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Abstract: A general method is described for the synthesis of thioether cyclic peptides. The thioether
linkage of cyclic peptides was formed in moderate to high yield through an intramolecular substitution
of the chloro group of B-chloroalanine with the thiol group of cysteine. The peptides containing f3-
chloroanaline were readily prepared on resin by converting a TBDMS-protected hydroxyl group of
homoseanne to a chloro group with triphenylphosphine dichloride. © 1998 Elsevier Science Ltd. All rights
reserve

The thioether linkage has been widely utilized as a stable disulfide surrogate to replace native disulfide
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acyclic polypeptides to restrict their conformational mobility and thus to increase their biological activity and
stability against biodegradation.*’

Additionally, thioether-linked cyclic peptides have been found in nature, especially in a family of
polycyclic peptide antibiotics, lantibiotics, including nisin, an important food preservative, epidermin, a
therapeutic agent against acne, as well as enzyme inhibitors and immunologically active peptides.®"
Prominent structural features of all lantibiotics are intrachain sulfide bridges formed by thioether
diaminodicarboxylic acids, lanthionines.

The conventional approach to the synthesis of thioether-linked cyclic peptides utilizes thioether diamino
acids lanthionines and cystathionines as building blocks. The peptide cyclization is accomplished through the
formation of an amide bond rather than a thioether bond."” ' '* This approach requires tedious and extensive
synthesis of orthogonally protected lanthionine and cystathionine derivatives.”*'” Recently, Rolinsky and
co-workers reported a synthetic approach which features an intramolecular Michael addition of the thiol group

of a cysteine residue to an activated olefin to yield a lanthionine-containing peptide.” However, this approach
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Mayer and co-workers have described a route which relies upon an intramolecular substitution reaction of
bromide by the thiol group of a cysteine residue to provide a cystathionine-containing peptide.’ This approach
is limited by the low coupling efficiency of the bromo amino acid in the peptide synthesis due to competing
intramolecular cyclization reaction. The thioether bridge can also be formed through reversible sulfur

extrusion with tris(dialkyamino)phosphine from the disulfide peptides in moderate yields." We describe here a
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novel general approach to the synthesis of a
thioether cyclic peptide and its key

chloropeptide intermediate (Scheme 1).

The three model peptides used here for
developing this methodology are from our
internal  autoimmune recurrent  thrombosis
projcct and their sequences arc shown in Table
1. These peptides were synthesized using
standard Fmoc strategy.'”** Two different resins
were employed in the peptide synthesis: Wang
resin for peptide acid and Rink amide MBHA
resin for peptide amide. During each cycle, the
Fmoc group was removed with 20% piperidine
in DMF. The amino acid was activated with the
DIC/HOBt and coupled to the resin using a

three-molar excess. Completion of the coupling
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acids were protected with common protecting
groups used in Fmoc chemistry, i.e. BOC for
lysine, Pmc for arginine, t-butyl for aspartic
acid. The thiol group of cystcine was protccted
with either (-butylthio or trityl groups. The
homoserine hydroxyl was specially protected

with TBDMS. After completion of all coupling,
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chlorination.

Table 1. Synthesis of Chloropeptides and Thioether Cyclic Peptides

Sequence Yield (HPLC Purity)

orination Cyclization
1 AGPHsSLGVLGKLCPG 22% (89%) 95%
2 HsLGVLGKLC-amide 55% (84%) 42%
3 GPHSILLARDRCG 48.5% (77%) 36%
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resin with triphenylphosphine dichloride. Typically,
the chiorination of peptides is carried out using a
solution of triphenylphosphine dichloride (0.50 M) in
methylene chloride at room temperature overnight.
This reaction is best conducted with freshly prepared

|
‘\ triphenylphosphine dichloride, which is readily
|

synthesized from triphenyl-phosphine and hexachlora-
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ethane in acetonitrile as described.? The
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n temperature.
\ In the case of chloropeptide 1, the #-butylthio
| protecting group on cysteine was removed with

tributylphosphine. The chlorination reaction was

1
|
1 highly efficient. Of the three peptides tested, all gave a
i single peak on HPLC analysis of the crude materials,
|

Ao o as exemplified by chloropeptide 1 (Figure 1A). Details

of the HPLC analysis and the preparative yields for
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= and the type of resin used. The crude peptide was
purified by preparative HPLC and characterized by

electrospray mass spectrometry.”’

The thioether linkage was formed through intramolecular substitution of the chioride with the cysteine
thiol. The cyclization reaction was carried out at room temperature under argon in a 1:1 mixture of acetonitrile
and water, containing 1 mg/mL of chloropeptide and 10 mg/mL of sodium carbonate. The reaction was
monitored by analytical HPLC and the cyclization typically took 24 hr to complete. The cyclization reaction of
chloropeptide 1 was very efficient and yielded only one product as shown in Figure 1B. The crude peptide was
purified by preparative HPLC and characterized by electrospray mass spectrometry.* The preparative yield for

cyclic peptide 1 was 95%. The preparative yield for cyclic peptide 2 was 42%, although the cyclization
reaction yielded only one product as determined by analytical HPLC. The cyclization of chloropeptide 3 took
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36 hr to complete and the preparative yield was 36%. These results indicate that the efficiency of the

cyclization is significantly dependent on the sequence of chloropeptide.

In conclusion, we have developed a facile and efficient method for the synthesis of thioether cyclic
peptides. This simple and general strategy is comparable to existing literature methods with cyclization yields
ranging from 36 to 95%. Further studies of the use of this method will be communicated in the near future
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Chloropeptides: AGPHsLGVLGKLCPG: MS (ESI): m/e (M+1) calcd. for Cs7HgoN,50;5SCl: 1301;

obsd.: 1301; HSLGVLGKLC-amide: MS (ESI): m/e (M+1) calcd. for C40H;sN;,0,SCl: 920; obsd.: 920;
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aled. for Cs3HgyN150,5SCl: 1290; obsd.: 1290.

M
Cyclic peptides: AGPHsLGVLGKLCPG: HRMS (ESI): m/e (M+Cs") caicd. for Cs7HosN;50;5SCs:
1396. 6064 obsd.: 1396 6083, HsLGVLGKLC-amide: HRMS (ESI) m/e (M+1) caled. for C4()H74N110981
885. 5470 obsd.: 8855 ; GPHSILLARDRCG: MS (ESI) m/e (M+1) calcd. for C53H93N18015SA 1254,

obsd.: 1254.



