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Abstract: Phenolic Esters have been prepared by using different phenols and acetic anhydride
without using any acidic/basic catalyst. This Esters preparation has been achieved by monitoring the
temperature under solvent-free conditions. The synthesized esters are monitored by TLC and
characterized by IR and NMR. The resultant phenolic esters are deprotected by greener method using
metal catalyst loaded on MMT K-10. The metal catalysts supported on MMT-K10 (Fe-K10, Zn-K10)
were synthesized using a simple wet impregnation method. These catalysts were characterized using
various physicochemical techniques like PXRD, FTIR, BET-surface area. Among the synthesized
catalysts, the 10% Zn-K10 exhibited high conversion up to 100% and high selectivity up to 100%
towards phenolic ester at 100 °C in 3 hours. Further, the catalyst was used for the deprotection of
several important esters to study the substrate scope. Metal supported Montmorillonite K10-catalyzed
reactions of various substituted phenyl acetate are monitored by LCMS, IR, NMR, and product(s) are
isolated, purified, and analyzed (IR, NMR). However, the catalyst is recyclable for three cycles
without loss in catalytic activity.
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1. Introduction
The carboxylic esters are fundamental organic compounds in organic synthesis and have been widely
used in chemical and pharmaceutical industries, such as spices, daily chemical industries, foods,
medicines, rubbers, coating materials, and so on[1]. Owing to the importance of esters, numerous
chemical methods have been reported to accomplish this basic transformation [2, 3]. Esters are
primarily prepared from the condensation of carboxylic acids with alcohols; generally, the most
common methods for the preparation of ester proceed via carboxyl group activation and subsequent
reaction with suitable alcohol [4]. Among them, acid halides were recognized as powerful esterifying
agents because of their complete conversion and high yields; however, to the best of our knowledge,
acid halides always generate highly acidic byproducts such as hydrochloric acid, which could result in
decomposition of the initial materials; this method has almost no application in the synthesis of a
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natural product because of the greater possibility of reaction with some acid-sensitive functional
groups [5]
Moreover, acid chlorides are prone to hydrolysis under basic conditions through the standard ketene
intermediate. Therefore, it is crucial to find a mild coupling system for the further development of
chemistry. According to literature in the last 10 years, various methods for esterification are given in
table 1
Table 1: Various esterification methods reported in literature

Sr. No. Substrate 1 Substrate 2 Catalyst

Solvent

Time

Yield Ref

SO2F2

DCE

5 Hr

90%

[6]

Microporous

Solvent free

12 hr

80%

[7]

MeOH

30 min

80%

[8]

o-NosylOXY

DCM

4 hr
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[9]

Grapheme oxide

DCE

24 hr
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72 hr
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Phenolic Esters are prepared by using different phenols and acetic anhydride without using any
acidic/basic catalyst. This Esters preparation is achieved by monitoring the temperature under the
solvent-free condition as a new greener methodology for ester synthesis

Scheme 1:
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Nano clays have been one of the significant industrial minerals and with the recent development of
nano clay technology. Montmorillonite, {[M2(OH)2(Si4O10)]·xH2O}, M = Al and/or Mg is one of the
most important nano clay minerals used in various organic reactions [12]. Montmorillonite has the
capability to exchange various metal cations like Al3+, Zn2+, Mn2+, Fe3+, Cu2+, Cr3+, Ni2+, etc. by the
cations present in the interlayer of nano clay mineral [13]. The catalytic activity of nano clay minerals
has been enhanced by manipulating the pore size, intercalating, and replacing interlayer cations and
surface area [14]. Several acid-treated montmorillonite clays and high porosity silicas have previously
been shown to be effective supports for ZnCl2 and FeCl3 used in many organic transformations. The
catalytic activity of ZnCl2, on these supports, is very much higher than that of the unsupported salt,
and these catalysts are of some interest as possible replacements for homogeneous catalysts [15,16].
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Phenolic esters, a type of aryl C-O electrophiles, are considered as notable functional groups or
protecting groups in organic synthesis and can be found in various bioactive natural products,
agrochemicals, pharmaceuticals, and functional polymers [17-19]. The ester hydrolysis is one of the
most fundamental chemical transformations. Successful strategies for the preferential monohydrolysis of several different esters have been reported under often strong basic conditions [20-22],
however, general applicability is limited by competing for elimination reactions under these
conditions and chemoselectivity regarding a wide spectrum of multi ester compounds. No study has
yet been reported for the selective deprotection of phenolic esters. Phenolic esters are an important
class of precursors that give rise to compounds with anti-infective, anti-inflammatory, and anti-cancer
potencies [4–10], as well as in technical applications, such as in solar cells, where they are used as
linkers for dyes [11] and hole transport materials [12], in metal-organic frameworks for gas storage
[13], and as catalysts [14] in lithium-ion batteries [15] or rectification devices [16], in nanocomposite
thin films for use in organic light-emitting diodes (OLED) [17], or even as material in HPLC columns
for the isolation of aromatic compounds [18]. Chemoselective hydrolysis and subsequent
functionalization of ester-based compounds, therefore, allow the generation of tailored molecules with
increased potency and selectivity for their biological targets, improved bioavailability (absorptiondistribution-metabolism-excretion-toxicity, ADMET) profiles, or unique magnetic or electronic
properties. Metal catalyst loaded on MMT-K10 is proved as a greener catalyst. In this present work,
phenolic esters are deprotected by various metal catalysts supported on montmorillonite clay in a
solvent-free condition.

