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Introduction

Solventless green synthesis of 4-O-aryloxy carbonates
from aryl/alkyl-oxy propanediols and dimethyl
carbonate over nano-crystalline alkali promoted
alkaline earth metal oxidest

Ganapati D. Yadav* and Prasad S. Surve

4-O-(Alkyl/aryl)-oxy-1,3-dioxolane-2-ones find wide applications such as additives, solvents in lithium ion
batteries and building blocks in the synthesis of chiral oxazolidinone derivatives. Traditional processes to
synthesize 4-O-(alkyl/aryl)-oxy-1,3-dioxolan-2-ones include the use of isocyanates and phosgene
derivatives as carboxylating agents which are very toxic, highly hazardous and require longer reaction
times. In the present work, a green and solventless process was developed to synthesize 4-O-(aryl/alkyl)-
oxy-1,3-dioxolan-2-ones by reacting 3-(aryl/alkyl)-oxy-1,2-propanediol with dimethyl carbonate using
alkali promoted MgO catalyst prepared by a combustion synthesis (CS) method. The self propagating CS
method is the most effective to prepare highly active oxide nanoparticles considering the cost of
synthesis and simplicity. A series of alkali promoted MgO catalysts with different alkali promoters were
prepared using the CS method. Catalysts with different alkali promoters were screened to study their
efficacy, among which lithium metal was found to be the best promoter with 0.1% as optimum loading
on MgO. The resulting catalysts were characterized by CO,-TPD, FTIR, XRD, BET, etc. The effects of
various parameters such as molar ratio, speed of agitation, catalyst loading and temperature were
studied. The reaction mechanism followed a Langmuir-Hinshelwood-Hougen-Watson (LHHW) model
with strong adsorption of both reactants leading to zero order kinetics with 28 kcal mol™" as the apparent
activation energy. Complete conversion of 3-O-(aryl/alkyl)-oxy-1,2-propanediol with 100% selectivity
towards 4-O-(aryl/alkyl)-oxy carbonates was achieved with different aryl/alkyl substituents. The process
gave 88.66% atom economy with an E-factor of 0.3 in 1 h at 140 °C.

Traditional processes to synthesize 4-O-(alkyl/aryl)-oxy-1,3-
dioxolan-2-one include the reaction between 3-aryloxy-1,2-

The 4-O-(aryl/alkyl)-oxy-1,3-dioxolan-2-one family of chemicals
are important building blocks in the pharmaceutical industry;
they are used in the synthesis of chiral inhibitor analogs of
monoamine oxidase, the degradation of various amine neuro-
transmitters;' and the synthesis of chiral oxazolidinones used
as antidepressants, for mood disorders, as psychopharmaco-
logic drugs, as smoking cessation agents, as aids for treatment
of poisoning, drug abuse and dependency, and as monoamine
oxidase inhibitors;>”” as well as in the synthesis of carbamates
which show anticonvulsant activity. They are used as additives/
solvent in lithium ion batteries to improve their power char-
acteristics, and some derivatives have been used as muscle
relaxants and have widely been used as insecticides.®
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propanediol with hazardous reagents such as isocyanate, phosgene
or triphosgene.” ™" It is also prepared by using basic condensation
homogeneous catalysts such as alkali metal carbonates, bicarbo-
nates and acetates, alkali metal alcoholates and hydroxides.”” ">
Ming-Shiu et al. synthesized 4-phenoxymethyl-1,3-dioxolane-2-one
by reacting phenyl glycidyl ether and diphenyl carbonate using a
quaternary ammonium salt as a catalyst."® It has also been prepared
by reacting epoxides or glycidyl ether with CO, in the presence of
hydrotalcite."” All the above processes suffer from the use of
hazardous reactants, harsh reaction conditions and require addi-
tional purification steps, thereby increasing the cost of production.

