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Condensation of citral and ketones using activated hydrotalcite
catalysts
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Activated hydrotalcite catalysts were prepavégcalcination and room-temperature rehydration. Replacement of water from the pores
after rehydration resulted in an increased amount of accessible active sites. The performance of the catalyst was explored in liquid-phase
aldol condensations at low temperatures. In the citral-acetone condensation high activities and selectivities were obtained. Usage in the
citral-MEK condensation showed also a high citral conversion, with methyl pseudoionones as primary products.
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1. Introduction Hydrotalcites (HTs) are anionic clays, the structure of
which resembles that of brucite, Mg(OH) In the latter
Citral is a key starting material for various fine chemistructure, magnesium cations are octahedrally coordinated

cal products, in particular for the synthesis of several typ8Y hydroxyl ions, giving rise to a stack of layers of edge-
of pseudoionones (PS). PS is an intermediate in the cofi@red octahedra. In HT, part of the fgions is replaced
mercial production of vitamin A and is synthesiséd con- PY AI®* ions resulting in positively charged cation layers,
densation of citral and acetone. Citral consists of two is§ich charge is compensated by anions (usually carbonate).
mers, neral and geranial, caused bydtsstrans isomerism Besides anions, also water molecules are present in the in-
at the G=C bond near the aldehyde group. Natural ré€rlayer[10-12.- — _
sources are several Indian lemon grass species dseh To obtain activity in I_|qwd—phase aldo'l cgndensanons,
cubeba oil from the PR China, the latter source having &1 has to be activated in a two-step activation procedure.
citral content as high as 75% [1]. When MEK is used in!_zlrst, by calcination up to 723-773 K, interlayer carbonate

stead of acetone, the base-catalysed formation of two dﬁ_removed and the Iayered_ HT structure is de;troye_d due
ferent carbanions results inmethyl and isomethyl PS [2] to cation-layer dehydroxylation [10]. The resulting mixed

(shown in figure 1). After an additional acid-catalysed rin xides exhibit strong Lewis basicity as well as acidity and

closure using strong acids like sulphuric and phospho iave been applied as a base catalyst in various gas-phase

acid, (methyl) ionones are obtained [2,3]. The productio‘fwondensation reactions [13,14]. However, usage of calcined

of ionones and methyl ionones, large-scale products in t érs in liquid-phase systems at low temperatures has not

flavours and fragrances industry, was estimated in 1995 fen very successful [15], possibly due to the presence of

3500 tonnes [4]. In the commercial production processé\ fong Lewis base sites [16]. The second activation step

NaOH or KOH are used as homogeneous catalysts, Whlmr\]/olves rehydration a_tt_room temperature. This results_ in
X . the recovery of the original layered structure, but now with
leads to waste streams [2,5]. Besides environmental prcg -

) ) e required Brgnsted base hydroxyl ions present in the in-

lems concerning the use of alkali bases, the condensatjo . :
: . . . erlayer. The thus obtained activated HT catalyst shows

of citral with ketones suffers from undesired side reac- - L .

igh activity and selectivity in several condensation reac-

tions, e.g., citral self-condensation and secondary reaCt'O%‘céns [9,17].

of PS [6]. In recent years, a growing interest has devGIOdeRecently, we succeeded in the condensation of citral

in the utilisation of solid catalysts in base-catalysed reag. 1 cetone to PS already at 273 K using the activated
tions, especially in liquid-phase aldol condensations at | catalyst [18]. In this paper, we present supplemen-
temperatures. Diacetone alcohol (DAA) production via self: ' '

. ary and new results from the citral-acetone condensation
condensation of acetone [7,8] and the benzaldehyde cond dwell as new results from the condensation reaction of

sation with ace_tone towards benzalacetone [9] using aclliral and MEK towards methyl PS using HT-based cata-
vated hydrotalcite-based catalysts are noteworthy exampie§s - Furthermore, the activation procedure has been mod-

thereof. ified leading to a considerably enhanced number of active
* To whom correspondence should be addressed. sites.
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Figure 1. Base-catalysed condensation of citral and MEK yieldingethyl and isomethyl pseudoiononéa the 8-hydroxy-ketone intermediate.

