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PHASE TRANSFER CATALYSTS
POLYETHYLENE GLYCOLS IMMOBILIZED ONTO METAL OXIDE SURFACES

Robert A. Sawicki
Beacon Research Laboratories, Texaco Inc.
Beacon, New York 12508

Abstract: Catalysts prepared by reacting polyethylene glycol and polyethy-

Tene glycol monomethyl ether with both alumina and silica gel were found to
be effective phase transfar agents in displacement and oxidation reactions.
The preparation of novel phase transfer catalysts and their application in
solving synthatic problems are well documented.1 Compounds such as quater-
nary ammonium and phosphonium salts, phosphoramides, crown ethers, and
cryptands have been used to catalyze a variety of organic transformations
including alkylation, oxidation, and displacement reactions.2 Recent
efforts have concentrated on the immobilization of these materials onto
both organic polymers3 and metal oxides4 to simplify, by filtration, the
separation and recovery process., We describe herein the preparation of a
new catalyst system with phasce traansfer properties by reaction of a poly-

ethylene glycol and monomethyl ether with alumina and silica gel,

The surface of silica gel contains both silanol-OH groups (mainly respoa-~
sible for adsorption) and -0- strained siloxane groups.6 Surface function-
alization of metal oxides such as silica gel is normally accomplished by
reaction of various alkyltrialkoxy silanes with the pendant surface hydroxyl
groups.7 Yowever, alcohols are also capable of reacting directly with the
surface either through a dehydration sequence or by direct addition to the
strainad siloxane moiety.8 as polyesthylene glycols and monoalkyl ethers

9,10 and as they possess an

have demonstrated phase transfer abilities,
alcohol functionality capable of reacting with the surface of a metal
oxide, a synthetic scheme (I) was considared wherein direct attachment of
the glycol to the support was possible by simple heating. A polyethylene
glycol and monomethyl ether were heated in refluxing toluene for 3 hours

11

with both silica gel and alumina with continuous removal of the water-

toluene azeotrope. After filtering, the white powder was Soxhlet extracted
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Scheme I
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12 hours with toluene and dried under vacuum. Carbon analysis of the

product indicated the degree of functionalization to be between 0.1 and 0.4
mmoles of glycol per gram of support which is typical of metal oxide deriva-
tization (Table I).

TABLE I
Glxcqla Sugugggb _%C mmoles Glycol/Gram Supportc
PEG-400 §io0, 6.9 0.33
PEG-400 A1203 4.1 0.20
PEGMME-350 si0,, 7.5 0.36
PEGMME-350 A1203 3.1 0.17

a) PEG-400 - Polyethylene glycol average molecular weight 400

PEGMME-350 - Polyethylene glycol monomethyl ether avarage mol. wt. 350.
b) Si0, - silica gel, A1203 ~ alumina
c) Appgoximate

The catalysts were subsequently evaluated under phase transfer type reac-
tion conditions. These included the displacement reaction of l-bromobatane
with potassium acetate and the oxidation of benzyl alcohol with sodium
hypochlorite solution. Typical reaction conditions follow. A mixture
containing 159 (0.15 mol) potassium acetate, 70ml toluene, 20g (0.007 mol)
of the PEG—400/Si02 catalyst, 7g (0.05 mol) l-bromobutane and 7g n-decane
as an internal standard was heated at reflux for 3 hours. The product was
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filtered, washed with methylene chloride and the filtrate analyzed by gas
chromatography. The oxidation of benzyl alcohol was carried out by stir-
ring a mixture of 4g (0.04 mol) benzyl alcohol, 75ml methylene chloride,
20g (0.003 mol) of the PEGMME-350/A1203 catalyst, and 75ml (0.05 mol) of a
4-6% aqueous sodium hypochlorite solution at room temperature for 24 hours.
The results are given in Table IT.

TABLE IT

Catalyst Reactants Pro@ggg§a 3 Y;glgb
SJ.O2 or A1203 C4H9Br/KOAc C,Hgy0AC 0
18-Crown-6 C4H93r/KOAC C4Hy0AC 54
PEG-400/A1203 C4H9Br/KOAc C4H90Ac 32
PEG-400/Si0 C,H,Br/KOAc C,H,OAc 56

2 49 49 12

A1203 PhCHzoﬂ/NaOCI PhCHO 16
TBAHSC PhCHZOH/NaOCI PhCHO 87
PEGMME—350/A1203 PhCHZOH/NaOCI PhCHO 30

a) The products were identical to authentic materials.
b) GC yields.
c¢) Tetrabutyl ammonium hydrogen sulfate.

These materials have demonstrated their ability to promote phase transfer
type reactions. Future work will expand on the synthetic utility of these
catalysts.
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