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Abstract

Catalytic activities of palladium catalysts supported on activated carbon and carbon nanotubes were investigated in the one-pot synthesis of R-1-
phenylethyl acetate in combination with an immobilized lipase in toluene. Palladium catalysts on carbon nanotubes with nitrogen-containing
surface groups were prepared by incipient wetness impregnation. The basic N-CNT support was synthesized by post-treating oxidized CNTs in
gaseous NHs at high temperature, prior to Pd addition. The basic character of the support was adjusted by controlling the temperature of the post-
treatment step. The results showed that the desired product yield was enhanced over palladium catalysts with the lowest basicity.
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1. Introduction

Cascade methodology, implying several reactions in
one reactor pot, has gained interest recently due to the sav-
ings in equipment and separation costs in particular for
production of fine chemicals. One of the ways to utilize
cascades efficiently is to combine biological and chemical
(i.e. heterogeneous and homogeneous) catalysis [1]. Syn-
thesis of the R-1-phenylethyl acetate, which is an important
building block for the production of biologically active
pharmaceuticals, was studied over a heterogeneous palla-
dium (Pd) catalysts supported on carbon nanotubes (or
activated carbon) in combination with an immobilized li-
pase in one-pot under mild reaction conditions.

Pd supported catalysts on activated carbon (AC) have
been widely studied as catalysts for hydrogenation, dehy-
drogenation and oxidation reactions for the production of
fine chemicals [2]. Activated carbons as catalyst supports
present several advantages being relatively inexpensive and
inert materials [3]. However, they also exhibit a major
drawback as their surface properties can vary from batch to
batch. Furthermore, typically Pd/AC catalysts exhibit acidic
surface groups, such as carbonyl, carboxylic, phenolic hy-
droxyl, lactone and quinone groups [4]. It was recently

reported that Brgnsted acid sites enhance the hydrogenoly-
sis of secondary alcohols, such as 1-phenylethanol, in the
model reaction [5].

Carbon nanotubes (CNTSs), thanks to their unique

properties such as high surface area, electrical properties,
high mechanical stability, and adjustable surface properties
[2]. Pd has been deposited on CNTs with various methods
such as incipient wetness impregnation [6], homogeneous
deposition precipitation [6, 7], ion exchange [6, 8] and
organometallic grafting [6, 9]. Typically, the dispersion of
the metal can be improved by pre-treating the carbon nano-
tubes in order to introduce functional groups (e.g. oxygen-
containing surface groups) to the surface to enhance inter-
actions between the support and the catalyst precursor [10,
11].
In the present work, the catalytic activity of palladium cata-
lysts either on activated carbon or carbon nanotubes was
studied in the one-pot synthesis of R-1-phenylethyl acetate.
The influence of the acid-base proper ties of the support on
the catalytic activity has been investigated by treating oxi-
dized CNTs with NH; at different temperatures in order to
introduce various amounts of basic N-containing groups on
the surface [12].
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Table 1: Catalyst characterization results
Entry Catalyst Metal dispersion (%) Metal cluster size BET (m?/gpq) PHinitial
(nm)
1 Pd/N-CNT? 30 3.7 43 7.0
2 Pd/N-CNT® 41 2.7 43 -
3 Pd/N-CNT® 51 2.2 43 5.6
4 Pd/C 54 2.0 949 4.6
&b.¢ CNT treated with NH; at 200 °C, 400 °C, 600 °C, respectively.
Table 2: Kinetic results using Pd catalysts reduced at 200 °C for 120 min under H, flow
Entry Catalyst Initial hydrogenation rate TOF Conversion  after Selectivity to R-
(mmol/min/Qnyq.cat.) (sh 480 min (%) PEAC (%)
1 Pd/N-CNT? 0.002 0.0001 26 41°
2 Pd/N-CNT® 0.020 0.0008 66 36°
3 Pd/N-CNT® 0.030 0.0009 75 34°
4 Pd/C 0.10 0.005 96 23°
ab.¢ CNT treated with NH; at 200 °C, 400 °C, 600 °C, respectively, ¢ selectivity to R-PEAC at 26 % conversion after 480 min, © selectivity to R-
PEAC at 66 % conversion.
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Fig. 1: a) Selectivity to R-PEAC as a function of acetophenone conversion, b) EB formation as a function of time.

2. Experimental

2.1. Catalyst synthesis

CNTs were first oxidized with concentrated nitric
acid at 100 °C for 2h. After washing and drying, the oxi-
dized CNTs were further treated with gaseous ammonia at
200 °C, 400 °C or 600 °C, respectively [12]. 2 % (w/w)
Pd/N-CNT catalysts were subsequently prepared by incipi-
ent impregnation using an aqueous solution of Pd
(NO3),.2H,0. After drying at room temperature for over-
night, the samples were calcined in air at 350 °C for 2h and
reduced in hydrogen at 400 °C for 2h. Part of the N-

containing basic sites was lost during the calcination and
reduction. For comparison with Pd/N-CNT catalysts, 5 %
(w/w) Pd/AC (Degussa) was also tested.

2.2. Experimental procedure

Experiments were typically performed at 70 °C in
toluene (125 mL) in a glass reactor at atmospheric pressure
under H, flow (AGA 99.999, 295 mL/min). The initial
reactant concentration was 0.02 mol/L. Ethyl acetate with
the concentration of 0.06 mol/L was used as an acyl donor.
The catalytic hydrogenation of acetophenone (Acros, 99%)
was carried out over 2% (w/w) Pd/N-CNT (312.5 mg) and
the formed R-1-phenylethanol was acylated in the same pot
to R-1-phenylethyl acetate with an immobilized lipase (No-
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vozym 435, lipase B from Candida antarctica) (62.5 mg).
The supported Pd catalysts were pre-reduced at 200 °C
prior to the experiment.

The products were analysed by a gas chromatogra-
phy equipped with a chiral column CP Chirasil Dex (250
pm x 0.250 pm x 25 m) and a flame ionization detector.
The samples were analyzed by using the flowing tempera-
ture program 100 °C (1 min)-0.30 °C/min-130 °C-15
°C/min-200 °C (10 min). The temperature of the injector
and split ratio were 280 °C and 100:1, respectively. The
products were identified with GC-MS (Agilent Technolo-
gies 6890N Network GC System, 5973 Network MS De-
tector).

3. Results and discussion
3.1. Catalyst characterization results

Acid-base titrations showed that during the calcina-
tion and reduction processes many basic sites were lost,
thus leading to lower catalyst pH values for the catalysts
than for the starting N-CNT supports (Table 1). This might
be due to the loss of carboxylic acid groups during the cata-
lyst preparation. The low specific area of Pd/N-CNT is due
to the wall thickness of the CNTs [15]. Pd/AC exhibited the
lowest pH.

3.2. Catalytic activity results

Although entries 3 and 4 had similar metal particle
sizes, Pd/AC, being the most active, displayed the highest
turnover frequency (TOF). The relation between the TOF
and the pHinia Can be seen in Table 2. The dispersions of
Entries 3 and 4 were alike while the pHjqia Were different,
leading to a conclusion that the catalytic activity is signifi-
cantly influenced by the acid-base properties of the support.
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