Accepted Manuscript

Organo
metallic
hemistry
A AL
Catalytic synthesis of organic cyclic carbonate through CO> fixation and production “\c—a’.
of B-amino alcohol via ring opening of epoxides under green condition by polystyrene 425‘
embedded Al(lll) catalyst 0
Surajit Biswas, Dipanwita Roy, Swarbhanu Ghosh, Sk Manirul Islam —
PII: S0022-328X(19)30320-1
DOI: https://doi.org/10.1016/j.jorganchem.2019.120877

Article Number: 120877
Reference: JOM 120877

To appearin:  Journal of Organometallic Chemistry

Received Date: 27 June 2019
Revised Date: 22 July 2019
Accepted Date: 24 July 2019

Please cite this article as: S. Biswas, D. Roy, S. Ghosh, S.M. Islam, Catalytic synthesis of organic cyclic
carbonate through CO2 fixation and production of B-amino alcohol via ring opening of epoxides under

green condition by polystyrene embedded Al(lll) catalyst, Journal of Organometallic Chemistry (2019),
doi: https://doi.org/10.1016/j.jorganchem.2019.120877.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.jorganchem.2019.120877
https://doi.org/10.1016/j.jorganchem.2019.120877

Catalytic synthesis of organic cyclic carbonate through CO; fixation and production of -
amino alcohol via ring opening of epoxides under green condition by polystyrene
embedded Al(I11) catalyst

Surajit Biswa$ Dipanwita Ro¥, Swarbhanu Ghosh, Skanirul Islam*

Department of Chemistry, University of Kalyani, Kalyani, Nadia, 741235, W.B., India. E-mail:
manir65@rediffmail.com

*Authors contributed equally.

Abstract

Development of low cost, eco-friendly heterogeneoatalyst for the production of value added
organic compounds has been drawn a consideraklatiatt to the synthetic chemists in recent era.
Keeping the above idea in our mind, we have deaigh synthesized a polymer anchored Al(lll)
composite from modified Merrifield resin. The comsfie was characterized properly by FT-IR
spectra, SEM, EDAX, elemental analysis, ICP-AES BX®&RD studies. The low cost material is very
efficient heterogeneous catalyst for the productibfine organic chemicals such as organic cyclic
carbonates and 2-amino alcohols under green ambreakttion conditions. Organic cyclic carbonates
were synthesized through the insertion of carbaxide into epoxides at room temperature under
solvent free condition. The developed protocol aftabytic synthesis of cyclic carbonates is
sustainable, eco-friendly and cost-effective. Mes¥oatmospheric carbon dioxide is utilized here.
Besides, the catalyst is very much efficient todoie 2-amino alcohol from ring opening of epoxides
by nucleophilic attack of amine under solvent fceadition and at room temperature. This polymer
anchored Al(lll) can be recovered and reused eabilg catalyst preserved its catalytic intensitgrev
after use of eight successive catalytic cycles.

Key words: Poloystyrene support, Aluminium, Carbon dioxide;liycarbonates-amino alcohal

I ntroduction

For sustainable development a sensible resourcagaarent is necessary. The level of sustainability
is not satisfactory in case of feedstock of chemigdustry. Until now coal, crude oil and naturalsg

are the prime resource of carbon. Along with bignaSQ can be used as renewable carbon
economy. The amount of GQs continuously increased from the pre-industtiime. Now CQ is
responsible for green house effect and abnormadaté change of the earth. Combustion of fossil
fuel is responsible for increasing carbon dioxiaéhe atmosphere, which in turn causes green house
effect and increases global warming [1].

Currently world is producing major part of energgeded for mankind by combustion of fossil fuel
such as coal, oil and natural gas. Though afternemas efforts to develop alternatives renewable
energy sources, these fossil fuels remain as predoienergy source. To maintain carbon dioxide
level in atmosphere it is necessary to controb €Mission in atmosphere and to introduce efficient
carbon capture and storage (CCS) systems. Thro@® €arbon dioxide is separated, purified,
pressurized and dumped underground or under seagstd2]. This stored and dumped carbon
dioxide can be utilized in large scale productidnddferent chemicals by carbon capture and



utilization, (CCU) [3]. As CQis readily available, non toxic and recyclabléiused as one carbon
building block (C-1) for organic synthesis. In ratgears one of the research interests is to etihe
carbon dioxide to an available feedstock for thaedpction of organic fine chemicals [4].

