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Assessment of the negative factors responsible for the decrease
in the enantioselectivity for the ring opening of epoxides catalyzed
by chiral supported Cr(l11)-salen complexes
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In order to determine the influence of the inorganic support on the asymmetric induction, different chiral chromium(lll)-salen
complexes have been incorporated within the cavities of zeolites Y, EMT and into the interlamellar region of K-10 montmorillonite.
These heterogeneous catalysts are able to promote the asymmetric ring opening of epoxides with trimethylsilylazide to afford chiral azido
trimethylsilyl ethers and azido acohols with modest enantiomeric excess that varies depending on the inorganic support. The factors that
have been found to play a negative influence diminishing the enantioselectivity of the supported Cr(l11)-salen catalyst compared to the
unsupported complexes are the following: (i) the presence of adventitious acid sites, (ii) the encapsulation of no sufficiently stereogenic
ligands and (iii) the change in the reaction mechanism from bimetallic to a single metal reaction mechanism.
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1. Introduction

Chiral chromium-salen complexes are used for the syn-
thesis of a wide range of useful chiral nitrogenated com-
pounds, which can be versatile synthons in many total syn-
theses of natural products and drugs [1-6]. Immobilization
of chiral chromium-salen complexes on solid supports is
desirable considering the potential technological applica-
tions of these chromium catalysts in two different types of
reactions: C=C double bond epoxidations and epoxide ring
aperture. In this regard, recent efforts have been devoted to
the immobilization of transition metal complexes in poly-
mers, zeolites and analogous materials in the hope that an
activity comparable to solution phase would be accompa-
nied by equivalent or enhanced enantioselectivity [7-13].
Indeed, taking into account that one of the main disadvan-
tages of asymmetric catalysisliesin the cost of the catalysts,
the heterogenization of chiral transition metal complexes
would constitute a clean and operationally simple way of
recycling the active species for re-using or continuous op-
eration. Chief among the examples reported are the incor-
poration of chiral salen manganese(ll1) complexes within
the cavities of different zeolites, to employ these catalysts
in the heterogeneous asymmetric epoxidation of prochira
olefins [14,15]. However, the efficiency of these zeolite-
bound complexesin terms of induced enantiosel ectivity was
consistently lower than the results obtained using the same
unsupported complexes in homogeneous phase. Among the
factors responsible for the decrease of the asymmetric in-
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duction, it could be that imperfect preparation procedure
and variations in the reaction mechanism or a combina-
tion of both could play a major role. Using a different
strategy, preformed chiral Co(salen) complexes have been
anchored onto the external surface of silica. The resulting
solid has shown to be highly selective at low conversions
for the kinetic resolution of aracemic mixture of 3,4-epoxy-
1-butanal [7].

In the present work chiral chromium(lll)-salen com-
plexes supported into zeolitic and layered materials have
been obtained and studied as heterogeneous catalysts in the
enantioselective ring opening of meso epoxides by azides.
The aim of this work is to gain a deeper understanding
on the factors that influence the asymmetric induction for
the epoxide ring opening using supported chiral salen com-
plexes.

2. Experimental
2.1. Compounds and materials

Starting reagents (salicylaldehyde, trans-(R,R)-1,2-cyclo-
hexanediamine, etc.) and reagent grade solvents were pur-
chased from Aldrich and Scharlau, respectively, and they
were used without further purification. Pure chromium(lIl)
complexes 1 and 2 were prepared according to literature
procedures [16].

Zeolite Y was purchased from PQ zeolites (BET N, =
685 m?/g, Ap = 2.467 nm, NapO = 13.9 wt%, Si/Al =
5.18) and montmorillonite K-10 was supplied by Sud-
Chemie in its protonic form and was Na'™ exchanged,
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as previously reported in literature [17]. Zeolite EMT
was synthesized following the method reported by Davis
(SI/Al = 4) [18].