Several methods have been developed to convert diols to
their carbonate derivatives by reacting with dialkyl carbonates
using heterogeneous base catalysts."®° From the green and
sustainable chemistry point of view, it is desirable to develop a
neat process using a heterogeneous catalyst with fewer steps,
easier separation, reusability, high selectivity and yield, milder
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reaction conditions and the use of less hazardous, non toxic
reagents. Combustion synthesis (CS) leads to very interesting
characteristics of inorganic oxides, which could be further
modified to endow them with interesting catalytic properties. It
is a self propagating high temperature synthesis and an effective
and low cost method for the synthesis of materials.>'* In our
laboratory, both strongly acidic and basic catalysts have been
prepared recently using combustion synthesis.>*2°

In the present work, 4-O-(aryl/alkyl)-oxy-1,3-dioxolan-2-one was
synthesized by reacting 3-(aryl/alkyl)-oxy-1,2-propanediol with
dimethyl carbonate using a lithium promoted MgO -catalyst
prepared by a CS method. The catalytic activity of MgO was found
to be increased by promotion with alkali metal salts and can
be used for several reactions such as condensation, oxidative
coupling, O-alkylation, etc.>’** Alkali metal ion promoted MgO
catalysts are conventionally prepared by the co-precipitation
method, which is a tedious and low yielding process. Self propa-
gating combustion synthesis offers the best method to prepare
highly active oxide nano-particles with low cost and ease of
synthesis.>** ™ A series of alkali promoted MgO with different
alkali promoters were prepared using the CS method. Lithium
promoted MgO with different amounts of Li loading was also
prepared. The resulting catalysts were characterized by CO,-TPD
(temperature programmed desorption), FTIR, XRD, BET, etc. Their
catalytic activity was tested in the synthesis of 4-O-(aryl/alkyl)-oxy-
1,3-dioxolan-2-one. The overall process is clean and green.

Experimental
Chemicals and catalysts

All chemicals were procured from reputed firms: magnesium
nitrate hexahydrate, lithium nitrate, glycine, dimethyl carbo-
nate, n-decane were obtained from M/s. s.d. Fine Chemicals
Pvt. Ltd., Mumbai, India. 3-Aryloxy-1,2-propanediols were
synthesized by a procedure reported by Egri et al.*” and purified
by recrystallization to achieve 98% purity.

Synthesis of catalyst

Nano-crystalline alkali promoted MgO was synthesized by a
typical solution combustion technique,** where predetermined
quantities of glycine (as fuel), magnesium nitrate hexahydrate
and lithium nitrate (as oxidizer) were dissolved in a minimum
amount of water. The fuel to oxidizer ratio (F/O) was taken as 2,
as shown in eqn (1). The mixture containing fuel and oxidizer
was taken in a silica crucible and heated to form a highly
viscous gel. This viscous gel was then transferred into a muftle
furnace preheated at 350 °C, which underwent dehydration
followed by smoldering combustion leading to a large volume
of nanocrystalline brown colored material. This material was
then calcined at 500 °C for 3 h to remove unwanted carbon and
to achieve a white fluffy nanocrystalline powder. The theoretical
equation considering F/O = 2 can be shown as®*

9.99Mg(NO;),-6H,0 + 0.01LiNOss) + 20NH,CH,COOH5) —
9.99MgO + 0.005Li,O + 40CO,(g) + 20.004Nyg) + 109.94H,0,

(1)
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Catalyst characterization

Powder X-ray diffraction patterns of Li metal promoted MgO with
different Li metal loadings were determined on a Bruker AXS, D8
Discover instrument (USA) using Cu-Ko radiation at 1 = 1.5406 A
from 260 = 10 to 90° with a scan step of 1 s and a step size of 0.1.

FTIR studies were carried by using PerkinElmer Turbomass
ver 5.0.0 to identify the chemical nature of the adsorbed surface
CO, species. The series of Li loaded samples were allowed to
adsorb CO, at room temperature.

CO,-temperature programmed desorption (TPD) studies
were performed to determine catalyst base site densities in an
Autochem II (Micromeritics, USA) instrument equipped with a
TCD detector. Approximately 0.2 g of catalyst was loaded in the
sample holder and heated at 823 K in nitrogen and sub-
sequently cooled to 298 K. After dosing with 10 vol% CO, in
helium mixture at a flow rate of 20 ml min~" for 30 min, the
system was purged with nitrogen for 1 h at the same tempera-
ture. The physisorbed CO, was removed by passing helium gas
at room temperature for 30 min. After cooling at 298 K the
temperature was raised to 823 K at the rate of 303 K per min
and the desorbed CO, was analyzed by TCD.

