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ABSTRACT

4-methoxy propiophenone used as an intermediate for the production of fine chemicals and
pharmaceuticals was synthesized by Friedel-Crafts acylation of anisole with propionic
anhydride using mordenite zeolite as a solid acid catalyst. Mordenite was synthesized in the
laboratory by hydrothermal method, after dealumination and calcination, the sample was
characterized by different techniques such as powder X-ray diffraction analysis (XRD), Fourier
Transform Infrared Spectroscopy (FTIR), Scanning Electron Microscopy (SEM), and Energy
Dispersive Spectroscopy (EDS) analysis. Effect of various reaction parameters such as reaction
time, molar ratio of reactants, weight of catalyst and reaction temperature were studied to
optimize the reaction conditions. The optimum condition for the synthesis of 4-
methoxypr opiophenone was found at anisole to propionic anhydride molar ratio 8:1, using 0.5 g
of the catalyst at 373K. The product was analyzed by Gas Chromatography and Gas
Chromatography Mass Spectrometry analysis. The conversion of propionic anhydride to 4-
methoxypropiophenone was found to be 44.7% in case of dealuminated form of HMOR zeolite
and 39.4% for HMOR zeolite respectively.

Key words: 4-methoxypropiophenone; Friedel-Crafts acylatialealumination; Mordenite
eolite.

INTRODUCTION

Friedel-Crafts acetylation of aromatic compoundsng of the industrially important reactions
for the production of several value-added aromiegtones . Several solid oxide heterogeneous
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catalysts such as zeolites and zeotype materiadsh@amogeneous catalysts have been employed
for the acetylation of aromatic reactions, which hrghly efficient, sustainable, recyclable, and
ecofriendly [1-10]. Organic chemists make use &f thaction quite often as a convenient means
to prepare aromatic ketones. These reactions adiidnally catalyzed by either Lewis acids
such as AlG, FeCk and BR or Brgnsted acids such as HF ofP@y [11]. The use of above-
mentioned liquid catalysts is undesirable from #mvironmental point of view as these
chemicals are corrosive and generally encountemptbblems of handling and transportation.
Moreover, high product selectivity and reusabiliiythe catalysts cannot be expected. Hence,
there are numerous global efforts to replace teesgonmentally harmful chemicals with more
eco-friendly and less expensive catalyfi2]. The use of solid acids such as zeolite is
convenient and also effective for acid-catalyzedctiens[13]. It has the following inherent
advantages over catalysis initiated by homogeneatslysts: (a) it is non-corrosive, (b) the
catalyst can be easily removed from the reactioxture by decantation or filtration, and (c) the
product selectivity can be achieved to a certaitergxdue to the shape-selective nature of the
zeolite structure. The use of zeolites as catafgsterganic reactions began in early 1960s. Due
to these properties zeolites have been found tsabe alternative for such conventional liquid
acid catalysts used in synthetic organic chemistiyetroleum refining, fine chemical synthesis
and pharmaceutical industries, ¢izl—16]

Mordenite is one of the high silica zeolite aras two pore channels, i.e56< 7.0 A, which is
parallel to ¢ axis are connected by tortuous pofez6x5.7 A which is parallel to b axis that
form side pockets. Since the latter are too smallrhost molecules to enter, mordenite is
generally regarded as a mono-dimensional zeolikéciwis widely used in catalysis, separation
and purification because of its uniform, small peiee, high internal surface area, flexible
framework, and controlled chemistry. Mordenite igemlite with two-dimensional pores, as the
structure determined by Meier in 1961 shoyed.

For industrial purposes, homogenous catalysts Bhvg&yn some disadvantages, which among
others are high consumption of catalyst and problenthe separation step due to similar phases
of the reaction products to that of the catalystaddition, the use of acidic reagents in aqueous
form also create environmental problems such aosion.

Heterogeneous catalyst has been given much attetatiovercome the problems. Solid catalysts
such as zeolites [18-29], phosphotungstic acigP{M-O40) supported on SiPin the form of
cerium salt [29], mesoporous molecular sieves sashMCM-41 [30] and clay such as
montmorillolite [31] are among the solid acid cgta$ that have been used in Friedel-Crafts
acylation. Recently, solid super acid was repottetie another type of heterogeneous catalyst
used in the acylation of toluene with benzoyl clderand benzoic anhydride [32].

The electrophilic acylation of anisole (methoxybeme) with phenyl acetate, phenyl propionic,
phenylacetyl chloride, phenylpropionyl chloride [3&etyl chloride [34] and acetic anhydride
[35,36,37] have also been reported. Fregsal. [35] made a comparison of the activity and
selectivity of zeolite H-Beta, H-Y, NHY and H-ZSM-5 catalysts in the acylation of anesbly
acetic anhydride. It was observed that H-ZSM-5 stbwower activity than H-Y and H-Beta
catalysts, due to smaller intersection channelSiM#.
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Methoxy propiophenones are found to have wide apptins in the area of fine chemical
synthesis. 4-Methoxypropiophenone is an intermedwat the production of anethole, which is
widely used in preparation of perfumes and flavdtsis also used for the synthesis of
secoverine, a spasmolytic agent with specific amsicarinic propertieg38]. The current study
deals with the acylation of anisole using propioaithydride over mordenite zeolite crystals
under atmospheric pressure. The reaction parametach as, reaction time, reaction
temperature, anisole : propionic anhydride moléorand catalyst quantity were optimized.