Carbon dioxide is thermodynamically stable and tkiadly inert because it is the most oxidised form
of carbon. For this reason activation and utilmatdof CQ is not easy. Generally highly reactive
substrates or drastic reaction conditions are eygpldor CQ activation and this is the limitation of
such methods. Strong carbon nucleophilic reagét@tganolithiums, Grignard reagents are used to
create C-C bond with COCG; can be catalytically coupled with high energy stdie like epoxides
and aziridines to produce poly carbonates/polycadbas and cyclic carbonates/cyclic carbamates.
Over past decades transformation of Q@ organic synthesis have been achieved and dghadua
improving its efficiency.

There are several strategies were invented to estihecamount of CQOn atmosphere. Incorporation
of CGO, into epoxides to produce carbonates is one of taednis playing a significant roll in organic
synthesis. Cyclic carbonates are very importantthgfic target as they have a wide range of
established and potential applications. They dlised in lithium ion battery as electrolyte soltgim
many reaction they are used as environment friepdlgir aprotic solvents, in the synthesis of many
fine chemicals they are the intermediates [5]. €ychrbonates are also used as raw materials in
paints and oils. As cyclic carbonates can undenmyp epening polymerization, Polycarbonates and
polyurethanes, are synthesized from cyclic carlemnig]. Cyclic carbonates with five membered ring
can act as an alkylating reagent for aromatic asjitigols and phenols at high temperature. Thig rin
opening is used in polymer modification, pre-polynsynthesis and super absorbent polymers
production [7].

Traditionally cyclic carbonates were manufacturecbiigh a hazardous, poisonous, and corrosive
pathway involving phosgene and glycol. Recentlys¢hearbonates are synthesized by cyclo-addition
of carbon dioxide to epoxides in presence of slétahtalysts. Many homogeneous catalysts already
been employed for this catalytic fixation such atkala metal salts [8], quaternary
phosphonium/ammonium salts [9], bromine [10], iodiquids [11], metal complexes [12],
polyoxometalat¢13], organo catalyst [14] etc. But homogeneouslgats have general disadvantage
of recyclability and reusability. On the other hamdany heterogeneous catalytic systems also
developed e.g., MOFs [15], COFs [16], inorganicamig hybrid core shell microspheres [17] etc. to
beat those problems. But the catalytic system regunconsiderate reaction conditions such as very
high carbon dioxide pressure, temperature and poisoorganic solvents. For these aspects, it is ver
much desirable to explore recyclable and reusadiglytic system, which can perform its catalytic
activity under atmospheric pressure, room tempegasimd solvent free condition. That's why; we
have been designed and synthesized a polymer sagpmuminium metal complex which can act as
an efficient heterogeneous catalyst for the symhefscyclic carbonate under 1 atm £@essure and
room temperature in solvent free condition.

B-Amino alcohol is very attractive intermediates foe synthesis of some important biologically
active natural as well as synthetic products indgahiral auxiliaries [18]. These take part in qiis

role of organic synthesis, pharmaceuticals and cieali chemistry 3-blockers are widely used as
insecticidal agents [19] and also in treatmentasfous human disorders, such as heart failurejamard
arrhythmias, sympathetic nervous system disordedshgpertension etc. [20]. In classical method,
these compounds were produced through aminolysepokides by heating in presence of excess
amine. But the method has lots of disadvantagks,dkcess inorganic base required, large reaction
duration, for deactivated aromatic amines low noplelicity observed, and use of elevated



temperature may not be the standard condition éositive functional groups molecules [21]. In
recent year synthesis Bfamino alcohol through ring opening of epoxideshvatnine in presence of
catalyst gaining a lots of attention to the scieamttommunity [22]. Different types of Lewis base
such as NbGI[23], Sm} [24], ZrCl, [25], RuCk [26], Y(NOs)s.6H,O [27], Sc(OTf} [28] etc. have
been used as catalyst for manufacturing this comg®uUnder mild and improved reaction
conditions metal halides [29] silica perchloriccaf830], metal alkoxides [31], metal amides [32] and
alumina [33] also been utilized as efficient cagalfor this compounds preparation. But due to the
homogeneous catalytic nature of above mentionedlysés and also metal toxicity; design and
synthesis of eco-friendly and low cost heterogesezaialyst is still very desirable for productidn o
B-amino alcohols through nucleophilic ring openiriggpoxides by different amines.

