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Abstract

The [Cr'"'(salen)] ™ complex moiety isimmobilized in MCM-41 matrix to obtain a new hybrid catalytic system; to test its
activity, epoxidation of norbornene and hydroxylation reaction of 1-naphthol are carried out by using TBHP (tert-butyl-
hydroperoxide) as oxidant. © 1999 Elsevier Science B.V. All rights reserved.
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Development of efficient biomimetic hetero-
geneous oxidation catalysts containing metal
complexes (such as Schiff base, phthalocyanine
or porphyrin complexes) which mimic the cat-
alytic activities of metalloenzymes has received
alot of attention [1,2]. One such approach is the
encapsulation /incorporation of metal com-
plexes in zeolitic, polymeric or clay matrices
where the complex is believed to be active like
the active sites of metalloenzymes[2]. It is now
well understood that the zeolite encapsulated
metal complexes can show better catalytic per-
formance (such as activity, selectivity, etc.) than
the corresponding pure complexes used in ho-
mogeneous reactions in solution [3]. However,
there are instances where excess inclusion of

* Corresponding author. Biomolecular Engineering Department,
National Institute of Bioscience and Human Technology, 1-1
Higashi, Tsukuba, Ibaraki 305, Japan.

complex in Y -zeolitic matrix makes the catalyst
practically inactive due to the blockage of pores
and channels of its host. Recently, we devel-
oped a new hybrid catalytic system consisting
of Cu(salen) [salen = N, N’-bis(salicylaldehyde)-
ethylenediimine] complex where loading of the
complex was deliberately kept at a relatively
lower concentration [4]. In the present study, we
immobilized [Cr'''(salen)]” moiety in a rela
tively larger pore aluminosilicate molecular
sieve MCM-41 (the immobilized species here-
inafter designated as Cr(salen)MCM-41).

The complex [Cr(salen)(H,0),]Cl was pre-
pared by following the reported procedure [5].
The immobilization of this complex in MCM-41
was done by dissolving the complex in H,O
and stirring MCM-41 in suspension for 24 h.
The red colored solid was then filtered and
washed first with H,O and then with CH,CN
by Soxhlet extraction technique until the ex-
tracted solvent becomes colorless. During this
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Fig. 1. EPR spectra of [Cr(salen)(H,0),]Cl (A) and Cr(saen)-
MCM-41 (B).

extraction, the absorbed complex on catalysts
surface seems to be removed. The prepared
complex and the catalyst were then character-
ized by severa techniques. Atomic absorption
spectrometric analysis showed Cr content of this
solid was ca 0.736%. Elemental analyses
(carbon and nitrogen) and TG-DTA measure-
ment aso support this. The auminosilicate
MCM-41 was prepared according to the litera-
ture procedure [6].

The comparison of electronic spectra of [Cr-
(salen)(H,0),]Cl and Cr(salen)MCM-41 shows
that the characteristic band (ca. 490 nm) for d—d
transition of [Cr"'(salen)]™ complex moiety is
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present in the case of Cr(salen)MCM-41. All
the prominent IR bands for ligand vibrations
appearing in the region 1600—1300 cm ™~ of the
[Cr'(salen)]* species are also present in
Cr(salen)MCM-41. The ligand vibration bands
in the other regions are obscured by the pres-
ence of vibration bands of host molecular sieve.
These results convincingly demonstrate the
presence of [Cr'"'(salen)]* chromophore in the
prepared catalyst. The principal g value of [Cr-
(salen)(H ,0),]Cl and Cr(salenMCM-41, calcu-
lated by using the standard procedure from their
EPR spectra [7,8], is found to be 1.9650 and
1.9533, respectively (Fig. 1). The difference
in g values clearly indicates that the [Cr''-
(salen)]” moiety is little distorted in Cr(salen)-
MCM-41 [7,8], which is not inconsistent with
the fact that the said chromophore confines
itself into the channel of the molecular sieve
during immobilization.

Two test reactions, viz. oxidation of nor-
bornene and hydroxylation of 1-naphthol are
carried out in a glass batch reactor at 60°C using
CH,CN as solvent. TBHP (tert-butylhydro-
peroxide) is used as oxidant for hydroxylation
of 1-naphthol as well as the oxidation of nor-
bornene. In a typical reaction, 0.1 g of catalyst
is placed in a batch reactor as durry in 10 g of
CH,CN. To this, 0.5 g of oxidant is added and
the mixture is allowed to equilibrate at 60°C in
oil bath. After ca. 20 min, substrate is added.

Table 1
Catalytic performance of Cr(salen)MCM-412
Catalyst Reactiontime(h)  Conversion (mass%)  Product distribution (mass%)
Norbornene epoxidation Naphthol hydroxylation
Exo Endo NQ 1,4-DHN 1,2-DHN
Cr(salen)MCM-41 3 30 222 - - - -
12 60 43.3 10.1 - - —
[Cr(salen)(H,0)]CI 12 39 13.0 12.1 - -
MCM-41 12 No detectable activity
Cr(salen'MCM-41 12 19.8 — 16.2 - -
[Cr(salen)(H,0)CI 12 10.2 - - 58 1.74 1.25
MCM-41 12 No detectable activity

#No Cr leaching during reaction. NQ = 1,4-naphthoquinone, 1,4-DHN = 1,4-dihydroxynaphthalene, 1,2-DHN = 1,2-dihydroxynaphthalene.
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Products are collected at different time intervals
and are identified and quantified by GC and
verified by GC—MS. The results of these reac-
tions are given in Table 1. It should be noted
that the catalyst can be reused at least five times
in cycle without having any loss of activity.
Further Cr is not detected in the liquid phase of
the reaction mixtures (the solid catalyst is sepa-
rated from the mixture by filtration at ca. 50°C)
after completion of experiment. Therefore, the
Cr complex is not leached from the cataysts
during reaction.

Results for both reactions (Table 1) estab-
lished that immobilization of [Cr''(salen)]™
complex moiety into the MCM-41 can give
higher activity as well as product selectivity
towards oxidation reactions. Indeed, the 1-naph-
thol hydroxylation reaction shows excellent se-
lectivity by giving selectively only one oxidized
product among the three possible products [6].
This type of reaction has enormous industrial
importance for minimizing the undesired waste
products.

Acknowledgements

We thank Professor N. Ray Chaudhuri, IACS,
Calcutta for providing instrumental facilities.
One of us (SK) thanks CSIR, Indiafor awarding
him a Pool Officership. We aso thank Dr. T.
Sen for his help to initiate this work at NCL.

References

[1] M. Nakamura, T. Tatsumi, H. Tominaga, Bull. Chem. Soc.
Jpn. 63 (1990) 3334.

[2] F. Bedioui, Coord. Chem. Rev. 144 (1995) 39, and references
therein.

[3] K.J. Bulkus Jr., M. Eissa, R. Levado, J. Am. Chem. Soc. 117
(1995) 10753.

[4] S. Koner, J. Chem. Soc., Chem. Commun. (1998) 593.

[5] P. Coggen, A.T. McPhail, F.E. Mabbs, A. Richards, A.S.
Thornley, J. Chem. Soc. (1970) 3296.

[6] T.K. Das, K. Chaudhari, A.J. Chandwadkar, S. Sivasanker, J.
Chem. Soc., Chem. Commun. (1995) 2495,

[7] W.T.M. Andriessen, Inorg. Chem. 14 (1975) 792.

[8] B.R. McGarvey, in: R.L. Carlin (Ed.), Transition Metal Chem-
istry, Marcel Dekker, New York, 1966, p. 89.



