced with smaller and higher ten actual reaction completion time
consequences to the incomplete styrene oxide csiovsrand relatively lower yield of the
product (Table 2, entry-3). For the lower amount of BNBr, the reaction did not proceed
completely and hence resulting in a lower yieldha product (Table 2, entries 4 and 5). In
presence of BINBr alone without catalyst and in absence ofjNEr with catalyst, it was
observed that trace amount of products were olitaiméhe same conditions (Table 2, entry

no. 8 and 9).

In order to scrutinize the optimization reactiomdiions, we have thoroughly examined the
activities of Mg@PSanthra complex for the generation of cyclic cartienthrough CQ
fixation reaction. A long range of oxiranes such stgrene oxide, allyl glycidyl ether,
propylene oxide, epichlorohydrin, aryloxy epoxidds 2epoxy3-phenoxy propane) and
glycidol (epoxides with substituted functional gps)i have been used as substrates. The

experimental results are summarized in Table 3.tMidsthe oxiranes could be easily



converted to organic fivenembered cyclic carbonate derivatives via ,(@ation with
reasonable selectivity and high yield. It is warikntioning that the electreneleasing (Table

3, entries 13) and electrowwithdrawing groups (Table 3, entry 4) attached loa terminal
epoxides has no effect on the yield of the produatiditionally, we have performed our
experiments using aromatic oxirane derivatives Bk@l-fluorophenyl) oxirane and-@-
chlorophenyl) oxirane (Table 3, entry 7,8). Theauttssof this substituted aromatic oxiranes in
this cyclic carbonate synthesis show that thereisioticeable change in yield percentage of
product compared to the other substrates. Due éoldiv boiling point (34 °C) of the
substrate propylene oxide, it offered comparatiVelyer yields (Table 3, entry 1).

110

100 | =—un = = - = = =

90 -
80 -
70 A

60 -
—— Conversion
-=Selectivity

40 T T T T T

0 2 4 6 8 10 12 14
Reaction Time (h)

SO Conversion (%)

50 1

Fig.7. Effect of reaction time on the conversion of SC5® over Mg@P%nthra complex

The time of reaction has been varied under opticthiaction conditions to explore the
complete potential of Mg@P&nthra catalyst in the cycloaddition reaction utiié full

conversion of SO is completed. The summary for rémction time with conversion and
selectivity has been represented in Fig. 7. Froengtlaph, it is found that the conversion of
styrene oxide linearly increases over time fromitfitgal to 6 h and then in the remaining 2 h
it retained the 97% conversion level, whereas tiectivity of styrene carbonate remained
nearly 100% during the entire period of reactiomonk the Fig. 7 it is evident that 6 h

reaction time is sufficient to complete this Cixation reaction at room temperature.
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Fig. 8. Effect of the amount of catalyst for the €fixation over Mg@PSanthra complex

The quantity of catalyst has a significant rolethis reaction (Fig. 8). When the
catalyst amount was used in 10 mg and 20 mg ddni@geaction the conversions were 30%
and 60% respectively. It was noticed that optimunversion was observed when 30 mg of
catalyst was used. Nevertheless, no further inergathe product yield with a further rise in

the catalyst amount exceeding 30 mg.

Table 3 Preparation of organic cyclic fiveembered carbonates over Mg@&8hra

catalyst under optimized conditions.

Entry Epoxide Product Time Yield®
(h) (%)

(o) (0]
1 /A 0—« 6 86



o) o)
O ST

o)

cl m

Cl

Reaction conditions: Styrene oxide (5 mmol), Catalyst (30 mg),-€Gdalyst TBAB (5 mol
%), CQ, pressure (1 atmiyield was determined by GC.

3.2.2. Possible mechanistic pathway for the synthesis of cyclic carbonates

In the first step, the COmolecule is efficiently activated by the Mg@®&fthra
complex to afford a three membered Jsictive intermediate [39] (Scheme 3). The Mg centre
presents in the Mg@Pé&hthra catalyst surface can act as facile electooors [40] for the
activation of the C@ molecules. The subsequent step is the attack lodtrste oxirane
through the coordination of O atom and Mg centréhefpolymer attached catalyst followed
by ring opening of epoxide. The produced -®prdinated epoxide intermediate is initiated
by the nucleophilic attack through ‘Bon from quaternary salt on the less hindered side
epoxide, leads to an oxyanion species. The oxyagemerated from ring opening then
attacks the carbon atom of the carbon dioxide nubdeto produce another oxyanion Mg-
species. At this stage Byroup leaves the product by which the respectyaticccarbonate is
formed, and it desorbed from the catalyst surfacec@mn as the Mg@P&hthra catalyst gets
back to its initial state [41]. The kinetic studietthe corresponding reactions have been
executed by varying the concentration of epoxidd &0, pressure, keeping the other
parameters unaltered. The reactions followed-&irder reaction kinetics as monitored from
the kinetics measurements. The rate of the cycitaddf CO, on epichlorohydrin could be

determined by altering the concentrations of cataletrabutylammonium bromide and £0



