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In the present paper, we report an unprecedented selectivity
in the products during singlet oxygen mediated oxidation of
olefins included within dye-exchanged X and Y zeolités.
Singlet oxygen is generated within a zeolite by irradiating a Scheme 2

Thionin/CH3CN 46 54
Thionin/LiY/hexane 100 -

thiazine dye exchanged into zeolifesOxazine and thiazine . O o

dye molecules can be readily exchanged for alkali cations "(HQC)Q/ % ® 2'«/_v( * “(HZC);\/L 4+ n(H? g(o‘m
present in the interior of faujasite (X and Y) zeolifeepend- oot OOH

ing on the status of hydration, these dye molecules exist either

in monomeric or dimeric forms. We show below that when a @/ Thioni/GHCN 80 4 8
thiazine dye molecule is present in its monomeric form within 3

a zeolite, it serves as an excellent singlet oxygen sensitizer. Thionin/CHCN 4 15 4
Utilizing zeolite supercages as “active reaction cavitfesive 4

have directed the reactive oxygen toward a particular face of Thionin/CH;CN 10 47 43

Thionin/NaY/hexane 100

the olefin and obtained a high selectivity in the products of
oxidation. o . % © 01
The general procedure for exchanging oxazine and thiazine Thionin/Nadihexane 80 6 14
dye molecule® consisted of stirring known amounts of the dye ¢
(0.1 mg) and the zeolite (300 mg) in aqueous solution (10 mL) . . . . .
for 3 h atroom temperature. Filtration and exhaustive washing ©Xidation of olefins1—6 (Schemes 1 and 2) was investigated.

or Soxhlet extraction with water (until the aqueous wash was A typical method consisted of exposing a dry hexane solution

colorless) gave a lightly colored zeolite. Normally,
level of the dye was maintained near 1 dye molecule/10
supercages. Dye-exchanged zeolites were dried140 °C

on a vacuum line (1@ Torr) and used for further studies. Under

the loading (5 mL) containing known amounts of the dry dye-exchanged
o zeolite (~300 mg) and the olefin{5 mg) to visible radiation

(>450 nm) for about 1530 min® Generally, quantitative
conversion was reached within an hour of irradiation. Products

such conditions, as per diffuse reflectance spectra, the dye'Vere extracted with ether and analyzed by GC after addition of
existed as monomer. Of the various dyes investigated (thionin, €XCess triphenylphosphine. Results are shown in Schemes 1
methylene blue, methylene green, oxazine-170, oxazine-1,2n 2. For comparison, solution irradiations were conducted

pyronin-Y, Nile blue-A, acridine orange, rhodamine-6G, saf-
ranin, and crystal violet), only the first three provided results

of interest to this paper.

in acetonitrile, and the results obtained were identical to the
literature report$.
For both cyclic and acyclic olefins, oxidation within zeolites

Excitation of thionin, methylene blue, or methylene green resulted in a single major product (Schemes 1 and 2). Selectivi-

exchanged Na X or Na Y gave fluorescence in the expecte

gties similar to the one reported with thionin were also observed

visible region. More importantly, an emission, the intensity of With methylene blue and methylene green as sensitizers. By
which was dependent on the water content of the zeolite, due following control experiments, we established that the selectivity

to singlet oxygen was also observed at 1268 'nnThe

obtained is not due to any experimental artifacts. In every case,

observation of singlet oxygen emission prompted us to inves- products were independently synthesized and tested for their

tigate the reactivity of singlet oxygen within a zeolite. The
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stability and retention within zeolites. They were stable and
had no unusual affinity for zeolite interior. Also, none of them
were converted either to any other products or to the isomer
that was isolated as the major product. Mass balance in
oxidation experiments was excellert §0%) indicating the
absence of any side reactions. The following experiments
indicate that the reactive species is singlet oxygen. Oxidation
was quenched by singlet oxygen quenchers sugh@sotene,
Dabco (1,4-diazabicyclo[2.2.2]octane), atN-dimethylaniline.
When the electron transfer sensitizer 9,10-dicyanoanthracene
was used, no selectivity was obtained with bgtmyrcene )

