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A new aluminum hydroxide-supported palladium catalyst (1) made by a one-pot synthesis through nanoparticle generation and gelation shows
a dual catalytic activity for olefinic hydrogenation and aerobic alcohol oxidation.

We report a new palladium catalyst that is highly active in

Nanoparticles have been immobilized on inorganic solid

both alkene hydrogenation and aerobic alcohol oxidation. support® or embedded in organic polymétrslendrimers,

To the best of our knowledge, this is the first report of such multilayer polyelectrolyte film$, and ionic liquids for

a catalyst that consecutively performs the two reactions in separation and reu8edowever, the immobilization often
one pot. Furthermore, the catalyst is recyclable and am- suffers from problems such as low reactivity, degradation,

phiphilic, active in both water and common organic solvents.
Palladium nanoparticles have proved to be attractive

catalysts in many useful transformationscluding the
hydrogenation of alkenes and alkyrfethe oxidation of
alcohols® and carbon—carbon coupling reactidns.
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palladium leaching, and difficult synthetic procedures.
Very recently, we reported a simple one-pot method of
making recyclable palladium catalysts through generation of
palladium nanoparticles from Pd(Pfhand tetra(ethylene
glycol) dissolved in (MeQJSi or (i-PrO)Ti and subsequent
gelation by treatment with watét The resulting gels showed
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high catalytic activities in hydrogenation of alkenes and butanone and 1,4-diphenyl-2-butanol. Subsequently, we could
alkynes and in carbon—carbon cross-coupling reactions. convert the mixture to pure 1,4-diphenyl-2-butanone in 99%

In this work, we used aluminum teec-butoxide in place yield by exposing the mixture to the air while heating at 80
of (MeO),Si or (-PrO)Ti and added 1-butanol to reduce °C for 2 h. The dual activity ofl was also effective in
the viscosity of the reaction mixture. A mixture of Pd(RRh transforming cholesterol to cholestan-3-one (Scheme 2).
tetra(ethylene glycol), 1-butanol, and aluminum seie-

butoxide was heated to generate palladium nanoparticles, an (i NG

water was added to form a black gel (Scheme 1). Filtering,  gcheme 2. Hydrogenation Followed by Aerobic Oxidation
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Scheme 1. Preparation of the Palladium Catalyst
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(sec-BuO)AI/BUOH The catalytic activity ofL in aerobic oxidation was tested

with 1-phenylethanol (Table 2). The oxidation &fwas

washing with acetone, and drying the gel gaveas dark
olive-green powdet:*?Despite the seemingly minor change, ]
the resulting catalyst showed quite remarkable catalytic Table 2. Catalytic Oxidation of 1-Phenylethariol
activities, suggesting a crucial role of the aluminum hydrox- T
ide matrix.

The catalytic activity ofl in hydrogenation was tested with

time yield®
entry catalyst mol % Pd solvent oxidant (°C) (h) (%)

1 1 0.2 toluene air 80 6 >99
cholesterol (Table 1). Although a smaller amount was used, 9 1 0.2 FtOAc  air 80 12 >99
3 1 0.2 TFT¢ Oq 80 2 >99
. 10 H0  ar 100 6 90
Table 1. Catalytic Hydrogenations of Cholesterol to 57 1 0.005  none air 150 35 98
Cholestandl 6 Pd/C 2 toluene  air 80 6 9
- - Pd/Al,03 0.5 toluene air 80 6 31
entry  catalyst (mol % Pd) T (°C) time(h) yield (%) ge RwALOs 2.5 TFTe 0, 83 1 99
1 1(2.0) 25 6 >9Qb 9f ARP-Pd 2 H,0 0, 100 20 99
2¢ TiOo/TEG/Pd (2.0) 25 24 16 10+ Pd/MgO 1.0 TFT¢ Oz 0 8 45
3d PIPd (5) 25 24 63—85 11* PdHAP-0 0.2 TFTe 0, 90 1 98
4 8% Pd/C (7.4) 50 50 100 a Oxidation was performed on 1.00 mmol of a substrate dissolved in 2
5 1/(2.0) 25 6 >99¢ mL of solvent under atmospheric air or 1 atm. ®Determinied by GC.
a ) ) . ¢TFT = trifluorotoluene.d Performed with 124 mg of. for 24 mL of
Hydrogenations were performed under atmospheric pressla®ation 1-phenylethanol¢ Ref 17.f Ref 16¢.9 Ref 18.h Ref 19.

yield. ¢ Ref 10.9 Ref 13.¢ Ref 14.f Recovered from the ninth use.

