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Development of high-performance oxidation catalysts and their_a?plication to
challenging catalytic reactions based on ordered porous materials

Kubota, Yoshihiro
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Conversion from benzene to phenol was investigated using hydrogen peroxide
as an oxidant. When the substrate is phenol, Ti-YNU-2 has superior catalytic performance to
Ti-MCM-68, both of which have common MSE type framework. are originating from our laboratory.
Unfortunately, Ti-YNU-2 did not show prominent performance for the benzene oxidation. Instead, Both
Ti-YNU-2 and Ti-MCM-68 showed much higher activity and para—selectivit% than conventional TS-1 and
Ti-beta for the oxidation of anisole and toluene. It should be noted that the catalyst can be
classified with the ability of oxidizing aromatic rings or benzylic position. The MSE type catalysts

were not selective to benzylic oxidation. In addition, we have been successful in improving
preparation techniques of Ti-MSE catalysts significantly.
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- H,0 (0.2 'm_L) :; ©:OCH3
anisole H0FC, 60 mm
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Table 1 o-methoxyphenol (o-MP)
Ti conte icld (%) " - 02 (%
R o e T Lo g 213
I TS-1 0.376 5 2.0 0.8 1.1 426 152 130
2 Ti-MCM-68 cal 0.249 48 14.3 133 1.0 929 180 795
3 T-YNLU-2Z_ST(250, 10) 0.188 31 6.7 63 04 935 340 197
4 Ti-beta(TBMP)cal 0403 1 0.4 03 01 774 170 26

Ha
@’c + H0,

a. (p-MP + o-MP)-mol/Ti-mol.
b. the productswere analyzed by GC (0.25 mmx 30 m x L.00 pm DB-1 column,

internal standard : biphenyl, detector : FID).
¢. paraselectivity = mol-(p-MP) mol-(o-MP) .
d H.0, efficiency = (p-MP + o-MP)-mol/(H,O, converted)-mol

catalyst (20 mg)

%Qﬁqwfﬂmr

H,0 (0.3 mL) 5 6 o
100°C, 120 min 7
(21.25 mmol) (4.25 mmol) Q/\ O)k
+ others
Table 2
nn topology catalyst Ti content ., .,yipk}, selectivity (%) H:0,0%)
(mmol/g) %" 1 27 3° 4 6 7 8 9 10 conv. eff
__MFI__1S-1 03761323 398 110 243 <01<0.1 1.1 53 04 39 11 _968_ 23
2 Ti-MCM68 cal 025875262 160 46 515 07 06 6.1 39 81 59 25 >100 6.2
3 T-YNU-2 ST(250, 10)  0.144 96 64 158 49 554 02<01 112 39 40 39 08 946 68
4 asp  TEYNU-2 ST(300,30) 0410 2 01 40 46 43<0.1<01 156 301 <01 365 49 911 01
5 Ti-UZM-35_cal 0231 41 45 185 39 459 03<01 113 59 35 69 38 934 49
6 Ti-MSEospar 0318 32 47 195 46 498 03<0.1 101 36 32 58 29 885 54
7 Ti-YNU-3_cal 0310 24 3.5 193 53 389<01<01 127 57 25103 53 845 41
8 uppa  Tibeta(TBMP)cal 0470613197 117 160<01<00 4337 64 <01 24 05 887 15
9 . TiBEAgspae 02213636 164 43336 10<0.01307 50 37 32 21 88 40
10RO TioMCOM-41_cal 0346 <01 0.1 <0.1<0.1<0.1<0.1<0.1<0.1<0.1<0.1 310 690 967 0.1

a. Tumover number (moles pf products per mole of Ti-site).
b. Product yields determined by GC (column : 0.25 mm x 30 m x 1.00 pm DB-1, intemnal standard : naphthalene, detector : FID)

c. Selectivity of m-cresol and p-cresol determined by GC (column : 0.25 mm x 50 m x 0.20 pm CP-cresol, detector : FID).

d. Efficiency of H.O, utilization (moles of products per mole of H.O, converted).

_@

catalyst (100 m OH
@ + H,0, it £ P-BQ
sulfolane (8.0 mL) - H,O (0.2 rnL)
benzene 100°C, 120 min (24 min x 5) PH
(10 mmeol) (2 mmol) cL H
Table 3
n topology catalyst Ti content . benezene yield (%) ° H20:(%)
i (mmol/g) conv. (%) total PH HQ CL p-BQ conv. eff °

1 M IS 0376 22 82 406 37.6 <0.1<0.1 3.1 86.1 472
2 TS-1_YNU 0382 14 53 269 246 <01<0.1 23 75.0 358
3 Ti-MCM-68 0.193 4 0.7 35 23 04<01 07 283 122
4 MSE Ti-MC.'M-ﬁs_cal 0.258 21 53 276 113 18 04<0.1 811 340
S Me:Si(L) Ti-MCM-68 cal  0.204 10 20 103 70 07<01 27 479 215
6 Me:Si(G) Ti-MCM-68 cal  0.129 3 0.3 1.7 15 02<0.1<01 94 185
7 Ti-beta(TBMP)cal 0.470 1 0.4 1.8 18 <01<0.1<0.1 11.5 154
8§  *BEA Ti-beta(HF)cal 0.130 2 03 13 13 <01<0.1<01 188 7.0
9 Ti-BEAospar 0.221 2 0.5 26 22 04<01<01 173 153
10 0RO TiMOM-41_cal 0346 <01 01 04 04 <01<01<01 291 15

a. (PH+HQ+CL+p-BQ)-mol/Ti-mol.

b. After exhaustive acetylation of the products with excess Ac,0-K,CO;, the derivatized products were
analyzed by GC (0.25 mmx 30 m x 1.00 pm DB-1 column, internal standard : anisole, detector : FID).

¢. H,0, efficiency = (PH+HQ+CL+p-BQ)-mol/(H,0, converted)-mol
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