
Facile Chemoselective Synthesis of
Dehydroalanine-Containing Peptides†

Nicole M. Okeley,‡ Yantao Zhu,‡ and Wilfred A. van der Donk*

Department of Chemistry, UniVersity of Illinois, Urbana, Illinois 61801

Vddonk@aries.scs.uiuc.edu

Received August 19, 2000

ABSTRACT

Useful methodology is described for the synthesis of dehydroalanine residues (II) within peptides. The unnatural amino acid (Se)-
phenylselenocysteine (I) can be incorporated into growing peptide chains via standard peptide synthesis procedures. Subsequent oxidative
elimination affords a dehydroalanine at the desired position. The oxidation conditions are mild and tolerate functionalities commonly found
in peptides, including variously protected cysteine residues. To illustrate its utility, cyclic lanthionines have been synthesized by this method.

The R,â-unsaturated amino acids dehydroalanine (1) and
dehydrobutyrine (2) are found in a variety of biological

polypeptides and natural products.1 In nature they impart
interesting biological activities, while synthetically they can
be versatile precursors to unnatural amino acids2 and have
been used to alter the biological and structural properties of
peptides and proteins. The synthesis of dehydroamino acid

containing peptides (dehydropeptides) has previously been
accomplished by a number of different methods.3 The most
common approach involves incorporation of a masked
residue into the peptide and its subsequent conversion to the
dehydroamino acid. An abundance of precursors have been
used in this fashion to generate1 and2 within peptides, such
as the activation and elimination of serine or threonine
derivatives,4 Hoffmann elimination from 2,3-diaminopropi-
onic acid or asparagine residues,5 and oxidative elimination
of S-alkyl or S-aryl cysteines.6 Although these methodologies
have allowed the synthesis of a number of natural products
containing dehydroamino acids, most procedures are not

† Abbreviations: Boc,tert-butoxycarbonyl; Fmoc,N-9-fluorenylmethoxy-
carbonyl; HBTU, 2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexa-
fluorophosphate; NMM,N-methylmorpholine.
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selective or are incompatible with preexisting amino acid
residues in the peptide, thus requiring cumbersome protecting
strategies. A facile, site-specific, and chemoselective method
of introduction has not been previously described.7 Our
search for a mild method of introducing these amino acids
in a manner compatible with standard solid-phase peptide
synthesis (SPPS), led us to a previously reported yet
unexploited method for the generation of dehydroalanine via
oxidative elimination from the unnatural amino acid (Se)-
phenylselenocysteine (Sec(Ph)).8,9 In this communication, we
report our initial results on the further development and
modification of this chemistry to allow the synthesis of
dehydropeptides via either solution- or solid-phase peptide
synthesis.

To limit the number of possible diastereomeric peptides
containing phenylselenocysteine, we desired the optically
pure amino acid. The synthesis of (R)-FmocSec(Ph) was
modified from existing literature reports (Scheme 1). Con-

version of Boc-L-serine to itsâ-lactone,10 followed by ring
opening with phenylselenide anion11 generated by the reac-
tion of diphenyl diselenide with sodium trimethoxyborohy-
dride,12 provided BocSec(Ph) in 93% yield. For use in Fmoc

peptide synthesis, the Boc protected amino acid was con-
verted to its Fmoc derivative via standard methods. The
resulting Boc or Fmoc amino acids were incorporated into
growing chains via standard solid- or solution-phase peptide
chemistry.

The short dehydropeptides listed in Table 1 were used to
optimize the desired conditions for chemoselective oxidative
elimination. These peptides were designed to test the
tolerance of oxidation sensitive amino acids, including
various protected cysteine residues, methionine and tryp-
tophan, unprotected at the indole moiety. The oxidative
eliminations were accomplished with sodium periodate in
less than 2 h, except in the case of anN-terminal Sec(Ph),
which required 12 h (Table 1, entries 2 and 3), reflecting
the lower reactivity of a carbamate versus an amide.13

Cysteine protecting groups that proved to be compatible
include mixed (Table 1, entry 1) and symmetrical (entry 2)
disulfides, as well as trityl (entry 3). All reaction products
were obtained in moderate to good yields after purification
without side-chain modification of tryptophan or the pro-
tected cysteines.14 When methionine was present in the
peptide, the reaction was carried out with 1.1 equiv of oxidant
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Table 1. Oxidation of Model Dehydropeptides

entry peptide dehydropeptidea,b solvent yield (%)c

1 Fmoc-Cys(SEt)Sec(Ph)-ODPM Fmoc-Cys(SEt)Dha-ODPM CH2Cl2/MeOH 70
2 [Boc-Sec(Ph)Cys-OMe]2 [Boc-DhaCys-OMe]2 MeOH 75
3 Boc-Sec(Ph)Cys(Trt)-OMe Boc-DhaCys(Trt)-OMe THF 83
4 Fmoc-TrpSec(Ph)-ODPM Fmoc-TrpDha-ODPM CH2Cl2/MeOH 64d

5 AlaMetSec(Ph)Ala AlaMetDhaAla MeCN/H2O 62

a Conditions for entries 1-4: aq NaIO4 (4 equiv) was added at 25°C to solutions of the peptides (final peptide concentrations 7-30 mM). For entry 3,
NaIO4 was added at 0°C and warmed to rt. For entry 5, 1.1 equiv of NaIO4 and 1 equiv of NEt3 were used.b Sec, selenocysteine; Dha, dehydroalanine;
DPM, diphenylmethyl.c Yields are for products after purification by flash chromatography (entries 1-4) or HPLC (entry 5).d The crude yield of this
reaction was 98% (95% pure material by1H NMR).

