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Abstract: An effiecient method for preparing A8 -hydroxy polystyrene resin is
described. Friedel-Crafts alkylation of polystyrene resin with propylene oxide in the
presence of a Lewis acid catalyst affored 2-(1-methyl) hydroxyethyl polystyrene
(PS-PO). Addition of ethylene oxides to the PS-PO in the presence of base gave
PS-g-PEG resins. The resin contained 60-80%(w/w) of PEG and showed excellent
stability in highly acidic media. @ 1997, Elsevier Science Ltd. All rights reserved.

Nowadays, the use of combinatorial libraries of peptides, nucleotide and small molecules
has become a very powerful tool for the development of therapeutic agents'. For the
construction of peptide libraries, polystyrene beads grafted with polyethylene glycol (PS-g-
PEG)* have been widely used as solid supports. This is due to the excellent properties of
PS-g-PEG: good solvation properties in various solvents and good biocompatibility with
enzymes, and cells.?

PS-g-PEG resins were prepared by directly reacting chloromethylated polystyrene,
known as Merrifield resin®, with polyethylene glycol’. In another process, hydroxy group was
introduced onto polystyrene, and used as a precursor of PS-g-PEG resin for the addition
polymerization of ethylene oxide thereto. Conventionally, Merrifield resin has been adopted to
introduce the hydroxy group onto polystyrene’. Bayer et al’ has previously reported a
hydroxylation process from Merrifield resin by using tetraethylene glycols which are
previously treated by bases, such as KOH or NaOH. However, there are several drawbacks
to these processes. One is the crosslinking reaction by dihydroxy groups of polyethylene or
tetraethylene glycols. This reaction reduces the substitution degree of functional groups.
Another disadvantage, a more critical one, is that polyethylene or tetraethylene glycols are
grafted to the polymer backbone as benzyl ether linkages, which would be unstable and
cleaved releasing polyethylene glycols in the presence of strong acid, such as trifluoroacetic
acid, trifluoromethanesulfonic acid, hydrofluoric acid, which are normally used in peptide
synthesis. This unstability in acid medium limits the use of Boc-amino acids during solid
phase peptide synthesis. Moreover, the process for preparing Merrifield resin from
polystyrene requires the use of chloromethylether, which is a suspected carcinogen.

Therefore, it is important not to have PS-g-PEG resin precursor containing the
hydroxy group at the @ position to the polymer backbone. LEven though a process for
introducing hydroxy group at B position has been disclosed®, it consists of at least three
steps. Another more important requirement for preparing the precursor for PS-g-PEG resin
is the high initial loading of the functional groups. Generally, the final substitution degree of
hydroxy groups in the PS-g-PEG drops to about 20% of the initial level after an addition
of 80%(w/w) of PEG onto the polystyrene resin. Now, we would like to report an easy
method to introduce B-hydroxy groups to the polystyrene backbone via one step reaction,
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which can also offer high substitution degrees.

Recently, we found that 2-(1-methyDhydroxyethyl group can be directly introduced to
polystyrene resin by Friedel-Crafts alkylation with propylene oxide® in the presence of a
Lewis acid catalyst such as SnCls. It is shown in Scheme 1 and the results are summarized
in Table 1.

Table 1. The Degree of Substitution of 2-(1-methyDhydroxyethyl Group on Polystyrene
Resin with Various Amounts of Catalysts®

Run  Catalyst  Temp. (C) Amount of Catalyst(eq)” Amount of PO (eq)® Sub'n degree® (mmol/g)
1 SnCly 40 04 0.4 1.07
2 SnCl4 40 1.1 1.1 1.12
3 SnCl4 40 1.6 16 1.27
4 SnCl4 40 26 26 1.41
5 SnCly 40 50 5.0 1.88
6 SnCly 40 10.0 10.0 223
7 SnCly 0 - 1.0 1.0 1.42
8 SnCly 0 14 14 1.98
9 SnCly 0 2.0 20 2.38
10 AICla 40 0.4 0.4 ¢

®Reaction condition: solvent, methylene chloride; reaction time, 5 hour. "The amount of catalysts and propvlene
oxide(PO) added to the phenyl groups in polystyrene resin(5g, cl4'75 mmol). “Calculated from N content of the
PS-PO resin after reacting with 10 eq. of phenyl isocyanate. "N% value was below 1%.

