
Tetrahedron
Tetrahedron Letters 45 (2004) 1453–1456

Letters
An efficient approach for monosulfide bridge formation in
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Abstract—An efficient approach for the synthesis of cyclic peptides containing unnatural thioether side-chain bridges, based on the
use of (2S)-9-fluorenylmethyl-2-[(tert-butoxycarbonyl)amino]-4-iodobutanoate and its homologue 5-iodopentanoate, derived from
Boc-LL-Asp-OFm and Boc-LL-Glu-OFm, respectively, is reported. The synthesis was performed by a tandem combination of solid-
phase peptide synthesis and microwave-assisted cyclization strategy.
� 2003 Elsevier Ltd. All rights reserved.
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The cyclization of peptides via thioether linkages has
always been of special interest, as the peptides produced
are effective mimics of cysteine-linked structures.1 In this
context, the synthesis of analogues of bioactive peptides
incorporating lanthionine, a monosulfide analogue of
cystine and a key constituent of peptide antibiotics, has
received considerable attention in recent years.2 Com-
pared to the labile disulfide bridge between cysteine
residues in natural or unnatural cyclic peptide
sequences, the monosulfide bridge provides more con-
strained peptide structures and greater stability toward
enzymatic degradation.3 This class of cyclic peptides has
been prepared by introducing into the peptide sequence
the preformed multiprotected lanthionine or nor-lan-
thionine building block,4 or via direct solid-phase thio-
alkylation of the Cys residue with the iodide derivatives
of serine side chains.5 As a part of our research work
toward the synthesis of conformationally constrained
peptides, we have been developing a new approach to
the synthesis of cyclic peptides with thioether side-chain
linkages, based on a combination of solid-phase peptide
synthesis and microwave-assisted cyclization strategies.
The application of microwave irradiation allows a
striking reduction in reaction times, better yields and
cleaner reactions.6;7
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In our research on new analogues of Urotensin-II-(4-11)
(H-Asp[Cys-Phe-Trp-Lys-Tyr-Cys]-Val-OH), we report
here the methodology used in the synthesis of two new
lanthionine-like analogues, H-c[Xaa-Phe-Trp-Lys-Tyr-
Cys]-Val-OH where Xaa¼Abu or Ape8 (1 and 2, Fig. 1).

Our approach involves the exploitation of (2S)-9-fluo-
renylmethyl-2-[(tert-butoxycarbonyl)amino]-4-iodo-
butanoate and its homologue, 5-iodopentanoate, as
electrophilic agents in the thioalkylation of the Cys
residue. By varying the nature of the iodo derivative it is
possible to modulate the ring size of the corresponding
cyclopeptides. The final cyclization of the peptide chain
was achieved after simultaneous piperidine mediated
deprotection of the Na and C-terminal residues.

The preparation of the iodide derivatives was performed
via the synthetic route9 outlined in Scheme 1, starting
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Figure 1. Urotensin-II analogues with monosulfide bridges.
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from Boc-LL-Asp-OFm 3 and Boc-LL-Glu-OFm 4,
respectively.10 After the NaBH4 reduction of the mixed
anhydrides derived from acids 3 and 4 to the corres-
ponding alcohols 5 and 6 (in 86% and 80% yields,
respectively), a simple one-step triarylphosphine medi-
ated iodination yielded the desired iodide derivatives 7
and 8. The physicochemical properties and purities of
the final compounds were assessed by TLC, LC–MS,
analytical RP–HPLC, and 1H NMR.11

Preparation of the peptides began with a series of
HBTU/HOBt couplings performed using an ACT syn-
thesizer mod 348X12 following a conventional Fmoc
approach13 to obtain the appropriate open-chain inter-
mediates as indicated in Scheme 2. The S-Trt group of
the Cys residue was removed with 2% trifluoroacetic
acid in CH2Cl2 in the presence of triethylsilane. At this
point, the peptide-resin and a fourfold excess of iodide
derivatives (7 or 8) were transferred to a Milestone
Ethos CombiChem microwave synthesizer. The thio-
alkylation reaction was performed by irradiation at
450W, 50 �C, in DMF and DIEA for 10min. Subse-
quently, the final one-step cyclization was achieved fol-
lowing removal of the Fmoc and OFm protecting
groups.14 The final products were isolated with good
levels of purity following cleavage from the resin using a
mixture of TFA/TES/H2O (95:2.5:2.5) as was evident
from HPLC analysis (Fig. 2). These conditions led to
more than 73–75% conversion of the linear peptides into
the cyclic peptides without decomposition or racemiza-
tion of the desired compounds.

To demonstrate the real advantage of associating the
microwave-assisted reaction with the solid-phase syn-
thesis in the peptide thioalkylation step, we compared
the results obtained using conventional thermal heating
using identical stoichiometry.

When both microwave and conventional heating results
were compared, we observed clear advantages in yield
and reaction time with microwave heating, the reaction
time being reduced to 10min from 8 to 12 h. The suc-
cessful results are summarized in Table 1.

The data collected in Table 1 confirm that microwave
irradiation combined with the solid-phase peptide syn-
thesis represents a powerful technique for accelerating
thermal organic reactions to yield cyclic peptidomimet-
ics.15
In conclusion, we report a high-speed, one-pot protocol
for the generation of cyclic peptides with a thiosulfide
bridge from readily available building blocks. This
approach represents an attractive procedure compared
with conventional methods.



Figure 2. Reverse-phase HPLC profile of the final crude compound 1

obtained by microwave-assisted synthesis (a) and by the conventional

method (b) (C18 column, linear gradient 10–90% MeCN/H2O in

40min, flow rate of 1.0mL/min) after cleavage from the resin.
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In addition, the examples reported here demonstrate
that cyclic peptides containing thiosulfide bridges could
be rapidly synthesized in a high-throughput fashion by
combining microwave-assisted irradiation with solid-
phase peptide chemistry.
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Table 1. Conventional method and microwave solid-phase experiments

Conventional thermal heating

Reaction time (h) Temperature (�C) Yielda (%)

1 8 50 50

2 12 50 38

aYield after purification by reverse-phase HPLC.
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