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Abstract

The protection of aromatic aldehydes with acetic anhydride was investigated in the presence of 26 metal cation-exchanged montmoril-
lonites (M*T-MMT) and commercial acid-activated K10 and KSF montmorillonites (Siidchemie Moosburg, Germany). The acid sites of
all catalysts were investigated by infrared spectroscopy and thermal analysis using pyridine as a molecular probe. The yield of reaction is
roughly related to the strength of acid sites and depends also on the substitution on the benzene ring of the aldehydes. The order of activity
of selected cation-exchanged forms was-AK10 ~ KSF > Zn > Na which correlates well with the polarizing power of these cations and
resulting acidity. APt-MMT is revealed to be an effective catalyst for protection of aromatic aldehydes witB Aad produces almost
solely 1,1-diacetates. Relatively high yield of products observed for “moderately acid” cations, suchasambe explained by the fact
that protection of aldehydes requires medium-strength acid sites.
0 2003 Elsevier Inc. All rights reserved.
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1. Introduction space contains water under ambient conditions, the contri-
bution of the Lewis bases and acids to the overall surface
Selective organic transformation in the presence of var- acidity of the interlayer is only secondary. However, Lewis
ious solid catalysts including metal cation-exchanged clay base and acid properties are revealed when the adsorption
minerals is of current interest in making the synthetic Of an organic compound is accompanied by expulsion of the
processes comfortable and benign to the Earth [1]. The abil-interlayer water.
ity of variously exchanged montmorillonites to catalyze a ~ Water molecules in the hydration spheres of exchange-
range of organic reactions of synthetic and industrial signif- able cations are proton donors (Brgnsted acids). Hydration
icance remains attractive for chemists [2—4]. The catalytic water dissociates under the polarizing effect of the metallic
activity could be explained in terms of either Lewis or Brgn- cation as follows:
sted acid centers contributing to the reaction mechanism [5]. - (m—1)+ 4
Clay catalysts have been shown to contain both BranstedM(OH2), "™ — [M(OH)(OH2), 1] +H,

and Lewis acid sites, with the Brgnsted sites mainly associ- ywherex is the number of water molecules that directly coor-
ated with the interlamellar region and the Lewis sites mainly ginate the metal cation M and-+ is the charge on the cation.
associated with edge sites. The acidity of smectites is influ- o similar cation polarizing effect occurs in aqueous salt so-
enced by the quantity of water between the layers [6,7].  |utions, butit is much more significant in the interlayer space
In the interlayer space basic and acidic adsorption sites of clay minerals. The reason for this enhancement is the di-
are present [8]. The oxygens of the O planes and exchangeglectric constant of interlayer water, which is less than that
able metal cations are electron pair donors and acceptorsof ordinary water; consequently, protons in the interlayer are
or Lewis bases and acids, respectively. Since the interlayermore mobile than in bulk water [9-11]. The degree of dis-
sociation of water is 10times higher in the interlayer space
* Corresponding author. than in liquid water [12]. N o
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Several studies have shown that thermogravimetric analysiswas removed afterward by washing with distilled water until
of the desorption of bases, such as butylamine, cyclohexyl-a negative test for chlorides with silver nitrate solution or for
amine, and pyridine, can be used to evaluate rapidly the nitrates with sodium salicylate solutipiH>SO4. The metal
amount and type of acid sites in clay minerals [13—15]. The cation-exchanged montmorillonites were dried at6tand
technique of temperature-programmed desorption (TPD) hasground to pass a 0.2-mm sieve.
been used to considerable advantage for elucidation of the Commercially available acid montmorillonite-based cat-
number and type of adsorption sites on a wide range of solid alysts K10 and KSF were obtained from the manufacturer
surfaces which exhibit catalytic properties. However, as with (Siidchemie Moosburg, Germany). Solvents and chemicals
many physical techniques, the results from the TPD tech- were obtained from Merck (reagent grade) and were used as
nigue cannot be interpreted in isolation and corroborative supplied.
evidence is generally sought from infrared (IR) spectra. All catalytic tests were performed in small glass flasks