In this paper we sketch and synthesize a polymdredaed monometallic aluminium (Ill) complex
which can show its catalytic activity towards tmsertion of CQ to various epoxides to produce
cyclic carbonates under atmospheric pressure armeamtemperature and solvent free condition.
Again the catalyst is very efficient to produpeamino alcoholsvia nucleophilic ring opening of
epoxidesby aromatic amines under solvent free condition andoom temperature. This polymer
anchored catalyst is easily separable from reactioture after completion of reaction and can be
reused without any significant loss in its activity

2. Experimental
2.1. Catalyst preparation

This catalyst was easily synthesized in three stemgedure. In the first step Schiff base,
4-Acetylpyridinethiosemicarbazone was prepared.nTti@oromethyl polystyrene was reacted with
this Schiff base to produce polymer anchored Sdbéffe ligand. Finally, this polymer-anchored
Schiff base ligand reacted with aluminium chlorisit in ethanol to produce polymer-anchored
aluminium, [PS-Al'(L)(CI)4] catalyst (Scheme 1).

2.1.1. Synthesis of 4-Acetylpyridine thiosemicaxaez (L)

4-acetylpyridine and thiosemicarbazide were mixea istoichiometric ratio to synthesize the Schiff
base ligand 4-Acetylpyridine thiosemicarbazonemigthanol (100 mL) 4-acetylpyridine (0.10 mol),
thiosemicarbazide (0.10 mol) were mixed and hetda@flux for 2 h. A white coloured precipitate
was appeared after cooling the reaction mixtures phecipitate was filtered off and washed with
methanol. A white crystal appeared after re-criistlon of the precipitate from methantf NMR:
(400 MHz, DMSO-¢) 6 2.288 (s, 3H), 7.889 (dd=1.6 Hz, 2H), 8.144 (s;NH,), 8.446 (s;-NH,),
8.560 (dd,J=1.6 Hz, 2H) ppm (Fig. S1)**C NMR: (100 MHz, DMSO-¢) & 13.83, 121.13, 145.15,
145.53, 150.21, 179.69 (Fig. S2)

2.1.2. Synthesis of Polymer-Anchored Al(lll) CagtlyPS-Al" (L)(CI)4]

Polymer-Anchored aluminium catalyst was synthekige two steps process. 4-acetylpyridine
thiosemicarbazone (1.07 g) was dissolved in DMFr(®2Q then chloromethylated polystyrene (2 g)
was added to this solution and refluxed for 24 fte®completion the reaction, it was cooled to room
temperature. A light yellow coloured polymer beadkre obtained which was filtered and washed
properly with methanol. The product was dried icwam. The polymer supported Schiff base (1 g)
was taken in methanol (10 mL) in a round bottoreKla o this mixture, 10 ml methanolic solution of



AICI; (1 % w/v) was added over a period of 30 minutes @fluxed for another 9 h. Then yellow
coloured aluminium loaded beads were filtered, wdshith methanol and dried under vacuum.
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Scheme 1. Synthesis of [PS-Al(L)(Cl)4] catalyst.
2.2. General Experimental Procedure for insertiof@, to epoxides

A mixture of epoxides (10 mmol) and [PS"AL)CI;] catalyst (40 mg) were taken in a round bottom
flux, tetrabutyl ammonium bromide (TBAB) (1 mmol)aw added to the above mixture as a co-
catalyst. The reaction mixture was stirred undex ammospheric pressure of carbon dioxide at room
temperature. The progress of reaction was monittnedLC. After completion of the reaction
ethylacetate (10 ml) was added to the reactionuréxand washed with water (10 ml) for three times.
Organic part was collected in a conical flux angdiover anhydrous sodium sulphate. Then organic
layer was evaporated via rotary evaporator andyaedlby Varian 3400 gas chromatograph. The gas
chromatograph was equipped with a 30 m CP-SIL8Cgillasy column and a Flame lonization
Detector. Peak position of various reaction proslweere compared and matched with the retention
times of authentic samples. Identity of the prodweas also confirmed by using NMR spectroscopy.

2.3. General Experimental Procedurg3edmino alcohols synthesiga nucleophilic ring opening of
epoxidesby aromatic amines in presence of [P$4A)Cl;] catalyst

In a 50 ml R.B. flask, 40 mg of [PS-AIL)Cl;] catalyst, amine (5 mmol), epoxides (5mmol) were
taken and the mixture was stirred at room tempezaill completation of the reaction. Thin layer
chromatography was used to check the completafigheoreaction. Then the reaction mixture was
poured into 30 ml chloroform and washed with waf&® ml) for three times through solvent
extraction technique. Organic part was collected iR. B. flask and dried over anhydrous, 8.
After evaporating the organic solvent part via rptavaporator, the obtained crude product was
purified through column chromatography using peeeaind ethyl acetate as eluent. The pure product
was identified by NMR spectroscopy and compare véforted literature.