The surface morphology of the sample was determined by
scanning electron microscopy (SEM) using a JEOL JSM 7400
microscope operated at 20 kV with a working distance of 10 mm
and resolution of up to 10 nm. Dried samples were mounted on
specimen studs and sputter coated with a thin film of platinum
to prevent charging. The platinum coated surface was then
scanned at various magnifications using a scanning electron
microscope. BET surface area and pore volume was determined
by BJH and multipoint BET method by using a Micromeritics
ASAP-2010 instrument. The analysis was carried out at 77 K
maintained by liquid nitrogen, after preheating the sample at
200 °C for 2 h. TEM images of the sample were obtained with a
JEOL 3010 instrument with a UHR polar piece.

Reaction procedure

Reactions were carried out in an autoclave with a 100 c¢m®
capacity (Amar Equipments, Mumbai, India), equipped with a
four-bladed pitched-turbine impeller along with temperature
controller, speed controller and pressure indicator. In a
typical experiment (Scheme 1) the autoclave was charged with
reaction mixture consisting of 0.02 mol 3-(2-methylphenoxy)-
1,2-propanediol, 0.3 mol dimethyl carbonate, internal standard
(n-decane) and a catalyst loading 0.03 g cm > of total reaction
volume. The catalyst was activated at 573 K under nitrogen flow
for 4 h prior to use. The temperature was raised and main-
tained at £1 °C of the set value with the help of an in-built
proportional integral derivative (PID) controller. Once the

o
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—
CHj oH CHs

CHs 5
3-(2-methylphenoxy)-1,2-propanediol

O+ 2CH;0H

(o)
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42 Iphenoxy)methy1]-1,3-dioxal

Scheme 1 Reaction scheme.
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temperature reached the desired value, agitation was started.
Then, an initial sample was withdrawn and further samples
were drawn at periodic intervals up to 1 h. The temperature was
maintained at 140 °C and the speed of agitation at 1000 rpm.
The reaction was carried out without the use of any solvent. The
total volume of the liquid phase was 30 cm?.

Analysis of reaction mixture

The samples were analyzed using GC (Chemito Ceres800
model) equipped with a 30 m x 0.25 mm i.d. BPX-5 capillary
column and flame ionization detector (FID). Reaction products
were confirmed by GC-MS (PerkinElmer Clarus 500). Reaction
products were purified by filtering solid catalyst followed by
vacuum distillation to remove excess DMC and methanol.
Purified products were dissolved in CDCl; and were analysed
by 400 MHz Bruker "H NMR spectroscopy.

Results and discussion
Catalyst characterization

The effect of different alkali promoters showed that the highest
catalytic activity was obtained when lithium was used as a
promoter, which is in complete agreement with the reported
results.*” Detailed catalyst characterization was carried out for
lithium promoted magnesium oxide.

XRD studies

The powder X-ray diffraction patterns of Li promoted MgO with
different Li loading are shown in Fig. 1. The samples with
lithium loading of less than 0.5 wt% exhibit a completely
crystalline cubic phase and all diffraction peaks show a single
phase of MgO (JCPDS card No. 87-0652) periclase with char-
acteristic peaks at 20 values of 37.1°, 42.8° and 62.4°, which
confirms the formation of a nanocrystalline homogeneous
powder with a rock salt structure. There is no significant
change in unit cell parameter values a for Li promoted MgO
calculated from diffractograms, which suggests no detectable
modification in the MgO lattice by Li doping of less than 0.5 wt%.
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Fig. 1 XRD analysis of Li promoted MgO.
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Table 1 Effect of lithium loading particle size and surface area

Li" loading  Particle  Surface
Sr.no. wt% size® area Conversion  Selectivity
1 0 9 205 49 100
2 0.1 9.03 181 100 100
3 0.3 11.71 117 83 100
4 0.5 20.93 95.25 76 100

Reaction conditions: 3-(O-methylphenoxy)-1,2-propanediol: 3.6 g (0.02 mol);
dimethyl carbonate: 27.04 g (0.3 mol); reaction temperature: 140 °C;
catalyst loading: 0.03 g cm™; speed: 1000 rpm; reaction time: 1 h. * From
Scherer’s equation.

However, crystalline Li containing the Li,CO; phase (JCPDS
card No. 22-1141) was observed in the 0.5 wt% Li promoted
MgO sample. The samples with a Li content of less than 0.5%
are in the form of Li,O (JCPDS card No. 12-0254), which can be
seen for the 0.3% Li/MgO sample observed at 33°.

