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C. Noda RereZ2 1, C.A. Henrique$, O.A.C. Antune$, J.L.F. Monteiré* *

2 Nucleo de Catlise (NUCAT), COPPE/UFRJ, Caixa Postal 68502, CEP, 21945-970 Rio de Janeiro, RJ, Brazil
b |nstituto de Quimica, UERJ, Rua&’ Francisco Xavier, 524, CEP, 20559-900 Rio de Janeiro, RJ, Brazil
¢ Instituto de Quiica, UFRJ, Caixa Postal 68563, CEP, 21945-970 Rio de Janeiro, RJ, Brazil

Received 7 December 2004; received in revised form 2 February 2005; accepted 2 February 2005

Abstract

The aldol condensation of citral with acetone catalyzed by a Mg,Al-mixed oxide derived from hydrotalcite with an Al/(Al+Mg) molar
ratio equal to 0.2 was studied. The influence of reaction parameters such as acetone/citral molar ratio (1-5), temperature (343-398K), and
reaction time (30—240 min) was evaluated aiming at their optimization to increase pseudoionone production with high selectivity. The best
results were obtained for an acetone/citral molar ratio of 5 with 5wt.% of catalyst (based in the total weight of reactants). The highest
pseudoionone selectivity (90%) was achieved at 343 K after 4 h of reaction, with a citral conversion close to 50%. The observed trends suggest
that higher conversions and selectivities should be attained at longer reaction times at 343 K. GC-MS analyses confirmed pseudoionone
isomers as the main reaction products, the by-products being those from the aldol condensation between pseudoionone and acetone and fror
the self-condensation of citral. A general reaction scheme is proposed.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction of aqueous sodium hydroxid2,3], sodium alcoxidd3] or
lithium hydroxide[4] as catalysts. Pseudoionone (PSI) selec-
a- and B-lonone (4-(2,6,6-trimethyl-1-cyclohexenil)-3- tivities close to 80% are reported for citral conversions near
buten-2-one) are products derived from essentials oils with 60%. The second step is the cyclization of pseudoionones
extensive use in soap and fragrances industidenone is forming the ionones. Depending on the strength of the acid
also important as precursor in the synthesis of vitamin A used as catalyst; or 3-ionone is produced. The alphaisomer
and other carotenoids. lonones are commercially producedis obtained in the presence of weak acids, such as phosphoric
from homogeneous catalytic processes involving several unitacid, and when a strong acid is the catalyst, such as sulfuric
operations. The first stefrig. 1) is the production of pseu-  acid,B-ionone is formed5].
doionone (6,10-dimethyl-3,5,9-undeca-trien-2-one) fromthe  With these homogeneous catalysts some undesired reac-
aldol condensation of citral (3,7-dimethyl-2,6-octadienal) tions such as the self-condensation of citral and secondary
with acetone (propanone) catalyzed by alkaline hydroxides reactions involving the pseudoionones produced are also ob-
such as aqueous barium hydroxide, alcoholic sodium ethox-served, making it necessary the purification of the latter by a
ide, metallic sodium (which is pre-dissolved in alcohol), and laborious and costly washing operation followed by a care-
alcoholic sodium hydroxidgl]. Some patents claim the use ful fractional distillation to remove by-products with close
boiling points. The distillation step exposes the product to
mpondmg author. Fax: +55 21 2562 6300, prqlonged heating in the_presence of traces_ of either the_ al-
E-mail addressmonteiro@peq.coppe.ufrj.br (J.L.F. Monteiro). kaline catalyst or any acid used to remove it, thus favoring
1 Present address: Universidade Estadual daGairapolis, GO, Brazil. its decomposition with the formation of more by-products.
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Fig. 1. Mechanism of aldol condensation between citral and acetone.