3. Result and discussion
3.1. Characterization of [PS-AIL)Cl;] catalyst

3.1.1. Elemental analysis



The elemental analysis data of Schiff base ligdod golystyrene supported Schiff base ligand
[PS-(L)] and catalyst [PS-A(L)Cl;] are given in Table 1. The elemental data of 4tppgridine
thiosemicarbazone (L) are quite similar to thatcafculated values. Thus the result indicates that
compound was synthesized properly. Again zincilegpdn polystyrene supported Schiff base ligand
is 3.8524 (calculated from ICP-AES analysis datp anentions the successful attachment of
aluminium on the support.

Tablel

Elemental composition table (in percentage weight)

Compound Color | C H N Al

Ligand (L) White | 49.05(49.46) 4.99(5.19) 28.48&4) | -—--

Polymer supported ligand [PS-(L)] Light| 66.45 5.89 1884 | -
yellow

[PS-AI"(L)(CI)4] catalyst Light | 46.68 4.32 10.32 5.8524
yellow 5.8502

Parentheses values are calculated vafiRes)sed catalyst zinc loading (aftét &/cle).

3.1.1. IR spectra

IR spectra of polystyrene embedded 4-Acetylpyridiiesemicarbazone [PS-(L)] showed one broad
band centered at 3414 ¢ris due tov(-NH,) vibration (Fig. 1). Another band appeared at 3075cm
is because of(-NH) vibration The peak observed #639 and 1160 crare the characteristics
frequencies ofv(-C=N) and v(-C=S) groups of 4-Acetylpyridine thiosemicarbazon®iety
respectively [34]. In [PS-Al(L)Cl4] catalyst these two characteristics bands shiftgards lower
frequencies which clearly indicates the interadtidoetween aluminium metal with N atom of
azomethine (-C=N) group and that of Al with S atofi(-C=S) group. Two new bands also seen in
the IR spectra of catalyst at 510 trand 465 cil that can be assign agAl-N) and v(Al-S)
respectively [34].
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Fig. 1. IR spectra of polymer supported 4-Acetylpyridin@$iemicarbazone ligand [PS-(L)] and its aluminium

catalyst [PS-Al'(L)Cl3).




3.1.2. Field emission scanning electron microsc(¥M) and energy dispersive X-ray analyses
(EDX)

In order to understand the morphological changesurscduring the course of reaction for the
formation of polymer supported aluminium catalysini polystyrene embedded 4-Acetylpyridine
thiosemicarbazone ligand, FE SEM analysis for sitiglads of the support have been carried out. The
surface of chloromethylated polystyrene beads isosin(not shown hare). After the reaction with 4-
Acetylpyridine thiosemicarbazone, the surface ohdsebecomes slightly rough due to covalent
bonding between thentig 2(a)). Again the surface of the beads appears morehraumgl small
particles deposited on the surface after loadingurhinium metal£ig. 2(b)).

Energy dispersive X-ray analyses have been modittreknow the elemental composition of both
ligand and catalyst. In ligand C, N, S elements pmesent whereas the catalyst contains same
elements along with aluminium metdtig. 3). Thus a FE SEM and EDAX analysis confirms the
successful synthesis of polymer supported liganaedkas its aluminium complex.
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Fig. 2. FESEM imes of [PS-(L)] ligand (a) and [PS"AL)Cl5] catat (b).
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Fig. 3. EDX analyses of [PS-(L)] ligand (a) and [PS"AlL)Cl;] catalyst (b).




3.1.3. Powder X-ray diffraction

Powder X-ray diffraction pattern of [PS-(L)] ligarmhd [PS-Al'(L)Cl;] catalyst exhibit a broad
spectral band in between range 6f(20-50) Fig. 4). From this pattern we can conclude that both
ligand as well as catalyst is amorphous in natacera nanoparticle of aluminium metal was formed
during the course of catalyst formation reactiosi[3

— [PS-AI'(L)(CI),] catalyst
——[PS-(L)] ligand

Intensity

1T T T T T T T T 1T T T 7
10 20 30 40 50 60 70 80
20

Fig. 4. PXRD spectra of [PS-(L)] ligand and [PS"AL)Cl,] catalyst.