2.2. IR spectra

FT-IR spectra of supported complexes were recorded
at room temperature using a greaseless quartz cell fitted
with CaF, windowsin a Nicolet 710 FT spectrophotometer.
Self-supported wafers (~10 mg) were prepared by pressing
the zeolite powder at 1 toncm~2. The samples were out-
gassed at 100°C under 102 Pa for 1 h before recording
the IR spectra.

2.3. UV gpectra

Room temperature transmission UV-Vis spectra of trans-
parent solutions were recorded in a Shimadzu UV-Vis scan-
ning spectrophotometer. DR spectra of the opaque powders
wererecorded in aVarian Cary 5G UV-Vis NIR spectropho-
tometer adapted with a praying mantis attachment and using
BaSO;, as reference.

2.4. Preparation of supported complexes

2.4.1. Preparation of 1-Y

A mixture of dehydrated Cr+-pre-exchanged zeolite Y
(1 g, 0.65 wt% Cr+, measured by atomic absorption spec-
troscopy) and salicylaldehyde (0.37 g, 3.03 mmol) was
stirred and refluxed in dichloromethane (10 ml) for 6 h. The
organic solution was filtered and the amount of adsorbed
sdlicylaldehyde was calculated by difference between the
weight of the residue of the supernatant liquid phase after
solvent removal and the initial amount of salicylaldehyde.
Then half the stoichiometric amount of the trans-(R,R)-1,2-
cyclohexanediaminein dichloromethane (10 ml) was added.
The resulting yellow slurry was refluxed for 12 h under ni-
trogen to afford the heterogeneous complex 1-Y. The sam-
ple was filtered, soxhlet extracted in dichloromethane for
8 h to remove excess complex and reactants from the inor-
ganic solid.

2.4.2. Preparation of 2-EMT

Similarly to the procedure followed for the preparation
of 1-Y, amixture of dehydrated Cr3+-pre-exchanged zeolite
EMT (1 g, 0.58 wt% Cr3*, measured by atomic absorp-
tion spectroscopy) and 3-tert-butyl-2-hydroxy-5-methyl-
benzaldehyde (0.581 g, 3.03 mmol) synthesized accord-
ing to a procedure reported by Larrow and Jacobsen was
stirred and refluxed in dichloromethane (10 ml) for 6 h [19].
The organic solution was filtered and the amount of ad-
sorbed aldehyde was calculated by difference between the
weight of the residue of the supernatant liquid phase af-
ter solvent removal and the initial amount of the com-
pound. Then half the stoichiometric amount of the trans-
(R,R)-1,2-cyclohexanediamine in dichloromethane (10 ml)
was added. The resulting yellow slurry was refluxed for
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12 h under nitrogen to afford the heterogeneous complex
2-EMT. The sample was filtered and soxhlet extracted with
dichloromethane for 8 h to remove excess complex and re-
actants from the solid.

2.4.3. Preparation of 1-K10a

Synthesis of 1-K 10a was effected by direct anchoring of
the complex 17 to the surface of the clay asfollows: amix-
ture of 8 ml of asolution 1: 1 acetonitrile-H,0 and 0.141 g
(0.3 mmol) of the cationic complex 1" as perchlorate salt
was stirred at room temperature for 24 h. The solid was
filtered, soxhlet extracted with acetonitrile and air dried to
afford the supported complex 1-K10a. Preparation of the
cationic complex 17 as perchlorate salt was accomplished
starting from the (R,R)-Cr(salchd) chloride complex as fol-
lows: a 100 ml round-bottom flask fitted with a dropping
funnel was charged with 1.09 g (5.25 mmol) of AgCIO4 and
15 ml of CH3CN. The dropping funnel was charged with
a solution of 2.35 g (5 mmoal) of (R,R)-Cr(l11)(salchd)Cl
complex in 10 ml of CH3CN and this solution was added
dropwise. The mixture was stirred 24 h and then filtered
through Celite. The filtrate was concentrated to dryness to
give complex 17 as perchlorate salt. IR(KBr): 2956, 2868,
1631, 1542, 1447, 1147, 1110, 1090 and 621 cm~1; UV-
Vis (CH,Cl,): 230, 285, 320, 365 and 420 nm; MS(FAB):
m/z = 372 (M—CIOy) ™.

