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Lanthionine is an unusual amino acid composed of two
alanine-like residues linked by a thioether bridge. It is
the monosulfide analog of cystine. Lanthionine was
isolated from wool, human hair, lactalbumin, and feath-
ers.! The biosynthesis of lanthionine derivatives involves
Michael addition of cysteine to dehydroalanine.? Both
lanthionine and its 3-methyl homolog have received wide
attention because they are building blocks in a family of
unusual bioactive polypeptides called “lantibiotics”,? in-
cluding nisin (an efficient food preservative), subtilin,
epidermin (active against staphylococcus and streptococ-
cus), ancovenin (an enzyme inhibitor), and other com-
pounds having immunostimulant and antitumor prop-
erties.* Compared to the labile disulfide bridge of cystine
in natural peptide sequences, the monosulfide bridge of
lanthionine provides more constrained peptide structures
and greater stability toward enzymatic degradation. We
therefore introduced lanthionines as novel peptidomi-
metic building blocks into two drug families.’

Several methods have been developed to prepare
lanthionine derivatives and natural lanthionine-contain-
ing peptides. The first method involves the oxidation of
two cysteine residues to generate cystine, followed by
reversible sulfur extrusion with tris(dialkylamino)phos-
phine from the disulfide bridge to produce the mono-
sulfide structure without regioselectivity.®57 Another
strategy to prepare lanthionines is based on the nucleo-
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philic attack of cysteine derivatives on fS-haloalanines,
B-tosylated serine (or threonine) (Scheme 1), amino
acrylates or aziridines.”® All of these multistep methods
proved to be difficult because of tedious purification, poor
vields, or lack of stereochemical control. However, Shiba
and co-workers successfully accomplished the total syn-
thesis of nisin using sulfur extrusion method to prepare
cyclic lanthionine fragments followed by fragment conden-
sations.?

Our desire to prepare the orthogonally protected
lanthionine derivatives in a more efficient, stereoselective
fashion led us to explore a new route with an appropriate
chiral intermediate as an electrophile which can react
with a nucleophilic thiol group of protected cysteine.
Vederas and co-workers® reported the reaction of a
number of nucleophiles with various derivatives of enan-
tiomerically pure N-protected and unprotected serine
B-lactones, 3-amino-2-oxetanone derivatives, to give the
corresponding stereochemically pure products. The syn-
thesis of unprotected symmetrical lanthionine by the ring
opening of the serine §-lactone with (R)-cysteine in water
(pH = 5.0—5.5) has been investigated by Vederas. No
desired compound was formed when the protected N-
[benzyloxycarbonyl(Chz)]-serine S-lactone was treated
with (R)-cysteine in 1:1 acetonitrile/water. They pre-
sumed that the organic solvent, necessary to dissolve the
N-protected lactone, suppressed the thiolate anion for-
mation.

The investigation of Vederas’s results encouraged us
to discover a new way to synthesize lanthionine deriva-
tives with the protected serine S-lactone, N-Cbz-(S)-3-
amino-2-oxetanone.!® The ring opening of this lactone
by the thiolate anion of methyl Boc-(S)-cysteinate in-
volves two possible pathways (Scheme 2). pathway A
leads to thioester formation by the O-acyl fission; path-
way B yields the desired lanthionine through O-alkyl
fission. Our early efforts to optimize the ring opening
reaction of the S-lactone catalyzed by different bases
(including normal organic and inorganic bases) in THF,
CH;CN, alcoholic,!! or aqueous solutions at various
temperatures showed exclusive formation of thioester.
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Table 1. Regioselective Ring-Opening of N-Cbz-Serine f-Lactones with Cysteine Derivatives

entry N-Cbz-serine-B-lactones cysteine derivatives? lanthionines (yield, %)®
R o] o]
Cbz-NH SRy Cbz-HN. f%OH Boc-HN: f’U\OCHa
o Boc-HN OCH, s v’ Ry
o) 3 R4

1 (5 (S), Ri=R;=H 1 (2R, 2'S) (50)
2 (S) (R), Ri=R;=H 2 (2R, 2'R) (50)
3 R) (8), Ri=R,=H 3 (28, 2'S) (50)
4 R (R), Ri=R,=H 4 (25, 2'R) (50)
5 R (R), Ri=R,=CHj; 5 (25, 2'R) (78)
6 (R) (S), R1=R,=CHj3 6 (25, 2'S) (84)
7 R) ®)4, Ry, Ro= -(CHp)s- 7¢ (29) 92

a Methyl esters of cysteine derivatives were directly prepared by the standard diazomethane method. To avoid air
oxidation of the thiol group, they were used immediately to prepare the lanthionines. 5The yields for compounds
1 to 4 were based on reactions carried out on various scales. ¢ Note: R; and R, form a cyclic structure.
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We observed that cesium is a very good counterion for
the nucleophile in dimethylformamide (DMF). Thiols
were found to be deprotonated readily by Cs,COjs or
CsHCO; in DMF to form reasonably soluble cesium
thiolates. With 1 equiv of the cesium reagent in DMF
at room temperature, the orthogonally protected lanthion-
ine derivative was formed in 50% overall yield (entries
1—4, Table 1).12

Suppression of the thioester formation was achieved
in the synthesis of S-substituted lanthionine derivatives.
When the methyl esters of (R)- and (S)-Boc-penicill-
amines (3,8-dimethylcysteine analogs) were allowed to
react with N-Cbz-(R)-serine 8-lactone under the condition
described above, $8,5-dimethyl lanthionines (5, 6) were
formed in about 80% yield. With the more constrained
cysteine analog, B,3-pentamethylenecysteine,!? the lan-
thionine 7 was formed in as high as 92% yield (Table 1).
In both cases, only traces of the thioesters were detected.
A schematic explanation for the high regioselectivity of
these reactions is shown in Figure 1. The primary
thiolate anions of methyl N-Boc-cysteinates (entry 1—4
in Table 1) can attack both the carbonyl and the S-me-
thylene positions with almost the equal accessibility to
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Figure 1. The steric effect of S-substituents of cysteine
derivatives on the regioselective ring opening of N-Cbz-serine
B-lactone.

form thioesters and lanthionines. The access of the
tertiary thiolate anions of g,-disubstituted cysteine
derivatives (entries 5—7 in Table 1) to the carbonyl
carbon of the 3-lactone is blocked by steric hindrances.
This significantly suppresses the formation of thicester
via O-acyl fission (pathway A in Scheme 2). However,
the approach of these hindered thiolate anions to the
p-methylene group of the S-lactones remains unhindered,
leading to O-alkyl fission (pathway B in Scheme 2) to
produce lanthionine compounds in high yields.

In summary, we have developed an efficient route to
prepare orthogonally protected stereoisomeric lanthion-
ine derivatives. The simplicity, the high yields, and the
optical purity in this approach are attractive features
compared with previous methods. This method is also
an appealing strategy to prepare other substituted
lanthionine analogs for peptide and peptidomimetic
synthesis. In our continuing research effort on lanthion-
ine chemistry, we have synthesized cyclolanthionines
based on compounds 1-6, and X-ray diffractions of these
molecules proved the correct chiralities of all of the
asymmetric centers.!*
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