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Abstract

An efficient synthesis of benzoin isopropyl ether with baidzehyde and propanol in the presence of heterogeneoudableyCu-Fe-hydrotalcite
catalyst has been explored. Cu-Fe-hydrotalcite wasyfissttcessfully synthesized over Jahn-Teller effect c¥'Curhe catalytic test result
showed that Cu-Fe-hydrotalcite could be used as a goodysatalthe synthesis of benzoin isopropyl ether. The highestversion of ben-
zaldehyde was 59.7% and the selectivity of benzoin isopretmer was nearly 100%. By this new method, not only was tlamicle poisoning
avoided, but also the synthesis of benzoin isopropyl etbeldde completed in one step instead of the traditional tepsswith both conden-
sation and etherification.
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1. Introduction plex compounds rather than hydrotalcite. Besides, thegprep
ration conditions were very harsh and the crystallinityhaf t
o ) resultant hydrotalcite sample would be very poor [4]. How-
Benzoin isopropyl ether (also named 2-isopropoxy-2-ever, catalysts loading copper have wide applications-n al
phenylacetophenone) is of considerable interest in view 0fi5i and redox catalysis. Here, Cu-Fe-hydrotalcite withhhi
their extensive commercial usage as photosensitizersati co crystallinity was successfully prepared by continual eajyp-
ings and printing technologies. Benzoin isopropyl ether iSitation method. To our knowledge, there is little infornoati
generally synthesized by a two-step process from benzaldeyyajlaple using continual coprecipitation method to sgsi
hyde and propanol [1]. First, benzaldehyde is catalyycall cy.Fe-hydrotalcite. Atthe same time, Cu-Fe-hydrotaloite
condensed by cyanide in liquid phase to form benzoin. Secfjrstly used as catalysts for the synthesis of clean berigoin
ond, benzoin and propanol are etherified to yield benzain is fpropyl ether (Scheme 1). Cu-Fe-hydrotalcite was found to be
propyl ether in the presence of acid catalysts. The key Ofcapable of catalyzing the reaction efficiently, and thigiesm-
the Whol_e process is the synth(_eS|s of ben20|_n. The Fraduhon mentally friendly way for the synthesis of benzoin isoprbopy
method involves the use of poisonous cyanide, tedious worlgther was explored. The traditional process for the syithes
up or sensitive catalysts. At the same time, the defectseof th ¢ henzoin isopropyl ether could be innovated by this new and

catalysts involved in the process greatly limit their apglion  enyironmentally benign synthetic technology.
in major industrial processes. Whereas the use of heteroge-

neous catalysts offers the advantages such as ease of work up

reusability and development of environmentally benign-syn c—H CuFeHTLes
thetic procedures [2,3]. Therefore, it has been recogrifzaid 2@" + CH;CH,CH,—OH —————=
developing a clean synthetic path of benzoin isopropylrethe

is necessary and of significance in green chemistry. Q) QCH(CH:),
As the strong Jahn-Teller effect of €y when Cd*was @C_EQ +HL0
used to prepare hydrotalcite with trivalent cations by eojp-
itation method, Ct&i*would form deforming octahedral com- Scheme 1. The formation of benzoin isopropy! ether
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2. Experimental

003

2.1. Preparation and characterization of catalysts

The hydrotalcite containing Cu (II) and Fe (Ill) was pre-
pared by adding two aqueous solutions simultaneously, one .
containing copper nitrate (48.32 g, 0.20 mol) and ferric ni-
trate (40.40 g, 0.10 mol) in deionized water (200 ml) with the
required Cé*/Fe*ratios and second containing sodium hy-
droxide (20.00 g, 0.5 mol) in deionized water (500 ml), drop- J l
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o . - onkematranh 3:1
wise into a flask under vigorous stirring at room tempemtur ) .
while maintaining pH of 4.6 for 0.5 h. Thereafter, sodium-car
bonate (26.50 g, 0.25 mol) was dripped into the mixture still ‘ . J . S — —_—
keeping the pH of 4.6. After being stirred for additional sev 0 20 30 40 50 e 70 g0
eral minutes, the resulting gel-like material was transfer 20/(°)