2.4.4. Preparation of 1-K10b

Synthesis of 1-K10b was basically as described for
complexes 1-Y and 2-EMT. Hence a mixture of dehy-
drated Cr3*-pre-exchanged montmorillonite K-10 (1 g, ion-
exchange capacity: 10 meg/100 g) and salicylaldehyde
(0.37 g, 3.03 mmol) was stirred and refluxed in dichloro-
methane (10 ml) for 6 h. The organic solution was filtered
to calculate the amount of adsorbed salicylaldehyde. Then
half the stoichiometric amount of chiral trans-(RR)-1,2-
cyclohexanediaminein dichloromethane (10 ml) was added.
The resulting yellow slurry was refluxed for 12 h under ni-
trogen, filtered and soxhlet extracted with dichloromethane
to afford the heterogeneous complex 1-K 10b.

2.5. General procedure for the ring-opening reactions

For the reactions with the homogeneous catalysts a
similar procedure as that described by Jacobsen was fol-
lowed [16]. Thus, a 10 ml Schlenk tube was charged with
0.3 mmol of catalyst and 1 ml of diethyl ether. The epoxide
(3 mmol) was added and the mixture was stirred for 15 min
and then 3.15 mmol of TMSN3; was added. The resulting
brown solution was stirred at room temperature under nitro-
gen atmosphere for the time indicated in table 1. The solu-
tion was filtered through silica gel and the resulting filtrate
was analyzed by GC (Chiraldex G-TA column). For the
heterogenized catalysts a similar procedure was followed:
105 mg of supported complex was suspended in dry ether
(2 ml) followed by the addition of the epoxide (3 mmol) and
the suspension stirred for 15 min. Then, azidotrimethylsi-
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Table 1
Enantioselective ring opening of epoxides with TMSN3 catalyzed by
chromium (salen) complexes.2

Catalyst Substrate Conversion® Time Reaction products® (%) ed’©

(%) (h) Azidoslyl Azido Otherd (%)

ether  acohol

1 4 94 20 79 17 4 22
1Y 4 100 120 61 21 18 8
1-K10a 4 80 70 26 31 43 3
1-K10b 4 73 70 40 14 46 4
2 4 94 19 76 18 6 68
2-EMT 4 65 120 24 75 1 16
1 5 95 28 61 25 14 18
1Y 5 100 120 43 29 28 10

aAll reactions were performed at room temperature with 3 mmol of epox-
ide, 0.3 mmol of unsupported catayst or 0.105 g of heterogeneous com-
plex and 3.15 mmol of TMSN3 in 1 ml of Et,0O.

bDetermined by chiral capillary GC (Chiraldex G-TA, 30 m x 25 mm).

¢ Enantiomeric excess of azido silyl ether.

4 Diols and non-identified products.

lane (3.15 mmol) was added. The resulting suspension was
stirred at room temperature and the enantiomeric composi-
tion followed by GC analysis (Chiraldex G-TA column).

3. Results and discussion

Encapsulation of (R,R)-Cr(Il1)salchd complex (R,R)-1
(salchd = 1,2-bis(salicylidenimino)cyclohexane) within the
cavities of zeolite Y was carried out in a stepwise pro-
cedure by forming the ligand from one diamine molecule
trans-(R,R)-(1,2-cyclohexanediamine) and two molecules
of salicylaldehyde in the presence of templating Cr®+ ions
resident in pre-exchanged zeolite Y (0.65% weight Cr3+,
1 Cr3t every 5 supercages) (see scheme 1). The sample
was soxhlet extracted with dichloromethane to remove the
excess of ligand and reactants from the inorganic solid, af-
fording the heterogeneous complex 1-Y.

