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Efficient Methods of Converting Hydroxyl other functional groups, such as amino or sulfhydryl group.

Groups into Amino Groups in Poly(ethylene Various methods?® are possible for converting the hydroxyl
| N-Graf Pol rene Resin group into the amino group. Ch.anging the hydroxyl group
glycol)-Grafted Polystyrene Res of the PS-g-PEG resin to a halide or a sulfonate and then

Sun-Jong Ryod,Juhan Kim! Jin-Su Kim# and reacting it with phthalimide or metal azide will give
Yoon-Sik Lee*t phthalimide or azide resirfsThis can be converted into the
amino resin by hydrazinolysis or reduction using various
BeadTech Inc., Seoul National Wersity Research Park,_ reagent. Recently, Gooding et al. have reported the
Suite 321, Seoul 151-818, Korea, and School of Chemical ¢qnyersion of a hydroxyl group into an amino group on PS-
gggg}efé'f_%hgezglré\laat'onal Urersity, g-PEG resins (ArgoGelf. However, these methods have to
' be performed in three stages to obtain the amino resins and
Receied September 20, 2001 to overcome the problems associated with heterogeneous
reaction conditions. We here report on efficient methods for
The development of proper solid supports for the con- transforming PS-g-PEGOH resins into PS-g-PEGNH;
struction of combinatorial peptide/chemical libratiése- resins.
mains demanding. Poly(ethylene glycol)-grafted polystyrene  Results and DiscussionThe 2-(1-methyl)hydroxyethy!
(PS-g-PEG) resin is one such choice for a solid support group was directly introduced into the polystyrene resin by
because it has excellent properties, such as good solvationFriedet-Crafts alkylation with propylene oxide and SinCl
in various solvents, and is biocompatible with biological as a catalyst, as reported previousKhe initial substitution
molecules such as peptides, enzymes, and cells. We havdevels were 1.7 and 2.7 mmol/g. Various PS-g-PEG resins
previously reported a novel process for the preparation of with different PEG content were prepared by adding ethylene
polystyrene resins having/ahydroxyl group (PS-PO) and oxide to the PS-PO resins in the presence of KOH. To
of PS-g-PEG resins from the$&@he process can efficiently  convert the hydroxyl group of PS-g-PEG resin into an amino
introduceS-hydroxyl groups onto polystyrene resin via a one- group, several well-known reactions were tried, such as
step reaction with a relatively high loading of hydroxyl group, transforming the hydroxyl groups into halides or tosylates
up to 2.4-2.7 mmol/g® The final levels of hydroxyl group ~ and then to a phthalimide and finally to the amino group
loading after addition of ethylene oxide to PS-PO resin are via hydrazinolysis. However, all the methods used gave
also easily controlled by adjusting the amount of catalyst unsatisfactory results with low yields (Table 1).
and propylene oxide in the first step and the amount of = We believe that the poor yields are due to the specific
ethylene oxide in the second. properties of the grafted PEG chains in nucleophilic substitu-
Even though solid-phase organic syntheses are possibldion reactions. For example, PEG chains inside the resins
using the hydroxyl group of a PS-g-PEG resin, its weak might form complexes with counterions of nucleophiles, such
nucleophilicity restricts the resin from wide application. as potassium and sodium. Moreover, the PEG chains have a
Therefore, it is necessary to convert the hydroxyl group into tendency to coaggregate at elevated temperattipsyent-
ing the terminal functional groups from reacting with the
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t BeadTech Inc. To prevent these complexities with the PEG chains, we
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Scheme 1.Preparation of PS-g-PEG\H, from PS-g-PEG-OH Resin via Conventional Mitsunobu Reaction Followed by

Hydrazinolysis
OO o 2 s OO
OCHZCHA;OH phthalimide  hydrazinolysis o(;|-{zc;|-q2~}zy\”-|2

Scheme 2.Preparation of PS-g-PEG\NH, from PS-g-PEG-OH Resin via Mitsunobt Staudinger Reaction

e O DIAD, P(Ph), e O
OCH,CH;-0H HNyDCM hydrolysis OCH,CH-NH,

Table 1. Result of Amine Transformation of Table 2. Result of Mitsunobu Reaction and Hydrazinolysis
PS-g-PEG-OH Resir? on PS-g-PEGOH Resii
degree of substitution degree of substitution
halogenating (mmol/g) Mitsunobu reactioh (mmol/g)