Scheme 2:
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2. Materials and Methods
2.1 Preparation of catalyst
A known amount of K-10 (10 g) was stirred with 0.5M zinc chloride solution prepared in water (50
ml) at 80 ◦C overnight and then cooled to room temperature and the exchanged clay was separated by
filtration. The above procedure was repeated once to ensure maximum zinc exchange. The residue
obtained was filtered and washed twice with 100 ml of distilled water. This zinc-exchanged K-10 was
dried at 120 ◦C for 12 h and then calcinated in a muffle furnace at 400 ◦C. The catalysts with varying
concentrations of Zn in K-10 were prepared by taking different zinc chloride stock (0.01–0.5 M)
solutions, by following the above procedure. Similarly, Fe/K-10 and Ba/K-10 catalysts were prepared
by exchanging with the pre-decided stock solutions of the corresponding metal chlorides by following
the above procedure. BET surface area of catalysts was determined by a surface area analyzer. The
amount of exchanged metals on supports was determined by atomic absorption spectrophotometer. It
was characterized by powder XRD and FT-IR.
2.2 Preparation of phenolic esters
In a 25 ml round bottom flask 2.0 ml (0.02 mol) of phenol, 2.0 ml (0.02 mol) of acetic anhydride were
added and stirred in an oil bath at 1500C for 120 minutes. The reaction was monitored by TLC. After
confirmation of phenol to phenylacetate conversion, the reaction mix was subjected to a work-up
process. The whole reaction mixture was poured into ice-cold water in a separating funnel and
extracted with hexane. The hexane fraction was evaporated to get product pure phenyl acetate the
same procedure was applied to synthesize various substituted esters and characterized by H1 NMR
and C 13 NMR.
2.3 Ester hydrolysis (Deprotection)
0.2 g of Zn-K10 was placed in a 25 ml round bottom flask. In this 1 ml of phenylacetate was taken
and then stirred in an oil bath at 120˚C for 3 hours. This reaction was monitored by TLC. After 3
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hours TLC of the reaction mixture was determined in 20% hexane-ethyl acetate. On the conformation
of phenylacetate conversion to phenol, the reaction mixture was subjected to a work-up process. In the
reaction flask, 3 ml cold distilled water and hexane was added. It was centrifuged and then filtered
through Whatman filter paper-42. Such three pieces of washing (3ml water and 5 ml hexane) were
given to the reaction mixture. From the washings, the hexane layer is collected by distillation and
evaporated under reduced pressure to get deprotected product i.e. phenol. The formation of free
phenol was confirmed by a neutral FeCl3 test. The resultant phenol was separated 2N NaOH and
reprecipitated concentration HCL. It was then dried and weighed. The TLC of this deprotected sample
showed the presence of phenol as well as phenylacetate. On GC-MS and LCMS analysis this reaction
showed 99% conversion. The same procedure was applied with various substituted phenylacetate. The
compound showed analytical data according to those described in the literature.

3. Result and discussion
Esterification reaction between Phenols and acetic anhydride is known to be catalyzed by base sites.
As per scheme:1 different substituted phenol on heating with acetic anhydride in solvent-free
condition phenylacetate and its derivatives were obtained without using any acidic or basic catalyst.
Temperature played a vital role in this conversion. The reaction was carried out at different time
periods under the same experimental conditions. A series of reactions were conducted by refluxing
phenol with acetic anhydride (1: 1 molar ratio) at different temperatures. The yield of the product
increased as the increase in the reaction temperature from 25°C to 150°C and there was a decrease in
yield beyond 120°C temperature. The conversion of phenol to phenylacetate was also monitored by
GC using reaction mixture fractions at different temperatures. The structures of esters were confirmed
by H1NMR and C13NMR. So, the optimum reaction period and temperature for the esterification of
phenol was reported as 2 hours and 120°C respectively. The esterification was conducted using
different substituted phenols and acetic anhydride at 120°C under the solvent-free condition and
resultant products were confirmed by H1NMR and C13 NMR. It is given in table 2
Table 2: Physical properties of resultant esters

