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Abstract
A new mechanically stable and chemically inert resin for solid phase organic synthesis is described. The resin,
POF;PS-B (1), is prepared by buik and inverse suspension radical polymerisation of macromonomers consisting
f po lyethylene glycol 1500 partially derivatised with 3-(4-vinylphenyl)propyl groups. Synthesis of the
macromonomer (4) is described as well as the properties of the resin which show compatibility with Lewis
acids and soive'nts ranging from toluene to water in polarity. © 1998 Eisevier Science Ltd. Al rights reserved.
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Introduction
The character of the solid support has a large influence on the result of reactions [1] in
solid phase organic chemistry (SPOC) [2,3]. Since Merrifield introduced the concept using a
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crosslinked nn] stvrene solid sunnort [4]1. other resing desioned for nentide svnthecic have
............ polystyrene solid support [4], other resins designed Ior peptide synthesis have
Thoaan Aavalanad tA nvar~crnas tha dmitinl limaitatinme ~F thhna AAaceifiald cmnin A thaca Aaea
oeen aeveiopea o overcome tne initiai iimitations of the MerTitieia resin. Among tiese aie

dimethyl acrylamide based resins [5,6] and the PEG (polyethylene glycol) [7] grafted
polystyrene resin, TentaGel [8], which have been used extensively for both SPOC and peptide
synthesis. More recently, the PEGA resin was introduced [9,10]. This hydrophilic PEG-
polydimethyl acrylamide hybrid resin is compatible with a variety of solvents and has an open

structure due to long PEG molecules acting as crosslinkers. As a result. reagents. includine
structure aue to long Pty molecules acting as crosslinkers. As a result, reagents, inciuding
Tavan Anavmanac 11 171 hasra ea y nrnaco ta tlhin tmbasime b tlaa wmcmiin T Fant amrrrimam Aaoonzro
iarge enzymes ji1i,12j, nave 1cau_y acCess 1o ine interior O1 tne fesin. 1 1act, enzZyime assays

can be carried out with compounds attached to the support [13]. However, a resin which is
designed for general SPOC must be stable towards harsh chemicals and heating, and the
content of amide bonds in the PEGA resin makes it unsuitable for this purpose. POEPS
(polyethylene glycol-polystyrene based) and POEPOP (polyethylene glycol-polyoxypropylene
based) resins which have a polar open structure and yet are chemically inert have also been

0040-4039/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4039(98)01737-7



8696

nnlucturans harkhnana hy a han2ulisa athor hand and 11en ~AF T anrie amride ~er herdeomman Al stz
pPyUiyotyiviiv valvnuvuliv U a ULldiLyliv Cilivd vvlau allu ol Ul LLOUWIdD dllud ul ll_yul UgCllUl [ § {92
~ Ph 54 (RN I TS S, 1 .

conditions would therefore destroy the resin by cleaving these bonds. Considering the
extensive use of benzyl ether protection of hydroxyl groups, [15] a non benzylic attachment to
the PEG molecules is thus desired in the otherwise rather inert resin. Here, we present an

improved resin, POEPS-3 (1), containing three methylenes between the PEG molecule and the
polystyrene backbone.

Resuiis and Discussion

The preparation of POEPS-3' (1) follows the outline in Scheme 1. The resin is prepared
by radical polymerisation of macromonomers consisting of PEG,s5, molecules either non,
mono or disubstituted with a styrene derivative. Synthesis of the macromonomer involves the
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Scheme 1. i: NaH (1.5 eq.), 2 (1.5 eq.), THF, 50°C, 20 h; ii: (NH,4),S,05, TMEDA, sorbitan monolaurate, 70°C, 2.5 h.