3.1.3. Thermogravimetry analysis

Thermogravimetry analysis of polystyrene supporbigénd and catalyst was monitored under
nitrogen atmosphere. The heating rate of the aisalyas kept 10 °C/minutes. Both ligand and
catalyst were quite stable up to 200 °C (Fig. Satalyst was relatively more stable than ligand.
Complete decomposition of ligand as well as catalgs occurred beyond 400 °C.

1001 [PS-Al m(L)(Cl)}]catalyst
4 — [PS-(L)] ligand
80
é 60 -
_‘g‘_‘ ]
G 40
; ]
201
0 T v T v T v T v T v T v
100 200 300 400 500 600 700
Temperature

Fig. 5. Thermograms of [PS-(L)] ligand afietS-Al"' (L)Cl4] catalyst.



3.2. Catalytic activity
3.2.1. Catalytic fixation of COinto epoxides for the formation of organic cyctarbonates in
presence of [PS-AI(L)Cl;] catalyst

Scheme 2a represents the preparation of cycliconatbs from epoxides through insertion of
atmospheric C@at room temperature under solvent free conditiompriesence of [PS-A(L)Cl3]
catalyst andetra-n-butylammmonium bromide (TBAB) as co-catalyst. Bptimization of catalytic
reaction conditions, the reaction between epicligdon with carbon dioxide was taken as model
reaction (Scheme 2b).

)
I1

@ 0 4 oy b [PS-AI(L)(CI),] OJKO

R//’A ? BuNBr, RT,t
o)

® [PS-AI(L)(Cl)] oA
‘ + CO, (1 bar) > O
Cl Bu,NBr,RT, 1-5h o/

Scheme 2. Synthetic paths of (a) organic cyclic carbonaad (b) epichlorohydrin carbonate through ,CO
fixation.

The effects of various parameters like amount &-p#"(L)Cl;] catalyst and co-catalyst, reaction
duration etc. for formation of epichlorohydrin canate from epichlorohydrin (5 mmol) were
monitored in order to optimize the reaction comaisi. Fig. 6a showing the effects of catalyst amount
on the reaction of epichlorohydrin (5 mmol) with £Q@ bar) and TBAB (1 mmol). From the figure it
is clear that very poor amount of substrate conwers-10%) was observed in absence of the catalyst.
In presence of 10 mg catalyst, the substrate cemreproceeds smoothly and gave 45% conversion
after 6 hrs. With increasing catalyst amount theveosion of substrate into product also increases.
We got maximum conversion of epichlorohydrine (19@8aile 40 mg of catalyst was used.

Effect of TBAB amount on the same catalytic reactio presence of 40 mg catalyst is depicted in
Fig. 6b. Partial conversion of epichlorohydrin to epiclloydrin carbonate was observed with use of
more or less amount of TBAB than 1 mmol. Use of haohTBAB gave us maximum conversion
(100%) of substrate after 5 hrs of reaction.

Fig. 6¢c describes the effect of reaction time on substateersion into desired carbonate. From this
Figure it is confirmed that 5 hrs reaction timeugficient for obtaining optimize yield.

GC Conversion (%)
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Fig. 6. Effects of (a) catalyst amount (b) amount of TBAB (c) reaction atiotm on the conversion of
epichlorohydrin.

The conversion of epichlorohydrin and selectivifyepichlorohydrin carbonate formation
with respect to reaction time is given kig. 7. Throughout the reaction, the progress of
selectivity of epichlorohydrin carbonate formatifsom epichlorohydrin remains same (i.e.
100%) but when the reaction is carried out in preseof 1 mmol TBAB without catalyst the
selectivity of desired carbonate formation decrsaseonly 38% under optimized reaction
conditions. ThugPS-Al"(L)Cl;] catalyst definitely have an important role to imgothe
conversion of substrate as well as selectivityesficgkd product.
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Fig. 7. Conversion and selectivity with respect to reactiaration over [PS-Al(L)Cl3] catalyst.




Substrate scopes for this organic cyclic carbonsyeshesis reaction through g@sertion
was checked with various epoxides such as epidmoirin, 1,2-epoxy-3-phenoxy propane,
glycidol, allyl glycidyl ether, glycidyl isopropykther, styrene oxide, propylene oxide and
cyclohexene oxide under optimized reaction cond#icAlmost all the substrates showed
very good conversion and selectivity towards respedesired productT(@ble 2). From our
observations it was noticeable that aliphatic teahepoxides (Table 2, entries 1-6) showed
relatively better yield of the cyclic carbonateariithe aromatic terminal epoxides (Table 1,
entries 7,8).