The first step in the activation procedure, which is re- using 10 mg smectite immersed in 10 ml of a 0.02 M solu-
quired for both natural and synthetic clay minerals, is to tion of aldehyde in acetic anhydride. The reaction mixture
convert the mineral into the desired ion form. In the case was kept under stirring at 2@ for 1 h. This reaction time
of metal ions, this can be achieved relatively easily by ion was chosen on the basis of preliminary results obtained with
exchange using a concentrated solution of a suitable salt, fol-K10 and was suitable for all the different reactions and cata-
lowed by repeated washings to remove the excess salt. As arysts studied. Ten microliters portions of the liquid phase
alternative, one can use ion-exchange resins in suitable ionwere removed from the flasks with a syringe, diluted to 1 ml
forms. with acetonitrile, and analyzed using HPLC chromatogra-

There is still a great demand for heterogeneous cataly- phy. Blank experiments (without a catalyst) were performed
sis under mild conditions and in environmentally friendly simultaneously. Three parallel catalytic experiments were
processes. Montmorillonites, a class of inexpensive and non-carried out for each catalyst.
corrosive solid acids, have been used as efficient catalysts The samples for both thermal analysis and IR spec-
for a variety of organic reactions. The reactions catalyzed by troscopy were air-dried prior to exposure to reagent grade
montmorillonites are usually carried out under mild condi- pyridine vapor at room temperature for periods of 5 days.
tions with high yields and high selectivities and the workup Samples ¢ 20 mg) were transferred directly from the des-
of these reactions is very simple; only filtration to remove the iccator with pyridine vapor into the equipments.
catalyst and evaporation of the solvent are required. Mont-
morillonite catalysts are easily recovered and reused [16,17].

Some frequently used organic reactants containing re- 3. Analytical methods
active groups, such as aldehydes and ketones, require pro-
tection of these groups to avoid undesirable side reactions.3.1. Fourier transforminfrared (FTIR) spectroscopy
Protection of aldehyde with acetic anhydride in the presence
of montmorillonite catalyst is a suitable reaction for testing The DRIFTS (diffuse reflectance IR) spectra were ob-
the catalytic activity of modified smectites [18]. An earlier tained using a diffuse-reflectance accessory “Collector”
assay showed that heated NHMMT catalyzed protection  from Spectra-Tech at room temperature without a dilution in
of 3,4,5-trimethoxybenzaldehyde [19]. The aim of this work KBr on a FTIR spectrometer Nicolet Magna 750 equipped
was to prepare various homoionic montmorillonites from a with a DTGS detector. Samples were quickly poured loosely
Ca*-form by ion exchange and to test catalytic activity of into a sample cup of 1 mm depth and 3 mm diameter. For
these materials for the conversion of benzaldehyde, 3,4,5-each sample, 128 scans were recorded in the 4000—40b cm
trimethoxybenzaldehyde and 4-nitrobenzaldehyde in aceticspectral range with a resolution of 4 th
anhydride into diacetate.

3.2. Thermal analysis

2. Experimental The TG analyses (DTG curves are shown) were con-
ducted from ambient temperature up to 7@using a T.A.l.

Montmorillonite separated from bentonite from the de- SDT 2960 instrument¥ 20-mg sample mass, 2C min—!

posit Ivartice (Czech Republic) was used for the exper- in flowing air).

iments. Bentonite was ground in an agate mortar and a

< 2-pum fraction was separated by sedimentation in order to 3.3. HPLC chromatography

remove most of the impurities. In the course of this process,

the sample was repeatedly saturated with a calcium chloride Samples were analyzed using a Hewlett Packard HP-

solution to obtain a homoionic form of montmorillonite. The 1090M HPLC apparatus with a Hypersil column (BDS

metal cation-exchanged forms {N-MMT) were prepared 5 unmy/200x 2.1 mm) and a mobile phase consisting of a mix-

from the C&* form via multiple overnight saturation with  ture of water and acetonitrile (1:1). Detection was performed

1 moldnt3 M"*+Cl, or M"*(NO3), solutions. Excess salt  with a diode array detector at 210 nm and the products were