The crystalline size of combustion synthesized pure MgO and
Li promoted MgO was calculated using Scherer’s equitation,
considering the width of the main MgO reflection at 260 = 42.8°,
and the results are summarized in Table 1. As described in the
conventional synthesis method, the crystalline size of Li pro-
moted MgO increases with increasing Li loading®” and this effect
is consistent in the combustion synthesis method too. However,
the broadening of the XRD peaks confirms the nanocrystalline
nature of combustion synthesized lithium promoted MgO.

FTIR analysis

FTIR studies were performed to identify the nature of the species
on the surface of the catalyst. The nature of the adsorbed species
observed in this work is the same as that explained by Diez
et al.** Fig. 2 shows the FTIR spectra of 0.1% and 0.5% lithium
promoted MgO, which show the presence of unidentate carbo-
nate, bidentate carbonate and bicarbonate species. Symmetric
0-C-O stretching at 1360-1400 cm ™" and asymmetric O-C-O
stretching at 1510-1560 cm ™' is low. Coordination O*>~ anions
are present at the corners forming unidentate carbonate species.

0 \ \

) arb. units
’-"“"'ﬂ-

%

Transmittance (

3500 3000 2500 2000 1500 1000 500
Wavenumber et

Fig. 2 FTIR spectra of 0.1% and 0.5% lithium promoted MgO, (a) 0.1% LM,
(b) 0.5% LM.
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Symmetric O-C-O stretching at 1320-1340 cm™ ' and asymmetric
0-C-O stretching at 1610-1630 cm ' are due to Lewis acid-
Bronsted base pairs such as Mg®"/Li" and O*", which form
bidentate carbonate species. Peaks for the C-OH bending vibration
at 1220 cm ' are due to surface hydroxyl groups which form
bicarbonate species and also give symmetric O-C-O stretching at

1480 cm ™" and asymmetric O-C-O stretching at 1650 cm™ .

Basicity measurement by CO,-TPD

CO,-TPD analysis was performed to determine the strength and
surface nature of basic sites. CO,-TPD profiles of pure MgO and
lithium promoted MgO with different lithium ion loadings
show the presence of different basic sites of different strengths
in different temperature regions (Fig. 3). According to the
observed data these sites were differentiated in three different
temperature regions as 50-150 °C for weakly basic sites,
150-450 °C for medium basic sites and 450-750 °C for strongly
basic sites. Table 2 shows quantified basicity values for each
type of basic site described above. These are in agreement with
the previous work,”® wherein the peaks in the temperature
region 50-150 °C correspond to weakly basic sites and are
attributed to bicarbonate species formed on weakly basic
surface hydroxyl groups. The peak in the temperature region
150-450 °C corresponds to medium basic sites which are due to
bidentate carbonate species forming on the metal-oxygen ion
pair, and peaks in the temperature range 450-750 °C, corres-
ponding to strongly basic sites, are attributed to unidentate
carbonate species formed on low co-ordinate oxygen anions.

Weak Medium Strong

TCD Concentration arb. units

1 1
1 1
1 1
1 1
1 "

50 150 250 350 450 550 650 750
Temperature ("C)
| —PureMgO ——0.1%LM ——0.2LM ——0.5%LM |

Fig. 3 CO,-TPD profiles of pure MgO and lithium promoted MgO with different
lithium loadings.

Table 2 CO,-TPD basicity values of lithium promoted MgO

Basicity (mmol g™ )

Samples Total Weak Medium Strong
Pure MgO 0.73 0.13 0.49 0.11
0.1% LM 0.75 0.13 0.55 0.061
0.3% LM 0.78 0.12 0.51 0.14
0.5% LM 0.34 0.02 0.036 0.28

This journal is © The Royal Society of Chemistry 2013
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As the lithium loading increases, total basicity increases. In the
case of 0.1% and 0.3% lithium ion loading, a consistent
increase in weak and medium basic sites were observed. How-
ever, in the case of 0.5% lithium loading, very few weak and
medium basic sites were found. In 0.5% lithium ion loaded
MgO catalyst, a peak in strong sites at around 650 °C was
observed, which is due to decomposition of lithium carbonate
species; which is also seen in XRD studies.