run methods initia-OH final —NH, run DEAD (equiv) tempC) initial —OH final —NH,*

1 TsCl 0.62 1 20 64 0.48 0.27

2 PCh 0.48 0.03 2 20 25 0.48 0.42

3 SOBk 0.48 0.05 3 6 25 0.48 0.44

4 CBr/P(Ph} 0.48 0.10 4 4 40 0.48 0.24

5 CBry/P(Ph} 0.55 0.10 5 4 28 0.48 0.43

aThe hydroxyl groups were converted to halides or tosylates 6 4 55 0.48 0.45
and then to a phthalimide and finally to the amino group via ; g 22 822 8‘%2

hydrazinolysis? 52% PEG content. Degree of hydroxyl substitution
of PS-PO was 1.27 mmol/g. Degree of substitution was determined 282% PEG content. Degree of hydroxyl substitution of PS-PO
as reported earlier (ref 55.82% PEG content. Degree of hydroxyl  resin was 1.27 mmol/g. Degree of substitution was determined as
substitution of PS-PO was 2.70 mmolf67% PEG content. reported earlier (ref 52 For Mitsunobu reaction: reaction time,
Degree of hydroxyl substitution of PS-PO was 1.70 mmol/g. 24 h at room temp; ca. 4 equiv of phthalimide was usdebr
hydrazinolysis: reaction time, 18 h; 43 equiv of hydrazine was

reactiont? to transform the hydroxyl group of the PS-g-PEG used.

resin into an active leaving group. Mitsunobu reactions have Table 3. Result of Mitsunobu-Staudinger Reaction on
been applied previously for aryl ether formation on TentaGel PS-g-PEG-OH Resin

resin® The Mitsunobu reaction has one more advantage such Mitsunobu-Staudinger degree of

that it requires no heating and very mild reaction conditions. reaction substitution (mmol/g)
Thus, PS-g-PEGOH resin was converted to PS-g-PEG- DIAD temp reaction hydrolysis initial final
phthalimide resin with diethyl azodicarboxylate (DEAD), run (equiv) (°C) time (h) (h) —OH —NH>
triphenylphosphine, and phthalimide in THF. All the reagents 1 3 25 15 3 0.45 0.45

were added into the same reaction vessel stepwise. After the 2 2 25 15 3 0.45 0.45
phthalimide and triphenylphosphine were added to the 20 15 3 0.25 0.25
preswollen PS-g-PEGOH resin in THF, DEAD was then a282% PEG content. Degree of hydroxyl substitution of PS-PO

: ; : . .. resin was 1.27 mmol/g. Degree of substitution was determined as
added dropwise. Hydrazinolysis of the resulting phthalimide reported earlier (ref 5 About 1.5 N of HN/DCM solution was

resin in refluxing ethanol efficiently yielded the PS-g-PEG  jgeq.

NH, resin. The reaction schemes are depicted in Scheme 1

and the results are summarized in Table 2. As illustrated in the iminophosphorane intermediate. The hydrolysis reaction
Table 2, the conversion reactions proceeded smoothly excepwas completed within 3 h, and the results are summarized

runs 1 and 4, which involve reaction temperatures above 25in Table 3.
°C. As illustrated in Table 3, all the reactions proceeded

; guantitatively. Compared to the former reaction scheme, the

Even though the reaction conditions required to conver : oo : .
the hvdroxvl aroun to the phthalimide aroup are mild and advantages of this combination reaction are a shorter reaction
y vyl group P group time and higher conversion yield. In the case of this reaction,

very effective, the next step, the hydrazinolysis reaction, DIAD produced better results than DEAD.

requ!res 18 h of refluxing. Moreover, excessive yvashmg 'S In conclusion, the Mitsunobu reaction and hydrazinolysis
required to remove the hydrazide byproduct. To simplify the \yere successfully applied to transform the hydroxyl groups
preparation and to shorten the reaction time, a combination s PS-g-PEG-OH resin into amino groups. However, in
of Mitsunobu reaction and Staudinger reactfomas chosen  yiew of time saving and simplicity, a combination of the
and performed in the same reaction vessel (Scheme 2).Mitsunobu and the Staudinger reactions offers an even better
Specifically, 3 equiv of diisopropyl azodicarboxylate (DIAD) method. We even obtained high-loading PS-g-PH(i,
and 3 equiv of HN were added to the swollen resinin THF, resins (above 0.4 mmol/g) using this new method without
and then 6 equiv of triphenylphosphine in THF were added any difficulty.