[42]. Hence the rate of this reaction can be writas: rate *[epoxide}{CO.][[Mg@PS
anthra complex]BusNBr].

Scheme 3. Proposed mechanistic pathway for the syntledsigclic carbonates catalyzed by
Mg@PSanthra complex.

3.2.3. Knoevenagel condensation reaction

The catalytic activity of the Mg@P&nthra complex was scrutinized for the Knoevenagel
condensations between benzaldehyde and ethyl cyetad@ to prepare benzylidene ethyl
cyanoacetate as the predominant product (Scheme 4).

— 0
Vi N catalyst X YN
X /87 ¢ >
1\ H cooet  RT AP COOEt

R

R =-OH, -NO,, -OMe, -Cl

Scheme 4. Knoevenagel condensation reaction of benzaldehiiheethylcyanoacetate using
the Mg@PSanthra catalyst

Romeroet. al. [43] reported the aminkinctionalized SBALS catalyst contributing 98%
conversion in the Knoevenagel condensation reactibnl05 °C. However, at room

temperature amine-functionalized MGAM. showed 81% conversion as reported by 8ugi



al. [44]. The typical drawbacks came upon with thesethods were either higher
temperature or requirement of long reaction timeyield the corresponding products.
However, in this present study, we have got fasitigaesults attributed to the presence of
basic sites in the synthesized Mg@#&&hra complex. According to the principles of gree
chemistry, we are highly motivated to perform tle@ation under room temperature and
solvent free conditions. Initially, we have monédrthat no reaction found in the absence of
Mg@PSanthra complex, whereas Mg@Bthra complex effectively catalyzed the
Knoevenagel condensation reactions leading to thgh hyield of benzylidene
ethylcyanoacetate. This fact is accounted for ttesgnce of basic sites in Mg@#B8&thra
complex. After this experiment, we have examinezdfiects of various reaction parameters
on the condensation between benzaldehyde with-effayloacetate to produce benzylidene
ethyl-cyanoacetate using Mg@f8thra as a catalyst. The molar ratio of benzaldehyp
ethyl-cyanoacetate for the condensation reactidmis1:3, 1:2, and 1:1 respectively (Fig. 9).
At a benzaldehyde to ethyl-cyanoacetate molar Htin2, the catalyst gives higher yield, 97
% in 2 h. The selectivity towards the product béidene ethyl-cyanoacetate was 98%.
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Fig. 9. The effect of molar ratios of benzaldehyde antlyleyanoacetate towards

Knoevenagel condensation reaction

Further increasing the concentration of ethylcyaetate, the conversion remains almost the
same but the selectivity got decreased. This is tughe rise in ethylcyanoacetate
concentration in the reactant mixture; the -selidensation process may occur within the

ethylcyanoacetate molecules.

Throughout the condensation reaction, the effegeattion time on conversion and

selectivity of the product under the Mg@#B&thra catalyst are shown in Fig. 10. It has been



noted that the conversion and selectivity are @ireg up to 2 h. Later the reaction became
slower and reached a maximum. The % of conversmhpaoduct selectivity values did not

vary considerably with a further increase in reactime.
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Fig. 10. Effect of reaction time on Knoevenagel condewsateaction

Table 4. Knoevenagel condensation of different aldehydeh wihylcyanoacetate catalyzed
by polymer supported Mg@P&hthra complex

Entry Aldehydes Ethylcyanoacetate Time Product Yield®
(h) (%)

o
o4 T o
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3 0 CN 2 N 84
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H COOEt OOEt
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4 on c// <CN 2 X N 98
2
< > \
H COOEt O2N OOEt
C
\ (
H OOEt
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S COOEt \ 0 COOEt
CN CN
10 7\ y < 2 " O 72
S o COOEt \ S COOEt

Reaction conditions. ethylcyanoacetate (2 mmol), aldehyde (1 mmol)algat (0.05 g),

solventfree, at room temperaturgield was determined by GC.

