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Abstract

The liquid-phase selective oxidation of a methylene group attached to an aromatic ring by molecular oxygen to a carbonyl group, using
MnO4_1-exchanged Mg—Al hydrotalcite (M@l = 2—10) has been investigated in the absence of solvent. The methylene-to-carbonyl group
oxidation activity of the MnQ~1-exchanged hydrotalcite, as well as the®$ decomposition activity and bigity of Mg—Al hydrotalcite
increased with increasing M@\l ratio of the catalyst. The Mng1-exchanged Mg—Al-hydrotalcite is a highly active and selective, sta-
ble, and reusable catalyst for the oxidation of ethylbenzene to acetophenone and diphenylmethane to benzophenone by molecular oxygel
in the absence of solvent. The reaction caaty by this environmental-fielly catalyst is truly hetegeneous, without leaching of the
active component(s) from the catalyst. The catalyst showed better performance after its first use in the oxidation of both ethylbenzene and
diphenylmethane.
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1. Introduction tion of diphenylmethane to benzophenone by KMn&,
SeQ [6], or CrG-SiO; [7], and the oxidation of alky-
Aromatic ketones, such as acetophenone and benzophelarenes by KMnQ supported on Mont-K1{B]. However, in
none, are important intermediates for perfumES, drugS, andthese stoichiometric oxidation reaCtionS, the waste prOduced
pharmaceuticals. Production of these aromatic ketones byis very large and, moreover,eétseparation of reactants and
Friedel-Crafts acylation of aromatic compound by acid products from the reaction mixture is difficult. Acetophe-
halide or acid anhydride, using a stoichiometric amount of none can also be produced by the liquid-phase oxidation of
anhydrous aluminum chloride or of a homogeneous acid cat- ethylbenzene by oxygen or air using homogeneous transition
alyst, leads to the formation of a large volume of highly metal (viz. Co, Mn, Cu, or Fe) compounds as cata29].
toxic and corrosive wastfl—-3]. In the past, efforts have  Although the metal compound in this process is used in cat-
been made to produce aromatic ketones by oxidizing the alytic amounts, the reaction conditions are harsh, the product
methylene group attached to an aromatic ring using stoi- selectivity is poor, often corrosive promoters like bromide
chiometric quantities of oxidizing agents, e.g., the oxidation anions are used a|0ng with th]ata|yst, the Separation of
of ethylbenzeneat acetophenone by KMn{J4], the oxida-  catalyst from the reaction mixte is difficult, the catalyst
cannot be reused, and also a lot of tarry waste is produced. It
msponding author. Fax: +01 20 25893041/25893355. |§, therefo.re, of great practical interest to dgvelop a morg effi-
E-mail addresses: vic@ems.ncl.res.ivrc@che.ncl.res.ifV.R. cient, easily separable, reusable, and environmental-friendly
Choudhary). catalyst for the production of aromatic ketones. Processes
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based on hydrocarbon oxidation particularly using molecu- tal pressure of 148 kPa, 138G, and a reaction time of 1 to
lar oxygen as an oxidizing agent are desirdh. 20 h. The concentration of Mn in the catalysts was the same
Recently, kCr,O7 supported on aluminfll] and Cr- and the exact loading of Mn per mole of substrate in the re-
MCM-41 or 48[11] have been employed as heterogeneous action was 0.005, 0.0057, and 0.0068 mol per mole of ethyl-
catalysts for the oxidation by oxygen of ethylbenzene to benzene, propylbenzene, angliénylmethane, respectively.
acetophenon§l2—14] and diphenylmethane to benzophe- The reaction products were analyzed by gas chromatography
none[11]. However, the leaching of chromium from the with a thermal conductivity detector, using a SE-30 column
catalyst during the reaction, the lengthy induction periods, (3 mmx 4 m) and hydrogen as carrier gas. Toluene was used
and the rapid deactivation oh& reused catalyst are seri- as an internal standard and the mass balance in the reaction
ous problemg14-16] For developing an environmental- was above 95%.
friendly/green process for the production of aromatic ke-  The HO, decomposition over the catalysts was studied
tones, it is necessary to have a nontoxic and reusable solidn a magnetically stirred glass reactor (25%oapacity) at
catalyst, which shows high activity and selectivity in the 27°C by introducing 1 ml of 30% b0, aqueous solution in
oxidation of ethylbenzeneotacetophenone and diphenyl- the reactor containing 0.1 g edyst and 10 ml deionized wa-