performed under various conditions for comparison with the
commercially available catalysts (Pd/C and Pddd) and
the recently reported heterogeneous catalysts. The aerobic
oxidation of 1-phenylethanol proceeded smoothly with only
0.20 mol % Pd in conventional organic solvents. It also
worked in water: 1 showed better activity than the recently
reported resin-dispersed palladium nanoparticles in wéfter.
The amount ofl could be reduced to 0.005 mol % Pd in
(10) Kim, N.; Kwon, M. S.; Park, C. M.; Park, Jetrahedron Lett2004 solvent-free conditions, showing a high turnover frequency
45,( 17855- _ _ , _ o (TOF). 1 was more active than the commercially available
uring the preparation df, triphenylphosphine was oxidized into Pd/C and Pd/ADs, the alumina-supported ruthenium cata-

triphenylphosphine oxide, which was recovered from the filtrate in 97%. ) ‘ .
In addition, almost all of tetra(ethylene glycol) was found to be presentin lyst,'” and the magnesium oxide-supported palladium cata-

1 was more active than the titania-supported palladium
catalystl® the polymer incarcerated palladidrhand 8% Pd/
C.1* The activity of recycledL was also excellent: it could
be recovered by simple filtration in the air and was reused
10 times without activity los$

Meanwhile, the hydrogenation dfans-chalcone withL
at room temperature gave a 2:1 mixture of 1,4-diphenyl-2-

the filtrate in contrast to the cases with (M@Si)and (i-PrO)Ti. 18 S ; _
(12) See Supporting Information for its characterization, including TEM lySt' A hydrOXyapatlte supported pallad|um CatalySt (PdHAP
images.
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2871. see: (a) ten Brink, G.-J.; Arends, I. W. C. E.; Hoogenraad, M.; Verspuli,
(14) Kollar, L.; Tards, S.; Heil, B.; Tuba, ZJ. Mol. Catal.1988,47, G.; Sheldon, R. AAdv. Synth. Catal2003,345, 1341. (b) ten Brink, G.-
33. J.; Arends, I. W. C. E.; Hoogenraad, M.; Verspui, G.; Sheldon, RAdw.
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plasma (ICP) analysis. Int. Ed. 2003,42, 194.
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0)!° showed a greater TOF thah However, PdHAP-0
required centrifugation for recovery and KCI or NaCl treat-
ment for reuse, whereak could be recovered readily by
filtration and reused at least 10 times without activity loss.
The scope of aerobic alcohol oxidation bywas studied
further with various alcohols (Table 3). Aromatic alcohols

Table 3. Catalytic Oxidation of Various Alcohols witti2.°

entry substrate product m(I))Id% (Og) tﬁ?)e y(ioe/(l)c)lc
| Q/@/LOH @/Lo 020 8 1 >99
. o 0.50) (80) (6) (>99)
) " . 20 100 24 88
@0 (110) @5) (87
CI Cr

s H 4 020 80 3 >99
Cé 0.50) @0 6y (399

o . 1.0 100 4 >99

4 e A (2.0)  (110) (20) (8D
S & i 1.0 100 10 94
O)\ [j)k @0 (110) (18) (86)

s ©/\°“ ©/ TS0y (0 @ (599
7 ol C& 0.50) 80) (12) (9%

o

8 Cg: Eﬁo 2.0) (110) (16) (999
o o 20 100 12 19
s s o) (10 (1) <)
" Y ! 50 100 14 92
® @ (Lo (110) (12) (62)

B 0 50 100 18 90

1 " SCHO 1.0y (110)  (24)  (64)

aOxidation was performed under atmospheric air on 1.00 mmol of a
substrate dissolved in 2 mL of TF¥Values in the parentheses are results
from the reactions in toluenélsolated yield.d Determined by'H NMR.

were oxidized quantitatively by 0.5 mol % Pd at 80 in
toluene under atmospheric air. The use of trifluorotoluene
(TFT) significantly increased the oxidation rate. For instance,

Org. Lett, Vol. 7, No. 6, 2005

the oxidation of 1-(4-methoxyphenyl)ethanol was completed
within 1 h by 0.2 mol % Pd. Aotable exception was 1-(4-
chlorophenyl)-ethanol; 4-chloroacetophenone was obtained
in only 88% vyield even after 24 h at 10C by 2 mol % Pd

in TFT. Aromatic alcohols were oxidized faster than aliphatic
ones, and the secondary alcohols were oxidized faster than
the primary ones. Aromatic and aliphatic primary 1,4-diols
transformed t¢s-lactones quantitatively. However was not
effective for the oxidation of primary aliphatic alcohéfs;
1-octanol was oxidized in less than 5% under the conditions
for the oxidation of 1,4-butanediol. Notablywas effective

for the oxidation of heteroaromatic alcohols such as 1-(3-
pyridyl)ethanol and 2-(hydroxymethyl)thiophene. Satisfactory
results were obtained by using 5 mol % Pd and TFT.

In summary, we have developed a simple synthetic method
for an easily recyclable palladium catalyst from readily
available reagents and demonstrated its high and dual activity
in both hydrogenation of alkenes and aerobic oxidation of
alcohols. We are investigating the basis of the distinctive
catalytic activity of palladium nanoparticles supported by
aluminum hydroxide.
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