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Abstract—A series of optically enriched monofluorinated dipeptides incorporating an a-fluoro-a-amino acid were prepared by enan-
tio- and diastereoselective electrophilic fluorination. This previously unsuccessful approach to fluorinated dipeptides can now be
achieved with up to 73:27 enantiomeric ratio and high >98:2 diastereomeric ratio.
� 2005 Elsevier Ltd. All rights reserved.
Selective incorporation of unnatural amino acids into
proteins is an area of major interest in peptidomimetic
chemistry. In particular, fluorinated amino acids have
emerged as valuable building blocks for designing
peptide analogues.1 All known fluoro amino acids are
synthetic molecules.2 Interestingly, they can be incorpo-
rated into peptides for protein engineering, leading to
positive effects on protein stability, on the interactions
with host molecules, and providing opportunities
to study protein conformations and metabolic processes
by 19F NMR. Within the important class of fluorinated
amino acids, free a-fluoro-a-amino acids are unstable as
rapid dehydrofluorination at ambient temperature
occurs.3,4 Although several fluorinated amino acids have
been synthesised and methods for the incorporation of
unnatural amino acids into proteins have advanced sig-
nificantly over recent years,5 the lack of availability of
free a-fluoro-a-amino acids has precluded the incorpo-
ration of this structure into peptides. In 1998, Takeuchi
et al. reported the first preparation of fully protected
dipeptides containing an a-fluoroglycine moiety exploit-
ing the Gabriel reaction in the key step.6 When starting
from chiral amido derivatives, they obtained equimolar
mixtures of diastereomers. Noteworthy, the direct fluo-
rination of dipeptides using fluorinating agents was
unsuccessful.6 Carbonyl-bridged peptides containing
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an a-fluoroglycine residue were also prepared via a Gab-
riel reaction.7

We have recently developed a new class of efficient enan-
tioselective electrophilic fluorinating agents derived
from cinchona alkaloids which have demonstrated high
performances in the fluorination of various substrates.8

In particular, we succeeded in the enantioselective syn-
thesis of N-phthaloyl protected a-fluoro-a-phenylglycine
derivatives.9 Our next goal was to investigate the direct
asymmetric electrophilic fluorination of dipeptides. We
chose a peptide with N-methylated peptidic bond in
order to prevent dehydrofluorination. Interestingly, N-
methyl amino acids are present in natural products
and give rise to important therapeutic compounds.10

Elongation of such dipeptides can be realised by activa-
tion either at the C-terminal of the fluorinated residue or
at the N-terminal residue (Fig. 1).

We report in this letter the first asymmetric synthesis of
a series of dipeptides containing an a-fluoro-a-amino
acid as the C-terminal residue by late enantioselective
and diastereoselective electrophilic fluorination.
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Scheme 1. Synthesis of dipeptides. Reagents and conditions: (i) phthalic anhydride, 180 �C, 30 min; (ii) (COCl)2, CH2Cl2, rt, 2 h, then 0 �C, (+/�)-N-

Me–Phg–OR3ÆHCl, DPEA, 24 h, rt.
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Starting dipeptides were prepared in a two-step sequence
which involves a protection of the amino group of the
N-terminal amino acid11 [1-aminocyclopentanecarboxy-
lic acid (Ac5c), 2-aminoisobutyric acid (Aib) and 2-ami-
no-2-(4-bromophenyl)-propionic acid ((S)-MPBrG)12]
followed by the coupling with N-methyl-phenylglycine
methyl ester or N-methyl-phenylglycine benzyl ester
(Scheme 1).

Dipeptides of achiral amino acids (Aib, Ac5c) and
racemic N-methyl-phenylglycine were selected first for
enantioselective electrophilic fluorination under the pre-
viously optimised conditions for N-phthaloyl phenylgly-
cine methyl ester.9 Thus, deprotonation of the dipeptide
with LiHMDS at �78 �C in THF gave the ester enolate,
which was subsequently fluorinated with N-fluoro cin-
chona alkaloid derivatives (Scheme 2).13 In the case of
Phth–Ac5c–(N-Me–Phg)–OBn, fluorination with O-(p-
chlorobenzoyl)-N-fluoroquininium tetrafluoroborate
(F–pClBzQN–BF4) resulted in 73:27 enantiomeric ratio
(Table 1, entry 5).

Evaluation of various N-fluoro cinchona alkaloids indi-
cated that F–pClBzQN–BF4 and F–pClBzCD–BF4 give
better enantioselectivities than their corresponding
pseudoenantiomers F–pClBzQD–BF4 and F–pClBzCN–
BF4, respectively, which yielded the fluorinated
dipeptides with opposite configuration (Table 1, entries
1–4). In addition, enantioselectivity was higher using
F–pClBzQN–BF4 than with F–pClBzCD–BF4. In all
cases, the conversion was higher than 95% and the prod-
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Scheme 2. Electrophilic fluorination of dipeptides.

Table 1. Enantioselective and diastereoselective fluorination of dipeptides

Entry R1 R2 R3

1 –(CH2)4– Me

2 –(CH2)4– Me

3 –(CH2)4– Me

4 –(CH2)4– Me

5 –(CH2)4– Bn

6 Me Me Me

7 Me Me Bn

8 Me 4-BrC6H4 Me

9 Me 4-BrC6H4 Bn

a Conversion was determined by HPLC. In brackets are isolated yields.
b Ers were determined by HPLC using Chiralcel OD-H or AD-H columns (
ucts were isolated in 86–92% yields in analytically pure
form after column chromatography.

Next, we examined the diastereoselective fluorination of
dipeptides of a Ca quaternary chiral amino acid ((S)-
MPBrG) and racemic N-methyl-phenylglycine (Table
1, entries 8 and 9). In this case, the electrophilic fluorina-
tion was conducted with the aid of N-fluorobenzenesulf-
onimide (NFSI), and the stereoselectivity is directed
intramolecularly by the enantiomerically pure substrate
Phth–(S)-MPBrG–(N-Me–Phg)–OR3. Diastereoselectiv-
ity of 91:9 was obtained with N-methyl-phenylglycine
methyl ester derived dipeptide, and diastereoselectivity
of >98:2 was obtained with N-methyl-phenylglycine
benzyl ester analogue. Interestingly, this approach gives
access to a dipeptide possessing two consecutive enan-
tiopure quaternary amino acids, which could be incor-
porated into a longer peptide.

In summary, we succeeded in stereocontrolled electro-
philic fluorination of dipeptides with moderate to high
stereoselectivities. Our approach allows to incorporate
a fluorine atom at a late stage of a dipeptide synthesis.
The full scope of this work is currently being
investigated.
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F–pClBzQN–BF4 >98 67:33

F–pClBzQD–BF4 >98 36:64

F–pClBzCN–BF4 95 47:53

F–pClBzCD–BF4 95 58:42

F–pClBzQN–BF4 >98 (92) 73:27

F–pClBzQN–BF4 >98 66:34

F–pClBzQN–BF4 95 (88) 72:28

NFSI >98 91:9

NFSI >98 (86) >98:2

hexane–iPrOH). Drs were determined by 19F NMR.
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