Scheme 1
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SnCly was first introduced to a suspension of polystyrene beads in methylene chloride,
and propylene oxide diluted in methylene chloride was slowly added onto it. When the order
was reversed, the hydroxy groups were introduced at very low level. Moreover, the reaction
medium turned brown and viscous which indicated that polypropylene glycols might be
formed as side reactions. Nakajima et al' had reported about the side reaction between
propylene oxide and Lewis acid. The added Lewis acid in the presence of propylene oxide
seemed to catalyze the polymerization of propylene oxide more easily. When the Lewis acid
catalyst is added first, the catalyst seem to diffuse inside the beads making a complex with
the phenyl rings of polystyrene'. Then, the added propylene oxide would diffuse into the
polystyrene bead more freely until it forms a complex with the catalyst, finally yielding
2-(1-methyDhydroxyethyl group to the polystyrene resin.

We also have tested several other Lewis acids such as BCls, BF3, AlF3; AICl;, AlBrs,
FeCls, SbCls, ZnCl, Znl,, HgClz for the ring substitution reaction. Among the Lewis acids
tested, none of them gave satisfying results as that of SnCly. In case of AICl3 which is
stronger than SnCls in catalytic effect', the substitution degree of the hydroxy group was
rather much lower than that of SnCls. In this reaction, if a strong catalyst is used, side
reactions such as homopolymerization might predominate and reduce the substitution yield.
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Comparing to chloromethylation or aminomethylation processes where average
substitution degrees do not normally exceed above 1.5 mmol/g®™"” this process can give
higher substitution degrees up to 2.4-2.7 mmol/g at B position” by a single step reaction,
and they are easily controllable by changing the amount of catalyst and propylene oxide
(Table 1). Among other factors, the control of temperature seems to be very critical. When
the reactions were carried at 40°C, even though we could obtain reasonably high
substitution degree (2.23 mmol/g), large amounts of catalyst and propylene oxide were
necessary and most of the propylene oxides were not reacted on the phenyl rings. It is
supposed that oligomerization of propylene oxide occurs as side reactions. When large
amount of catalyst and propylene oxides were used, a brown colored viscous oily material
was produced. On the contrary, the reaction at 0°C gave high substitution degree. Ethylene
oxide was also used as a reactant. But, the substitution degrees of hydroxy group were
very low. This is probabley due to the unstability of transition state from Lewis
acid-activated ethylene oxide.

In order to test the usefulness of this process, we have prepared polyethylene
glycol-grafted polystyrene (PS-g-PEG) resins from 2-(1-methyDhydroxyethyl polystyrene
(PS-PO) by adding ethylene oxides to the B-hydroxy groups. Thus, after treating PS-PO
with KOH in an autoclave, ethylene oxide were added and polymerized to the resins at
110 C yielding PS-g-PEG resins which contained 60-80% (w/w) of PEG.

The stabilities of the PS-g-PEG resins in strong acid medium were measured.”
Comparing with the result of PS-g-PEG resin originated from Merrifield resin, we found
that our PS-g-PEG resins were exceedingly stable in 50% of trifluoroacetic acid, trifluoro-
methanesulfonic acid. The high stability in acidic medium makes this resin versatile in
peptide coupling reaction with Boc amino acids as well as in the construction of chemical
library which requires strong acid treatment.

In summary, propylene oxide with SnCl: catalyst can introduce high degree of B
-hydroxy groups to polystyrene, up to a maximum of 2.7 mmol/g resin. The process is
easily controllable and simple. Moreover, the PS-g-PEG resin prepared from PS-PO
revealed good stability in acidic medium.

Experimental

2-(1-MethyDhydroxyethyl polystyrene (PS-PO)

After thorough washing®, polystyrene-1% divinylbenzene copolymer beads (BioRad Co.,
Biobead S-X1, 200-400 mesh, 5g, 47.5 mmol) were swollen in methylene chloride (80 ml)
in 3-necked round bottomed flask, and SnCls or AIClz was added to the resin mixture with
stirring. Propylene oxide in 20 ml methylene chloride was then added dropwise in 10
minutes with stirring. After 5 hours of reaction, 100 ml of MeOH was added to quench the
remaining catalysts and the resin was washed with EtOH(x3), 0.1N aq. HCI(x3), water(x3),
MeOH(x2) and dried in vacuurn.

Polyethyl lycol-graf olystyrene (PS-g-PE
The PS-PO resin (5 g) and KOH (1.1 eq.) were added in dioxane (150 ml) in a
pressure reactor (Parr Model 4561) and purged with nitrogen gas for 30 min. at 100C to
remove moisture. Ethylene oxide (50 ml) was added to the reactor and the reaction mixture
was maintained at 110 ¢+ 1°C with stirring. After 9 hours, the resin was washed with
dioxane/water (1:1, x3), 0.1N aq. HCI (x3), water(x3), ethanol(x5), and methylene chloride(x3)
and dried in vacuum. The grafting levels were determined by weight increase.
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