Cr-NaY/Cr-NaEMT
—>

Cr-NaK10
—_

AN VAN WA
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Characterization of 1-Y by IR spectroscopy showed the
characteristic IR vibration bands at 1615 and 1535 cm™—?!
that have been proposed as specific of pure unsupported
Cr(l11)-salen complexes. Thus, figure 1(d) shows that the
sample 1-Y exhibits an imine stretching vibration around
1615 cm~1! and the typical band of metallosalen complexes
at 1535 cm~? (figure 1). On the other hand, the diffuse
reflectance spectrum of 1-Y was similar to the UV-Vis
spectrum of the corresponding unsupported complex in so-
lution although the characteristic metal-to-ligand band at
ca. 350 nm undergoes a solvatochromic shift of ca. 50 hm

Absorbance (a.u)
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Figure 1. IR spectra of complexes 2 (KBr) (a), 2-EMT (b), 1 (KBr) ()

and 1-Y (d), respectively. The IR spectra of the supported complexes

have been recorded at room temperature after heating at 200°C while
outgassing at 10~° mbar for 1 h.

e S 2
—N...M‘.‘
E 5—0’ +‘ON—=[ j
1R = R?

2 R! = CHjg, R2 = —C(CHy)

Scheme 1. Preparation of chromium(l1l) Schiff base complexes into the cavities of zeolites Y, EMT and in the montmorillonite clay K-10.
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when complex 1 is encapsulated inside zeolite Y (fig-
ure 2).

Analogously, two samples of the complex (R,R)-1 incor-
porated in the interlamellar region of alayered clay (mont-
morillonite K-10) were prepared by different incorporation
procedures. In thefirst one, preformed 1+ as ClO, salt was
directly ion exchanged into K-10 to obtain 1-K10a. In the
second one, the preparation of chromium complex (R,R)-1
was carried out by heating at reflux temperature a suspen-
sion of salicylaldehyde and dehydrated Cr3+ pre-exchanged
montmorillonite K-10 (1.14 wt% Cr3*) in dichloromethane
for 4 h; after filtering, the solid was added to a solution of
trans-(R,R)-1,2-cyclohexanediamine and the resulting sus-
pension was refluxed additionally for 12 h to afford the het-
erogeneous complex 1-K10b (scheme 1). The two solids
were soxhlet extracted with dichloromethane and character-
ized by IR and DR spectroscopy. Asin the case of 1-Y, the
IR and the electronic absorption spectra of the supported
complex 1-K10b resemble closely those obtained for the
pure chromium complex 1 synthesized independently ac-
cording to previously described methods (see figure 2 for
the DR spectrum) [16]. Therefore, from the spectroscopic

Absorbance (a.u)

a

-04 L 1 L 1 L 1 L 1 M 1
200 300 400 500 600 700

800
Wavelength (nm)
Figure 2. UV-Vis of pure complex 1 (10—# M) in dichloromethane (&) and

DR spectra plotted as the inverse of the reflectance (R) of the supported
complexes 1-K10b (b) and 1-Y (c), respectively.

(0]
Catalyst, Et;O
+  MesSiNg room temperature
CHy),
3n=2
4dn=1
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point of view, no differences in the efficiency of these
solids as catalysts for the asymmetric induction should be
expected.

Unsupported salen complexes having ligands substituted
with bulky alkyl groups such as chromium(111)-(RR)-1,2-bis
[(3-tert-butyl-5-methyl-salicylidenimino)]cyclohexane (2)
have been found in solution to induce higher enantiomeric
excesses than the chiral complex of the unsubstituted salchd
ligand. Aimed at comparing the perfomance of 1-Y and
1-K'10 with a zeolite-bound complex having bulkier ligand,
the complex 2 was aso prepared.