! Experimental conditions:

Macromonomer 4b': Anhydrous {7] PEGse0 (12.4
<
-

Al 1 & an Afram & rain P (YD I 1 an ) e addad Avar o nars ~ itimn ~fF Nall/Y 71 § an aan ;.
LAY PR N U\.l } Wad AUUCuU. MLl O kL, & lL-‘ sy 1 < J wad aductu UL a lJLll U 1. AAUUILIVUII UL 1TYaAl vV o 1.7 \a\.‘- V197 53 Ywvady
repeated after 3 h and again NaH (1.5 eq.) was added after 6 h. The brown mixture was stirred for another 16 h, concentrated,

dissolved in water (75 mL), necutralized, water (125 mL) was added and the solution washed with light petroleum (50 mL).
Concentration of the water phase and subsequent coevaporation with toluene (3x35 mL) gave a brown, opaque residuc which was
dissolved in CH,Cl, (150 mL) and dried with MgSO, (35 g). Filtration through Celite and concentration to dryness yielded 13.1 g
brown solid (94%), pure according to proton NMR.

Resin 1b' was prepared in beaded form by inverse supension polymerisation of 4b’ (12.6 g) at 70°C for 2.5 h using (NH,);5,05 (148
mg, 0.07 eq.), tetramethyl ethylenediamine (443 pL, 0.32 eq.), sorbitan monolaurate (133 mg) and the procedure described previously

nm Viald- A8, Dacing 1a 1h and 1» re nrepared by bulk polvmerisation in water at r.t. for 24 h using (NH V.S (006 2a.) and
Liv). 118G O53%. nCSiNS 1a, 10 and 1< WEIC preparcd oy ouik POymerisauon i waler at &5 i1 USINE \AVAA.J]Y».J g AV C4.) anc

tetramcthyl cthylenediamine (0.25 eq.) followed by sieving, washing and lyophilization, Yields: 1a: 63%. 1b: 71%, 1c: 83%.



EPS resin, the aikyl halide (2) is not commercially availiable, and
rocedure from commercial p-chlorostyrene (Scheme 2) [16].
Coupling of the styrene derivative 2 to PEG;5y was accomplished by an iterative
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method. In agreement with similar reactions in previous literature [17] it was observed that
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extensive elimination. Reaction of PEG,s¢ with 1.5 eq. of NaH followed by 1.5 eq. of 2 gave
a product (4a) containing an average of only 0.63 eq. of styrene groups pr. PEG;5p molecule
as measured by integrals in the 'H-NMR spectrum [18]. Only by repeating the addition of
NaH and 2 in situ, macromonomers with higher styrene substitution (f-value) could be

obtained (Table 1).
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Scheme 2. i: Mg (1.5 eq.), Br(CH,),Br (0.04 eq.), I, (small grain), THF, A; Figure 1

ii: Br(CH,)3Cl1 (2 eq.), LiCuCl, (0.01 eq.), THF, 0°C.

and the halide 3 (Figure 1) were unsuccessful, due to complete elimination, in accordance
with previously published data [17].
L . oL Swelling mL/g
Addition ot a . Loading N )
Monomer NaH/2 f Resin 1o
H,0 DMF DCM
4a 1 time 0.63 1a P 9 10 12
4b 2 times 1.18 ib 0.22 4 4 6
4b*° 2 times 1.21 1b' 0.22 6 9
4c 3 times 1.62 1c 0.04 3 3 5
*Number of styrene groups pr. PEG 50 molecule. ®Resin couid not be filtered. “Beaded resin.

Table 1.
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Macromonomers 4a-c¢ were all polymerized by radical initiation (Scheme 1) to obtain
resins la-c (Table 1), however only 1b/b' had a desired set of properties: it was mechanically
stable and had a satisfactory loading capacity and swelling ability in a range of solvents. The

beaded resin 1b' was prepared from macromonomer 4b’' by inverse suspension polymerisation
'nnslv decerihad For
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he PEGA-resin [101. Althoush 1a was highly QWP“1nﬂ it nroved
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to be soft and difficult to filter. It was therefore not characterised further. Resins 1¢ and 1b/b’

had similar mechanical properties, however, the loading of ic was unacceptably low. This



was expected due to the large fraction of disubstituted PEG,sqo molecules resulting in a highly
crosslinked resin. Loading capacities were obtained by esterifying the resin with Fmoc-Gly-

