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Peptides containing (E)- and (2)-3-fluorodehydroalanine have been prepared from serine via a fluoro-Pummerer rearrangement. The resulting
electrophilic moieties may be useful affinity labels for the identification of the targets of dehydroamino acid containing natural products that
act by covalent mechanisms.

Dehydroalanines are present in a large number of naturalposes a potential drawback for the permanent attachment of
products, including the microcystidsiodularin? thiostrepton a target to a Michael acceptor, thereby in certain cases
and other thiopeptidesand the lantibioticd. The precise precluding identification of the nucleophile. Introduction of
role of thesea,S-unsaturated amides in the biological a halogen on the terminal vinyl carbon can alleviate this
activities of these compounds is not always well understood. shortcoming since it will lead to an irreversible linkage of
Their function might be strictly structural or they may act the nucleophile to the dehydroalanine (Scheme 1). This
as electrophilic entities forming covalent linkages with

nucleophilic groups on their targets. Michael acceptors such || N DR

as the dehydroalanines have been popular functionalities for Scheme 1
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p-xylose isomerasé,and monoamine oxidaseFluorine- 1.1 mixture of diastereomers. The direct fluorination6of
substituted Michael acceptors have been particularly attrac-with either Selectfluor or DAST producegiin lower yields
tive because of the small steric requirements of the fluorine than that for the SbGlcatalyzeéd® fluoro-Pummerer rear-
substituent. To date, no reports have detailed the preparatiorrangement of the diastereomeric mixture of sulfoxideshe
of fluorine-substituted dehydroalanines in peptides. We report latter reaction was carried out using the protocols developed
here the synthesis of 3-fluorodehydroalanine-containing in the laboratories of McCarthyand Robin¥ and produced
peptides2. fluorosulfide 8 in good yield as a 1:1 mixture of diastereo-
A number of methods have been reported for the prepara-mers.To address whether the stereochemistry at sulfur in
tion of fluorine-substituted olefinsincluding elimination of sulfoxide 7 had an influence on the diastereoselectivity of
hydrogen fluoride frongemdifluorinated compound®,and the fluoro-Pummerer reaction, the two diastereomerg of
thermal elimination of o-fluoro-substituted sulfoxides. were separated by silica gel chromatography and treated in
Thus, fluorine-substituted dehydroalanines might be accessedarallel with DAST/SbG in CH,Cl,. Compound8 was
via precursord or 3 (Scheme 1). Given the strongly basic obtained with identical diastereomer ratios for both reactions,
conditions required for the elimination of hydrogen fluoride indicating that the stereochemistry of the reaction is not
from difluoroalanine, which could lead to racemization of dependent on the configuration at sulfur of the sulfoxide.
other residues in the peptide, we focused our attention onThis is consistent with the proposed reaction of fluoride anion
synthonl. a-Fluorosulfides can be prepared by the fluoro- onto a thiocarbenium intermediate formed upon reaction of

Pummerer rearrangement of sulfoxides with diethylamino-
sulfur trifluoride (DAST)! by treatment of sulfides with
DAST*? or Selectfluoit® or via the reaction of thioacetals
with mercuric fluoride'* To evaluate these methods for the
preparation ofl, variousN-protected serine derivatives were

the sulfoxide with DAST?

When this synthetic route was followed using Boc as the
N-protecting group, the reaction of sulfoxitl& with DAST
producedl3 as a major byproduct (30%), which was not
formed in appreciable amounts with Compoundl3 is

converted to their corresponding sulfides and sulfoxides aspresumably formed by cyclization of the carbamate carbonyl
outlined for Fmoc-serine in Scheme 2. Fmoc-serine was oxygen onto the thiocarbenium intermediate. Similar cy-

clizations have been utilized intentionally in several labo-
ratories!® A number of modifications to the reaction

Scheme 2 conditions were explored to minimize the formation of this
o o for our purposes undesired byproduct. Attempts to increase
FmocHN,, PhC=NNH;  FmocHN,,, MsClI the relative rate of the intermolecular reaction with respect
OH oDpm ——— ) N . . X
I, PhI(OAC); EtsN to the intramolecular cyclization by increasing the fluoride
OH 90 % 4 OH 82 % concentration via addition of CsF or tetrabutylammonium
o triphenyldifluorosilicate (TBAT) resulted in inhibition of the
EmocHN 4-MeOPhSH  FmocHN mCPBA reaction. Increasing the overall concentration of the reaction
oM N TR ODpm ™ mixture did decrease the amount18 to <15 %.
5 70 % 6.A 9y 95 % Fluorinated cysteine derivativ® was oxidized with
r'=4-MeO0CeHs mCPBA to yield four diastereomers of the fluorinated
i _ mCPBA
m
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transformed into the diphenylmethyl esteractivated with
methylsulfonyl chloride, and treated with base to produce
dehydroalaniné. Michael addition of 4-methoxybenzene-
thiol to 5 provided cysteine derivativ& which was oxidized
with mCPBA to the corresponding sulfoxide producing a
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sulfoxide9.1” Subsequent thermolytic elimination in benzene Z-stereoisome# The stereochemistry of the products was
at 80°C afforded two 3-fluorodehydroalanine isomers in 74% assigned based on the chemical shift of the vinylic proton
yield. These two isomers were separated by silica gelin comparison with literature values for similar dehydro-

chromatography, and three approaches were used to detereysteine derivative®

mine the olefin geometry of the individual 3-fluorodehy-
droalanines. First, thé3C NMR spectrum of one of the