L. Jankovi€, P. Komadel / Journal of Catalysis 218 (2003) 227-233 229

identified by the retention times of reference substances. Dif- nected with very weak adsorption corresponding either to
ferences in the determined concentrations of the reactionsimple nonspecific physical adsorption (P in Fig. 1) or to an
products in three parallel runs were always withi% from extremely weak specific coordination of pyridine in MMT,
the average reported. The yield was determined as the perin strength similar to interactions of pyridine molecules in
centage of the reactant converted to the reaction product. liquid phase [20,24].
Fig. 2 presents representative IR spectra of the selected
air-dried metal-exchanged montmorillonites, taken after
4. Resultsand discussion their exposure to pyridine. The samples exhibited absorp-
tion bands which, following Breen et al. [14], were assigned
The infrared absorption bands in the 1400-1700tm  to physisorbed pyridinex 1577 anc~ 1440 cnt™), hydro-
region for pyridine adsorbed on silica-alumina and alumi- gen-bonded pyridinex 1440 and 1590 cm'), Lewis-bound
nosilicates have been used to study their acidity since thepyridine (~ 1450, 1490, 1590, and 1620 c), pyridine co-
1960 [20—22]; however, the nature of acid sites on MMT has ordinated through its aromatic-electrons (1607 cm'), and
not been completely elucidated yet. It is known that spec- the pyridinium cation (1540 and 1640 cth).
tra of MMT before pyridine adsorption contain in thisregion ~ The samples with alkali and alkali earths cations con-
only one band near 1630 crhdue to the bending OH vibra-  tained no Brgnsted acid sites, only coordinately bound pyri-
tions of water molecules. Analysis of the bands reported in dine (the bands near 1440, 1490, 1590, and 1625'dmthe
the IR spectra after the adsorption of pyridine on montmo- Spectrum of N&-MMT, Fig. 2). The bands near 1440 and
rillonite shows that there are four types of adsorption sites 1590 cnm* indicated hydrogen-bonded pyridine. The bands
(Fig. 1). near 1490 and 1625 cm could be ascribed to pyridine ad-
The Bronsted sites (B) show bands near 1490, 1540,sorption on Lewis acid sites, but absence of the 1450%cm
and 1635 cm? [6,14]. The 1540 cm® band is typical of band makes this assignment improbable. The broad band
this site; the corresponding species is the pyridinium ion near 1625 cm® was of low intensity, which could indicate
(PyH™). It is assumed that tricoordinated aluminum atoms Some amount of strong and/or Lewis acid centers or rather
with an electron-free orbit constitute Lewis acid centers (L). Vibrations of remaining water molecules. This is more prob-
Pyridine coordinated to the Lewis sites absorbs near 1455,able because no band was observed due to pyridinium ion
1490, and 1610-1625 cmh; the 1455 cm! band is typi- near 1540 cm?!, which would be indicative of Brgnsted
cal of these sites [23]. The third type of site, corresponding acidity. Assignment of this band to vibrations of water is
to hydrogen-bonded pyridine (H) on the clay solid [20,24], supported by its easy removal upon heating [14]. Finally, the
has vibrations near 1440 and 1590 dinThese bands are  band near 1575 crit and partially the band near 1440 cf
probably due to a strong interaction between the cation and(more exactly, a component of this complex band) can be
the pyridine molecule, by attraction of the cation into the
electrostatic field [25]. Liengme and Hall [26] suggested an- 1440
other type of Lewis site and attributed the 1445¢nband 1490
to the (skeletal) ring-stretching vibration of pyridine coor-
dinately bonded to the residual Naations on dehydrox-
ylated Y-type zeolites. This pyridine-cationized mordenite
band was strong enough to be present even after evacuation
at 450°C. Finally, the vibration near 1575 cm is con-
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Fig. 1. Bands in the IR spectra of acid solids with adsorbed pyridine in the wavenumber, cm'1
1420-1650 cm? region. Pyridine adsorbed on B, Bransted sites; L, Lewis
sites; H, hydrogen-bonded, and P, physisorbed pyridine. Fig. 2. DRIFT spectra of pyridine-saturated catalysts.
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attributed to physical adsorption of pyridine in MMT with
alkali and alkali earths cations.

