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The screening of individual compounds in solution, cleaved
from single resin beads,1 has considerable but as yet
unrealized potential in the search for new therapeutic
agents. Single-bead screening allows the effective applica-
tion of split and mix methodology,2 which potentially enables
huge numbers of compounds to be prepared in an extremely
economical fashion. A limitation of this methodology at the
present time is the limited quantity of material on a single
bead for routine and repeated screens.3 For this technology
to become generally applicable, we believe that bead loading
must be increased to a level where single beads have the
capacity to release sufficient material for multiple screens
and ideally HPLC analysis and compound purification. The
resin materials for these studies need to be inexpensive,
physically robust, and compatible with a wide range of
chemistries;4 they must also be monodispersive or at least
available with a narrow size distribution. In addition, the
number of beads per gram must be practical for library
synthesis.5

Recently, we reported the solid-phase synthesis of PAM-
AM (polyamidoamine)-type dendrimers on TentaGel resin6

as a means of both enhancing bead loading and as an
efficient method of dendrimer synthesis.7 This also repre-
sents a method of multiple ligand presentation for the
screening of weakly binding ligands, an area that has
received increased attention recently.8 In this paper, we
report the preparation of high-loading resin beads such that
a single bead gives sufficient material for NMR character-
ization, mass spectrometry, and repeated conventional
HPLC analysis. The high-loading beads were observed to
be exceptionally robust, compatible with a wide range of
solvents, stable to prolonged storage, and easy to handle for
both synthesis and single-bead manipulations. Thus, chlo-
romethylated PS resin beads (Polymer Laboratories, 250-
300 µm, 2 mmol g-1) were converted to aminomethyl resin

using either potassium phthalimide9 or potassium bis(tert-
butylimino)dicarbonate10 to give, after hydrazinolysis and
acidolysis respectively, aminomethyl resin with a measured
amine loading of 1.03 mmol g-1 (Fmoc11 and ninhydrin12

tests). A small inert PEG spacer was then introduced13 to
allow efficient PAMAM dendrimer synthesis. The use of the
acid-labile Wang-type linker allowed the dendrimer to be
fully characterized and was essentially homogeneous as
judged by ESMS and NMR.14 The beads proved to be
physically robust, surviving dendrimer synthesis which
arbitrarily used a 2 day per half-generation reaction time
at 50 °C.

To test the synthetic utility of these high-loading PS-PEG-
[G 2.0] beads (polystyrene-poly(ethyleneglycol)-dendrimer
generation 2.0), the peptide Fmoc-Val-Phe-Ala-OH was
prepared using standard peptide coupling conditions on the
HMPB linker.15 This linker allows the compound to be
cleaved from the solid support with 1% TFA in CH2Cl2,
leaving the dendrimer-resin link intact. The data for this
peptide, when cleaved from a single resin bead (i.e., all the
data shown are from the same bead), are shown in Figure
1. Figure 1a shows the 500 MHz 1H NMR data for the
peptide, following in situ cleavage in the NMR tube. This
was achieved by placing a single resin bead supporting the
peptide Fmoc-Val-Phe-Ala-OH into a coaxial NMR tube with
1% F3CCO2D (99.5%D) in CDCl3 (99.96%D) and the NMR
spectrum being recorded with the residual F3CCO2H reso-
nance suppressed. The resonances for the peptide are
clearly visible and identical to a synthesized standard
(Figure 1b). A portion (25%) of this NMR sample was then
analyzed by reversed-phase HPLC on a 150 × 3.0 mm
Prodigy C18 column and gave the data shown in Figure 1c.
A portion of the sample was also diluted and analyzed by
ESMS and gave the data shown in Figure 1d. The material
obtained from a single bead was determined to be ap-
proximately 32 nmol by internal HPLC calibration with a
presynthesized standard and demonstrates that the overall
synthetic efficiency, which includes dendrimerization, pep-
tide synthesis, single-bead cleavage, and HPLC manipula-
tion was very high.

There were approximately 34 500 beads/g in the den-
drimer derivatized form, which is acceptable for split and
mix library applications.

A small library was synthesized based on Leu-enkephalin-
Lys15 (Tyr-Gly-Gly-Phe-Leu-Lys). Twenty compounds of the
general structure Xaa1-20-Gly-Gly-Phe-Leu-Lys were pre-
pared and analyzed by HPLC and ESMS. Figure 2 shows
these data for two library members, following single-bead
cleavages. The desired compounds were in all cases the
major product. Impurities, predominantly due to incomplete
side-chain deprotection following the relatively mild 1% TFA
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in CH2Cl2 cleavage of the peptide from the HMPB linker,
were observed, but this was only found to be particularly
significant in the case of the Arg(Pmc)17 containing peptide.

In conclusion, we have produced resin beads that are
physically robust and have a very high loading. We have
shown that a single bead affords enough material for
comprehensive analysis and demonstrated their synthetic
utility in the preparation of a small peptide library. Inter-
estingly, although initial reactions on the large PS beads

appeared slow, the dendrimer derivatized materials reacted
rapidly and required nonforcing conditions for peptide
synthesis.
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Figure 1. (a) In situ cleavage and analysis of Fmoc-Val-Phe-Ala-OH. (b) NMR of Fmoc-Val-Phe-Ala-OH synthesized independently. (c)
25% of the NMR sample analyzed by reversed-phase HPLC 150 mm × 3.0 mm Prodigy C18 column, λ ) 270 nm. (d) 1% of NMR sample
analyzed by ESMS.

Figure 2. HPLC and ESMS data of two members of the Leu-enkephalin-Lys library (λ ) 220 nm, 150 mm × 3.0 mm Prodigy C18 column).
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