Given the larger size of complex 2 compared to 1, ze-
olite EMT instead of Y was chosen as host. Zeolite EMT
is the hexagonal form of the well-known faujasite struc-
ture (unit cell: two hypercages with an internal diameter
of 1.3 x 1.4 nm and about 1.2 nm® void volume and two
hypocages with 1.2 nm diameter and 0.6 nm?® void vol-
ume) [18]. The assembly of this bulky chromium com-
plex was accomplished into the EMT zeolite cages by
means of a stepwise inclusion procedure similar to that
described for complex 1-Y. Thus, the intrazeolite conden-
sation of trans-(R,R)-(1,2-cyclohexanediamine) and 3-tert-
butyl-2-hydroxy-5-methylbenzal dehyde was carried out in
the presence of a Cr3*-pre-exchanged zeolite EMT (0.58%
Cr3t, 1 Cr®+ every 5 supercages) following the proce-
dure previously reported in the literature for related chira
Mn(l11)-salen complex [14]. The mixture was heated at
reflux in dichloromethane for 4 h (scheme 1). After fil-
tering and soxhlet extraction, the successful formation of
supported complex 2-EMT was confirmed by IR and DR
spectroscopy. Figure 1 provides a comparison of the IR
spectra of 2-EM T with an authentic sample of the unsup-
ported complex 2. We noticed that the IR bands of the
unsupported complex are in general sharper and better re-
solved while those of sample 2-EMT are broader. How-
ever, for identification purposes the two specific metallo-
salen bands at ca. 1615 and 1535 cm~* are till observed
in the spectrum of figure 1(b).

In order to assess the influence of complex immobiliza-
tion we compared the perfomance of the zeolite-bound com-
plexes, not with the Jacobsen catalyst containing tert-butyl
groups on the aromatic ring, but exactly with the same
complexes 1 and 2 without any support. Hence, the cat-
alytic activity of these materials was evaluated on the ring-
opening reaction of cyclohexane oxide 3 and cyclopentane
oxide 4 by trimethylsilylazide (TMSN3) to produce mainly
the corresponding azido trimethylsilyl ethers accompanied

with minor amounts of azido acohols (scheme 2). As
Me;Si0

%

%

N

Scheme 2. Enantioselective ring opening of cyclic oxides 3 and 4 by Me3SiN3 catalyzed by chiral chromium Schiff base complexes.
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can be seen in table 1, total conversions were achieved
with the supported catalyst 1-Y, while comparatively lower
ones were obtained with 1-K10 and 2-EMT. However, the
reaction times required for the heterogeneously catalyzed
reaction are remarkably longer than those needed with ho-
mogeneous catalysts. Traditionally, this has been attributed
to restrictions imposed to the diffusion of reactants and
products through the micropores of the zeolite lattice as
compared to unrestricted diffusion in solution.

The most salient data from table 1 is that the enantio-
selectivity of the ring-opened azide has been largely re-
duced with respect to that achieved with the unsupported
complexes in homogeneous phase. In addition to this, the
enantioselectivity appears to vary depending on the com-
plex (1 vs. 2) and the nature of the host (Y, EMT, K-10).
In this regard, it is worth noting that most of the related
precedents comparing the enantiosel ectivity of Schiff base
complexes supported on inorganic solids with that attained
in homogeneous solution for C=C epoxidation report a re-
markable decrease on the enantioselectivity upon heteroge-
nization [11b,11d,14]. Although C=C double bond epoxi-
dation has areaction mechanism different from epoxidering
aperture, they have in common the metallo-salen catalyst.
It is of importance to understand the origin of this loss of
enantiosel ectivity upon incorporation of the active complex
in the aluminosilicate supports, because this understanding
will contribute to obtain more selective heterogeneous cat-
aysts.