into a Teflon-lined aUtO_Clave (100 ml) and aQEd at 383K for Figure 1. XRD spectra of Cu-Fe-hydrotalcite samples with different
0.5 h. After the completion of hydrothermal treatment, the a c?t/Fe3*ratios
toclave was cooled down to room temperature naturally and

filtered, thoroughly washed with deionized water and deed A well-crystallized hydrotalcite structure was presented
353 K in vacuum oven for 12 h and then further heated in airin all the samples, exhibiting sharp and symmetrical
oven at 423 K for 3 h. reflections. The crystallinity of the material as evidethdry

The catalyst was characterized for the crystalline phjse(sthe sharpness of (003), (006) and (009) reflections inddat
and spacing between hydroxide layers by XRD using Rigakuhat the samples were highly crystalline. The values of the
D/max-2500 instrument (40kV, 100 mA) and CH, unit cell parameters, with the parametecorresponding to

(\=0.15418 nm) radiations at a scanning speed %8, three times the thickness of the expanded brucite-likerlaye
with the scanning range of5.85°. and the parameter corresponding to two times af; 1o de-

creased with increasing copper content (Table 1). It coald b
explained by the substitution of €t ions with an ionic ra-
dius of 0.69A between the layers for smaller Feion with
an ionic radius of 0.64.

Benzoin isopropyl ether was synthesized from benzalde-
hyde and propanol. A three-neck flask of 250 ml installed
condensator and thermometer was fixed in DF-101S compos-

2.2. Typical procedurefor synthesis of benzoinisopropyl ether

Table 1. Crystallographic parameters aand c of different
Cu?t/Fe** hydrotalcites

m
itive magnetic force stirrer, then definite dosage of bédea Sanles i%g/_iéo ZTln;)zls Cz(rlngézz
hyde, propanol and Cu-Fe-hydrotalcite catalyst (preteat > 50:1.0 0.41474 218079
under the condition of 423 K with Npuffing for 2 h) were 3 30:1.0 0.41388 217413

added, which the reactant reacted at a constant temperature
and routine pressure. The reaction mixture was analyzed ) )
by American HP (C6890A/5973MSD) gas chromatography Based on the above-mentioned work, Cu-Fe-hydrotalcite

equipped with a DV-101 column (0.2 mm0.25.m x 50 m) was prepared on the proper conditions and applied in the
and FID detector. synthesis of benzoin isopropyl ether to study their caitalyt

performances. Five catalysts with different®IFe** ratios
were prepared and their catalytic performance of the con-
version of benzaldehyde and selectivity of benzoin isoprop
ether were evaluated. The results obtained are summarized i
3.1. Catalytic activity of hydrotalcite containing different ~ Table 2.

Cu?t/Fe’tratios

3. Results and discussion

Table 2. Catalytic performance of different catalystsin
the synthesis of benzoin isopropyl ether

Three different hydrotalcite samples with different ™ Camalyst e Benzaldehyde Benzoin isopropyl

CUW?t/Fe’ratios were prepared by coprecipitation method  number conversion (%)  ether selectivity (%)
[4—6]. Two frequently used techniques are coprecipita- 0 1.0:0.0 26.3 98.8
tion at low and at high supersaturation. In this study we 1 1.0:1.0 434 99.5

2 2.0:1.0 59.7 99.7

used the latter route for the preparation of hydrotalcitgh w
Cuw?*combined with F&"in a molar ratio of M*/M3* rang-

ing from 1.0~3.0 and N@ was used as charge balancing an-
ion. The structure patterns were recorded by XRD (Figure 1).

