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Solid phase synthesis of trypanothione reductase
inhibitors—towards single bead screening
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Abstract—Using solid phase chemistry, inhibitors of trypanothione reductase were synthesised on TentaGel resin using a
biologically compatible safety-catch linker. The material released was of high purity, while cleavage kinetics indicated the potential
of the system for multiple release. © 2001 Elsevier Science Ltd. All rights reserved.

Over the last decade, solid phase synthesis and combi-
natorial chemistry have undergone major evolution.1 In
the early years the process of split and mix revolu-
tionised the concept of library synthesis.2 This strategy
is less widely used now, due in large measure to the fact
that compound mixtures appeared to be problematic in
terms of screening. The alternative approach of single
bead screening suffers from many practical and syn-
thetic problems, not the least of which are the vast
numbers of screens necessary when screening large split
and mix libraries, and compound quantity.

Thus, to apply split and mix methodology effectively,
efficient screening processes must be developed which
allow the direct identification of the active bead and
thus the active compound.3 Where release is required, it
would be ideal if the cleavage could take place directly
in a biologically compatible environment. However,
despite a wide range of linkers4 being available, only a
few of them are ‘biological’ compatible. Another im-
portant criterion is the purity of the released material
because the substance will be screened directly without
purification.

Our group has long been involved in the synthesis and
evaluation of trypanothione reductase inhibitors5 and
some previous work has permitted us to discover a 100

nM inhibitor based on a spermidine core. With this
knowledge, our goal was to develop a very efficient
screening method to identify quickly the active in-
hibitors from a combinatorial approach by split and
mix synthesis. Our choice was based on single bead
screening both by zone gel and single well screening
methods. Here we wish to report the synthesis of in-
hibitors of the trypanothione reductase using a pH
cleavable linker containing a spermidine scaffold,6 and
discuss the synthesis, kinetics of the cleavage and puri-
ties of the cleaved materials.

Starting from the resin 1,6 the general strategy was to
couple two amino acids, followed by safety-catch linker
activation and release of the desired compound under
biologically compatible conditions in a buffered solu-
tion at pH 8.0. The first step of the synthesis, an Fmoc
deprotection, failed under normal conditions (two treat-
ments of 20 minutes with a solution of 20% piperidine
in DMF), due to cleavage of the phenyl ester. To
overcome this problem, two treatments of only 2 min-
utes with 20% piperidine in DMF were sufficient to
completely remove the Fmoc group without degrada-
tion. An Fmoc amino acid was then coupled, with the
completion of the coupling being followed by a qualita-
tive ninhydrin test and its efficiency measured by a
quantitative Fmoc test. In all the cases, the Fmoc test
gave the expected value. A second Fmoc deprotection
was then carried out, and a Boc amino acid was
coupled to afford the immobilised inhibitor in its Boc
protected form. The acid labile protection was removed
with 50% of TFA in DCM for 45 minutes also activat-
ing the safety-catch linker. After washing with DCM,
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Scheme 1.

Figure 2. Release of inhibitors with run.

substrates was observed over the longer cleavage times.
However, the release was not complete after treatment
with the buffer. If the solution was filtered off and the
resin resubmitted to fresh buffer for 4 hours, HPLC
indicated that more compound was released from the
resin, although in the first reaction cleavage had essen-
tially stopped, as indicated by HPLC, while the pH of
the solution was still basic, clearly indicating sites
within the bead were not accessible or swollen in the
first cleavage. This experiment was repeated. The rela-
tive amounts of compounds varied in relation to their
structure. Thus, hydrophobic compounds were still
cleaved even after the fourth treatment, although in
much reduced amounts. In each case, the first release
was the most important with typically 50–60% cleavage
(Fig. 2).

Compounds 3a, 3b and 3c were obtained with purities
of 80, 85 and 60%, respectively, by HPLC, with the
arginine compound containing some of the mono Pmc
protected compound.7 The HPLC traces are shown in
Fig. 3.

These three compounds were purified by semi-prepara-
tive HPLC (43, 54 and 30% isolated yields for 3a, 3b
and 3c) and their structures confirmed by NMR.

In conclusion, we have demonstrated that trypanoth-
ione reductase inhibitors can be obtained with a very
good purity following safety-catch linker activation.
Moreover, the kinetics of the cleavage showed that
multiple release could be achieved and so could lead to
the structure of the active inhibitor without the need of
an extra encoding method.3b Currently, we are investi-
gating enzymatic screening of these inhibitors and di-
rect one-bead/one-compound screening methodologies.
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DMF, DCM, MeOH and H2O, the resin was sus-
pended in a phosphate buffer (0.1 M, pH 8.0) to allow
the release of the inhibitors (Scheme 1).

The rate of release of each compound 3a–c with time
by measuring the intensity of the corresponding peak
by HPLC is shown in Fig. 1. The more hydrophobic
compounds were released more slowly than the hy-
drophilic ones. Maximal release was obtained after 2 h
for 3c while for 3b and 3a, release was slower (3 and 4
hours, respectively). No degradation of the released

Figure 1. Release of inhibitors with time.
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Figure 3. HPLC traces of 3a, 3b, 3c recorded at 220 nm.
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