methane to benzophenone by molecular oxygen in the ab-ter and measuring quantitatively the amount gfe9olved in
sence of any solvent and also without significant leaching the H,O, decomposition reaction (210, — 2H20 + Oy),
of its components in the liquid reaction mixture. We report as a function of time.
here that this goal can be achieved by using a YO
exchanged Mg—Al-hydrotalcite catalyst. This catalyst has
high activity and selectivity and also has an excellent sta- 3. Resultsand discussion
bility and reusability in the process. Moreover, the oxidation
process catalyzed by this catalyst is solvent-free and also a3.1. Catalyst characterization
truly heterogeneous one.
XRD spectra of the Mg—Al-hydrotalcite catalyst, before
and after the Mn@ 1 exchange, and also of the MgC!-
2. Experimental exchanged Mg—AIl-HT catalyst after the oxidation reactions
are given inFig. 1 After the MnQ—! exchange, the hy-
The MnQ;~1-exchanged Mg-Al hydrotalcite catalysts drotalcite structure remained intagtigs. Ja and b). It even
(Mg/Al = 2-10 and a Mn@! loading of 0.41+ 0.01 remained intact after the oxidation reactidfigs. Ib—d).
mmol/g) were prepared as follows. Mg—Al hydrotalcite The appearance of an IR band in the region 890-
(Mg/Al = 2.0, 3.0, 5.0, and 10), synthesized by a proce- 920 cnT! after exchanging the hydrotalcite with aque-
dure similar to that described earl[@7], was powdered and  ous KMnQ indicated the presence of MpO' anions in
calcined at 600C for 4 h. The calcined mass (10 g) was the MnQ;~-exchanged hydrotalcite catalygts9]. When
then treated under stirring with a 100 ml aqueous solution the MnQ,~*-exchanged hydrotalcites were treated with an
of KMnOg4 (1.22 g) at 80C for 24 h. The exchanged mass aqueous sodium carbonate solution, a quantitative replace-
was filtered and washed with hot deionized water and then ment of the exchanged Mn©O! anions by carbonate anions
dried at 80°C under vacuum. All the Mn@! ions from was observed. These observations clearly show that, in the
the solution were utilized in thexchange for all the hydro-  MnO4~1-exchanged hydrotalcite catalysts; the Mndan-
talcite samples. The other anions present in the exchangedons are located at the anion-exchange positions in the hy-
hydrotalcites were mainly hydroxyl anions. Before use, the drotalcite catalysts.
MnO;~1-exchanged Mg—Al hydrotalcite was heated in an The hydrotalcites (MgAl = 2-10), before and after
air oven at 200C for 2 h. The hydrotalcite structure of the MnO4;~! exchange, were also characterized by thermal
catalyst was confirmed by XRD. The basicity of the cata- analysis. After the exchange, the DTG/DTA peak for all the
lysts and hydrotalcites was studied by titrating them with Mg—Al-hydrotalcites is shifted toward higher temperatures
nonaqueous benzoic acid using a phenolphthalein indicator(from 400 to 416, 395 to 447, 367 to 422, and 366 to 392
(pKa = 9.3) [18] and/or by measuring the pH of their sus- for the hydrotalcites with a MgAI ratio of 2, 3, 5, and 10,
pension in water (0.15 g solid particles in 10 ml deionized respectively), indicating an increase in the thermal stability
water at 27C), as well as by thermal analysis and infrared of the hydrotalcite due to the presence of Mnd anions
spectroscopy. at anion-exchange sites. The surface areas of the4vhO
The oxidation of the methylene group attached to the aro- exchanged Mg—Al-hydrotalcites with Mg\ ratios of 2, 3,
matic ring (viz. ethylbenzene, diphenylmethane, and propy- 5, and 10 was 36.3, 31.5, 29.1, and 25.9 gn!, respec-
Ibenzene) by pure in the absence of solvent was car- tively.
ried out in a magnetically stirred glass reactor (capaeity The hydrotalcite catalysts were also characterized for
25 cn?), provided with a mercury thermometer and reflux their basicity and HO, decomposition activity. The results
condenser, under the following reaction conditions: reaction in Fig. 2 show the influence of the M@\l ratio on the num-
mixture= 6 ml aromatic substrate-0.6 g catalyst, at a to-  ber of basic sites (obtained by the nonaqueous benzoic acid
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(d) MnO,;~1-Mg—AI-HT after the dipheylmethane oxidation.
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Fig. 2. Variation with the MdAl ratio of (a) number of basic sites of Mg—Al
hydrotalcite (Ns), (b) pH of aqueous slurry of Mg—Al hydrotalcite before
(O) and after @) the MnQ; 1 exchange of the hydrotalcite, and (c) time
required for half the HO, decomposition reaction at 2T (t1,2)-

