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Lanthionines for Solid Phase Synthesis.
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Abstract: The synthesis of orthogonally protected lanthionine (Boc, Fmoc, Allyl/Methyl), suitable for
combinatorial and solid phase peptide chemistry is described. Three routes were attempted the most suitable
proved to be the Michael addition between Fmoc-L-Cys-allyl ester and Boc dehydroalanine-methyl ester.

Lanthionine, the thioether analogue of cystine was first isolated from wool hydrosylates in 19411
and synthesised from cysteine and B-chloroalanine in the same year.2 It has recieved a considerable
amount of attention, firstly because it is an interesting, non-reducable mimic of cystine and hence when
incorporated into peptides introduces a number of desirable properties,3 and secondly because lanthionines
have been found quite widely in nature - for example in place of meso-DAP in bacterial cell walls# and in
the family of ribosomally-derived bio-active peptides typified by nisin, subtilin and cinnamycin.5 This
family of so called Lantibiotics contain both 28, 5R-lanthionines as well as 2S, 3S ,5R methyllanthionines
and it is these residues which give these compounds their fascinating cyclic structures and which help to
impart a resistance to proteolytic degradation. Since small fragments of nisin are known to be biologically
active® it suggested that a combinatorial approach7 to the synthesis of the some of the rings of nisin or
subtilin could yield interesting compounds, perhaps with the antibacterial and immunostimmulant
properties associated with the parent lantibiotics, in effect a template combinatorial approach.7 To
undertake this synthesis we required an orthogonally protected lanthionine moiety suitable for solid phase
chemistry and protected such that the orthogonality of Fmoc, Boc and Allyl chemstries or equivalent could
be utilised during the synthesis (see figure 1). Although routes to protected lanthionines are known (eg
Cbz, Boc, Methyl ester lanthionine) they did not provide the amino acid in a suitably protected form for
Fmoc solid phase peptide synthesis.8
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The major problem in the preparation of lanthionines suitable for solid phase synthesis is one of
defined regioselective protection.8 The solid phase desulphurisation of cystine residues using P(NEt2)3
was initially considered as the method of choice. However trial reactions under the originally reported
conditions? using P(NEt2)3 in benzene at reflux gave at most a 32% yield. The choice of solvent was
important since all other solvents utilised gave dehydoalanine in up to 45% yield except scrupiously dried
DMF which upon optimisation gave the desired lanthionine in a yield of 44%. This low yield, even upon
optimisation, precluded this route as a viable synthetic method for the solid phase synthesis of
lanthionines.

We therefore decided to generate the required lanthionines by the stereospecific opening of the
protected D-serine-B-lactones of Vederas.10 The B-lactones were cleanly ring opened during trial studies
using Boc or Z-L-cysteine methyl ester in (MeCN + leq Cs2C0O3) to give the desired product in up to 48%
yield (this method has very recently been reported by others).82 However when Fmoc-L-Cys-allyl ester
was utilised to generate lanthionine suitable for Fmoc SPPS the ring opening reaction failed, although a
wide variety of conditions (pH, base, solvent) were utilised, decomposition of Fmoc-L-Cys allyl ester or of
the serine-B-lactone were the only reactions observed.

We therefore resorted to a regio but non-stereospecific synthesis and carried out a Michael reaction
of Fmoc-Cysteine allyl ester onto Boc-dehydroalanine methyl esterl! (figure 2). The reaction proceeded
smoothly in MeCN using a catalytic amount of Cs2CO3 to give orthogonally protected lanthionine in 72%
yield. The two diastereoisomers were then found to be easily separable in a 2:3 ratio by ODS column
chromatography. 12
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Figure 2 Separable RS and RR diastereoisomers

The allyl and methyl esters were subsequently removed under standard conditions 13,14 1o give protected
lanthionine suitable for solid phase and combinatorial chemistry. This orthogonally protected lanthionine
and its ease of synthesis makes it an ideal building block for use as a cystine mimic in SPPS and
combinatorial chemistry to produce cyclic peptide libraries. Work is now in progress aimed at the
combinatorial synthesis of subtilin and nisin and will be reported in due course.
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To a stirred solution of Boc-dehydroalanine methy] ester (430mg, 2.14mmol) in MeCN (10ml) was
added Fmoc-L-cysteine allyl ester (825mg, 2.15mmol) and a catalytic amount of caesium carbonate
(ca.20mg). The reaction was stirred for 2hrs then diluted with water (10ml) and extracted with
EtOAc (2x20ml). The EtOAc layers were combined, washed with water (2x20ml), saturated
sodium chloride solution (20ml), dried over anhydrous magnesium sulphate and the solvent
removed in vacuo. The product was then purified by column chromatography (silica gel, 75:25:1
petrol: EtOAc: AcOH) to give a gum. Yield 900mg (72%), Rf = 0.32 (80:20:1) petrol: EtOAc:
AcOH, m/z (FAB): 607 ([M+Na]*, 585 [M+H]*+, HR MS, expected for C3g0H3608N2SNa
607.2090, found 607.2099, [a]p20°= 3.5 (¢ 20, CHCI3), IR vmax/cm™! (NaCl, nujol mull):
3363(br, m, NH), 1744(m, sh, CO), 1720(m, sh, CO), 1714(m, CO), 1690(w, sh, CO), 8H
(300MHz, CDCI3); 1.45(s, 9H, 'Bu), 2.99(m, 4H, 2xCH32S), 3.71(s, 3H, COOCH3), 4.23(t, 1H, J
7, CH Fmoc), 4.40(d, 2H, J 7, CH2 Fmoc), 4.66(m, 4H, 2xCHg, CH2CH=CH?}), 5.29(m, 2H,
CH=CH2), 5.47(d, 1H, J 7.5, NH), 5.90(m, 1H, CH=CH?), 6.03(d, 1H, J 8, NH), 7.31(t, 2H, J
7.5, 2xCHAr), 7.39(t, 2H, J 7.5, 2xCHAr), 7.61(d, 2H, J 7, 2xCHAr), 7.75(d, 2H, J 7.5, 2xCHAr),
3¢ (75MHz, CDCI3, DEPT analysis): 28.5(C(CH3)3), 33.3 and 33.5(2xCH2S), 47.2(CH Fmoc),
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52.8(COOCH3), 53.5 and 54.0(2xCHg,), 66.6(CH2 Fmoc), 67.4(CH2CH=CH2), 80.4(C(CH3)3),
119.4(CH=CH2), 120.2(CH=CH?), 125.3, 127.3, 127.9, 131.3(8xCHAr), 141.4, 143.9(4xCAr),
155.4(CONH), 156.0(CONH), 170.3 (COOCH2CHCH?), 171.4(COOMe). The diastereoisomers
were separable by RP-HPLC (ODS) eluting with 60% MeCN/H20/0.1%TFA), A = 270nm. The
retention factors (ratio of void time/elution time) for the two isomers were 0.34 and 0.17
(12 and 24 min respectively).
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14. 1 equivalent of LiOH in cold dioxane will selectively remove a methyl ester in the presence of the
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