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Pd-Sepiolite Catalyst for Organic Reaction

Yoshihiko MORI
Tetsu YAMAKAWA

Pdisepiolite was successfully employed for the catalytic oxidation of benzyl alcohol, dehydrogenation of

indoline, Heck arylation of butyl acrylate, reaction, amination of bromobenzene with piperazine, and

hydroamination of butyl acrylate with various amines. The first catalytic hydroamination of an olefinic bond with

indole was also included. Pdlsepiolite can readily be recovered by filtration without leaching out of any Pd

species into reaction medium, suggesting a potential reuse of the catalyst in prolonged possession of original

activity.
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Tabled 0 Pdiclay catalyzed oxidation of benzyl alcohol with molecular oxygen

Temp. Time Pd Conv. Yield MB STY  Pdleaching
Catalyst 000 OhOOmolD MO0 000 OO0OgkgDh'D 000
Pdlsepiolite 108 1 0.1 96 91 100 9800 0.13
PdIminigelAR 108 1 0.1 77 67 091 7500 0.12
PdJActigel208 108 1 0.1 90 78 090 8600 0.07
Pdlsumecton SA 108 1 ad 13 35 090 0370 g
PdlBenclay MKI101 108 1 | 0.8 1.2 100 0130 O

Benzyl alcohol 10 mmol, catalyst. 0.1 g, O, 10 ml/min, toluene 5 ml.
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oxidation of benzyl alcohol with molecular oxygen in
O0odoobooOoOo oooooooooo

Solvent Temp. Time Pd Conv. Yield MB STY Pd leaching
OmlO OO0 OhOOmolO MO0 OO0 OOOdkgOh*O OO0
ol Xylene 5 113 1 0.1 90 90 102 10000 O
Toluene 5 108 1 0.1 96 91 100 19800 0.13
Benzotrifluoride 5 108 1 0.1 55 32 095 13500 0
ol Dichlorobenzene 5 108 1 0.1 O 15 022 01700 O
NMP 5 108 1 0.1 23 14 097 11500 18
H,O 5 199 1 0.1 2.0 4.9 103 10550 0.18
DMF 5 108 1 0.1 5.6 0.4 095 10050 0.43

NMPO AMImethyll20 pyrrolidone; DMFO N, Ml dimethylformamide.
Benzyl alcohol 10 mmol, Pb-sepiolite 0.1 g, O, 10 mI/min.

Tabled O Pbisepiolite catalyzed dehydrogenation of indoline in different solvents

Solvent Temp. Time PdO Conv. Yield MB STY Pd leaching
OmlO 000 OhOOmolO MO0 OO0 OO0DOgkgOh*O OO0
Acetophenone 5 113 1 028 099 89 89 4600 0.07
Toluene 108 1 027 099 85 85 4400 0.05
Benzotrifluoride 5 108 1 0.27 10098 82 84 4300 0.89
DEE 5 115 1 030 10097 83 86 4000 0.05
NMP 5 115 1 0.29 10069 46 77 2300 0.51
Acetone 5 113 1 0.27 0100 41 95 2100 0.02
DMF 5 110 1 0.30 0055 30 75 1400 0.78
Chlorobenzene 5 115 1 0.27 0017 14 84 1074 17

DEEUO diethyleneglycohol diethylether(] NMPLC NImethyll2-pyrrolidoned DMFO N N[

dimethylformamide.

Indoline 4 mmol, Pblsepiolite 0.1 g, Ar 1atm.
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Fig.O O Recycling of Pdisepiolite catalyst for indoline
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Indoline 10 mmol, toluene 5 ml, Ar |atm
Pd-sepiolite 0.05g, 108 0, 1h.

Numerals in parentheses indicate the percentage
of Pd-leaching.
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Table O Pdlsepiolite catalyzed Heck reaction of bromobenzene with butyl acrylate in
various solventsOD OO0 000000 COCOOOOOOOOOOOCOOO

Conv. Yield MB
Solvent Temp. Time PdO OPhBr 0PhBr 0IPhBr STY Pd leaching

OmOOOO0 OhOOmolOOODOO 00O 0O0O0O0Odkgoh'o 00O
NMP 10 135 20 0.2 100 191 194 510 0.32
DMF 05 135 20 0.2 080 188 108 450 0.36
DEE 10 130 20 0.2 042 030 191 160 0.21
ol Xylene"! 12 140 20 0.1 0122 019 104 210 O
Chlorobenzene 10 127 20 0.3 6.7 135 198 017 0.06
Toluene”* 10 108 U6 0.1 33 0.0 097 0o O

NMPO NCmethyld 20 pyrrolidone ; DMFO N, Mldimethylformamide ; DEEQ diethyleneglycohol

diethylether.

