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ABSTRACT: Chiral thiazolyl amino acid building blocks for the solid-phase synthesis of small molecules, peptides, and cyclic
peptides have been designed and synthesized starting from Fmoc protected asparagine and glutamine. In efforts to demonstrate
the usefulness and validity of such building blocks, a small library of 16 new thiazole containing small molecules has been
prepared and characterized. Additionally, we report the use of the newly prepared trifunctional thiazolyl glutamine for the

on-resin, head-to-tail synthesis of cyclic peptides.
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U nnatural amino acids, particularly synthetic a-amino acids,
have played a siﬁniﬁcant role in the area of peptide research
and drug discovery. * They have been used extensively in
peptide analogs to limit conformational flexibility, enhance
enzymatic stability, and improve pharmacodynamics and
bioavailability. Because of their structural diversity and functional
versatility, they are widely used as chiral building blocks and
molecular scaffolds in constructing combinatorial libraries.>~”
Many of these unnatural amino acids are also critical components
in pharmaceuticals and developmental drugs.

Additionally, the thiazole ring is present in many natural and
synthetic products® with a wide range of pharmacological activities
that can be well illustrated by the large number of drugs on the
market containing this functional group. Small molecules containing
a thiazole moiety have been demonstrated to possess drug like
properties against varieties of diseases” resulting in, so far, 17 FDA-
approved drugs containing the thiazole ring. The usefulness of
thiazoles is evident by the wide scope of disease to which thiazole
derivatives are prescribed. These include asthma (cinalukast),
bacterial infections (ceftizoxime), diarrhea (nitazoxanide) myelog-
enous leukemia (dasatinib), pain (meloxicam), duodenal ulcers
(famotidine), anthelmintics (thiabendazole), CNS disorders
(riluzole), and as vitamin supplements (thiamine).'® Herein, we
report the side chain manipulation of asparagine and glutamine
for the synthesis of thiazolyl amino acids and their use as building
blocks for the parallel synthesis of small molecule libraries and for
the on resin head-to-tail synthesis of cyclic peptides. Such
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building blocks are also useful for the synthesis of branched linear
peptides.!

Our approach toward the synthesis of orthogonally protected
trifunctional thiazolyl amino acids is outlined in Scheme 1. The
thioamide (1) of both asparagine and glutamine was prepared by
literature procedures.'” Starting from Fmoc a-amino protected
glutamine or asparagine, the carboxylic acid was orthogonally
protected with 4-methoxybenzyl (PMB) to afford intermediate 1.
Upon sonication of 1 in the presence of phosphorus pentasulfide,
the amide was selectively converted into the corresponding
thioamide 2 with no evidence of the protected C-terminus
being affected. The thioamidation was also successfully achieved
using Lawesson’s Reagent.'>'* The generated thioamide was
treated in refluxing conditions with a small excess of bromo-
pyruvic acid to afford, following Hantzsch cyclocondensation,
the desired enantiomerically pure thiazolyl amino acids in good
yields. The orthogonal deprotection of both the amine and the
acid allows for 2 sites of diversification, which allows for the
parallel synthesis of diverse thiazole based small molecule
compounds.

A simple case study illuminating the use of the Asn scaffold to
prepare thiazole based small molecules was carried out on solid
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Scheme 1. Solution-Phase Organic Synthesis” of the Asparagine and Glutamine Thiazolyl Building Blocks
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“Conditions: (a) Nal (1.5 equiv), 4-methoxybenzylchloride (1.2 equiv), DIEA (2 equiv), DMA. RT, 18 h. (b) P,S,, (0.5 equiv), sonication, 2—4 h.

(c) Bromopyruvic acid (1.1 equiv), THF, reflux, 18 h.