Table 1

Solvent-free oxidation by @of different aromatic compounds containing a
methylene group over Mng" 1-exchar\ged Mg—Al hydrotalcite (M@\l =
10) (reaction time: 5 h)

titration method18]) of the hydrotalcite (without Mn@1 Ethylbenzene Conversion  Selectivity for carbonyl ~ TOF?
exchange), on the basicity of the hydrotalcite before and af- (%) compound (%) (™
ter the MnQ ! exchange (measured in terms of the pH of Ethylbenzene 28 984 9.0
the hydrotalcite or Mn@ 1-exchanged hydrotalcite—water ~Diphenyimethane 22 100 80
n-Propylbenzene 18 905 3.6

slurry) and also on the #D, decomposition activity (at
27°C) of the MnQ;~-exchanged hydrotalcite. The hydro-
talcites without Mn@Q~1 exchange showed no-8, de-
composition activity under the same conditions. ThgOb
decomposition activity and bagty of the hydrotalcite cata-
lyst increased \th increasing MgAl ratio.

3.2. Oxidation of the methylene group of aromatic
compounds

Results of the oxidation of different aromatic hydrocar-

& Turnover frequency (number of substrate molecules converted per per-
manganate anion per hour).

Table 2

Results showing reusability of the MpO-exchanged Mg—Al hydrotal-
cite (Mg/Al = 10) in the oxidation of ethylbenzene to acetophenone and
diphenylmethane to benzophenone (reaction tafeh)

No. of uses Ethylbenzene oxidation
of the

Diphenylmethane oxidation

Conversion Selectivity for Conversion Selectivity for

bons that contain a methylene group (viz. ethylbenzene,catlyst (o

diphenylmethane, ang-propylbenzene) by molecular oxy-

gen over the Mn@ 1-exchanged hydrotalcite catalysts are First

presented iMables 1 and 2ndFigs. 3 and 4

A comparison of the oxidation of the methylene group

from the different aromatic hydrocarbon®aple J indi-

acetophenone (%) benzophenone
(%) (%)
227 980 261 982
Second 35 980 323 984
Third 346 97.7 382 981
Fourth 346 980 380 983
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Fig. 3. Oxidation of ethylbenzene to acetophenone over

MnO,~1-exchanged Mg-Al hydrotalcite. (a) Effect of the reaction
time on the conversion of ethylbenzene (EB) for the catalyst with
Mg/Al = 10 (), when the catalyst was removed after 1.@}),(in the ab-
sence of catalyst/), the hydrotalcite without Mn@ 1 anions ¥), and

in the presence of equivalent amount of KMp(Q®). (b) Effect of the
Mg/Al ratio of the catalyst on the conversion (reaction tigad 0 h) (V).
Selectivity for acetophenone for all the catalyst97 + 2%.

cates that, in the oxidation, ghreactivity of the methylene
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From the results ifrigs. 3 and 4the following important
observations can be made:

— The MnQ~1-exchanged Mg—Al-hydrotalcite catalyst
with a Mg/Al ratio of 10 showed high activity and se-
lectivity (above 95%) for the oxidation by Obf ethyl-
benzene to acetophenone anphg&nylmethane to ben-
zophenoneKigs. 3a and 4aln both cases, the activity
increases with increasing M4l ratio in the catalyst
(Figs. 3b and 4pand there is no induction period. This
is consistent with earlier observations in the oxidation of
benzyl alcohol and benzaldehyj@9].

The oxidation reactions also occur in the absence of cat-
alyst, but very slowly [fig. 3a).

In the presence of an amount of KMpQquivalent to

the MnQ; ! anions present in the catalyst, the reaction
also occurs but at a much slower rate than in the pres-
ence of the catalysF{g. 3a).

After the removal by filtration of the catalyst from the
reaction mixture while hot, the reaction rate is drasti-
cally reduced and the reaction proceeds at a very slow
rate Fig. 3).

These observations reveal that the catalytic activity of
KMnOy is drastically increased by the immobilization of
MnO;~1 anions at anionic exchange sites in the hydrotalcite

and that the oxidation reacticratalyzed by the solid cat-

group attached to the aromatic ring depends strongly on thealyst is truly heterogeneous. No leaching of permanganate
other group (viz. methyl, ethyl, and phenyl) attached to the from the catalyst was observed in the reactions.

methylene group. The order for TOF in the oxidation is eth-
ylbenzene- diphenylmethane- n-propylbenzene.

A comparison of the results igs. 3b and 4hwith those

in Fig. 2indicates a good correlation of the catalytic activity

a)

Conversion of DPM (%)

b)

0 ok . 1 " 1 . 1 " 1
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®
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Fig. 4. Oxidation of dipheriynethane to benzophenone over MiiG-exchanged Mg—Al—hydrotalcite. (a) Effect of the reaction time on the conversion of
diphenylmethane (DPM) for the catalyst with ¥ = 10. (b) Effect of the M@Al ratio of the catalyst on the conversion (reaction tiga& h). Selectivity

for benzophenone for all the catalyst99+ 1%.
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