The catalyst Mg@P&nthra exhibits a reasonable activity in the Knoegel
condensation reaction due to its structural basialNe have executed several substituted
aldehydes and active ethylcyanoacetate with theameoétio of 1:2 to explore the
functionality of Mg@PSanthra in Knoevenagel condensation. In this reactio
ethylcyanoacetate and the substituted benzaldeltygoeaining electron releasing grougg.
-CHs, decreased the conversion rate and yield of thedymt although the electron
withdrawing substituents likeNO, on the aromatic ring significantly increased the
conversion and contributed high product yield (€ald). The scope of the reaction was
elaborated using heterocyclic aldehydegy. furan2-carbaldehyde and thiophe@e
carbaldehyde (Table 4, entry 9, 10). The data sgmted in table 4 suggests that yield of the

respective heterocyclic products is slightly lowrean that of the aromatic aldehydes.

The plausible mechanism [4f]r the Knoevenagel condensation reaction has beewn in
Scheme 5. It is assumed that Mg centre facilitthesKnoevenagel type coupling by-co
ordinating to oxygen atom of carbonyl groups. &ilyi, by the attack of the base catalyst
Mg@PSanthra complex, the ethylcyanoacetate moleculesl@dseacidic proton to form an
anionic reactive enolate intermediate. In this pss¢ the Mg centre of the Mg@{a8thra
can activate ethylcyanoacetate so that deprotonatcrurs from the ethylcyanoacetate
moiety. The next step is the nucleophilic attackhig anion at the electron deficient carbonyl
centre of benzaldehyde. Simultaneous abstractiorthef proton takes place from the
protonated Mg@P&nthra catalyst accordingly the production of thg-ddordinated/
hydroxyl species together with the regeneratedlysitaThe final desired products can be

achieved via the dehydration of thdnydroxyl intermediate.
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Scheme 5. Proposed reaction mechanism for the Knoevenagelezation reaction

3.24. Evaluation of catalytic activity of Mg@PS-anthra catalyst with the earlier
reported systems

The evaluation of efficiency for the Mg@#$&thra catalyst with the other reported catalyst
for the present reactions is assigned in Tableh® fbllowing comparison reveals that the
polymer tagged Mgatalyst is more worthy and well enough than thdéiexecatalyst. From
the tally of the related former catalytic systemmsolving production of organic five-
membered cyclic carbonates under 1 atm @@ssure along with Knoevenagel condensation
products, it has appeared that our Mg@8ira complex executed greater efficiency under
ambient conditions.

Table 5. Comparison of catalytic activity of the Mg@f8thra catalyst in the cyclic

carbonate reaction and Knoevenagel condensatidnother reported systems

Reaction Catalyst Reaction conditions Yied (%) | [Ref.]
TiZIF Styrene oxide (10 mol), G425 98 46
psi), catalyst (1.0 mol%),10, 8 h
Aluminium Styrene oxide (1.66 mmol), 10 barjof 83 47
complexes of a CQO,, catalyst (42.1 mg), BiNBr
series of| (26.7 mg,0.083 mmol), RT, 24 h
bis(pyrazoll-
Cyclic yl)methane
carbonates MCM-41-IPr- | Styrene oxide (50 mmol), CG32.0 87 48
CO, MPa/19.72 atm), catalyst (0.25




mmol), CHCl,, 120°C, 48 h
Mg@PS-anthra | Styrene oxide (5 mmal), CO, (1 97 This
atm), catalyst (30mg), TBAB (5 work
mol %), RT,6h
Knoevenagel | LDH-OH Benzaldehyde (10 mmol), ethyl 94 49
condensation | (MgsAl) cyanoacetate (10 mmol), catalyst
(150 mg) Water, 60°C, 10h
LDH- Benzaldehyde (2 mmol), ethyl 95 50
diisopropylamid | cyanoacetate (2 mmol), catalyst (50
e mg), DMF, RT, 2h
Aminopropyt Benzaldehyde (10 mmol), ethyl >99 51
functionalized | cyanoacetate (10 mmol), catalyst
SBA-15 (150 mg), Cyclohexane, 82, 1h
Mg-Ga/Ak Benzaldehyde (50 mmol), ethyl 82 52
MMO cyanoacetate (50 mmol), catalyst (1
wt%) , 60°C, Solvenifree, 4 h
Mg@PS-anthra | Benzaldehyde (1 mmoal), ethyl 97 This
cyanoacetate (2 mmol), catalyst work
(0.05 g), solvent-free, RT, 2h