Given that asymmetric induction producing in a certain
selectivity one of the two possible enantiomers, arises from
the discrimination between two reaction pathways having
very similar activation energies, several reasons can be
advanced to explain the reduction of the enantioselectiv-
ity [20]. First, it could happen that besides Cr(I11)-salchd
adventitious sites of the aluminosilicate framework and/or
uncomplexed Cr+ ions could also participate in the catal-
ysis providing unselective parallel pathways. To address
this point, blank runs using the supposedly inert hosts were
carried out. These controls explain why the clay-supported
complexes 1-K10a and 1-K10b behaved much less se-
lectively towards the formation of the azido trimethylsilyl
ether and azido alcohol as compared with its intrazeolite
anaog (table 1). Thus, control experiments with the origi-
nal Nat-pre-exchanged montmorillonite (NaK 10 was pre-
pared from commercial montmorillonite K-10 in its pro-
tonic form) and Na-Y zeolite revealed that the former was
able to catalyze the ring-opening reaction of the epoxide to
afford significant amounts of diol as by-product. By con-
trast, this secondary reaction was not detected in the case of
the original NaY zeolite. This experimental fact evidences
the existence of certain Lewis and/or Bransted acidity in the
original clay. In addition to this, control experiments with
the chromium-exchanged materials (Cr-Y, Cr-EMT and Cr-
K10) confirmed that Lewis acid activation of the epoxide
by the existence of residual uncomplexed chromium is a
secondary reaction of major importance in the case of the
clay, playing only a minor role in Cr-Y and Cr-EMT.
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A second factor that can contribute to the reduction of
enantioselectivity in the heterogeneous catalyzed reaction
is the fact that the ship-in-a-bottle synthesis of the com-
plexes does not lead to pure enough complexes. For non-
supported Cr3t-salen complexes, purification before their
use as catalysts can be done by recrystallization in appro-
priate solvents, but purification is obviously not possible for
the encapsulated complex apart of solid-iquid extraction.

To address this point, the preformed 1+ complex was di-
rectly ion exchanged into the interlamellar regions of mont-
morillonite K-10. The layered structure of K-10 clay makes
possible in this case the incorporation of bulky large pos-
itively charged complexes that are size excluded for zeo-
lites Y and EMT. Comparison of the results achieved us-
ing supported complex 1 in montmorillonite incorporated
by ion exchange (1-K10a) or by ship-in-a-bottle synthe-
Sis (1-K 10b) reveals that the reduction of the enantiomeric
excess cannot be attributed solely to the ship-in-a-bottle
synthesis of the ligands around resident Cr3+; although it
is obvious that the fact that supported complexes cannot be
purified inside the support and require extremely efficient
synthesisis a disadvantage with respect to the homogeneous
complexes. This would explain why strategies based on
the anchoring of pure metal salen complexes have reported
to lead to higher enantiomeric excesses for the hydrolytic
epoxide ring opening at low epoxide conversions [7].

A third factor to be considered is the fact that an effi-
cient asymmetric induction requires bulky ligands around
the active Cr3+ ion in order to create a stereogenic environ-
ment. This is well established for unsupported complexes.
However, when these complexes are going to be encapsu-
lated inside the supercages of zeolites, a compromise with
the size of the substituents on the stereogenic ligand has to
be reached since otherwise the molecular size of the com-
plex will be too large to be accommodated inside the cages.
An ideal situation would be to find a host whose dimen-
sions exactly match those of the enantioselective catalyst.
Unfortunately this is not always possible and the fit of the
catalyst normally requires the selection of appropriate sub-
gtituents even though the enantioselectivity of the system
could be decreased. Thisis clearly seen in table 1, wherein
catalyst 1 has a lower performance than 2. A reflection of
thisis the fact that 1-Y exhibits a poorer enantiosel ectivity
than 2-EMT.

Finally, another factor to be considered is the possibility
of changes in the reaction mechanism of the enantioselec-
tive reaction from the unsupported to the supported catalyst.

Concerning the influence of encapsulation on the mech-
anism of the Cr(I11)-salen-catalyzed epoxide ring aperture,
it has been reported that there is a second-order kinetic de-
pendence on the catalyst (scheme 3) [21]. It is obvious
that the participation of two encapsulated complexes in the
heterogeneous catalyst is not possible or much less likely
since they are immobilized in isolated supercages. There-
fore, presumably the molecularity of the catalytic epoxide
aperture in the case of encapsulated complexes has to be
first order with respect to the complex. This change in
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Scheme 3. Proposed operating reaction mechanisms of Cr-catalyzed ring opening of epoxides: bimetalic in solution and monometallic when supported.