Scheme 2. Solid-Phase Organic Synthesis (SPOS) of Peptidomimetic Small Molecules Utilizing the Asparagine Scaffold
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Scheme 3. Solid-Phase Peptide Synthesis (SPPS) of Hexa- and Pentacyclic Peptides Utilizing the Glutamine Scaffold
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phase utilizing the tea-bag technique'® and following the strategy
outlined in Scheme 2. The coupling of thiazole 3a (2 equiv) to p-
methyl-benzhydrylamine (pMBHA) resin was carried out in the
presence of 2-(1H-Benzotriazole-1-yl)-1,1,3,3-tetramethyluro-
nium hexafluorophosphate (HBTU) (2 equiv) and diisopropy-
lethylamine (DIEA) (2 equiv). Next, the resin-bound Fmoc-
protected amino thiazole 4 was treated with piperidine (20% in
DMF) to remove the Fmoc protecting group. The resulting
amine was then acylated with different carboxylic acids. A second
diversity was included following removal of the PMB group with
TFA. The resulting acid was activated with acetic anhydride and
then treated with different amines. The desired compounds 6
were obtained following the cleavage of the solid support with
HF. Using 4 different carboxylic acids (adamantly acetic acid,
cyclohexane carboxylic acid, propionic acid, and 3,5-bis-
trifluoromethyl-phenyl acetic acid) and 4 different amines
(morpholine, piperidine, benzylamine, and 1-naphthylmethyl-
amine), we performed the parallel solid-phase synthesis of 16
different substituted thiazoles. All the compounds were obtained
in good yield and high purity. This is an example of the utility of
the proposed building blocks for the combinatorial synthesis
of pharmacologically important small molecules. The identities
of all compounds were confirmed by LC-MS, '"H NMR, and
PC NMR.

In addition, we used the orthogonally protected trifunctional
thiazole derived from glutamine for the parallel head-to-tail
synthesis of cyclic peptides. Conformational constraint by
cyclization is a common approach used to restrict the flexibility

of peptides, serving as a valuable approach to study topographical
requirements of receptors.'®'” Cyclization of peptides can also
provide potent and selective ligands for receptors when
appropriate conformational constraints are incorporated. Fur-
thermore, cyclic peptides and peptidomimetics are often more
stable to peptidases, potentially possessing improved pharmaco-
kinetic profiles translating into promising lead compounds for
further development.'®"’

Our approach toward the use of the newly synthesized
trifunctional thiazolyl amino acid for the synthesis of cyclic
peptides is oulined in scheme 3. Following the coupling of
thiazole 3b (2 equiv) to p-methylbenzhydrylamine (pMBHA)
resin in the presence of HBTU (2 equiv) and diisopropylethyl-
amine (2 equiv), the Fmoc group was deprotected and the linear
tetra- or pentapeptides were synthesized, following stepwise
Fmoc deprotection and standard repetitive Fmoc-amino-acid
couplings.”® Upon the final Fmoc deprotection of the terminal
amino acid of the N-terminus and subsequent deprotection of
the PMB ester of the C-terminus of glutamine, the free amine and
the acid were cyclized on solid phase in the presence of 3 equiv of
HBTU, DIEA, and anhydrous DMF (Table 2). The cyclic
peptides were obtained as the major product in good yields. The
cyclic peptides were purified by HPLC and confirmed by LC-MS
and NMR analysis. In all cases, the intramolecular lactamization
reaction led to the desired cyclic monomers with negligible traces
of dimerization.

In conclusion, we have successfully manipulated the side chain
of asparagine and glutamine through solution-phase organic
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Table 1. Synthesis of Small Molecule Asparagine Derivatives
from Solid-Phase Organic Synthesis
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“Based on crude yield. bCrude samples were analyzed on a Vydac
column with a gradient of 5—95% formic acid in MeCN over 7 min.
The purity was based on the analytical traces at 4 = 214 and 254 nm.

chemistry for the synthesis of trifunctional orthogonally
protected thiazolyl amino acids. The new amino acids were
used as starting materials for the combinatorial libraries of
thiazole-based small molecule compounds and for the head-to-
tail synthesis of diverse cyclic peptides. The general nature of this
approach permits large numbers of small molecules and cyclic
peptides to be prepared. The chemistry described herein will be
used to generate large libraries of thaizole based small molecules
and cyclic peptides. The synthesis of the libraries and results from
their screening for the identification of biologically active
compounds will be reported elsewhere.

Table 2. Synthesis of Cyclic Peptides from the Glutamine
Building Block via Solid-Phase Peptide Synthesis

HO N | ) (¢} /
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9
AA  AAY AA}  AA*  AA°  yield (mg)® purity (%)°

9a Phe Leu Pro Ala 28 80
9b Phe Leu Gly Ala 38 80
9c Val Leu Gly Ala 22 70
9d Phe Leu Pro Ala Phe 41 90
9e Phe Tyr Gly Ala 26 70
of Phe Tyr Gly Ala Phe 32 70

“On the basis of the crude yield. “The crude products were analyzed
on a Vydac column with a gradient of 5—95% formic acid in MeCN
over 7 min. The purity was estimated based on the analytical traces at
A =214 and 254 nm. “AA' denotes the amino acid directly coupled to
the N-terminus of the functionalized glutamine.
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