The spectra of Hg -, CU?*-, and Zrft-MMTs contain- /\\/—d
ing predominantly Lewis sites are shown in Fig. 2. Inten- Zn
/\_/\___u

-dw/dt

sities of the bands due to sorbed pyridine on typical Lewis
acid sites were moderate to high, e.g., the 1445%band ¢
in the spectrum of Hg -MMT. The band near 1490 cnt /\‘/K

could be attributed to sorption of pyridine on both Brgnsted Hg
and/or Lewis sites while the band near 1590 ¢mvas as-

signed to hydrogen-bonded pyridine. Both these bands are Na
rather broad, suggesting a relatively wide range of strengths . . ‘ ‘ .
of these acid sites. Intensities of these bands are higher than 100 200 300 400 500
in the spectrum of N&-MMT (Fig. 2). Bands near 1570 and temperature, °C

1630 cnt! represented the physisorbed and Lewis pyridine
and/or remaining water molecules, respectively, as describe
above.

Two bands at 1450 and 1573 chobserved in the spec-
trum of C#+-MMT (Fig. 2) were due to interaction of pyri- the other forms. Similarly as described above, the band at
dine with Lewis centers and physisorption. No band was ob- 1490 cnt* reflected the presence of both Lewis and Bren-
served near 1540 cnt: therefore, the band near 1490 ¢k Sted acid centers. The bands near 1585 and 1595'cm
is considered to show only Lewis sites. The very broad band @nd that near 1440 cni corresponded to physisorbed and
near 1640 cm? includes vibration of water and interaction hydrogen-bonded pyridine of the catalysts, respectively. In-
of pyridine with the Lewis sites. Pyridine bands at 1592 tensities ofall the bands except for that near 1570twere
and 1607 le indicated two types of pyridine, i'e.' pyri_ higherthan inthe SpeCtra of the other forms described above,
dine hydrogen-bonded to water and pyridine directly coor- Proving higher acidity of M*-MMTs. This was confirmed
dinated to the copper ion, respectively [27]. The spectrum of by the high intensities of the “typical” Brensted band near
this deep blue sample contained absorption bands near 144@540 cnt in the spectra of A&, La>*-, Fe¥t-, Ce*t-,
and 1590 crmi?, indicating the presence of hydrogen-bonded Cr**-, and Zf*-MMTs and by the absence of a diagnostic
pyridine. The intense 1607 cth band occurred only in the ~ Lewis band near 1455 cnd.
spectrum of C&"-MMT and was ascribed to pyridine co- Desorption of pyridine from different sites upon heat-
ordinated to copper through its aromatieelectrons rather ~ ing provides additional information on adsorption sites on
than through the nitrogen atom. A change in color ofGu  solid catalysts [14]. Fig. 3 shows how the derivative ther-
MMT upon adsorption of pyridine from the liquid phase was Mmogravimetric profiles for several cation-exchanged mont-
ascribed to a pyridine free radical [28]. The formation and morillonites saturated with pyridine vary with the nature
further reactions of free radicals may be catalyzed by copperof the exchangeable cation. The peak atG0ccurred in
ions and these radicals could contribute to both the intenseall hydrated M*-MMT and may be attributed to dehy-
color and unusual absorption of IR radiation by the copper— dration. Besides it, the NaMMT exhibited a maximum

ig. 3. Derivative thermograms for desorption of pyridine froffifMmont-
orillonites.

pyridine complexes in montmorillonite. near 130C, which can be ascribed to desorption of pyri-
The spectrum of ZAt-MMT (Fig. 2), as well as the spec-  dine. No protonation of pyridine was observed for the alkali
tra of C&t-, Ni2t-, C#t-, Srt-, Mn2*-, Bi3+-, and SB+- and alkaline-earth cation-exchanged forms, only the trace of