and 2-methyl-2-pentend) (Scheme 1}°:1%
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Scheme 3 is to alter the geometry of attack. As illustrated in Scheme 3,
Solution the most favored conformer for 2-methyl-2-pentetigié B.
HocseH H3Coc—H HanCH3 When 1 adsorbs on the surface of the zeolite, it would be
- e ®:\CH1; H‘%g£3 expected to adsorb from the less-hindered side, as illustrated in
5 B flo} " Scheme 3 (i.e., the molecule will adsorb from the side which is
normally attacked by singlet oxygen in solution). Under such
conditions, the oxygen would be forced to attack the molecule
R from the face substituted by hydrogen and a methyl group. Such
an attack would not result in the formation hydroperox&le
Zeolite (Scheme 1) derived from abstraction of allylic H from the ethyl
(104} group. Indeed, thi_s is the case. We suggest that the cation plays
2. an important role in keeping the olefin in the above geometry
Hﬁ?@i&.ncﬁa . W0, on the surface of the zeolite. An interaction between a
P monovalent cation and ther-cloud is a well-established
- Cation phenomenof® The strength of binding would be expected to
Zeolite surface depend on the size of the cation, and the smaller cations such
as Li" and N& are expected to bind much more strongly than
Scheme 4 larger cation such as €s Indeed, when the cation size is
increased from Li/Na" to Cs', lesser selectivity resultéd For

H H H H . o
o, . o & example, in the case gFmyrcene g), the product distribution
HCHn . HQCHS @YO?}; M (9:10) changed from 100:1in Li Y to 61:39in Cs Y. A similar
00

oor trend was observed with olefirlsand3—6 as well.

Zeolite An argument similar to the one proposed above rationalizes
" H the observed remarkable selectivity for cyclic olefids®6.
ul 2 Hﬁ& Although, at this stage, we are not certain that this model is
Cation 00H fully valid, we utilize this to plan further experiments. The

Zeolite Surface

illustration provided in Scheme 4 f@rhighlights the proposed
model. In solution, the singlet oxygen prefers to attack

The following experiments established that the selectivity 1-Mmethylcyclopentene from the ring side due to secondary
reported here is the result of oxidation within zeolite and not stabilization with allylic hydrogens. This ring side attack would
due to reaction on the external surfaces or in solvent hexane.not be favored whe is adsorbed on zeolite surface due to

When either methylene blue or rose Bengal adsorbed on silical@ck of interaction with the allylic hydrogens and to steric
gel were used as the sensitizer, no selectivity resulted. Fur-hindrance provided by the methylene unit. Under such cir-
thermore, when , which due to its large size can only adsorb cumstances, the attack would be expected to occur from the

on the external surfaces of Na Y, was used as the sensitizer nd"ethy! side, leading to the observed product. We wish to
selectivity was observeld-14 Similarly, no selectivity resulted emphasize that the selectivity observed here is not obtained when

when a hexane slurry of methylene blue adsorbed on silica geLeither silica or alumina was used as the support. The cation

olefin, and dry Na Y was irradiated under oxygen atmosphere. plays a cri_tical role of maintaining_ the molecule in a particular
These experiments establish that in order to achieve selectivityconformation for a much longer time.

it is important to have both the olefin and the sensitizer included !N conclusion, this study illustrates that a supramolecular
within the same zeolite particle. assembly made up of dye, olefin, oxygen, and zeolite can

The proposed models to rationalize the selective oxidation Provide unprecedented opportunities to conduct selective oxida-
of olefins are illustrated in Schemes 3 and 4. The reactivities 10N Of olefins. We are in the process of extending the studies
of 1—6 in solution are understood on the basis of preferred mode t0 Other olefins to establish the limitation of this approach. An
of interaction between the singlet oxygen and the reactant ole-NSight into the mechanistic origin of selective oxidation is
fin.15 It has been suggested that, in the absence of steric prob-€XxPected to be gained through the use of partially deuterated
lems, the singlet oxygen prefers to attack the olefin from the ©!€fins. Such experiments are underway. Zeolite is also being
side which allows for maximum stabilization due to interaction €xPlored as a medium to synthesize enantioselective chiral

) ; - . ided8
with allylic hydrogens. We believe that the role of the zeolite hydroperoxides!
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