3.3. Recyclability of Mg@PS-anthra complex catalyst

After completion of the reaction, the Mg@¥a8Bthra catalyst was separated out from the final
reaction mixture by applying gentle centrifugatnocess. Then the isolated Mg@®&8hra
was thoroughly washed with water, acetone to gebfiall impurity if any and dried out in
an air oven at 78C up to 67 h. With the separated catalyst the next sucoessivs were
accomplished for both cycladdition of epoxide and Knoevenagel condensatiacti@ns
under the optimized condition. The Mg@B&hra complex can be efficiently recovered and
recyclable up to five times without any significal@cay in yields which clearly suggests that
the Mg@PSanthra complex is entirely heterogeneous in nafkig. 11). The prepared
Mg@PSanthra complex was successfully committed to treekent recycling efficiency for

both the synthesis of the cyclic carbonate and Keonagel condensation reaction.
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Fig.11. Recyclability chart of Mg@P-&nthra complex catalyst under the optimized reactio
conditions.

In our recycling experiments, we have simultanepustudied the leaching of
magnesium (if any) in our synthesized Mg@#&hra catalyst and the data are represented in
table 6. From this leaching limit study by AAS inshent we can conclude that after the first
reaction cycle, no leaching of magnesium was oleserThe AAS analysis recorded that
after several reaction runs, a very negligible giyaof magnesium was leached out in our
experiment compared to the other reported systems.

Table 6. Leaching limit of the Mg@P-&nthra catalyst in recycling experiments for bdié t
cyclo addition of oxiranes and Knoevenagel cond@msaeactions

_ _ L eaching of Magnesium (ppm)
Serial Catalyst name Reaction Cyclo addition of Knoevenagel

No. cycle : .
oxiranes condensation

1. 1 0.00 0.00

2. 2 0.004 0.002

3. Me@rsania 3 0.009 0.006

4, y 4 0.016 0.009

5. 5 0.026 0.015

4. Conclusions

In summary, the polystyrene immobilized heterogesellg catalyst (Mg@PR&nthra) has
been synthesized. The catalyst was precisely cteaized by powder XRD, SEM, IR, UV
vis, TGA and elemental analysis. An outstandingvagtwas achieved by the catalyst for the
production of organic fivenembered cyclic carbonates from epoxides in presehcCQ

under atmospheric pressure at room temperatuig.sthown that Mg@P8nthra complex



can also be used as a heterogeneous catalyst fmevinagel condensation reaction. The
synthesized Mg@R8&nthra complex was evidenced as a very operativihéoKnoevenagel
condensation reaction using a variety of aldehyd#b electron repelling and attracting
groups providing high yields. The catalyst can beovered and reused for five reaction
cycles without any drop in its function and sebatyi for both the reactions. These data
nicely illustrate that the catalyst retains itsbdity under the optimized reaction conditions.
The method described here is very simple and coentmo synthesize a series of cyclic
carbonates and Knoevenagel condensation productier umild reaction conditions.
Remarkably, all the reactions performed in preseafiddg@ P Santhra catalyst were found to
undergo smoothly. The targeted products were obdain satisfactory to excellent yields
without the formation of unwanted products. In a&iddi, it is expected that the current
method offers many merits like cesffectiveness, short reaction time and commercially

important compounds without generation of any halwiste at the end of the reaction.
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Polymer immobilized [Mg@PS-anthra] complex: An efficient recyclable
heterogeneous catalyst for the incorporation of carbon dioxide into
oxiranes at atmospheric pressure and Knoevenagel condensation reaction

under solvent free condition

Resear ch highlights

> A new polymer supported anthranilic acid ligand was used to load Mg for
synthesizing Mg@PS-anthra catal yst.

> Incorporation of Mg metal on the Mg@PS-anthra offered outstanding activities
towards Knoevenagel condensation reaction and CO, incorporation into oxiranes.

» A variety of substrate choice, therma stability, and excellent recyclability was
achieved.

» Simple and convenient method was described to synthesize a series of cyclic
carbonates and Knoevenagel condensation products.

» The catalytic system is simple, cost economic and showed excellent activity under
mild reaction conditions.

» The catalysts was recyclable upto five times without diminishing its activity.