the molecularity of the catalytic process from second or-
der (unsupported complexes) to first order (supported com-
plexes) can result not only in a decrease in the reaction
rate of the catalyzed ring opening but also in a remark-
able decrease of the enantioselectivity of the process, as it
isin fact observed. Indeed, it has been demonstrated that
Cr(l11)-salen-catalyzed ring opening of epoxides involves
catalyst activation of both nucleophile and electrophile in
a bimetallic rate-determining step (scheme 3) [21]. Ac-
cordingly, it has been observed that the bimolecular rate
constant is largely increased by linking the catalysts units
in a determined dimeric form. In fact, this specific covalent
linkage has provided catalysts one to two orders of magni-
tude more active and enantioselective than the monomeric
analogs [22]. This implies that the proximity between two
catalytic centers and the convenience that these metal cen-
ters achieve an optimal geometry in the rate-determining
transition state exert a crucial influence in the activity and
enantiosel ectivity of chromium(salchd) catalysts.

Thus, the significant loss of enantioselectivity observed
in table 1 for the supported Cr(salchd) complex can be ex-
plained if we take into account that in solution the epoxide
ring-opening mechanism proceeds through a simultaneous
activation of both the nucleophile and the electrophile by
two catalyst molecules in a bimetallic enantioselective de-
termining step [21]. Participation of the chiral salen com-
plexes creates a remarkable asymmetric environment dur-
ing the attack of the azide to the epoxide. Since each su-
percage can accommodate a single complex, the two metal
centers will be separated by a considerably long distance
and a simultaneous bimetallic activation by two chromium
complexes will not be possible in the intrazeolite mecha-
nism. Accordingly, we propose that for the zeolite-bound
Cr(salchd) catalyst the active species is the azide complex
Cr(l11)salenN3 formed initially from the starting complexes
1-Y and 2-EMT, whereas activation of the epoxide either
does not take place or is effected by adventitious Lewis sites
placed in the same supercage. Participation of a single chi-
ral complex should produce a less pronounced asymmetric
environment than two interacting chiral complexes asisthe
case of homogeneous phase. In addition there will be an

optimal selective determining transition state that obviously
cannot be achieved when the complexes are site isolated in
the supercages of the zeolite. This circumstance would ex-
plain that the intrazeolite transition state is less enantiodis-
criminating than that attained in homogeneous phase. Sim-
ilarly, the poor enantiomeric excesses obtained in the case
of clay-supported complex might be related to the predom-
inance of the non-selective ring-opening route in this solid
dueto amajor content of Lewis and/or Brgnsted centers. In
fact, the highest enantiomeric excesses in azido trimethylsi-
lyl ether were achieved with the intrazeolite complexes 1-Y
and 2-EMT.

4. Conclusions

Aimed at determining the influence of encapsulation
within zeolites on the enantiosel ectivity of chiral Cr(salchd)
complexes, two complexes have been immobilized into the
cavities of zeolites Y and EMT by a stepwise synthesis.
A similar sequential procedure has been employed to in-
corporate a chiral chromium-salen catalyst into the inter-
lamellar swelling spaces of a smectite clay.

These supported complexes have shown a variable activ-
ity as catalysts in the asymmetric ring opening of cyclic ox-
ides with TM SN3 to afford the respective azido trimethylsi-
lyl ethers and minor amounts of azido alcohols. In general
the heterogeneous complexes are less reactive and enan-
tioselective than the corresponding homogeneous anal ogs.
This has been attributed to a series of factors that require
to be addressed before optimum zeolite-bound enantiosel ec-
tive catalysts can be devised. Among them, we have shown
the following to play a negative influence: (i) the presence
of adventitious acid sites, (ii) the encapsulation of no suffi-
ciently stereogenic bulky ligands in large zeolite cages and
(iif) changes in the operating reaction mechanism.

Thus, the intrazeolite isolation of the complex or in gen-
eral immobilization of guest molecules on solid supports
that usually prevents undesired bimolecular aggregation re-
actions, is paradoxically likely in this case to be a disadvan-
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tage to attain highly reactive and enantiosel ective chromium
catalysts.
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