EXPERIMENTAL SECTION

2.1. Chemicals
Sodium Silicate (Aldrich), Aluminium Nitrate, SoaiuHydroxide (Aldrich), Ammonium Nitrate
(Merck), Anisole and Propionic Anhydride were comamd samples from Merck .

2.2. Synthesisof the catalyst (M ordenite)

The composition of the gel was 6)aAl,03:30SiQ:780H0. Aluminium Nitrate as the
aluminum source was mixed with an aqueous solutfd#aOH. Then sodium silicate was added
to the mixture and the mixture was homogenizedtiosirgy. Finally, the gel was transferred to a
Teflon-lined autoclave and crystallization was @rout at 453 K under autogenous pressure
without agitation for 24 h. The product was recedeby filtration, washed thoroughly with
deionized water and dried at 393 K overnight, tloaicined in air at 823 K for 2 h. The
mordenite was then ion-exchanged three times Wwitti NH;NO3; Mordenite with Si/Al ratio of

15 was hydrothermally synthesized according to 36i.

2.2. Catalyst characterization

The catalysts were characterized by XRD, SEM, Faild EDS analysis. The elements present
in the zeolite were determined by energy disper3ivay (EDS) analysis using JEOL 5400
scanning microscope equipped with the microprokayaer LINK ISIS (Oxford Instrument).
Powder X-ray diffraction pattern for all the masdsi were recorded at room temperature on PW
1710 diffractometer. Samples were scanned using{€uradiation of wavelength 1.54056 A
and the diffractograms were recorded in the rantjeeta = 8 — 65 at the scanning speed of 1
step / second. Powder diffraction pattern data astncommonly used as a “fingerprint” in the
identification of a material. If possible, the d#€tion experiment should be adopted to optimize
that feature which provides the desired informatidbhe morphology and crystal size of the
synthesized material was examined by SEM. Samplese vanalyzed by using JSM-5600
microscope and the images obtained shows the miogphoof these materials. FT-IR
spectroscopy was performed on SHIMADZU FT-IR spmoeter. The sample were prepared
with KBr and pressed into wafer/pellet. Spectraeveollected in the mid-IR range of 400 to
4000 cm" with a resolution of 1cfh

2.3. Catalytic activity studies

The liquid phase acylation of anisole was carrigtlio a 100 ml round bottom flask fitted with
water cooled condenser in the temperature rangekK388393 K under atmospheric pressure.
The temperature was maintained by using an oil batmected to thermostat. Both the reactants
anisole and propionic anhydride were taken direictty the RB flask along with the catalyst.
The reaction mixture was continuously stirred dgrihe reaction using a magnetic stirrer and
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then the clear solution of the reaction mixture wathdrawn periodically and was analyzed by
Gas Chromatograph (Varian vista 6000) fitted witfAZ-WAX column diameter 0.25mm,
thickness 0.2mm and length 30m) FID detector amalitgtively by GC-MS (Shimadzu QP -
2000).

The conversion was expressed by the percentagepiopic anhydride (PA) converted into the
acylated product. Experiment was designed by vgrgmount of catalyst, molar ratio of the
reactants, reaction temperature and reaction pasiotitaine optimum reaction condition.

% Conversion of PA= {(PA in feed - PA in produd®A in feed} X 100
RESULTSAND DISCUSSION

3.1. Characterization

3.1.1. XRD

Powder X-ray diffraction pattern of synthesizedt@nals was recorded at room temperature on
PW 1710 diffractometer. Samples were scanned uSinga radiation of wavelength 1.54056
A and the diffractograms were recorded in the ra2fye 0° — 65 at the scanning speed of 1 step
/ second.

The XRD pattern of Mordenite zeolite samples (sodform and hydrogen form) are shown in
Fig. L The peaks are characteristic of MOR zeolite whicds compared to the diffraction
pattern of MOR zeolite.

3.1.2. FTIR analysis

FT-IR spectroscopy was performed on SHIMADZU FT4Bectrometer. The samples were
prepared with KBr and pressed into wafer/pelleiec®@ were collected in the mid-IR range of
400 to 4000 cm with a resolution of 1crh

Fig.2 shows the peaks between 700-850 amd 1000-1150 cHare assigned to symmetric and
antisymmetric T-O-T stretching vibration, broad Bam the region of 3410 cmdue to
asymmetric stretching of OH group and the band$6&l and 1386 crh due to bending
vibration of (H-OH) and —(O-H-O)- band respectively

3.1.3. EDS analysis

The EDS spectra of the samples are presentédgiB & 4, were measured on a JEOL 5400
scanning microscope equipped with the microprolayaer LINK ISIS (Oxford Instrument) for
the analysis of the element. EDS analysis showed pitesence of Si, Al and Na in the
synthesized material.

