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Fluorinated amino acids are useful building blocks for the preparation of biologically active peptides and peptidomimetics with increased
metabolic stability. We report here the synthesis of two fluorinated amino acids, p-difluoroalanine and  y-difluorothreonine, as analogues of
Ser and Thr, respectively. These compounds were suitably protected for Fmoc-based solid-phase peptide synthesis. Once incorporated into
peptides, they may serve as alternative substrates or inhibitors of lantibiotic synthetases that posttranslationally dehydrate Ser and Thr
residues to dehydroalanine and dehydrobutyrine, respectively.

Michael acceptors have been popular functionalities for the electrophilicity of dehydroalanine (Dha) is significantly
design of enzyme inhibitors and active site affinity labels. moderated compared to acrylamides due to the inherent
Dehydroalanines (Dha) and dehydrobutyrines (Dhb) are enamine functionality in dehydroamino acids. This may
potential Michael acceptors and are present in a large numbeexplain why natural products containing dehydroalanines
of natural products, including the microcystihspdularind often interact with their targets by noncovalent mecharfisms
thiostrepton and other thiopeptideand the lantibiotic8. The despite the presence of the Michael acceptor. Increasing the
electrophilicity of dehydroalanines in natural products or
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much attention due to their potential applications in
medicine®10

In previous studies, we have developed a synthetic
methodology to prepare fluorinated dehydroalanités this

contribution, we describe the synthesis of precursor amino
acids that are envisioned to be potential substrates for
lantibiotic synthetases. This class of enzymes catalyzes the
dehydration of Ser and Thr residues in their substrate peptidest

resulting in formation of Dha and Dhb structufedlith the
recent successful in vitro reconstitution of these proté&ins,
they can now be evaluated as potential tools for the

construction of more reactive Dha and Dhb analogues. One
possibility would be the replacement of a Ser in the substrates

for dehydration by a difluoroalanine. Enzymatic elimination
of one of the fluorines of difluoroalanif® would then

produce a fluoro-Dha (Scheme 2). Alternatively, replacement

of the methyl group of Thr with a fluorinated methyl group
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and subsequent enzymatic dehydration would result in a Dhb
analogue with increased electrophilicity at {hearbon.
We report here efficient routes toR2-/3-difluoroalanine
(1) and (2S,3S)-y-difluorothreonine (2) appropriately pro-
ected for use in Fmoc-based solid-phase peptide synthesis
(SPPS). We elected to prepare difluorinated alanine and
threonine derivatives as they would be sterically less
demanding than the corresponding trifluorinated analogues
and because trifluoroalanine incorporation into peptides is
challenging and the products have been reported to have low
chemical and configurational stability at physiological H.
Previous syntheses of difluoroalanine derivatives have been
mostly racemit* with some asymmetric routes reportéd.
Synthesis of Fmoc-{-difluoroalanine (1)L-Glyceralde-
hyde acetonid8 is commercially available or can be readily
prepared from-ascorbic acid in a large scale in 47% overall
yield' or from commercially available 5,6-isopropylidene-
L-gulono-1,4-lactone in one step (56%)he compound was
fluorinated with diethylamino sulfurtrifluoride (DAST) to
afford compound4 in 89% vyield (Scheme 3% Treatment
of 4 with hydrochloric acid in methanol was followed by
selective protection of the primary hydroxyl with tart-
butyldimethylsilyl group in 88% yield. The secondary alcohol
in product5 was transformed into azidg@in 70% vyield by
reaction with trifluoromethylsulfonic anhydride in pyridine
and subsequent treatment with sodium azide. The a&ide
was transformed in 86% yield into Fmoc-protected antine
by reduction of the azide group to the amine and reaction
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quantitative yield. Attempts to oxidize the amino alcohol by
NalOy/RuCk induced partial Fmoc deprotection resulting in
isolation of the desired amino acitlin only 33% yield.

However, oxidation of the amino alcohol with the Jones _ . . .
reagent afforded the targétin 81% yield without loss of corresponding amino alcohol, which was reacted with

: : : ; FmocCIl/NaHCQ to afford compoundL3 in 82% yield. It
stereochemical purit}f. Using L-glyceraldehyde acetonide . .
(3) as the starting material, Fmoc-difluoro-Ala-OH (1) was should be noted that using Pd/C as the catalyst the azide
obtained in an overall yield of 38% group in compound 2 could be selectively reduced without

Synthesis of Fmocy-difiuoro-Thr(O Bu)-OH (2). Given debenzylation. Attempts to protect the hydroxyl group of

the successful synthesis of Fmpdifluoro-Ala-OH (1) from compogndl3 with IS0 butene and .catalytlcglst; proylded_
L-ascorbic acid, we attempted to use the same strategy tothe desired product in only 21% yield with p_roducts in which
prepare Fmoc-y-difiuoro-Thr(@u)-OH from advanced "¢ TBS group had been removed making up the mass
intermediateB, prepared from-ascorbic acid in three steps balance. However_, repeatgd treatment of co mpdiBwith

in 76% yield2t The hydroxyl group of compoung was t-BuBr/Ag?O provided 14 in an overgll yleld_ of 81%.'
protected with either a benzyl dert-butyl group to give D_eprotecthn of the TI_BS group was cgmed out !n.qua}ntltatlve
compound®a and9b in 91% and 90% yields, respectively. yield by_usmg a solution of commercial HF/_p_yr|d|ne m_T_HF
The benzyl protection group provides more versatility 2fter adjustment of the pH to 5 by the addition of pyridine;
downstream, whereas theert-butyl group needs to be without the addlyon of pyn_dmc_e,acomplex produ_ctm|xture
installed eventually in the final product because it is the W&S obtained. Finally, subjection of the crude amino alcohol

protecting group of choice for alcohols in Fmoc-based SPPs. 0 the Jones reagent afforded the final product Frpoc-
Compound9a was reduced by DIBAL-H and fluorinated ~ difluoro-Thr(OBu)-OH (2) in 73% yield.
with DAST to yield difluoride10 in 67% yield. Only one In summary, two difluoroamino acids were efficiently
diastereomer was detected By NMR analysis. However,  synthesized from.-ascorbic acid. Given the well-known
treatment oBb did not provide compoundiOb, presumably ~ success of fluorine-containing pharmaceutiéaiscluding
because of steric hindrance. The isopropylidene group wasfluoropeptides? the current approach expands the arsenal
then removed froni0 with hydrochloric acid in methanol,  of fluorinated moieties that can be used in the preparation
and the liberated primary alcohol was selectively protected of bioactive molecules. The fluorinated amino acids will be
with atert-butyldimethylsilyl group to afford compourtil incorporated into the peptide substrate for lacticin 481
in 86% vyield (Scheme 4). synthetas®? to investigate the enzymatic generation of
The secondary alcohol of compoumd was converted to  fluorinated dehydroamino acids within oligopeptides.
the trifluoromethylsulfonate, and the crude product was
subsequently reacted with sodium azide providing compound
12 in a yield of 79%. The azide functionality ih2 was

hydrogenated in the presence of Pd(@8)to afford the
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