dropwise. After the reaction mixture was stirred for 15 h at Preparation of 2-(1-methyl)hydroxyethylpolystyrene
room temperaturel N HCI solution was added to hydrolyze (PS-PO) ResinAfter being thoroughly washed, polystyrene
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1% divinylbenzene copolymer beads (BioRad Co., Biobead (x3). The resin, hydrazine hydrate (1.03 g, 20.62 mmol),
S-X1, 200-400 mesh, 5 g, 47.5 mmol) were swollen in and EtOH (20 mL) were mixed and refluxed for 18 h. The
dichloromethane (80 mL) in a three-necked round-bottomed resin was filtered and washed with hot EtOkI2), hot water
flask, and SnCl (0.5-1.0 equiv) was added to the resin (x2), and dichloromethanex@) and was then dried in vacuo.
mixture with stirring. Propylene oxide (0-8..0 equiv) in The amount of amine was determined by picric acid
20 mL of dichloromethane was then added dropwise in 10 titration”
min with stirring. Afte 5 h of reaction, 100 mL of MeOH Method C. Mitsunobu—Staudinger Reaction. To a
was added to quench the remaining catalysts and the resimixture of the PS-g-PEG resin (1.0 g, 0.48 mmol) in THF-
was washed with EtOHX(3), 0.1 N aqueous HC(3), water (10 mL) was addé 1 M solution of hydrazoic acid in
(x3), MeOH (x2) and was dried in vacuo. The loading levels - dichloromethane (1.5 mL), followed by addition of diiso-
were determined by the DMT-CI titration meth&d. propyl azodicarboxylate (0.3 mL, 1.5 mmol) in THF (2 mL).
Preparation of Poly(ethylene glycol)-Grafted Poly- To the resulting mixture was added to a solution of
styrene (PS-g-PEG) ResinThe PS-PO resin (5 g) and KOH  triphenylphosphine (0.79 g, 3.0 mmol) in THF (5 mL) with
(1.1 equiv) were added to dioxane (150 mL) in a pressure stirring. After 1 h of being stirred at room temperature, the
reactor (Parr model 4561, 300 mL) and purged with nitrogen reaction mixture was heated at %0 for 3 h. Aqueous 1 N
for 30 min at 100°C to remove moisture. Ethylene oxide HCI (1 mL) was added, and the temperature was maintained
(30—-50 mL) was added to the reactor, and the reaction at 50°C for another 3 h. The resin was filtered and dried in

mixture was maintained at 118 1 °C with stirring. After

9 h, the resin was washed with dioxane/water (k3), 0.1

N aqueous HCIx 3), water (x3), EtOH (x5), and dichloro-
methane 3) and was then dried in vacuo. The grafting
levels were determined by weight increase and the DMT-CI
titration method®

Preparation of Hydrazoic Acid Solution.'® A paste is
prepared from 65 g (1 mol) of NaNand 65 mL of warm
water in a three-necked flask fitted with an efficient stirrer,
a dropping funnel, a thermometer, and a gas-exit tube. After
400 mL of dichloromethane was added, the mixture was
cooled to °C, and 0.5 mol of concentrated$0, was added
dropwise with control of the temperature at® °C. The
organic layer was separated and dried over sodium sulfate.
The concentration of HN solution was determined by
transferring an aliquot of the sample solution with a pipet to
a glass-stoppered bottle, shaking it with distilled water, and
titrating with a standard alkalCaution: After inhalation of
hydrazoic acidvapor, the acute effects noted in humans are
ocular irritation, bronchitis, headache, hypotension, weak-
ness, and collapse.

General Procedure for the Preparation of Amino
Resins. Method A. Hydrazinolysis after the Conventional
SN, Reaction. The PS-g-PEG resin (0.6 g, 0.48 mmol/g),
SOB¥, (1.34 g, 6.45 mmol), pyridine (1.05 g, 12.48 mmol),
and purified benzene were mixed in a round-bottomed flask
and refluxed for 15 h. The resin was filtered and washed
with EtOH (x2) and dichloromethanex@). The resin,
potassium phthalimide (0.3 g, 1.62 mmol), and purified DMF
(40 mL) were mixed and refluxed for 28 h. The resin was
filtered and washed with dichloromethane3), hot water
(x3), and EtOH &3) and was then dried in vacuo. The
amount of amine group was determined by picric acid
titration

Method B. Hydrazinolysis after Mitsunobu Reaction.
The PS-g-PEG resin (1.0 g, 0.48 mmol/g), triphenylphos-
phine (0.51 g, 1.94 mmol), phthalimide (0.29 g, 1.94 mmol),
and purified THF were mixed in a round-bottomed flask at
0 °C, and diethyl azodicarboxylate (0.31 mL, 1.94 mmol)
was added dropwise. After the addition, the temperature was
maintained at 25C for 24 h. The resin was filtered and
washed with THF % 3), dichloromethanex3), and EtOH

vacuo. The amount of amine was determined by picric acid

titration 17
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