Scheme 1
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as partial oxidation of the methionine to the sulfoxide was
otherwise observed.14

In an alternative approach, trityl-protected or free cysteine
residues were chemoselectively oxidized with I2 to the
corresponding symmetrical disulfides without modification
of the phenylselenide (Scheme 2). The dehydroalanine was

then unmasked chemoselectively in the presence of the new
cystine residue (Table 1, entry 2). In general, H2O2 could
also be used as a suitable oxidant for the reactions in Tables
1 and 2, howeverm-CPBA provided a complex mixture of
products.

The versatility of this chemoselective and site-specific
method was further demonstrated with longer peptide
sequences synthesized by standard SPPS procedures (Table
2). The oxidations were monitored by RP-HPLC, and
generally quantitative conversion was observed in as little
as 0.5 h and as long as 2 h. Typical functionalities found in
peptides such as amines, amides, guanidines, alcohols, and
acids did not interfere when left unprotected during the
oxidation (Table 2).14 Cysteine residues protected as sym-
metrical disulfides were subsequently quantitatively reduced

using tris(carboxyethyl)phosphine (TCEP) as monitored by
HPLC and mass spectrometry.

Beyond its utility for the synthesis of dehydropeptides,
this methodology is well suited for the synthesis of a class
of cyclic peptide thioethers known as lanthionines. Lanthion-
ines are structures that are almost exclusively found in
lantibiotics, a class of posttranslationally modified antibiotics.1i

Among these is the promising antibacterial agent nisin, which
interacts with lipid II, the physiological target of vancomy-
cin.15 To illustrate the utility of the current methodology for
lanthionine synthesis, we prepared two cyclic thioethers5
and6 (Scheme 3). After introduction of dehydroalanines into

peptides3 and4 (Table 2), a clean intramolecular Michael
addition of a cysteine onto the dehydroalanines was ac-
complished by deprotection of the cysteines followed by
adjustment of the pH of the reaction. One new species was
produced in both cases as monitored by HPLC, consistent

(14) The transformations in Tables 1 and 2 generally showed spot-to-
spot TLC or peak-to-peak HPLC conversions. In one case of a methionine-
containing peptide we did observe a byproduct containing both a dehy-
droamino acid and the sulfoxide of methionine. Addition of Et3N suppressed
formation of this side product to 13%. Since no other products were isolated
in significant quantities, we believe that the moderate yields obtained in
some cases in Tables 1 and 2 reflect losses during purification.

(15) Breukink, E.; Wiedemann, I.; van Kraaij, C.; Kuipers, O. P.; Sahl,
H.-G.; de Kruijff, B. Science1999,286, 2361-2364.

Table 2. Synthesis of Dehydropeptides

entry peptidea,b yield (%)c dehydropeptided oxidant yield (%)

1 Fmoc-GLPU(Ph)VIA 44 Fmoc-GLPDhaVIA NaIO4 72
2 Fmoc-ISVU(Ph)RSTS 27 Fmoc-ISVDhaRSTS NaIO4 67
3 Ac-GLPU(Ph)VIA 40 Ac-GLPDhaVIA H2O2 82
4 Ac-ISVU(Ph)RSTS 34 Ac-ISVDhaRSTS NaIO4 82
5 Ac-GGC(StBu)PU(Ph)VIA 33 Ac-GGC(StBu)PDhaVIA NaIO4 84
6 LU(Ph)PGC(Trt)VG 15 LDhaPGC(Trt)VG (3) NaIO4 80
7 [LU(Ph)ANCKI]2 30e [LDhaAECKI]2 (4) NaIO4 33
8 RIAU(Ph)IALC(StBu)K 47 RIADhaIALC(StBu)K NaIO4 72

a U, selenocysteine; U(Ph), (Se)-phenyl selenocysteine.b Conditions: Wang resins preloaded with theC-terminal amino acids were used. Piperidine was
used as deprotectant, HBTU and NMM were used as activators, and DMF was the solvent.c Yields are for HPLC purified products after SPPS and are based
on the supplier-specified loading of resin.d Conditions: the oxidant (4 equiv) was added at 25°C to solutions of the peptides (final peptide concentrations
1-6 mM). Solvents were MeOH (entries 1, 3, 4) or H2O/MeCN (entries 2 and 5-8).e The symmetrical disulfide was formed by oxidation of the purified
free thiopeptide with I2. The yield is for both SPPS and oxidation.

Scheme 2

Scheme 3
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with similar observations recently reported by Toogood16 and
Bradley and co-workers.6e The single diastereomers were
assigned by NMR to the natural (2S,6R)-lanthionine ring
systems (“meso”-lanthionines) in the latter studies.

In conclusion, a facile, site-specific, and chemoselective
method of incorporating dehydroamino acids into peptides
has been developed. This method allows unmasking of the
dehydroalanineafterglobal deprotection in the ultimate step
of the synthesis of dehydropeptides, minimizing possible side
reactions. The method is fully compatible with all physi-
ological amino acids including appropriately protected cys-
teines, and the peptides can be assembled using standard
Fmoc SPPS. Its utility is demonstrated by the synthesis of a
variety of peptides including the intriguing cyclic lanthion-
ines. Given the high efficiency and yield of the oxidation
reaction, we are currently investigating the possibility of on-
resin oxidative eliminations to form resin-bound dehydro-
peptides.
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