2. Experimental of PS formed. The selectivity has been calculated by us-
. ing both thes-hydroxy-ketone and PS signals from the GC
2.1. Preparation of the catalyst analysis. In case of the self-condensation of acetone, isooc-

. tane was used as internal standard to calculate the amount of
An aqueous solution (45 ml) of 0.1 mol Mg(NB- DAA formed

6H,0 and 0.05 mol AI(NQ)3-9H,0 was added all at once
to a second solution (70 ml) containing 0.35 mol NaOIi2 I~

; "~ 2.2.1. Catalyst characterisation
an.d 0.09 mql NgCO; at 333 K. The mixture was mam- - pgyder X-ray diffaction (XRD) patterns were obtained
tained at this temperature for 24 h under vigorous stg

. . ) - ) y using an Enraf Nonius FR 590 with CouKradiation.
ring, after which the white precipitate was filtered off an Micromeritics ASAP 2400 analyzer was used fop N

washed several times. Drying of the hydrotalcite too . . .
. . hysisorption to determine surface areas and pore volumes.
place for an additional 24 h at 393 K. Using results fror@ : : :

. olumetric CQ-adsorption measurements in the pressure
EDAX measurements, an Mg/Al ratio of 2/1 was calcu- . .

. . . range 0—1 mbar were performed at 273 K using a Mi-
lated. Combined with TG-analysis results, the HT Structurceromeritics ASAP 2000. After calcination and/or rehydra-
MgeAl3(OH)18(CO3)1.5-4H20 was derived. ) y

After drying, the HT was heated in a nitrogen flow up t

(%ion as described above, the samples were stored under ni-
723 K with a heating rate of 10 K/min and kept at this tem: 09€N o .aVO.Id CQ uptake from the atmosphere. Before
perature for 8 h. Samples of the calcined HT were immersgaaracterlsatlon measurements were performed, the samples
in COy-free water (100 ml/g) and stirred under nitrogen atYere outgassed under vacuum at 393 K.

mosphere for 1 h at room temperature. After filtration under
nitrogen atmosphere, some samples were subjected to an ex|52 | ddi )
tra washing step using ethanol. All samples were dried uno%r esultsand discussion

a nitrogen flow at room temperature. . .
The XRD patterns of the HT at different stages of acti-

vation are depicted in figure 2. The diffraction pattern of
the HT as synthesised (HJ shows the characteristics of

The condensation reactions of citral with acetone @& highly crystalline layered structure and is analogous with
MEK were performed in a stirred double-walled thermostdd Ts reported in literature [10,19]. Calcination of the HT up
tic glass reactor, equipped with baffles. To suppress seif- 723 K resulted in the disappearance of the layered struc-
condensation of citral, a high ketone/citral ratio was applietire, as can be concluded from the absence of tlesigo
Typically, 145 ml ketone containing 1 wt% citral (95%,nals in figure 2(b). The broadened MgO-like signals point
Aldrich) was cooled to 273 K and 0.5 g freshly preparetd the formation of a mixed oxide of the Mg(Al)O type [10].
catalyst was added under a low flow of nitrogen to excludifter rehydration of the calcined HT at room temperature
atmospheric carbon dioxide. Aliquots of 1 ml were takethe restoration of the original layered structure had occurred
from the reaction mixture during the 24 h reaction period ar(figure 2(c)). Although this compound s less crystalline than
analyzed using a Chrompack CP 9001 GC provided withtle HTas, the typical HT characteristics can clearly be recog-
Chrompack CP 9050 autosampler. Tetradecane (99%) wazed. Earlier XANES results showed a complete return of
used as internal standard to calculate the amount of citthé octahedral coordination of the Al ions present in the cat-
and, in case of the citral-acetone condensation, the amoiamt layer after rehydration [20], using this procedure.

2.2. Reaction procedures
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Figure 2. X-ray diffraction patterns of (a) HT as synthesised, (b) HT cal- 273 296
cined and (c) HT after rehydration. Temperature (K)
Table 1 Figure 3. Citral conversion (%)) and PS yield (%)W) at 273 and 296 K
Results from physisorption and catalytic measurements. in the citral—acetone condensation.