MMTs (not shown), exhibited similar bands as observed Nat-MMT is shown in Fig. 3. Only one desorption maxi-
for the spectrum of Cif-MMT. The shift of the band near mum from acid sites was observed near 190n the traces
1445 cnt? can be interpreted as evidence of Lewis acidity of Hg?*- (Fig. 3) and PB"-MMT (not shown), suggesting

of these forms. Itis easy observed in case of th&ZMMT, that these two forms contain only Lewis acid sites, i.e., sites
which contains broad bands created by overlap of the bandsof moderate acid strength. However, the IR spectra showed
at 1440 and 1450 crii, assigned as hydrogen-bonded and that some stronger acid sites could be presentt @aMT
Lewis acid site interaction of pyridine. In addition, the in- had a desorption peak near 24D(Fig. 3), which can be at-
tensive band at 1610 cm suggested the presence of Lewis tributed to desorption from acid sites of moderate strength
acid centers and the band near 1540 ¢rof low intensity and/or to thermal decomposition of pyridinium copper com-
signified the presence of relatively small amount of Brensted plex formed after exposition of Gti-MMT to pyridine va-

acid sites. por. Formation of such a complex is supported by IR spec-
The ARt-, La®t-, Fet-, Cét-, Crt-, and Zf+-ex- troscopy results as well as by the change of sky-blue color

changed forms, as well as K10 and KSF catalysts (only the to charming depth azurite after exposition to pyridine.

spectrum of A¥-MMT is shown in Fig. 2), contained pre- Desorption profiles for the Z-, Ce?t-, CF+-, Nizt-,

dominantly Brgnsted acid sites [6,14,29] and the intensity Sr?*-, Bi*t-, SB**-, and Zf*-MMTs showed three de-
of the band near 1540 cm was higher in comparison with ~ sorption peaks (only the trace of ZnMMT is shown in
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Table 1 Table 2
lonic potentials of selected ions and acidity values, obtained from pyri- Yields of reaction of R-benzaldehydes with A& catalyzed with M-
dine desorption between 300 and 4@ of montmorillonite saturated with montmorillonites

these cations M+ R
Cation M*+ lonic potential Acidity of MtT-MMT H 3.4.5-MeO 4-NQ
(eA (mmolg~1) "
Nat 1.05 0.118 :+ EE;?:)) 3‘1’ 2@ 2(2’
Hg%™ 1.82 0.169 Li+ 13 5 26
cuwAt 2.90 0.357 Nat 16 3 27
zn?t 2.69 0.536 K+ 17 4 26
A3+ 6.00 0.699 Rbt 14 6 25
<:s+2+ 15 4 28
Mg 19 5 27
Fig. 3). The components at 50 and@were attributed to ~ C&" 16 4 28
desorption of water and pyridine, respectively [14], while S* 18 2 26
that near 310C indicated the presence of protonated pyri- Bai 14 3 29
dine. The desorption profiles for K10, KSF, and thé Al glr?+ gg ig ii
3+
Ladt-, Cet-, Fet-, Crt-, and MIfH-MMTs were very  pi2+ 33 1 42
similar; thus only the trace for Af-MMT is displayed, pagas 67 42 76
showing three peaks at 50, 190, and 330(Fig. 3). They crt 77 52 84
were attributed to physisorbed, Lewis-bound and protonatedMn* 43 20 54
pyridine, respectively. This is in accord with the interpreta- Fe?’fr 80 57 89
tion of the corresponding peaks in the desorption profile for (N:°22+ 2? ;g g?
cyclohexylamine [13]. C'u2+ 41 19 53
Table 1 shows ionic potentials of selected cations and z2+ 70 54 83
acidity values, obtained from pyridine desorption between c¢+ 41 24 52
300 and 400C, of the same forms of montmorillonite as  Hg?* 33 17 45
shown in Figs. 2 and 3. Pyridine desorption in this tempera- Ce** 7 54 85
ture range is attributed to pyridine bound to strong acid sites, Sfj 49 25 55
i.e., the sites of the highest catalytic potential. Generally, E;3+ ‘7‘2 g% 22

