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Improvement of the catalytic properties of
microporous titanosilicates via control of their
hydrophobic and hydrophilic nature
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Fig. 1 Tllustration of (a) a supercage within an MSE framework
with (b) 8 kinds of tetrahedral sites. (c) TEBOP?*.

[Al]-MCM-68 & N, N, N’, N’-tetraethylbicyclo[2.2.2]
oct-7-ene-2,3:5,6-dipyrolidinium (TEBOP**, Fig. 1c)
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Scheme 1 Formation of a site defect during dealumination from
the zeolite framework.
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Scheme 2 Insertion of tetrahedral Ti species into the zeolite
framework.
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Table 1 Oxidation of phenol with H.O. over titanosilicate catalysts’

Run Catalyst Ti content’ TON¢ Yield’ (%) p-Selectivity’
(mmol g™ Total HQ CL »-BQ (%)
1 TS-1 0. 36 50 8.4 4.7 3.7 0.0 56
2 [Ti-MCM-68 0.25 150 17.1 11.1 5.5 0.5 58
3 [Ti-MCM-68_cal 0.25 272 32.3 22.2 8.3 1.8 74
4 [Ti-YNU-2 0.18 923 74.3 58.4 6.1 9.8 92

a. Reaction conditions: catalyst, 20 mg; phenol, 21.25 mmol; H:O-, 4.25 mmol; temperature, 100C; time, 10 min. 4. Determined by ICP
analysis. ¢. Turnover number = (moles of [hydroquinone (HQ) + catechol (CL) + p-benzoquinone (p-BQ)] per mole of Ti site). d. Product
yields based on added H:0O: after exhaustive acetylation of the products with excess (CH3CO):0-K2COs, the derivatized products were
analyzed by GC (0.25 mm X 30 m X 1.00 um DB-1 column; internal standard, anisole; detector, FID). e. Selectivity to para-isomers = (moles

of [HQ + p-BQ] per moles of [HQ + CL + »-BQ)).
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Scheme 3 The oxidation of phenol with H2O-.
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H,O adsorption isotherms (25C) of () TS-1, (O) [Ti}
MCM-68 and (@) [Ti]-MCM-68_cal.
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Fig. 3 N adsorption-desorption isotherms (=196C) of (A) [Til-
YNU-2 and (B) [Ti}-MCM-68. Filled symbol, adsorption;
unfilled symbol, desorption.
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Fig. 4 N, adsorption isotherms (—196TC) representing the
relative pressure in semi-logarithmic scale. (A) [Ti]-
YNU-2 and (B) [Ti MCM-68.
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Fig. 5 t-Plot curves of (A) [Ti-YNU-2 and (B) [Ti MCM-68.
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Fig. 6 H,O adsorption-desorption isotherms (25C) of (A) [Ti}-
YNU-2 and (B) [Ti-MCM-68. Filled symbol, adsorption; unfilled
symbol, desorption.
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Fig. 7 Schematic illustration of (A) the localized hydrophilic
surface within the supermlcropores of [TiYNU-2 and
(B) the hydrophobic ultramicropores of [Ti]-MCM-68.
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Fig. 8 Schematic illustration showing possible interactions
between a phenol molecule and an active-state
framework of Ti-YNU-2 including a Ti-OOH site and
other site defects. Reprinted with permission from ref.
15. Copyright (2014) American Chemical Society.
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