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Abstract: A paramagnetic support exhibiting very high loading capacities is described. The use of

this novel support in solid phase organic synthesis and affinity chromatography is presented.

© 1999 Elsevier Science Ltd. All rights reserved.

Solid-supported organic synthesis has been of great utility in assisting the production of combinatorial
libraries for biological screening.! Many of the supports used in solid phase organic synthesis have also been
utilized for purifying combinatorial libraries produced in solution.24 The major advantage in producing
chemical libraries by solid-supported synthesis over traditional solution synthesis is the relative ease in
separating starting materials from product. This rapid ability to separate starting materials from product can also
facilitate the library's production through automation. In most solid phase organic synthesis reactions the
physical separation of the support from the solubilized components of the reaction mixture has primarily been
accomplished by filtration through a glass or polymer filter. Although filtration has been the method of choice,
it does have limitations that warrant the development of new approaches. One such limitation is the difficulty in
automating the simultaneous washing and filtration of hundreds of small scale solid-phase reactions.

A field that has had some success in automating some of its techniques is immunodiagnostics. Exposing
antibody-bound paramagnetic beads to a magnetic field can be used to separate antibody-bound antigen from
unbound antigen in immunoassays.> The use of magnetic separation in the field of solid-supported organic
chemistry has been slow in coming due to the instability and/or relatively poor loading capacities exhibited by the
currently available paramagnetic supports (typically < 0.2 mmole reactive groups/gram).6-7 One way to make
paramagnetic polymer beads stable in organic solvent is to enhance the levels of cross-linking around the
magnetite core. A major problem with this approach is that higher levels of cross-linking (>1-2%) reduce the
extent to which the support expands and contracts and also decrease the level of reactivity.® A solution to this
problem involved synthesizing a composite paramagnetic bead incorporating zones of high cross-linking in only
those areas where the magnetite is located. The simplest way of creating such a composite was to first create
primary beads 1 (5-10 micrometers in diameter) composed of magnetite crystals encased in high cross-linked
polystyrene, then to enmesh these primary beads 1 into a larger bead composed of 1-2% cross-linked
polystyrene (100-200 micrometers in diamter).%10 In order to incorporate functionality into the new composite
bead, a functionalized styrene monomer such as chloromethyl styrene was used to enmesh the primary beads 1
to give the resulting chloromethylated, polystyrene composite bead 2 (1 mmole chloromethyl groups/gram of
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paramagnetic bead). Treating the chloromethylated support 2 with potassium phthalimide in refluxing
dimethylformamide followed by deprotection with hydrazine gave the resulting aminomethylated composite
support 3 (0.7-0.9 mmole aminomethyl groups/gram). Alternatively, the primary beads can be enmeshed with
unfunctionalized polystyrene and subsequently functionalized by treating the support with butyllithium and an
electrophile such as CO; to give the resulting carboxyl functionalized support 5 (0.5 mmole carboxy
groups/gram, Scheme 1). The composite beads 2-5 are stable and expand in organic solvents and exhibit
loading capacities that are comparable to those of standard solid phase synthesis supports.5-10
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Scheme 1  Reagents:  (a) chloromethylstyrene; (b) potassium phthalimide; (c) N2Hg, ethanol; (d) styrene
(e) butyllithium, CO9; (f) Ht.

These functionalized, high loading composite supports 2,3 & 5 can be used in a variety of different organic
chemistry applications. For example, treating the aminomethylated composite support (3) with iodoacetic acid
and diisopropylcarbodiimide (DIC) produces an iodoacetamide functionalized support 6 (0.64 mmole
iodoacetamides/gram of support, Scheme 2).11 This derivatized support can be used as a high loading scavenger
resin for free thiols in solution.
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Scheme 2  Reagents: (a)iodoacetic acid, DIC, methylene chloride; (b) DIEA, DMF.

As a demonstration of this application, iodoacetamide support 6 (300 mg, 0.19 mole of iodoacetamide) was
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added to a mixture composed of equal molar quantities (0.06 mmole) of 2-mercapto-3-nitropyridine (7) and 4-
nitroaniline (8) and diisopropylethylamine (DIEA) in dimethylformamide (DMF) as solvent. After stirring the
mixture for 26 minutes, 98% of the mercaptan (7) was found to bind to the resin.!12 The particles were then
separated using a magnet and the solvent removed by aspiration. The resin was then washed with DMF,
methanol and methylene chloride and then dried under reduced pressure. Elemental analysis of the dried resin 9
showed a sulfur substitution level of 0.48 mmole of sulfur/gram of resin.

These high loading composite supports can also be used in solid phase organic synthesis. For example,
treating 0.5 gram (0.7 mmole of aminomethyl groups/gram) of the aminomethylated composite support (3) with
an excess of the [p-(R,S)-a-[1-9H-fluoren-9-yl)-methoxybenzyl]-phenoxyacetic acid linker and DIC in DMF
gave the resulting linker bound paramagnetic support which upon treatment with 50% piperidine in DMF gave
the resulting resin bound free amine (11).13 The resin was separated using a magnet and the soluble
components of the reaction removed by aspiration. The resin was washed with DMF, methanol and methylene
chloride in that order. After each wash the resin was magnetically separated and the liquid aspirated off.
Following a standard peptide synthesis protocol consisting of an excess of fluorenylmethoxycarbonyl (Fmoc)
protected amino acid, benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium-hexafluorophosphate (PyBop)
coupling agent and DIEA in DMF the resin bound tetrapeptide (12) was produced (Scheme 3). Cleavage of the
peptide was accomplished by successive treatments of the resin with 10% trifluoroacetic acid (TFA) in
methylene chloride. After each acid treatment, the resin was separated magnetically and the solvent siphoned
off. The combined acid washes were then evaporated under reduced pressure and the resulting oil precipitated
from ether to give the resulting GAIA tetrapeptide (13) as the TFA salt (30% overall yield).14
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Scheme 3  Reagents: (a) DIC, DMF; (b) 50% piperidine-DMF (deprotection step); (c) Fmoc-Ala-OH, PyBoP, DIEA, DMF;
(d) deprotection; (e) Fmoc-Ile-OH, PyBoP, DIEA, DMF; (f) deprotection; (g)Fmoc-Ala-OH, PyBop, DIEA, DMF;
(h) deprotection; (i) Fmoc-Gly-OH, PyBop, DIEA, DMF; (j) deprotection; (k) 10% TFA-methylene chloride.

In conclusion, a series of functionalized, high loading, paramagnetic supports have been developed which
exhibit loading capacities that not only surpass any previously published paramagnetic support but also are
comparable to standard solid phase synthesis supports used today. These new supports, which are stable in
organic solvents, can be used both in practical solid phase organic synthesis and as scavenging resins for the
purification of combinatorial libraries made in solution.
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