Table?2
Synthesis of organic cyclic carbonate through, @tion by catalysed by [PS-A(L)Cl,] catalyst

Time | % of GC conversion | TOP

Entry Epoxides Product (h) (% Selectivity)
1 0) 0] 5 100 £99) 11.49
Cl
A oA
Cl—
2 @) )O 5 100 £99) 11.49
O j\O

3 /(L )Ol\ 5 97 £99) 11.15
HO
HO——
4 O O 5 95 £99) 10.92
N 0N O)J\O
=_o_

5 O O 5 95 £99) 10.92
)\/O \/’A - A

6 o 5 93 (£99) 10.67
- N
()o =0




@)
7 i //O\_O 5 90 £99) 10.34
| )y
Z S

O @) 5 87 £99) 10.00
/\/()\/ N ()\/[()>:O
J 7|

®Reaction conditions: Epoxides (5 mmol), TBAB (1 nineatalyst (40 mg, 0.087 mmol based on Al metal),
Room temperature, No solvent;

®TOF (Turn Over Frequency): no. of moles of the salbs being converted per mole of active site @ th
catalyst/time (in h).

3.2.2. Probable mechanism of catalytic synthes@@dnic cyclic carbonates

The catalytic reaction mechanism for synthesisyadic carbonate from epoxides in presence of a
bimetallic aluminium(salen) complex and TBAB waseck up and established appropriately by
Michael North and Riccardo Pasquale [36]. The fdiomaof amine carbamate salts through the
breaking of TBAB is also well accepted in previgaports [36, 37]. In this work although we could
not recognize and separates any intermediate speaieprobable mechanism is shown here
(Scheme 3) with the help of reported literaturdse Tatalytic cycle is initiated through the eposide
activation by Lewis acidic Al centre of [PSINIL)CI] catalyst, then nucleophilic attack of Rif
TBAB creates epoxides ring-opening to make Al-b@hderomo-alkoxide. Next, alkoxide
intermediate works as nucleophile and attacks carbmxide to make the metal carbonate
intermediate. This so formed metal carbonate in¢eliate produced desired carbonate compound via
an intra-molecular ring-closure reaction and ledinecatalyst as free for next catalytic cycle.
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LN\N /CI

N (@]
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R o o
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Scheme 3. Probable mechanistic pathway of catalytic cycicbonates synthesis reaction.




3.2.3. Catalytic synthesis of-amino alcohol via ring opening of epoxides in prese of
[PS-Al"(L)Cl4] catalyst

Catalytic synthesis @3-amino alcohol via ring opening reaction of eposgid@d amine in presence of
[PS-AI"(L)Cl3] catalyst is shown in Scheme 4a. To optimizer##etion, effects of catalyst amount
and reaction duration was checked by taking epiohlgdrin (1mmol) and aniline (1 mmol) at room
temperature under solvent free condition (Scheme 4b

_AqII
[PS-AIT(LYCDs] 0 NHR,

Solvent free, 3 h
RT

R
NH,
A
(b) o ., [PS-ATTLICD:] HN@
CIV’A Solvenic{ f:lfee,3h Cl\)“J

Scheme 4. Synthetic paths of (g3-amino alcohol and (b) 1-chloro-3-(phenylamino)@nf2-ol through ring
opening reaction of epoxide.

@) /O; +R~NH,

Fig. 8a showing the effects of catalyst amount on 1-chi®@henylamino)propan-2-ol formation
through ring opening of epichlorohydrin by anilidr@om the figure it is clear that very poor amount
of 2-amino alcohol product is formed (~5%) in alsef the catalyst after 24 hr of reaction. In
presence of 10 mg catalyst, the reaction proceed®thly and gave 58% yield of desired product
after 4 hrs. With increasing catalyst amount thedpct yield also increases. We got maximum yield
of product (96%) while 30 mg (or 35 mg) of catalysts used.

Fig. 8b describes the effect of reaction time on yield e§iced 2-amino alcohol product formation.
From this Figure it is clear that 3 hrs reactiomdiis sufficient for obtaining optimum vyield of
product.
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Fig. 8. Effects of (a) catalyst amount (b) reaction duration on the prtidac of 1-chloro-3-
(phenylamino)propan-2-ol from epichlorohydrin amdliae.