Butyl acrylate 6 mmol, bromobenzene (PhBr) 5 mmol, K,CO; 6 mmol,

Pb-sepiolite 0.1 g, Ar 1atm.

“1: Butyl acrylate 12 mmol, bromobenzene (PhBr) 10 mmol, K,CO; 12 mmol,

Pd-sepiolite 0.1 g, Ar 1atm.
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Table[ [0 Pdlsepiolite catalyzed Heck amination of bromobenzene with piperazine

Conv. Yield
Catalyst Temp. Time PdO Camine Camine T.N. STY Pd leaching
JO00DO0OhMmolDMOO OO0 OdkgOh*d 000
Pdvsepiolite 128 20 0.2 9.9 15 61 60 25
Pd0Cslsepiolite 142 20 0.2 18 18 85 84 2
PdiNalsepiolite 140 20 0.3 O 5.8 22 22 |

Bromobenzene (PhBr) 5 mmol, piperazine 5 mmol, ‘BuONa 6 mmol, olxylene 10 ml

Pd-sepiolite 0.1 g, Ar 1atm.

Table[ O Pdlsepiolite catalyzed hydroamination of Butyl acrylate with various amines

Amine Olefin Solvent Temp. Time PdO Yield T.N.
0 mmol 0 mmolO Oold 0 00 hO0 molO O ooo
Indoline butyl acrylate toluene 5 100 17 0.4 ©j> 1000692 01180
105 24.4 N COOBuU
N N
Piperazine butyl acrylate o-xylene 5 100 3 0.4 10008873 1200
10.0 12.0 /" \—coom
0 N
Morpholine butyl acrylate o-xylene 5 100 3 04 "\ / 0092 0230
10.3 12.3 N _\_COOBU
{3
Imidazole butyl acrylate NMP 5 190 20 1.0 N COOBu 09 090
04.2 12.3 7 t—/
Pyrrole butyl acrylate NMP 5 190 20 0.9 N COOBU gootr  0O08
04.3 12.3 \__/
Indole butyl acrylate NMP 5 190 20 1.0 N g0e62 060
041 12.6 N COOBu
Indole 0710 butyl acrylate NMP 5 190 20 0.3 1042 09%4
0110 12
Indole”* 04.1 butyl acrylate NMP 5 190 20 O 0ooo3 oaoz2
04.1 125
NMPO AImethyll 20 pyrrolidone.
Butyl acrylate 12 mmol, PdIsepiolite 0.1 g, Ar 1atm.
“1 sepiolite 0.1g.
o2 o3
@ 100, _/_N’ ‘N_\_ 2100 .
N COOBu BUOOC 7 COOBuU
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Table O Pdlsepiolite catalyzed hydroamination of indole in

several solvents

Solvent Temp. Time PdO Yield T.N.
OmiO OOO Ohd OmolOO 0OOO

DMA 5 150 20 0.4 goi21 55
DMF 5 150 24 0.4 g0z 41
NMP 5 150 65 0.4 goi21 58
TMB 5 150 20 0.4 100.2 10
Toluene 5 190 20 0.4 10o.1 10
DEE 5 150 20 0.4 trace 10
Butanol 5 190 20 0.4 trace 10

DMADO N, NiIdimethylactamide ; DMFO N, Nldimethylformamide ;
NMPO NMJmethyll20pyrrolidone ; DEEL diethyleneglycohol diethylether ;

TMBUO 1,3,50trimethylbenzene.

PdCsepiolite 0.1 g, butyl acrylate 12 mmol, indole 10 mmol.
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Tabled O Recycling of Pdlsepiolite as catalyst
for indole hydroamination

Conv. Yield T.N.
Olo0d ogo
Original 77 62 60
2nd use 55 32 30
3rd use 40 32 32

PdUsepiolite 0.1 g, butyl acrylate 12 mmol,
indole 4 mmol, Ndmethyll20pyrrolidone 5 ml,
Pd 1molO, 1900 20h.
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