Moreover, for satisfactory yields, these processes demandan Al/(Al+Mg) of 0.33, calcined under Nat 723K and
the use of a large excess of acetone, typically 10-20 molesrehydrated at 303 K with decarbonated w48r For an ace-
per mole of citral, thus requiring a large and costly plant for tone/citral molar ratio close to 250 and 1 wt.% of catalyst, a
commercial productiofd]. citral conversion of 65% and a PSI selectivity of 90% were
The substitution of this conventional homogeneous pro- obtained after 24 h at 273 K. The authors claim that the re-
cess by a heterogeneous one is a matter of great interest duaction is inhibited over this catalyst by higher concentrations
to the possibility of reducing the consumption of reactants of citral since no reaction was observed for an acetone/citral
and the number of operations involved. For example, neu- ratio of 20 even with 10 wt.% of catalyst. When the water in
tralization and washing stages can be substituted by a singlethe pores of the rehydrated catalyst was replaced by ethanol,
filtration. In addition, selecting the most active and/or the a higher activity was obtained (citral conversion of 92%), but
most selective catalyst can increase the total yield of desiredthe selectivity to PSI was lower (79%9]. At 296 K the se-
products and can also reduce by-products formation, therebylectivity to PSI was 87% for a citral conversion of 88%, after
simplifying the distillation step. Besides, the heterogeneous 24 h of reaction.
catalysts are more easily separated from the reaction mixture The aldol condensation between citral and acetone cat-
and can be reutilized, so giving rise to more environmentally alyzed by activated hydrotalcites (Al/(Al + Mg) = 0.25) was
friendly processes. also evaluated by Climent et §1.0]. These authors showed
Different groups have studied the heterogeneization of the that the inhibiting effect of citral on the catalytic activity re-
aldol condensation of citral and acetone. Noda d6kvere ported by Roelofs et al8] can be avoided by increasing
the firstto report the excellent performance of a Mg,Al-mixed the reaction temperature from 273 to 333 K. Moreover, citral
oxide (Al/(Al+Mg)=0.27) derived from hydrotalcite as a conversion and PSI selectivity were both favored by increas-
catalyst for this reaction under autogenous pressure, at 398 King the acetone/citral molar ratio and the reaction tempera-
with an acetone/citral molar ratio equal to 1 and a catalyst ture, reaching 90% and 99%, respectively, after 4 h at 353 K
content of 10 wt.% (with respect to the total weight of reac- with a ratio equal to 19 and 4.5 wt.% of catalyst. The rate of
tants). After 4 h of reaction, a citral conversion of 98% was reaction was also improved by the direct addition of water
obtained with selectivity to pseudoionones close to 67%. (36 wt.%) to the freshly calcined hydrotalcite. For this rehy-
Recently, Mg,Al-mixed oxides with different composi- drated catalyst both citral conversion and selectivity of PSI
tions and physico-chemical properties obtained from hydro- equal to 99% were observed after 1 h of reaction at 333K
talcites by thermal treatment at 723 K were evaluated at thewith acetone/citral molar ratio of 2.7 and 40 wt.% of cata-
same conditions as described above, using 5 wt.% of catalystlyst.
(with respect to the total weight of reactantd). The results As shown by different authors, the surface basic proper-
showed that the Mg,Al-mixed oxide derived from a hydro- ties and consequently the catalytic performance of the mixed
talcite with an Al/(Al+Mg) ratio equal to 0.20 and aged at oxides derived from hydrotalcites depends on chemical com-
333K was the most active and selective catalyst. After 4 h position, the optimum Mg/Al ratio depending on the basic site
of reaction, a PSI selectivity of 70% for a citral conversion density and strength required to activate the reactant of the
close to 65% was obtained. These values are quite similar toreaction under studyt 1,12—15] As to the nature of the active
those reported for homogeneous media. basic sites, itis often accepted thatin the case of Mg, Al-mixed
Roelofs et al[8,9] also studied this reaction using as cat- oxides they are associated to hydroxide groups and different
alyst a mixed hydroxide obtained from a hydrotalcite with O>~—Mg?* acid—base pairfl6,17] Concerning the Lewis
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