Scheme 5 depicts the various pathways of productadgtion by means of nucleophilic attacks of
amine on epoxides. There is a possibility of ggttiwo products from the reaction involving three
probable routes. The advantage of our catalyticti@a is production of3-amino alcohols from
nucleophilic attack at the terminal carbon of egesias the sole product. The reactions mechanism is
very simple, straightforward and product yields asaally high.

' path 1| RN Path 3 |
: Path 2 = :
\ H :

Scheme 5. Ring opening of epichlorohydrin by nucleophilicaatt of amine.

The substrate tolerance for this catalytic 2-anatvohol production reaction was tested with differe
epoxides viz. epichlorohydrimglycidol, allyl glycidyl ethercyclohexene oxide, styrene oxide and
1,2-epoxy-3-phenoxy propane with anilines and dees of anilines under optimized reaction
condition. The observed results are summarizedbier3. Generally the catalyst [PS"AL)Cl;] was
very efficient to produce desired 2-amino alcohlduct in 3 h. A facile attack by aniline at benayl
position or the less-hindered terminal carbon gfeste oxide and aryloxy epoxides respectively
produced the regioselective product (Table 3, esitd and 6) through this catalytic reaction.
Cyclohexene oxide, a meso epoxides was also todkirpahe epoxide ring opening reaction with
aniline. With this meso epoxide we got high yielafsdesired product (90%) (Table 3, entry 4).
Moreover both electron-donating and electron-widladng group substituted anilines undergoes this
catalytic reaction very smoothly and furnishes vgowd amount of product yield (Table 3, entries 7-
10).



Table3

Synthesis of 2-amino alcohol via ring opening remctof epoxides by amine nucleophile in presence of

[PS-AI"(L)Cl4] catalyst

Entry Epoxides Amine Product Isolated yield (4
O NH
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@ Cl—"’
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®Reaction conditions: epoxides (1 mmol), anilinar{thol), [PS-Al"(L)Cl] catalyst (30 mg, 0.065 mmol based
on Al metal), Room temperature, No solvent, 3 hr.

3.2.4. Comparison of catalytic activity of our dyasized catalyast with other reported systems

The efficiency of catalytic activity of [PS-A[L)Cls] catalyst can be proved by comparing it with
other reported catalytic protocols. Here we comparganic cyclic carbonates synthesis as well as 2-
amino alcohol production reactions by [PS'Al)Cl;] catalyst with other reported methods (Table 4)
[38-48]. The result from the comparison table dieardicates that our synthesized catalyst is very
efficient in both cyclic carbonates and 2-aminmhtd formation reactions.

Table 4:
Relative catalytic activity study ¢PS-Al" (L)Cl3] with other reported systems
Catalyst Reaction conditions Yield (%) Ref

PISA-350 Epichlorohydrine (6 mmol), catalyst (0.08mol), CQ 98 [38]
pressure (1.0 MPa), 100 °C, 4 h

Dinuclear Aluminum| Epichlorohydrine (16.63 mmol), 0.3 mol% catalyst9 D 97 [39]

Poly(phenolate) mol% TBAB, 1 bar CQ@ (balloon), 85 °C, 18 h.

Complexes

Al-HCP Epichlorohydrine (3 mmol), 0.25 mol % catstlyTBAB (2 97 [40]
mol% ), CQ (1.0 MPa), 40 °C, 2.5 h.

Bimetallic Epichlorohydrine (1.66 mmol)), 0.25 mol% catalySBAB 80 [41]

Aluminium(Salphen) (0.5 mol% ), CQ(10 bar), 50 °C, 24 h

Complex

Amidinate  aluminium| Epichlorohydrine (1.66 mmol), catalyst (0.083 mmaihd 89 [42]

complex BuyNI (27 mg, 0.083 mmol), C£(10 bar), 50 °C, 24 h.

Helical Aluminium | Epichlorohydrine (1.7 mmol mmol), catalyst (17.ol), 94 [43]

Catalysts TBAB (17.0pmol), CQ, (10 bar), 50-90 °C, 16 h.

[PS-AI"'(L)CI3] catalyst | Epichlorohydrine (5 mmol), TBAB (1 mmol), catalyst >99 This
(40 mg, 0.087 mmol based on Al metal), CO, (1 bar), work
Room temperature, No solvent, 5h




Vanadium- Cyclohexene oxide (1.0 mmol), anilines (1.0 mmol), 84 [44]

Salan Complex Catalyst (10 mol %), DCM, &C, 24 h.