with increasing ionic potential (chargeadius ratio) of the
cation the acidity of the montmorillonite form increased. An
apparent exception is zinc, which is more acidic than would weak acid sites in the catalysts [30]. Therefore, it is a suitable
be expected from its ionic potential. Zinc chloride adsorbed reaction for testing catalytic activity of modified smectites.
on montmorillonite is catalytically very active [16]. The results of catalytic tests are shown in Table 2.
As the clay acidity depends on the nature of the exchange- It appeared that I, Crt, Cet, Fé¥t, A1%t+, zr?t,
able cation, the catalytic activity of this series of cation- Zr*t, and H- were the most efficient cations, while other
exchanged montmorillonites for protection of aromatic alde- exchanged montmorillonite gave moderate {CoCd,
hydes with acetic anhydride was investigated [29]. The most C/?t, Hg?t, Mn?t, Ni%t, P+, S+, S, Bidt) or low
probable reaction mechanism is that the aldehyde group is(Li*, Nat, K*, Rb", Cst, Mg?*t, C&*, SPt, B&t) yields
activated by the acid centers present on the catalyst, fol-of the product. According to Adams [31], the®N+MMTs
lowed by a nucleophilic attack of the acetanhydride mole- are expected to be more active than divalent (except gn
cule (Scheme 1). or monovalention-exchanged mineralstZMMT was less
This reaction is considered to be a suitable alterna- active than H-MMTs in the acylation reaction, which can
tive for preparation of 1,1-diacetates from aldehydes, with be explained by the fourfold lower amount of*Zrthan H*
the advantage of selectivity, operational simplicity, high compensating negative charge of the layers and/or By Zr
yields, short reaction times, and minimal environmental im- hydrolysis to form polymeric type species. Noteworthy is
pact [18]. The advantages for the tests of catalysts includethat Cé*-faujasite was more active than €eMMT un-
high stability of reaction products and their relatively easy der similar reaction conditions [32]. This suggests that the
and simple analysis, as well as sensitivity to the presence ofcation effect on the activity of a catalyst depends on the
mineral framework and its negative charge, which is higher
0 for zeolite than for montmorillonite. It is worth returning
QCHO N O)LCHS r-MMT QCH(OCOCHJZ to the Brgnsted acid-catalyzed protection of substituted aro-
matic aldehydes to examine the relationship between activity
R and Brgnsted acid strength. This is not quite straightforward
because pyridine desorption acidity measurements provide
Scheme 1. combined Brgnsted and Lewis acidities. Nevertheless, the
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infrared data in Fig. 2 show very clearly that thé AIMMT to the methoxy group, has a strong electron-withdrawing
has both the strongest and the most abundant acid sites, andffect and therefore the expected order of reactivity for
this is almost certainly a reflection of the surface Bronsted substituted aldehydes was NG H > MeO. The results
acidity on this catalyst. The activity of the i-MMT in the obtained evidently support this order, and average differ-
acid-catalyzed reaction is the highest of the group. A rea- ences in the yield of reaction between experiments with
sonable correlation was found for the surface acidity and various aldehydes was 10% for the unsubstituted and 4-
catalytic activity for other ion-exchanged MMTs. For all nitrobenzaldehyde and about 20% for the 3,4,5-trimethoxy-
three aldehydes the At form was the most active catalyst. and benzaldehyde. More reactive 4-nitrobenzaldehyde re-
The highest Bransted acidity of exchangeabl&/Ah Al3+- acted faster than the other two and the lowest yields of
MMT is generated when the ions are only partially hydrated, the products were achieved with the least reactive 3,4,5-
so that the ion’s ability to polarize directly coordinated wa- trimethoxybenzaldehyde. Concerning the role of the cata-
ter molecules is maximized. The acid-treated catalysts K10 lyst, it is well stated that reactions on montmorillonites gen-
and KSF were highly active in the acid-catalyzed protection erally involve previous adsorption and diffusion of reactant
of aldehydes due to either the amount or the accessibility of through the pores and interlayers. However, in the present
the surface acid sites. The importance of active site accesHiquid phase reaction, the acid sites on the external surface
sibility in catalysts of this type was illustrated for Friedel- of the catalyst play a crucial role in the activation of reac-
Craft reactions catalyzed by K10 and a series of pillared tant molecules particularly with large and bulky compounds
clays. The reaction was diffusion-controlled in the pillared such as 3,4,5-trimethoxybenzaldehyde and its 1,1-diacetate.
clay catalysts and the superior activity of the K10 was due |n fact, under these conditions the interlayer spaces are com-
largely to its wider pores and more accessible acid sites [33]. pletely filled with solvent, reactant, and product molecules
Although the metal exchanged catalysts used here exhibitand the curvature effects on the external surface of the clay
smaller pores than the pillared clays, itis likely that diffusion catalyst are likely to promote reagent activation and process
control is more important in these catalysts than in K10. selectivity [30,33,34].