Entries

Esters

BP/MP

% yield(isolated)

1

Phenyl acetate

196

92

2

P-Cresyl acetate

208

95

3

m-Cresyl acetate

210

95

4

p-chlorophenyl acetate

230

90

5

m-Chlorophenyl acetate

197

85

6

p-nitrophenyl acetate

77

87

7

m-nitrophenyl acetate

56

90

8

β-naphthyl acetate

70

85

FTIR data of phenylacetate (cm−1): 3027, 2925, 1742, 1506, 1401, 1229, 1161, 908, 840, 618 and
495. IR peaks obtained at 1742 cm−1 are due to the C=O group (ester), a peak at 1506 cm−1 indicates
C–O stretching, a peak at 2925 cm−1 represents C–H stretching and a peak at 495 cm−1 indicates
benzene ring having substitution. 1HNMR data of phenyl acetate (δ =ppm): 2.33 (s, 3H), 3.85 (s, 2H),
6.92 (d, 2H), 7.15 (d, 2H) and 7.30–7.38 (m, 5H). 13C NMR data of phenyl acetate (δ =ppm) 170.0,
148.6, 135.3, 133.6, 129.8, 129.3, 128.7, 127.2, 121.1, 40.8, 20.7
The specific surface area of raw montmorillonite nano clay and amount of Zn was determined by BET
methods using a Quantachrome NOVA 1000 surface area analyzer at liquid nitrogen temperature. The
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surface area of the raw montmorillonite nano clay was found to be 230 m2 g−1 and that of Zn/K-10
was 23 m2g-1 for 0.01 molar concentration of ZnCl2 salt. Pyridine adsorption in situ FT-IR
spectroscopy was performed for K-10 and Zn incorporated K-10 catalysts. And the spectra recorded
after outgassing at 200 ◦C. Adsorption of pyridine on the parent K-10 clay resulted in absorption
bands at 1540 and 1450 cm−1, which can be assigned to pyridine molecules interacting with Bronsted
and Lewis acid sites, respectively. Incorporation of zinc led to an increase in Lewis acidity and there
is a decrease in the concentration of acid sites with an increase in zinc loading in the range of 0.1–0.6
mmol Zn per gram of K-10. It is seen that Zn/K-10 showed the highest activity with 90% conversion
of phenylacetate to corresponding phenol in a solvent-free condition. The effect of Zn2+ concentration
on the catalytic activity of the Zn/K-10was studied with Zn2+ concentrations ranging from 0.01 to 0.50
mmol/g. The conversion of PhAc increased linearly up to 0.22 mmol/g of zinc and a further increase
has a marginal effect on the catalytic activity. Zn2+ is exchanged with interlayer cations as well as the
Bronsted acid sites up to a concentration of 0.22 mmol/g. The higher loading results in the
incorporation of zinc species as ZnO after calcination, which does not contribute to the catalytic

activity.
Fig. 2 shows that XRD spectra of MMT-K10 Clay, Metal loaded MMT-K10
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Fig. 3 shows that IR of Zinc-MMT
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Fig1: GC showing conversion of phenol to phenyl acetate
Fig 4 shows that GC of Compound

4. Conclusion
Esterification of various substituted phenols using acetic anhydride has been accomplished by
optimizing temperature only. In this scheme, 120 °C is the optimized temperature for esterification in
solvent-free and catalyst-free conditions. The main advantage of this method is that no acidic or basic
catalyst is required like regular conventional methods. Besides this, it is completed in a solvent-free
condition.
Montmorillonite nano clay exchanged with different metal cations (Ba2+, Zn2+, Fe3+) catalyzes
the deprotection of substituted phenylacetate to their corresponding phenols. The percentage of yield
obtained in this deprotection reaction indicated that using Zn2+–mont-nano clay has better catalytic
activity compared with other metal cation exchanged nano clays. The activity of the Zn2+ mont nano
clay is nearly equal to the catalyst obtained commercially. The percentage yield obtained in ester
hydrolysis using nano clay catalyst is nearly equal to the conventional methods. The catalyst used has
strong Brønsted acid sites to catalyze ester hydrolytic reaction. The recyclability of these solid
catalysts renders these processes economical. Other advantages of this method include operational
simplicity, environmentally friendly, and reusable nature of the catalyst.
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