BET Micropore Total pore Co Activity@
surface area  volume volume  adsorptionpA@ /gcath)
(m2/g) (ml/g) (mllg)  (ml STP/g)

HTas 100 0.00 0.76 n.d. 0[17] 601
HTcalc 224 0.03 0.87 n.d. 217 g
Hact 97 0.00 0.44 3.8 15 § o
HTactw 200 0.00 0.49 6.2 P =

5

@|nitial activity in acetone self-condensation at 273 K, reaction condition
similar to those of [17].
b Reaction temperature 296 K.

"

20

Table 1 shows the results from physisorption measure-" . . - M M M
ments. Calcination of the HT resulted in a large increase Time (hours)
in BET surface area from 100 to 2242fg, due to the for-
mation of micropores as well as of mesopores [13]. Théigure 4. Conversion of citral in the citral-MEK condensation at 296 K.
micropores vanished during rehydration while the layerered
structure restored resulting in a significant decrease of tg@ncentrations of citral. Therefore, all experiments with
BET surface area, from 224 to 972fg for the dried rehy- the HTactw were performed with a starting concentration of
drated HT (HTEc) caused by both the closure of micropored Wt% citral.
within platelets and the agglomeration of platelets closing First, the catalytic performance of the ktlw was tested
mesopores. The latter phenomenon results from the higtthe citral-acetone condensation at 273 K. Figure 3 shows
capillary forces excited by the withdrawing water meniséhe conversion of citral at 273 K and the formation of com-
between the HT platelets during drying. Replacement bined PS ang-hydroxy ketone. After 24 h, a conversion
water by ethanol followed by drying causes the capillar§f 92% citral was found, which is significantly higher than
forces to be substantially lower such that the high specifiae earlier reported 65% of the & The selectivity, how-
surface area can be maintained (table 1). Furthermore, @¥er, is somewhat lower (&rsus 90%), possibly due to an
sults from CQ-adsorption measurements executed at locreased adsorption of citral on the kg catalyst. This
pressures show a significantly higher uptake ohb,@@ the hypothesis is supported by the observed fast, almost instant
washed activated HT (HiEiw) than on the HE.. Washing citral removal after short reaction times (figure 4). To ex-
with ethanol enhanced the number of Bransted sites as wasthine the effect of temperature on the 45Ty performance,
as the activity for acetone condensation approximately twie condensation reaction was carried out at 296 K. Citral
fold (table 1). conversion and PS formation are depicted in figure 3 also.

The HTactw Was used in our citral-ketone catalysis exA slightly increased selectivity towards PS was observed
periments. Previous results with the kd[18] showed that at this higher temperature, 87%, and a citral conversion of
using a molar acetone/citral ratio of 20 (corresponding 8% was achieved. Besides PS also DAA, as a result of ace-
10 wt% of citral), no reaction took place at all. When théone self-condensation, was observed at both temperatures.
amount of citral was decreased to 1 wt%, both acetone séllhermodynamic equilibrium (23 and 13 wt% DAA at 273
condensation and citral-acetone condensation was obseraed 296 K, respectively [21]) was not reached, possibly due
(65% citral conversion after 24 h, 90% selectivity toward® catalyst deactivation. Interestingly, the presence of cit-
PS). This demonstrates a strong inhibition by citral at higheal gave rise to the formation o2 wt% of triacetone alco-
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Table 2
Citral-ketone catalysis results.

Catalyst  Temperature Ketone Initial activity Selectivity Our results demonstrate that the current activation proce-

4. Conclusions

(K) (9citral/9cath) (mol%)  dure for HT-based solid-base catalysts has been significantly
HT el 273 Acetone 1 oo 'mproved. When after rehydration water in the pores is re-
HT actw 273 Acetone 2 79 placed by ethanol, a high specific surface area remains pre-
HTactw 296 Acetone 2 g7  served. This effect is connected with the considerably lower
HTactw 296 MEK 1 n.d. surface tension of the ethanol, which reduces the capillary

forces in the HT stacks during evacuation of the solvent.

At 273 and 296 K the thus activated catalyst turned out
to exhibit a high activity in the citral-acetone condensation
as well as a high selectivity towards PS. Utilisation of this
catalyst in the citral MEK condensation reaction at 296 K
resulted in the formation of bothrmethyl and isomethyl PS.
These promising results show the potential of the activated
HT-based catalyst in liquid-phase aldol condensations at low
temperatures.

apata from [17].
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