OH by the MSNT method [19] and subsequently measuring the loading
spectrophotometrically after Fmoc release by piperidine [20]. Swelling capacities of the resins
were measured by the syringe method [10].
The stability of the resin 1b/b' towards Lewis acids was compared to that of the POE-
PS-resin (f=1.10). Thus both resins were treated with trir“ethy}sﬁyl trifluoromethanesulfonate
(2 eq.) and Ac,0 (45 eq.) in dichloromethane at room temperature. Such acetolysis conditions
can be used e.g. in carbohydrate chemistry to remove benzylic protective groups [21]. Under
these conditions the benzylic POEPS resin was completely dissolved after 10 min, whereas

1b/b' was stable and did not change appearance even after 50 min.
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and ether bonds has been prepared and characterized. This resin has a potential for synthesis
and analysis of small organic molecule combinatorial libraries. The stability of the resin
allows many different reaction conditions during the solid phase organic synthesis and,
because of the open resin structure, enzyme assays can be performed in aqueous buffer
directly on the resin bound product. Further characterisation, modifications and applications

of the resin will be

A LiAAN AW akR YV

Acknowledgment
This work was performed under the SPOCC program supported by The Danish National Research Foundation.

References

1) Meldal, M. Properties of Solid Supports. In: Fields, G., editor. Methods in Enzymology Vol 289, Solid Phase Peptide
Synt‘hesi‘\ San Dieon: Academic Press, 1997:83-104,

S.3an DICE ACACCINNC FICSS, 177

2) Hermkens, P. H. H.; Ottenheiim, H. C. 1., and Rees, D. Tetrahedron 1997;53:5643-5678.
3) Friichtel, J. S. and Jung, G. Angew. Chem., Int. Ed. Engl. 1996;35:17-42.
4) Merrifield, R. B. J. Am. Chem. Soc. 1963;85:2149-2154.
5) Arshady, R.; Atherton, E.; Clive, D. 1. J., and Sheppard, R. C. J. Chem. Soc. Perkin Trans.I 1981;529-537.
6) Atherton, E.; Brown, E., and Sheppard, R. C. J. Chem. Soc., Perkin Trans.I 1981;1151-1152.
7y Harris, J. M. J. Macromol. Sci., Rev. Macromol. Chem. rnys 1985;C25:325-373.
8) Bayer, E.; Dengler, M., and Hemmasi, B. Int. J. Pept. I 1
9) Meldal, M. Tetrahedron Lett. 1992;33:3077-3080.
10) Auzanneau, F.-I.; Meldal, M., and Bock, K. J. Pept. Sci. 1995;1:31-44.
11) Meldal, M.; Auzanneau, F.-1.; Hindsgaul, O., and Palcic, M. M. J. Chem. Soc., Chem. Comm 1994;1849-1850.
12) Renil, M.; Ferreras, M.; Delaissé, J.-M.; Foged, N. T., and Meldal, M. J. Pept. Sci. 1998;4:195-210.
13) Meldal, M. The Solid-Phase Enzyme Inhibitor Library Assay. In: Cabilly, S., editor. Methods in Molecular Biology Vol 87,
Combinatorial Peptide Library Protocols. Totowa, NJ: Humana Press, 1998:75-82.

i4) Renii, M. and Meidai, M. Tetrahedron Lett. 1996;37:6185-6188.
15) Greene, T. W. and Wuts, P. G. M. Protective Groups in Organic Synthesis. 2nd ed. New York: John Wiley, 1991:47-53

16) Hirao, A.; Hayashi, M., and Nakahama, S. Macromolecules 1996;29:3353-3358.
17) Chao, D.; Itsuno, S., and Ito, K. Polym. J. 1991;23:1045-1052.

18) Dust, J. M.; Fang, Z., and Harris, J. M. Macromolecules 1990;23:3742-3746.

19) Blankemeyer-Menge, B.; Nimtz, M., and Frank, R. Tetrahedron Lett. 1990;31:1701-1704.

20) Atherton, E. and Sheppard, R. C. Solid Phase Peptide Synthesis - A Practical Approach. Oxford: IRL Press, 1989.
21) Lowary, T.; Mcldal, M.; Helmboldt, A.; Vasella, A., and Bock, K. J. Org. Chem. 1998; in press



