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CATION —G UEST INTERACTION WITHIN ZEOLITES: LIt EXCHANGED ZEOLITES ARE UNIQUE
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Lithium cations present in the supercages of zeolite X and Y activate guest molecules through
electrostatic interaction with the n-cloud. Such an interaction may have consequences on the
reactivity-photochemical and thermal—of the guest organic molecule.
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Recent reports by Jiao and Schleyer predict that light ions such as Li* can accelerate
rearrangement reactions of certain olefins.12  Supercages of zeolites (Figure 1) offer an unique
environment to explore such a possibility.3 Electrostatic interaction between light alkali ions and
aromatic and olefinic systems has been known for quite some time in the gas phase4 Presence of
such a type of interaction between aromatic molecules and alkali ions within zeolite supercages has
been inferred from neutron diffraction and NMR studies.56 In this report, preliminary results of our
attempts to explore the consequence of such interaction on chemical reactivity of zeolite included
organic molecules are presented.
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Figure 1: Circles indicated by arrows represent cations.

Our initial encounter with the activation (inactivation?) of n-systems with Li* ion occurred
during a search for methods to place zeolite included benzonorbornadiene (1) and dibenzobarrelene
(2) in their triplet excited states. While as expected,” heavy cations such as Cs* and TI* ions
enhanced formation of the triplets of 1 and 2, to our surprise photochemical reactivity of 1 and 2
when included within either Li Y or Li X was considerably reduced.® Further probing, as described
below, led us to believe that this is the result of electrostatic interaction between Li* ion and 1 and 2.
To our surprise, under certain conditions spontaneous thermal reaction occurred when 1 is inciuded
within either Li X or Li Y.
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The experimental procedure consisted of stirring known amounts of benzonorbornadiene 1 or
dibenzobarrelene 2 and activated Li Y or Li X in dry hexane. The solution was stirred for several
hours at room temperature and filtered and washed with hexane. The combined washings showed
neither the presence of 1 {or 2) nor any other products. However, extraction of the zeolite with
methylene chloride and GC analyses of the extract (in the case of 1) showed that the zeolite not only
contained unreacted 1 (<10%) but also two other products whose ratio varied depending on the
condition of inclusion (Scheme 1).9 In the case of 1, depending on the extent of water content within
the zeolite and on the loading level, exo-benzonorborneol 3 and the dimer 4 were formed (Scheme 1).
When the zeolite was very dry and the loading level was less than one molecule per 16 cages, stirring
in hexane did not lead to any products. However, at such low loading levels, wet conditions favored
quantitative formation of 3. At high loading levels (more than two molecules per supercage) under
dry conditions, the dimer 4 was the exclusive product. Formation of these occurred spontaneously
upon stirring of 1 in hexane with activated Li X or Li Y. As shown in Figure 2, the relative
distribution of 3 and 4 can be controlled by the loading level of 1 in partially wet Li Xor Li Y.
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Figure 2: Dependence of product distribution on the loading level of 1 within Li Y.



5299

No products resulting from spontaneous thermal reaction were obtained upon inclusion of 1 in K*,
Rb+ and Cs* exchanged X and Y zeolites. However, small amounts of 3 and 4 were obtained in Na Y
and Na X. On the other hand, under no conditions, 2 gave any products upon inclusion within Li X
or Li Y. This was surprising since its photoreactivity, like that of 1, slowed upon inclusion in Li X or
LiY.

Formation of 3 and 4, does not arise via radical cation since radical cation of 1, generated within
very dry Ca Y, gave products of hydrogen abstraction from solvent hexane. No such products are
formed under the conditions described above. Further, radical cation of 2 gives several products
which are not formed within Li X or Li Y.10 Results presented here can not be interpreted in terms of
cation formation through the action of Bronsted acid sites present within zeolites.11 The two systems
investigated here are stable to acids such as HCL.