Scanning electron microscopy

The SEM micrographs of lithium promoted MgO with different
Li loadings are shown in Fig. 4. These micrographs show the
highly porous and spongy nature of lithium promoted MgO.
The spongy nature is due to evolution of a large amount of gas
during combustion synthesis. Although particle agglomeration
is observed in the SEM micrograph of 0.5% lithium promoted
MgO as explained in XRD (Fig. 1), particle size increases with
increasing Li loading.

BET surface area and pore size analysis

The textural characterization of pure MgO as well as lithium ion
promoted MgO prepared by CS method with different lithium
ion loadings was determined by nitrogen BJH surface area and
pore volume analysis (Table 3). The BET surface area of pure
magnesium oxide prepared by CS method is higher than that of

Pure MgO

[

A
"(

&

Fig. 4 SEM micrographs of lithium promoted MgO.

Table 3 Effect of different alkali metal ion promoter on particle size and surface area

Alkali Particle  Surface
Sr. no.  promoter size area Conversion  Selectivity
1 Pure MgO 9 205 49 100
2 Li* 9.03 181 100 100
3 Na* 15.84 115 96 100
4 K" 10.58 146 91 100
5 Cs* 13.66 85 89 100

Reaction conditions: 3-(O-methylphenoxy)-1,2-propanediol: 3.6 g (0.02 mol);
dimethyl carbonate: 27.04 g (0.3 mol); reaction temperature: 140 °C;
catalyst loading: 0.03 g cm™%; speed: 1000 rpm; reaction time: 1 h.
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Fig. 5 N, adsorption—-desorption isotherms with different lithium loadings.

lithium ion loaded MgO. It was observed that as the lithium ion
loading increases the BET surface area is decreased. The
decrease in surface area may be due to the formation of lithium
carbonate species which block the pores. Adsorption-
desorption isotherms for all the samples show that they have
a type IV isotherm with an H3 hysteresis loop (Fig. 5), which is
characteristic of mesoporous materials.

Effect of different alkali metal promoters

The effect of various alkali ion promoters on the conversion of
3-(2-methylphenoxy)-1,2-propanediol to its cyclic carbonate
derivatives was studied. The catalyst was prepared by the CS method
as described above with alkali metal ion to MgO mole ratio of 0.027
(Table 3). Alkali promoted MgO is found to be superior to pure
MgO. Among different promoters, Li" ion gives complete conversion
of 3-(2-methylphenoxy)-1,2-propanediol, whereas going down the
group from lithium to cesium, a slight decrease in conversion was
observed. No difference in selectivity was found. Basicity increases
from Li,O to Cs,O, because the size of the atom also increases,
which forms bulky species such as K,O, Cs,O and blocks the pores
resulting in a decrease in surface area and conversion.** Hence
lithium was used as a promoter for further studies.

Effect of lithium loading

The catalytic activity of lithium promoted MgO with different
lithium loadings was tested in the synthesis of 4-[(2-methyl-
phenoxy)methyl]-1,3-dioxolan-2-one to understand the surface
base properties. The results shown in Table 1 indicate that rate
of reaction is increased by promoting MgO with Li. This is due
to the localization of Li,O species on the surface in the form of
Li,"O~ groups, which increases local electronegativity and the
ability of the catalyst to abstract a proton from 3-(2-methyl-
phenoxy)-1,2-propanediol, followed by bond formation with the
carbonyl group of dimethyl carbonate.

The highest catalytic activity was obtained with 0.1% lithium
promoted MgO (Table 3), whereas above 0.1 wt%, catalytic
activity decreased which may be due to a decrease in the surface
area and an increase in the crystalline size, as described above.

2672 | Catal. Sci. Technol, 2013, 3, 2668-2676
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Catalytic activity of 0.1% Li/MgO prepared by the CS method is
also compared with that of the catalyst prepared by impregna-
tion techniques using commercial MgO sample and lithium
nitrate as the precursor, which gave a 68% conversion of
3-(2-methylphenoxy)-1,2-propanediol under similar reaction con-
ditions. Hence further experiments were conducted with 0.1%
lithium promoted MgO catalyst prepared by the CS method.