Catalytic activities of ion-exchanged clay minerals in
both Brgnsted and Lewis acid-catalyzed reactions reflect the
surface acidities of the catalysts. The trend shown in Bren- 5 conclusions
sted acidity is predictable, and can be explained in terms of
the abilities of the exchangeable cations in the catalyst to
polarize the coordinating water molecules and hence gen-
erate protons. Ga-MMT and other forms with alkali and
alkali earth cations gave very low yields and in a control

Catalytic activity of metal cation-exchanged montmoril-
lonites was tested for the protection of three substituted alde-
hydes with acetic anhydride. Both the alkali and the alkaline
experiment without any catalyst no reaction occurred. The earth catiqn-exchanged fo.”‘.“s were O.f low catalytic activity

due to their low surface acidity, which is documented by the

catalysts in these forms show the lowest activity, confirming - :
that the exchangeable cations are indeed the active sites. ExI-R spectra of adsorbed pyridine and DTG desorption traces.

periment with initiating reaction by adding the aldehyde to tl\./lany OI Txchangefd fordms \,’[V'th (illvlaJI[.ent ctgt!?nihof trzr;]m5|-t
premixed catalyst K10 plus anhydride showed no difference 'on Mmetals were of moderate catalytic activity, though no
in the results of catalytic activity. The yields obtained with f!“'y gpproachlng the activity of the gc!d-gctlvateq montmo-
different catalysts and aldehydes show that the reaction yieldrIIIonIte catalysts K10 and KSF. Pyridine interaction exper-

depends on the reactivity of the aldehyde molecule, which iments showed presence of both Lewis and Brgnsted acid
is connected with the substituents, rather than on the basic-

sites, but did not allow their exact quantification. The high
Vi + A3+ | g3t + 72t +
ity of the aldehyde, thus proving the mechanisms shown in gcnwty of F&**, Al ! La®*, Cr*, Zn ! a.nd cé fqrms
Scheme 1. is due to Fhe formgtlon of stronger acid sites resulting frqm
Catalytic activity of the prepared materials was tested in .the p.ollar|2|.ng ability of the;e cat!o'ns. The qunsted aqd-
the reaction of preparation of (R-phenyl)methylene diacetate ity, gwing rise to the (?ata'lytlc activity of clay minerals, is
from R-benzaldehyde (R H, 4-NOy, 3,4,5-MeO). These derived from the polarlzathn of solvent water molecules by
liguid-phase reactions are relatively facile and simple, and the small, highly charged interlayer cations. Consequently,

; y L’y .
only single quite stable products are formed. The reactantstN€ Nigh catalytic activity of At*- compared to F& - and

in these three reactions contain the same functional groupsCI3 exchanged montmorillonites has been attributed to the

and so the factors associated with the active sites on the cat€nhanced polarization of water molecules in the primary co-
alysts are likely to be similar. Neither reaction requires or °rdination sphere of the At cation.
produces water. Water could affect the strength of acid sites
on clay surfaces and could hydrate Lewis acid centers con-
verting them to Brgnsted acid sites. Acknowledgments
The effect of substitution of benzaldehydes on the cat-
alyzed reaction involved electron donating or withdrawing Financial support of VEGA, the Grant Agency of the Slo-
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