Reactivity of 1 and inertness of 2 within Li+ exchanged zeolite can be understood on the basis of
electrostatic interaction between the light cation Li* and the n-structure as illustrated in Scheme 2.
According to this model, activation (polarization) of the double bond in 1 leads to attack by
nucleophile such as water and the parent olefin. Inertness of the double bond in 2 towards the above
reactants can be understood on the basis that Li* ion binds in this case in such a way that the
interaction occurs with the two aromatic rings. Under such conditions, the double bond remains
unactivated. This model is consistent with the reported binding energies of Lit in the vapor phase:
binding energy of Lit ion to benzene is much higher (37 kcal/mole) than to simple olefins (~28
kcal/mole).4 We are in the process of extending this study to benzobarrelene and barrelene to test
the above hypothesis.
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We have shown above that Li+ exchanged zeolites are unique and can be used to activate
generally less active olefins. While this may be valuable under certain conditions, this can generate
problems during photochemical studies. Results presented here point out that it is important to
probe the characteristics of zeolites before they are used as molecular reaction vessels. We are
extending our studies to other systems and reactions to exploit the use of "naked' Li* to lower the
transition state of various processes. Attempts are underway to provide spectroscopic evidence for
the presence of electrostatic interaction between Li* and 1 and 2.12



5300

References

1.

10.
11.

12.

(a) H. Jiao and P. v. R. Schleyer, . Chem. Soc. Faraday Trans., 1994, 90, 1559. (b) H. Jiao and P. v. R.
Schleyer, Angew. Chem. Int. Ed. Engl. 1993, 32, 1760.

(a) C. Schade and P. v. R. Schleyer, Adv. Organomet. Chem., 1987, 27, 169. (b) W. Setzer and P. v. R.
Schleyer, Adv. Organomet. Chem., 1985, 24, 353.

(a) Breck, D. W. Zeolite Molecular Sieves: Structure, Chemistry and Use; John Wiley and Sons: New
York, 1974. (b) Dyer, A. An Introduction to Zeolite Molecular Sieves; John Wiley and Sons: New
York, 1988.

(a) R. H. Staley and J. L. Beauchamp, J. Am. Chem. Soc., 1975, 97, 5920. (b)]. Sunner, K. Nishizawa
and P. Kebarle, J. Phys. Chem., 1981, 85, 1814.

(a) A. N. fitch, H. Jobic and A. Renouprez, |. Phys. Chem., 1986, 90, 1311. (b) H. Jobic, A.
Renouprez, A. N. Fitch and H. ]. Lauter, [. Chem. Soc. Faraday Trans., 1987, 83, 3199. (c) M. Czjzek,
T. Vogt and H. Fuess, Angew. Chem. Int. Ed. Engl. 1989, 28, 770.

M. A. Hepp, V. Ramamurthy, D. R. Corbin and C. Dybowski, |. Phys. Chem., 1992, 96, 2629.

V. Ramamurthy, J. V Caspar, D. F. Eaton, E. W. Kuo and D. R. Corbin, J. Am. Chem. Soc., 1992,
114, 3882.

K. Pitchumani and V. Ramamurthy, unpublished results.

Products 3 and 4 have been reported in the literature: (a) T. J. Katz, J. C. Carnahan and R. Boecke,
J. Org. Chem., 1967, 32, 1301. (b) T. Goto, A. Tatematsu, Y. Hata, R. Muneyuki, H. Tanida and K.
Tori, Tetrahedron, 1966, 22, 2213.

K. Pitchumani, D. R. Corbin and V. Ramamurthy, Unpublished results.

(a) W. E. Farneth and R. G. Gorte, Chem. Rev., 1995, 95, 615. (b} A. Corma, Chem. Rev., 1995, 95,
559.

Authors thank PRF-ACS for support of this program and R.G. Weiss for useful discussion.

(Received in USA 16 April 1996; revised 22 May 1996; accepted 30 May 1996)