Effect of speed of agitation

The effect of speed of agitation was studied in the range of
8001200 rpm with 0.03 g cm* catalyst loading at 140 °C (Fig. 6).
There was no significant change in the rate and conversion
patterns, which indicated the absence of any resistance to external
mass transfer of reactants to the external surface of the catalysts.
All further reactions were carried out at 1000 rpm. A theoretical
analysis was also performed as per our previous work to conclude
that there was no external mass transfer resistance.*®*?

Effect of catalyst loading

The effect of catalyst loading was studied over the range of
0.01-0.03 g cm > (Fig. 7). In the absence of external mass
transfer resistance, the rate of reaction was directly proportional
to catalyst loading based on the entire liquid phase volume. This
indicated that as the catalyst loading increased the conversion of
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Fig. 6 Effect of speed of agitation. 3-(O-Methylphenoxy)-1,2-propanediol: 3.6 g
(0.02 mol); dimethyl carbonate: 27.04 g (0.3 mol); reaction temperature: 140 °C;
catalyst loading: 0.03 g cm™3, A 600 rpm, @ 800 rpm; ¢ 1000 rpm.
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Fig. 7 Effect of catalyst loading. 3-(O-Methylphenoxy)-1,2-propanediol: 3.6 g
(0.02 mol); dimethyl carbonate: 27.04 g (0.3 mol); reaction temperature: 140 °C;
speed: 1000 rpm, A 0.01 g cm™>; W 0.02gcm >, @ 0.03gcm>.
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3-aryloxy-1,2-propanediol increased, which was due to a proportion-
ate increase in the number of active sites on the catalyst surface. All
further experiments were carried out at 0.03 g cm > catalyst loading.

Effect of molar ratio

The effect of the molar ratio of 3-(2-methylphenoxy)-1,2-propa-
nediol to dimethyl carbonate was studied from 1:6 to 1:15
under otherwise similar conditions. As the concentration of
dimethyl carbonate increased, the conversion as well as the rate
of reaction increased (Fig. 8). Considering the solubility of
reactants and products formed in the reaction to have a
homogeneous liquid phase, further studies were carried out
at a 1:15 mole ratio.

Effect of temperature

The effect of temperature on the conversion was studied in the
range of 120-140 °C under otherwise similar conditions (Fig. 9).
It was observed that the conversion increased with temperature.
This would suggest a kinetically controlled mechanism. This is
discussed again in the following section.

Reaction mechanism and Kkinetics

From the observed initial rate, it is evident that the rate is
independent of the external mass transfer effects. Thus, the

100 °
°
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30 ° .
..0 ’
o7 A
Soo e
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Z 50
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g 40
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0 10 20 30 40 50 60
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Fig. 8 Effect of mole ratio (3-(O-methylphenoxy)-1,2-propanediol: dimethyl
carbonate). A 1:6; ¢ 1:10; @ 1:15; reaction temperature: 140 °C; speed:

1000 rpm, catalyst loading: 0.03 g cm 3.
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Fig. 9 Effect of temperature. A 120 °C; M 130 °C; @ 140 °C, 3-(O-methylphenoxy)-
1,2-propanediol, 3.6 g (0.02 mol); dimethyl carbonate: 27.04 g (0.3 mol), reaction
temperature: 140 °C; catalyst loading: 0.03 g cm 3.
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Scheme 2 Proposed reaction mechanism.

reaction could be controlled by one of the following steps,
namely: (a) adsorption, (b) surface reaction or (c) desorption.
Therefore, the actual reaction mechanism was studied for the
further development of the model.*®

The initial rate data can be analysed on the basis of the
Langmuir-Hinshelwood-Hougen-Watson (LHHW) or the Eley-
Rideal mechanism. From the initial rate, the following analysis
was found to be the most appropriate. Scheme 2 was used to
arrive at the LHHW type of mechanism with bifunctional sites

0.5
0.45
0.4
. y=0.022x
0.35 2=0.979
0.3
2029 y=0.014x
02 R2=0.996
015 y=0.009x
0.1 R*=0.997
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[ t
0 5 10 15 20 25
Time (min)

Fig. 10 Plots of X, vs. time. A 120 °C; B 130 °C; @ 140 °C.
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Fig. 11 Arrhenius plot.
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Fig. 12 Reusability study.

