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ABSTRACT
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A methodology for the enantioselective synthesis of o-fluorinated  #2-amino acids has been developed from readily available carboxylic acids

3. Conversion to the Evan's oxazolidinone followed by enantioselective fluorination and alkylation gave 7 in high diastereomeric excess

(>95%). Subsequent removal of the oxazolidinone and amination at the Bn-protected hydroxyl center gave optically active o-fluorinated 3%
amino acids.

The incorporation of fluorine into a peptide or protein is stabilizesanti and gauchegeometries, respectively. This
known to influence its conformation and biological activity. phenomenon has been put to good effect by Seebacl? et al.
This can then provide fundamental insights into protein with the preparation o and its incorporation (in place of
structure and functioh? For example, synthetic analogues 1) into an oligo3-peptide to disrupt an inherent3helix

of collagen, which contain a fluorinated proline analogue structure (Figure 1).

(FIp) in place of hydroxyproline, show remarkable stability.

This strongly suggests that the stability of natural collagen _

is due to electronic effects rather than hydrogen bonding, as

had been previously thought. In addition, recent reports by 1)
O’Haganet al5 suggest that a fluorine suitably positioned y N%)LOH 1X=Me
in an amide, eithew. to the carbonyl op3 to the N—H bond, S AT 2X=F
T Christchurch Polytechnic Institute of Technology. Figure 1. f-Amino acids.
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them!t-14However, the comparatively few reports available || NG
do reveal that oligomers derived frg#iamino acids produce Scheme 1. Establishing a Fluorinated Chiral Center
important and unusual structural motts'® Given this, and o SOCI, then "BuLi o O
i~ A
/

Seebach’s work on fluorinatgd¥ amino acids, we now report /\)j\ (4)-benzyl-2-oxazolidinone;

the first synthesis ofi-fluorinated? amino acids for use in R OH THE. 78 Clort 16 h

defining the conformation gf-peptides containing thef. 3aR=Ph ' ' g
86R=CeHi2  pa, NFBS, “Ph

“78°C, THF 4aR=Ph; 97%

Our methodology has been used to prepgeBaand13bin
high enantiomeric excess, wittBa being converted to the

4b R = CgHyp; 99%
5a + 6a; 79%, 12:1

N-protected free acidd4a and 15a for use in peptide
synthesis.

The incorporation of fluorine at the 2 position Famino 0 O Sb+6b75% 121 o Q
acids provided a significant synthetic challenge. Direct R/\‘)LN 0 R "N O
fluorination of 52 amino acids was problematic due to the F 5\—/ F ‘\—/
steric constraints involved in fluorinating an already crowded \Ph ol | \Ph
tertiary substituted C-2 center. Consequently, it was decided gg g = ZhH ;'ncl)“é:; %’}‘Et' 6aR =Ph

. . . . . . =CgHy2 2l 6b R =CgHq»

that fluorination of suitable 3-substituted propanoic acids CH,Cly, 0 °C
(where the 3-substituent becomes the side chain of the amino
acid), followed by introduction of a Ci\lH, group at the o 0 o
2-position, would be the best approach. 3-Phenylpropanoic RS> N 0 LioH H.0 .
acid 3a and 3-cyclohexylpropanoic aci8b were selected F / —2=2,. R e OR
as starting materials for the development of this methodology OBn THF/H,0 (4:1), 0 °C 0Bn
to prepare3? amino acids with both “natural” (phenyl) and ;ggfzhhm_"égo/ Ph
“unnatural” (CH-cyclohexyl) side chains (Schemes 1 and T e R R=Ph R=CeHy,

2) and to access important examples for use in defining
B-peptide structuré’
The phenyl 3-substituted propanoic add (Scheme 1)

was converted to the corresponding acid chloride, and this approach was necessary. To this end, alkylation of the sample
was reacted with the anion of§#4-benzyl-2-oxazolidinone  of 54 with TiCl,, Pr,Et, and benzyl chloromethyl ether as
to give oxazolidinonglain high yield. Subsequent fluorina-  he alkylating agent gavéain 70% yield and>95% de (as

tion by reaction with LDA andN-fluorobenzenesulfonimide  getermined byH and'F NMR), where the benzyl-protected
(NFBS) gaveba in >90% de (determined byH andF  hyqroxylmethyl group is suitable for subsequent conversion
NMR) and in a yield of 79%. Separation &fa from the into the desired amine functionality (Scheme 2).

8a (72%) 8b (69%)

R = H
TMSCI, MeOH, it [~ B 9a (85%) 9b (81%)

=Me

small amount of diastereoméa was not necessary given
the next step involved formation and alkylation of a prochiral
enolate intermediate.

The direct addition of a CHNHZ group to nonfluorinated
analogues oba has been reported using MeOEgMHZ as
an alkylating reagerit: However, this approach was unsuc-
cessful in our system, perhaps due to deactivation of the
intermediate enolate by the electronegative fluorine atom.
In support, other alkylating reagents including ££&hd CHs-
OCH,l were also unreactive toward the anion derived from
5, a result consistent with literature repofiddence, a new
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Scheme 2. Synthesis ofu-Fluorinateds?-Amino Acids
O (0]
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Treatment offawith LIOOH (generated in situ) removed
the bulky oxazolidinone chiral auxiliary to give the free acid
8a.l? Esterification of this acid, using TMSCI in MeOH, then
gave methyl este9a. The benzyl group o®awas removed
by hydrogenation (Scheme 2) to give the free alcatd,
which was converted to tosylatéla in good yield on
treatment with tosyl chloride, BYl, and DMAP. Reaction
of the tosylatella with NaN; gave the azidd2a Hydro-
genation then gave the free amine, which wd8oc-
protected by in situ reaction with the (Bg©) to give13a,
an o-fluorinated 3?-analogue of phenylalanine. The cyclo-
hexyl-substituted? amino acidl3b was similarly prepared
in high enantiomeric excess 05%) from3b (see Schemes
1 and 2).

Hydrolysis of the methyl ester af3a with LiOH gave
the Boc-protected free acid4a Treatment with TFA
followed by N-(9H-fluoren-2-ylmethoxycarbonyloxy)suc-
cinimide (FmocOSu) gave the Fmoc-protectefluorinated
B?-analogue of phenylalaniriéa, which is suitable for solid-

(19) Attempts to convert ozazolidinone protectéal directly into the

phase synthesis. The incorporatioriléiinto af-heptapep-
tide and its effect on molecular conformation is discussed
elsewheré’

In conclusion, we present the first synthesisoefluori-
nated/?-amino acids suitable for incorporation infiepep-
tides by either solution or solid-phase chemistry. Ongoing
work is directed at applying this methodology to a wide range
of natural and unnaturally substituteefluorinateds?-amino
acids as well as investigating the structure and properties of
p-peptides containing these untfs.
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group was replaced with a smaller methyl ester to minimize unfavorable

steric interactions.
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