3.1.4. SEM analysis

For SEM analysis samples were analyzed by using-39&M microscope, Fig.5 represents the
SEM micrograph of the synthesized material. Theiglarsize of the synthesized material was
found to be 20 micrometer.
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3.2. Catalytic activity

The catalytic activity of the calcined mordenitesnexamined in the Friedel-Crafts acylation of
anisole with propionic anhydride. The GC and GC-talysis showed the presence of only
four components, i.e., anisole, propionic anhydritenethoxypropiophenone and propionic acid
over H-MOR and dealuminated HMOR catalysts.

/
\ @ Catalyst o
)I\ J\ >—©70 + >__<\ )
-CiHCO0OH 0 4
99 % 1 %

3.2.1. Effect of reaction time

Reaction was carried out at different reactiorilfkéng) times. The reaction time was varied
from 0.6 to 12 hrs. The conversion increased rggidthe beginning and gradually leveled off
after 4 hrs Eig. 7). For further study the reaction time was fixedidss.

3.2.2. Effect of molar ratio of the reactants

The effect of anisole to propionic anhydride motatio was studied at 2:1,4:1,6:1,8:1 and 10:1
by keeping the total volume constaktd. 8. The conversion of propionic anhydride was found
to increase with increase in concentration of@eisip to eight and thereafter remained almost
constant. The increasing conversion of propionicydnide is attributed to easy desorption of
propionic acid and 4-methoxypropiophenone formewubh the zeolite pores by the excess
anisole as anisole is a self-solvgéf@]. Further increase in molar ratio has no appreeiaffect

in propionic anhydride conversion. Therefore, ahgations were studied by using anisole:
propionic anhydride molar ratio of 8:1.

3.2.3. Effect of amount of catalyst

The effect of catalyst quantity was studied ovearage of 0.1- 1.5 g for acylation of anisole at
373K (Fig. 9. The conversion of propionic anhydride was fouadncrease with increase in
catalyst amount, which is due to the proportionalease in the number of active sites and then
increase becomes less significant beyond 0.5 @ ifklicates that beyond 0.5 g, the additional
active sites do not increase the adsorption otaeés at a given concentration.

3.2.4. Effect of reaction temperature

The effect of reaction temperature on the convarsiopropionic anhydride was studied over a
range of 333-393 KHig. 10. The conversion was found to increase signifigantth increase

in temperature till 373 K and thereafter a sligbtiase was observed. The slight decrease in
conversion at high temperature is probably due ke tinhibiting effect of 4-
methoxypropiophenone, which can be strongly adsbdrethe catalyst at higher conversion. A
decrease in conversion at high temperature wasadlserved for the acylation of toluene with
acetic anhydride due to the strong adsorption ahyh@cetophenonegtl]. For this study the
reaction temperature was fixed as 373K.
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4. p-methoxypropiophenone- MOR zeolite (0.5 g) was added to a mixture of anisole and
propionic anhydride, and the mixture was heatetiO8fC for 4 h. The zeolite was filtered off,
washed with diethyl ethg5x20 ml) and evaporated. The residue was distilled undexcesti
pressure to give colourless crystatsp. 27—28C (28°C.; Vinax (KBr)/cm™ 1681(C=0):; & (3H,

t, J 7, CH3CH, CO), 2.93(2H, q,J 7, COCH), 3.84(3H, s, OCH), 6.92 (2H, dJ 9, 3-H and 5-
H), 7.95(2H, d,J 9, 2-H and 6-H)d4 8.4 (CH3 CH,), 31.4(CHy), 55.4(0OCHg), 113.7 ( C-3 and
C-5), 130.1(C-1), 130.2(C-2 and C-6), 163.8C-4), 199.5C=0); 'z (El) 164(M"*, 14%), 135
(100), 107 (15), 9224), 77(35), 64(11).

o] o N
J\ )J\ + H-Zeol _— R(C=0 + RCOOH
R 0 R Zeol

R:CZHS
OCH;
+
+ R C=0 - Zeol
Zeol
RC=0
OCH;
-H'
s+os Feol —_— W
=« + H Zeol
R C=0 R COCH;

Proposed mechanism for the acylation reaction of anisole by propionic anhydride
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Fig.4 EDS spectra of H-M ordenite zeolite (after dealumination)
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Fig.5 SEM image of H-Mordenite zeolite
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Fig.6 FTIR spectra of p-methoxypropiophenone
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CONCLUSION

The present work deals with the synthesis of mdtdezeolite, its dealumination and use as a
solid acid catalyst for acylation of anisole by pimnic anhydride. The reaction parameters such
as reaction time, temperature, anisole: propionitdride molar ratio and catalyst quantity were
optimized. It was observed that after dealuminathon pore size of zeolite becomes larger and
facilitate the reactant to get entered into it @noimoted the conversion of propionic anhydride
to 4-methoxypropiophenone, but there was no sicpnifi effect of dealumination on acylation
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was observed. Under the optimum reaction condit{8@8K, anisole: propionic anhydride mole
ratio of 8:1, and reaction time for 4 hrs) convemsiof propionic anhydride to 4-
methoxypropiophenone was found 44.7% and 39.4%ase ©f dealuminated form of HMOR
zeolite and HMOR zeolite respectively.
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