The methodology was applied next to the synthesis of a
3-fluorodehydroalanine containing dipeptide as shown in

isomers, assigned to (Z)-3-fluorodehydroalanine, displayed Scheme 4. Dipeptidé5 was synthesized in 76% yield by

a doublet signal for the ester carbonyl carbon with a coupling
constant{Jc-f) of 11.6 Hz, whereas the putativé)fisomer
showed a singlet. Similar magnetic coupling has been
reported for other fluorine-substituted olefins containing
fluorine trans to a carbonyl grodp.In addition, several

laboratories have shown for a series of 2-acylaminocrotonates

that the chemical shift of the vinyl proton cis to the acylamino
group occurs downfield relative to the vinyl proton in the
corresponding isoméP.The relative chemical shifts of these
protons in the two isomers df0O are consistent with our
assignment based on the carbdiuorine coupling?® Finally,
19 -irradiated™®F—'H NOE spectroscopy with (Z)-3-fluo-

rodehydroalanine showed enhancements of the signals of the

vinyl and amide protons as well as aromatic protons on the
Fmoc group, while only enhancement of the olefinic proton
was detected in (E)-3-fluorodehydroalanine.

To evaluate the proposed mechanism of action of fluorine-

substituted dehydroalanines as presented in Scheme 1, both

isomers of10 were reacted witlp-methoxybenzenethiol in
the presence of diisopropylethylamine (Scheme 3). Clean

Scheme 3
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conversion oZ-10into the corresponding dehydrocysteine
derivative Z-14 was observed, consistent with an addition
elimination mechanism. Thde-isomer of 10 produced
predominantlyE-14, along with a small amount of the

(17) The fluorine substituted-chiral center does not lead to significant
asymmetric induction in the oxidation. For a discussion of stereoelectronic
effects in this reaction, see Fujita, M.; Suzuki, M.; Ogata, K.; Ogura, K.
Tetrahedron Lett1991,32, 1463—1466.

(18) (a) Nguyen, T.; Leroy, J.; Wakselman, L.Org. Chem1993,58,
3772-3774. (b) Miura, K.; Sugimoto, J.; Oshima, RBull. Chem. Soc. Jpn.
1992,65, 1513—1521. (c) Boguslavskaya, L. S.; Chernov, A. N.; Krom, E.
N. J. Org. Chem. USSR980, 1392—1397.

(19) (a) Brown, A. G.; Smale, T. A. Chem. Soc. 0969, 1489—1490.
(b) Srinivasan, A.; Richards, K. D.; Olsen, R. Retrahedron Lett1976,

18, 891—-894. (c) Effenberger, F.; Kihlwein, J.; Drauz, liebigs Ann.
Chem.1993, 1295—1301.

(20) The chemical shifts of the vinyl protons of (E)-3-fluorodehydro-
alanine andZ)-3-fluorodehydroalanine are 8.18 ppfdd = 78.1 Hz) and
7.66 ppm {Jue = 72.6 Hz), respectively.

(21) McCarthy, J. R.; Huber, E. W.; Le, T.-B.; Laskovics, F. M.;
Matthews, D. PTetrahedron1996,52, 45-58.

Org. Lett., Vol. 3, No. 4, 2001

Scheme 4
(e} )L
FmocHN 1) 4-AMP, CHCI3
ODpm
fk P ) PyBOP. Ac-Gly-OH. /\ff ©Obpm
SAr DIEA 764 SAr
6, Ar: 4-MeOCgHs
DAST, o] (o]
NaIO4 )L A{( oDpm _SbCly_ N H b
93 % 65 % H o pm
§Ar F SAr
16  dr 11 17 dr: 1:1
1) mCPBA
0,
2) 80 °C, CgHg N/W ])J\Ome
2 steps, 57 %
18 ZE 11

solution-phase techniquésfrom acetyl glycine and6.
Oxidation of the sulfide to the sulfoxide and treatment with
DAST gave the desired produi in 65% yield. As has
been observed in previous studies on the fluoro-Pummerer
reactiont1225a small amount (8%) of deoxygenated material
(i.e., 15) was produced in this reaction via an unknown
mechanism. Two isomers of the tard&were obtained after
oxidation and thermal elimination at 8@C. The E- and
Z-isomers were separated by silica gel chromatography and
proved stable at room temperature.

In summary, we have developed methodology to prepare
fluorine-substituted dehydroalanines and to incorporate these
into dipeptides. Given the well-known success of fluorine-
containing pharmaceuticasincluding fluoropeptides! the
current approach expands the arsenal of fluorinated moieties
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