S; and S,. The preliminary analysis suggested that the reaction
followed zero order kinetics.

The detailed reaction kinetics are elaborated in the ESLY
From the final equation the plots of X, versus time were made
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for a fixed value of w and Cj,, to show a linear relation, where X
is the fractional conversion of 3-aryl/alkyl-oxy-1,2-propanediol.
The plots were constructed for different temperatures (Fig. 10).
The slopes of these lines are equal to k; from which Arrhenius plots
were constructed to determine the apparent energy of activation
(Fig. 11). It was found to be 20.36 kecal mol ", which indicates that
the reaction rate is intrinsically kinetically controlled.

Catalyst reusability

After the completion of the reaction, the catalyst was filtered
and washed with dry methanol (50 cm®) in order to remove
adsorbed material from the catalyst surface and pores. It was
then dried at 120 °C and calcined at 500 °C for 4 h in a nitrogen
atmosphere. The catalyst lost during filtration was made up with
fresh catalyst and activated and the activity was tested. The same
conversion and selectivity was observed with the reused catalyst.

Table 4 Substrate study

Entry Substrate (R) Reaction time (h) Solvent Product Conversion (%) Selectivity (%)
CH; 0
o >=o
1 2-Methylphenyl 1 — o 100 100
0
H3C 0\/[ : 0
2 3-Methylphenyl 1 — \©/ 0 100 100
3 4-Methylphenyl 1 — \—q 100 100
07 No
HaC
3
0
0
4 4-Methoxyphenyl 1 —a \\(\0 100 100
o\
o
1
5 Allyl 1.5 — o O/Ko 100 100
Hzc=/_
Cl
. O
6 2,5-Dichlorophenyl 3 MeOH \_<\o 99 100
cl o/go
Cl
7 2,6-Dichlorophenyl 3 MeOH 98 100

Qe

“ Methanol was added to solubilise reactant in reaction mixture. Reaction conditions: 3-(O-methylphenoxy)-1,2-propanediol: 3.6 g (0.02 mol);
dimethyl carbonate: 27.04 g (0.3 mol); reaction temperature: 140 °C; catalyst loading: 0.03 g cm ?, speed: 1000 rpm.
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This demonstrated that the catalyst was stable and retained its
catalytic activity. The same procedure was followed thrice. The
catalyst was found to be stable and reusable three times with-
out any loss in activity (Fig. 12). There was no change in
selectivity. Leaching of basic sites, if any, in the liquid phase
was tested by stopping the reaction after 30 min and immedi-
ately quenching the reaction mixture, which was followed by
centrifuging it. The separated clear supernatant reaction mix-
ture was then charged in to the reactor and reaction was
continued under the same conditions. There was practically
no conversion during the next two hours which suggests that
the catalyst was stable and there was no leaching of alkali metal
into the reaction mass. Green chemistry aspects of the process
are described briefly in the ESL.T

Substrate study

To explore the generality and scope of the catalyst for 4-O-aryl/
alkyl-oxy-1,3-dioxolan-2-one synthesis, the reaction was exam-
ined with structurally diverse 3-aryl/alkyl-oxy-1,2-propanediols
(Table 4). In all cases, the reaction proceeded cleanly and the
desired 4-O-aryl/alkyl-oxy-1,3-dioxolan-2-one was obtained with
high selectivity. In the case of some substrates, solvent was
required so as to dissolve the reactants.

Conclusion

A green process for the synthesis of 4-O-aryl/alkyl-oxy-1,3-
dioxolan-2-one was developed using a highly active alkali
promoted alkaline earth metal oxide catalyst which was pre-
pared by a combustion synthesis method. The effect of different
promoters on the conversion of aryl/alkyl-oxy-1,2-propanediol
to its carbonate derivative was studied and lithium was found
to be the best among other alkali metal promoters. It was found
that as Li" loading increased, the crystalline size increased and
the surface area decreased. The maximum surface area
obtained was 145 m> g~ for 0.1 wt% CS-Li/MgO. The catalytic
activity was found to be the maximum with 0.1 wt% of Li" metal
loading. The catalyst is nanocrystalline with a crystalline size of
9 nm. The catalyst as prepared was reusable several times. The
green aspects of this process appeared to offer a more promis-
ing green alternative over the conventional processes. A variety
of substrates were also studied.
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