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Table 1T Thermochemistry of O, activarionn

O,—activation A H (Kcal/mol)
0, — 20 119
0, + H, — 0 +H,0 14
0, + CO — 0 + CO, -8
O, + CH;CHO — O + CH;COOH -10

BB, k¥, 41, 600 (1999)
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Table2 Effect of supported metal on TS
of direct synthesis of PO with oxygen and hydrogen

Metal PO—-Rate Phenol-Select.
[mmol/h] PO" C;Hg
Pd 0.74 99.8 0.2
Pt 0.25 98.8 1.2

Cat. : 0.5wt.%—metal/SiO, 1.0g
conditions : 45 °C, 0.1MPa, C3/H,/0,=60/40/40 60m| t—-BuOH

ORILEAE - JOFLVEREE 08%., PO;EIRIR(CIEL#E): 99.7%

+ H,0

OHMiRE . DEIRIER, QBRICHTHREM. QH,EENDEPOZERMK

) KFFEELT2ET7ILaA—ILERAN-ETHEEEEICEDPOA FERET

3/10



@ TOSOH CORPORATION 4/10
TOSOH

3. PA/TSHIEIC KA ITRF L DR ET

-CHPZAMT AERMUIECHPLL E D ITRF AR E R,
— I AIC TR RIS EITT HEHER,

H @)
\/\/\+)O\+Oz +oHE ’\/\/<J+i + H,0

Pd/TS Cat.
HO
Table3 Epoxidation of 1-hexene using Pd/TS catalyst

Temp. Time CHP Products [ mmol ]
No. Catalyst HO/CHP

[°C] [h] [ mmol ] HO Acetone
1 0.5 wt%Pd/TS 100 3 0 0 0.04 -
2 0.5 wt%Pd/TS 100 3 04 1.5 10 3.6
3 05 wt%Pd/TS 80 3 04 0.7 2.1 1.7
4 0.5 wt%Pd/TS 80 6 04 1.6 45 4.0
5 TS 100 3 04 0.2 2.1 05

0.5 wt.%Pd/TS 0.2 g, 1-hexene 50 mmol, 2—propanol 62 g, O, 0.3 MPa, N, 0.6 MPa
CHP : cumenehydroperoxide, HO : 1,2— and 2,3—hexylene oxide
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DI JLIA/—ILIEB BT Iz /U128 {ELT=P . POIZ0.01%&E A,

SHERLE=BEEE1EHMAPA(0) THEELI=T1=8,

HO (@)
@)
I+ + O + + H,O
é ® Pd/HAP + TS Cat. < 5 2
PO

Table 4 Alcohol oxidation and epoxidation using Pd/HAP catalyst

Flow rate [ mL/min ] Yield [ %]
No. Catalyst
(O Propylene PO AcP Peroxide
1 0.2 wt%Pd/HAP 5 - - 93 0.6
2 0.2 wt%.Pd/HAP + TS 5 9] 0.01 84 -

0.2 wt.%Pd/HAP 0.1 g, TS 0.2 g, 1-phenylethanol 0.12 g, (trifluoromethyl)benzene 5 mL
conditions : 90 °C, 70 min, AcP : acetophenone
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Table 5 Effect of ligands of palladium complex catalyst on the PO vield
Yield [% ]

No. Ligand (L) Color*
PO Acetone
1 | A trace 0.3 black
N/

2 | A trace 0.3 black

3 0.0 0.2 black

4 trace 0.2 black

0.5 2.3 blackish brown

Bat : 2,9-Dimethyl-4,7-diphenyl-1,10-phenanthroline

Pd(OAc),L, 0.05 mmol, TS 0.2 g, 2—propanol 2 mL, chlorobenzene 10 mL
conditions : 60 °C, 2 hrs, O, 5 mL/min, propylene 5 mL/min
* : color of solution after the reactions
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Table 6 Effect of O,—partial pressure and reaction temperature on the PO vyield
Temp. Time Pressure [MPa] Propylene PO Select. [ % ] PO Yield .
> [%] [h]  Totsl Oppartisl Conv.[%] Propylenc basis 2-Propanol basis  [%] Golor
1 60 20 0.10 0.05 0.5 20 0.5 blackish brown
2 60 3.0 0.80 0.40 1.7 45 1.7 yellow
3 80 3.0 0.96 0.40 18 35 18 yellow

Pd(OAc),(Bat) 0.05 mmol, TS 0.2 g, No.1 propylene 27 mmol, No.2, 3 propylene 50 mmol, N, 0.3 MPa
solvent : No.1 2—propanol 2 mL + chlorobenzene 10 mL, No.2, 3 2—propanol 80 mL + chlorobenzene 5 mL

* : color of solution after the reactions

N - H0,
N L,Pd(I) OH
y 2H"
TS catalyst (0]
i Lpd” |
~o0

[Pd(0)],,

Scheme Proposed catalytic cycle of palladium complex

(B. A. Steinhoff, S. R. Fix, S. S. Stahl, J. Am. Chem. Soc., 124, 766 (2002) )
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Fig.1 Color of the reacted solution left in air at room
temperature under atmospheric pressure
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Table 7 Effect of various polar aprotic solvents on the products

Solvent [ mL]

Products [ mmol ]

No- Polar aprotic 2-Propanol PO Acetone Peroxide
1 chlorobenzene 5 80 33 7.1 0.3
2 DMAc 45 40 0.9 11.2 8.8
3 NMP 45 40 0.1 8.7 79
4 DMSO 45 40 0.1 24 3.2
5 DMI 45 40 0.2 20 39

Pd(OAc),(Bat) 0.05 mmol, TS 0.2 g
conditions : 80 °C, 90 min, propylene 50 mmol, O, 0.4 MPa, N, 0.3 MPa

DMI : 1,3-dimethyl-2-imidazolidinone

Acetone

A

N

PO

-

Peroxide

N

0%

0.05%

0.6%

6% 53%

DMAc Conc. [wol./vol.]

Fig.2 Effect of DMAc concentration on the products

Pd(OAc),(Bat) 0.05 mmol, TS 0.2 g, solvent 85 mL (2—propanol + DMAc)
conditions : 80 °C, 90 min, propylene 50 mmol, O, 0.4 MPa, N, 0.3 MPa
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Acetone, Peroxide [mmol]
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Table 8 Effect of various amide compounds on the products

Products [ mmol ]

PO Sel. [%]

No. Amide compounds
PO Acetone Peroxide (2-Propanol basis)

v O

1 /N-§_ TMPA 0.6 26 1.2 24

2 e DMPA 3.9 16.2 4.8 24
,N—K_ . . )

3 < DMAc 2.9 15.7 5.7 19
/N-K . . .
— O

4 N-« DEAc 8.7 18.2 1.3 48
pa—
_\—\ O

5 N DBAc 5.1 14.2 2.2 36
i ad
—{ 0

6 N-( DIPAc 0.1 0.1 0.0 100
=

catalyst : Pd(OAc),(Bat) 0.05 mmol, TS 0.2 g, amide 5 mL

conditions : 80 °C, 90 min, 2-propanol 80 mL, propylene 50 mmol, O, 0.4 MPa, N, 0.3 MPa
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Fig.3 Plausible chemical structure of palladium
complexes having amide compounds
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