3 3.0:1.0 51.2 99.4
4 0.0:3.0 31.3 99.3

Reaction conditions: the dosage of catalyst, 0.1 g; beehgiie, 3 ml;
propanol, 50 ml; reaction temperature, 343 K; reaction i@ min
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Several differences were found in the nature of the cat-four cycles, the selectivity to benzoin isopropyl ether wiil$
alyst and its catalytic performance. Although the sampleclose to 100% in all cases, and the conversion hardly changed
without copper had low conversion, as a general trend, benwith 57.8%.
zaldehyde conversion increased with the copper conterd. Th
presence of Cu and Fe in the Cu-Fe-hydrotalcite seems to
have synergetic effect on the catalytic reaction. The Cu-Fe
hydrotalcite with the molar ratio of Cti/Fe** = 2.0 displays
the optimally catalytic activity, and the highest conversof
benzaldehyde was 59.7%, while the selectivity of benzain is
propyl ether was nearly 100%.
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The effect of reaction temperature on the conversion of

benzaldehyde was studied by varying the temperature from -
333K to 353K as shown in Figure 2, in which the hydrotal- e e
cite sample with C8i*/Fe¢t mole ratio of 2.0 : 1.0 was used as 10 20 30 40 50 60 70 80
a catalyst. Figure 2 reveals that with the increase of reacti 20/(°)
time, the conversion of benzaldehyde was gradually ineas Figure 3. The phases of the catalysts before
however, the selectivity to benzoin isopropyl ether hadesim  Cw?*/Fe*t =2.0
no change, that was nearly 100% from the experiments. The
conversion was found to attain its steady state valuesraifiter
ning the reaction for 160 min or so. At the same time, the
reaction temperature had greatly effect on the conversion o
benzaldehyde as shown in Figure 2. The conversion of ben- ) ) ) )
zaldehyde was found to increase steadily with the temperatu ~ NUMerous studies on the physico-chemical properties and
from 333 K to 343 K. When the temperature was increased tghermal stability of various hydrotalcite have been redrt
353 K, the conversion of benzaldehyde was slightly reduced!”-8l- It was suggested that upon thermal decomposition, a
Thus, the proper reaction temperature for synthesis ofdignz  Nighly homogeneous mixed oxide is obtained from these ma-
isopropyl ether is 343 K. tenal; at about 72_3 K, which is potentlally a basic catdlyst
a variety of organic transformations, such as aldol conalens
tion [9], alkylation of phenol [10], epoxidation of limonen

60 . [11], oxidative methanol reforming [12] etc. The structre

; of the catalysts before and after calcination were examiyed
0 - XRD (Figure 4).
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3.4. The effect of the structure diversion of catalyst on the
reaction
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Figure 2. The effect of different temperature and time on the coneersif

o
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J{ 173° = 423K
H\H‘I....lfw‘.lw“‘\A“"\‘H.
3.3. Durability of hydrotalcite structure during the reaction o200 30 40506070 80
20/¢)

Cu-Fe-hydrotalcite was easily separated from the reacFigure 4. XRD patterns of Cu-Fe-hydrotalcite (EuFe*" =2.0) after
tant mixture through centrifugal method, and then the gatal different calcined temperatures for 3h
was washed with deionized water and dried at 353 Kinan air ~ Catalytic activity of complex oxides derived from hydro-

oven overnight. Figure 3 shows the phases of the catalysttalcite was assessed in the synthesis of benzoin isoprti e
before and after reaction. When the catalyst was reused fofTable 3).
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Table 3. Catalytic performance of Cu-Fe-hydrotalcite lysts, this suggested process employs a layered structure o
after different calcined temperature for 3h Cu-Fe-hydrotalcite as a heterogenous catalyst under mld r
Calcined Benzaldehyde Benzoin isopropyl ether action conditions, which is easily removed from the prod-
temperature (K) conversion (%) selectivity (%) uct and can be recycled for several times. The catalyst with
423 59.7 99.7 a layered structure of Cu-Fe-hydrotalcite in molar ratio of
523 43.6 99.7

CU?/Fe*t = 2.0 shows a high conversion of 59.7%, and the
623 25.2 98.7 - o ; %
793 146 98.4 selectivity for benzoin isopropyl _etherW|th nearly 1009her _
823 0.0 0.0 layered structure and synergetic effect of copper anddferri
play a crucial role for the catalytic synthesis of benzom is
propyl ether.

Reaction conditions were same as those in Table 2

Table 3 presents the effect of the structure of Cu-Fe-
hydrotalcite on the reaction. The structure of the catdipst ~ References
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