Macrocyclic Cr(Ill) | Cyclohexene oxide (1 mmol), anilines (1 mmol), Gata 98 [45]

salen complex (0.5 mol%), DCM/MeQOH, room temperature, 24 h

Fe(ClQy),.6H,0O and| 2,3-diphenyloxirane (1.0 equiv.), aniline (1.0 eqi 90 [46]

Bolm’s ligand Fe(ClQy),.6H,0O (5 mol %), Bolm’s ligand (6 mol %), 16 h

Organocatalyst Cyclohexene oxide (0.2 mmol), aedin(0.22 mmol) 95 [47]
Catalyst (20 mol%), DCM, room temperature, 24 h,.

PS-AN-Ce Cyclohexene oxide (1.5 mmol), aniline $2m@mol), 25 mg 92 [48]
PS-AN-Ce catalyst, solvent free condition, room
temperature, 2.5 hour.

[PS-AI"'(L)CI] catalyst | Cyclohexene oxide (1 mmol), aniline (1 mmol), catalyst 90 This
(30 mg, 0.065 mmol based on Al metal), Room work
temperature, solvent free, 3 hr.

4. Heterogeneity of [PS-Al''(L)Cl] catalyst

Heterogeneity nature of [PSAIL)Cl;] catalyst was confirmed by hot filtration test acltecking
PXRD pattern as well as ICP-AES analysis of frestl ased catalyst. Epichlorohydrin carbonate
formation reaction was carried out by stirring é&pacohydrin (5 mmol), TBAB (1 mmol) at room
temperature under 1 bar ¢@ressure in presence of catalyst (40 mg) for 2ZThe conversion of
substrate was found (58%) by GC. After 2 hr of lgéitareaction, the catalyst was separated by
filtration and the filtrate was continued to stir fanother 2 hr without catalyst. Finally the carsien

of substrate was further verified by GC but no mooaversion of epichlorohydrin was observed.
ICP-AES analysis of fresh and used catalyst aftst €ycle suggested that both of them contains
same amount of Al metal loading (i.e. 5.8524% ofat)eNo considerable amount decrease of metal
loading was seen even after use of eight consecaétalytic cycles (5.8502% of metal). The PXRD
spectral pattern of catalyst and used catalyst alawst similar (Fig. S21). Thus all these data
confirmedly assured the heterogeneity nature ofAP§L)Cl;] catalyst.

5. Recyclability of [PS-Al"'(L)Cl3] catalyst

It is very meaningful for a heterogeneous catalystcheck its separation, recoverability and
reusability. To monitor the recyclability of thetalyst we use cyclic carbonates formation reaction
from epichlrorhydrin through CQnsertion in presence of [PSALL)Cl3] catalyst. The catalyst was
isolated after each catalytic cycle by simple difion process. Then separated catalyst was washed
properly by methanol and acetone simultaneouslg. Wwashed catalyst was heated in oven at 80 °C
for 12 hr. Then it was kept under vacuum till tlse wf next catalytic cycle. From fig. 9 it is clehat

the [PS-Al"'(L)Cl5] catalyst can be used for eight cycles withoutsierable amount loss of product
yield. So from this data we can conclude that #talgst is fully heterogeneous in nature.
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Fig. 9. Recyclability of [PS-Al'(L)Cl;] catalyst in epichlorohydrin carbonate productieaction.
6. Conclusion

We have design and synthesized a modified polys¢yseipported Al(lll) catalyst. The catalyst was
characterized properly by X-ray powder diffractamalysis, FT-IR spectroscopy, Elemental analysis,
Thermogravimetry and ICP-AES analysis. The catdlystery capable in fixation of carbon dioxide

towards epoxides under 1 bar pressure at room tamupe for the synthesis of organic cyclic

carbonates. Not only that the catalyst is very atffe for regioselective preparation of 2-amino

alcohol via epoxides ring opening by nucleophilimeks of aromatic amines. Both type of catalytic
reactions proceeds through solvent free, hazardiedsenvironmentally benign conditions. We

expect low cost, heterogeneous and recyclablecteféeafter use of eight successive cycles) catalyt

system may gain an attention in industrial applices in future.
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Resear ch Highlights
Organically modified polystyrene embedded Al(111) catalyst has been synthesized and

characterized.

The catalyst is efficient towards the synthesis of organic cyclic carbonate under

solvent free and 1 bar CO, pressure.

The catalyst is also very effective for the formation of 2-amino acohol from epoxides

under green condition.

The catalyst was stable, easily separable and efficiently reusable for several cycles.



