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Synthesis of Chiral a-Trifluoromethyl o,a-Disubstituted o.-Amino

Acids and Conformational Analysis of L-Leu-Based Peptides with

(R)- or (S)-o-Trifluoromethylalanine

Atsushi Ueda,® Misuzu lkeda,’® Takuya Kasae,® Mitsunobu Doi,®! Yosuke Demizu, Makoto Oba,

and Masakazu Tanaka*[e!

Abstract: Various racemic o-trifluoromethyl o,a-disubstituted o-
amino acids were synthesized by the reaction of methyl 3,3,3-
trifluoropyruvate imines with Grignard reagents.  The optical
resolution of racemates using (R)-1,1-bi-2-naphthol {(R)-BINOL}
esters gave optically active o-trifluoromethylated o,a-disubstituted o-
amino acids, such as o-trifluoromethylalanine (aCF;Ala), o-
trifluoromethylleucine (aCFsLeu), and o-trifluoromethylphenylalanine
(aCF3Phe). The optically active (R)- or (S)-o.CF3;Ala was incorporated
into the L-Leu-based pentapeptides, and their preferred conformation
in solution and in the crystal state was studied by Fourier transform
infrared (FT-IR) absorption, nuclear Overhauser effect spectroscopy
(NOESY) NMR, and circular dichroism (CD) spectra, as well as X-ray
crystallographic analysis. Both L-Leu-based peptides with (R)- or (S)-
oCF;Ala formed right-handed 34¢-helical structures. Both peptide-
backbones at the N-terminal residues 1-3 were very similar, but the
¢and wtorsion angles of residues 4 and 5 between peptides with (R)-
or (S)- aCF;Ala were different.

Introduction

a,0-Disubstituted o-amino acids (dAAs) are non-proteinogenic o-
amino acids, in which the a-hydrogen atom is replaced with an
alkyl substituent."l It is known that the incorporation of achiral
dAAs, such as dimethylglycine (aMeAla, Aib), diethylglycine
(Deg), and cyclic amino acids (Acac), into peptides induces stable
secondary structures such as o-helix, 3o-helix, and planar
conformations.?!’ Furthermore, chiral dAAs such as a-methylated
dAAs, o-ethylated dAAs, and chiral cyclic dAAs have been
reported, and their homo- and heteropeptides preferentially
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formed right-handed (P) or left-handed (M) helical structures, or
fully planar Cs-conformations.*4

o-Trifluoromethyl (CF3) dAAs have been designed instead
of aMedAAs because hydrogen can be isosterically replaced with
fluorine from the point of medicinal chemistry. The CF3 group is
one of the most hydrophobic substituents, with polarization effects
on neighboring groups, and acts as an electron donor for
hydrogen bonding. Thus, peptides with aCF3dAAs would be good
candidates for screening of lead compounds in drug development,
and chiral oCF3;dAAs have become attractive synthetic targets.

The synthesis of chiral aCF;dAAs has already been
reported, but there are few different types of optically active
oCF3dAAs and their applicability is limited.[®! For example, Zanda
et al. used optically active N-sulfinyl imine for stereoselective
synthesis of a-trifluoromethyl c-amino acids but dr and ee values
were varied by alkyl substituents due to the epimerization of imine
moieties during the reaction.®?! Herein, we synthesized racemic
oCF3dAAs using Burger's methods,! resolved racemic
0CF3dAAs using an (R)-1,1’-bi-2-naphthol {(R)-BINOL} as chiral
esters, and studied the preferred structures of L-Leu-based
pentapeptides with (R)- or (S)- o-trifluoromethylalanine
(aCF3Ala).B

Results and Discussion

Methyl 2-(benzyloxycarbonylimino)- and 2-(t-
butoxycarbonylimino)-3,3,3-trifluoropyruvates 3 were prepared
from methyl 3,3,3-trifluoropyruvate 1 via addition of Cbz- or Boc-
primary carbamate and subsequent dehydration, according to
Burger's methods (Scheme 1).1 Reaction of imines 3 with
Grignard reagents at -78 °C afforded Boc- and Cbz-protected
o CF3dAA methyl esters 4-8, as shown in Table 1. The Grignard
addition reactions of Cbz-protected 3 gave Cbz-protected
o CF3dAA methyl esters, such as Cbz-aCF3;Ala-OMe 4, Cbz-
oCF3Val-OMe 6, and Cbz-aCFsLeu-OMe 7 in 72-93% isolated
yields (entries 1-5). The reactions of Boc-protected 3 also
produced Boc-protected aCF3;dAA methyl esters Boc-4-8 in good
yields, except for Boc-aCF3;Val-OMe 6 (entries 6-10). In the
reaction of 'PrMgCl, the steric hindrance between Boc and Pr
groups may decrease the isolated yield of Boc-6 to 58%.
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Scheme 1. Synthesis of Cbz- and Boc-protected imines 3.

Table 1. The 1,2-addition reactions of Grignard reagents to imines 3.

N RMgX F.C R
F3CJ\C02Me Tzob Pg-HN™ "CO.Me
Cbz-3 -78to0°C Cbz-4-8
Boo.3 Boc-4-8
Entry Pg R X Products: Yield (%)
1 Cbz Me Br Cbz-4: 93
2 Cbz Et Cl Cbz-5: 79
3 Cbz Pr Cl Cbz-6: 80
4 Cbz Bu Br Cbz-7: 72
5 Cbz PhCH: Cl Cbz-8: 78
6 Boc Me Br Boc-4: 87
7 Boc Et Cl Boc-5: 85
8 Boc Pr Cl Boc-6: 58
9 Boc Bu Br Boc-7: 84
10 Boc PhCH. Cl Boc-8: 82
The optical resolutions of racemic oCF;dAAs were

performed via (R)-BINOL ester derivatives, and separation of their
diastereo-isomers by chromatography.®l After alkaline hydrolysis
of methyl esters in 4-8, the resulting carboxylic acids 9-13 were
converted into (R)-BINOL esters using 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (EDCI) and
N,N-dimethyl-4-aminopyridine (DMAP) (Scheme 2). Although the
diastereo-isomers of Boc-aCF3dAA (R)-BINOL esters could not
be separated by chromatography, fortunately, the diastereo-
isomers of five Cbz-aCF3dAA (R)-BINOL esters 14-18 could be
separated by column chromatography on silica gel or preparative
TLC.
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Scheme 2. Synthesis of (R)-BINOL esters of Cbz-CF3sdAAs. Compounds 4, 9,
and 14: R = Me; 5, 10, and 15: R = Et; 6,11, and 16: R=Pr; 7,12, and 17: R =
Bu; 8, 13, and 18: R = PhCH>.

The separated (S)- and (R)-Cbz-oCF3;dAA (R)-BINOL
esters were hydrolyzed under alkaline conditions into (S)- and
(R)-Cbz-0CF3;dAA acids, respectively. The Cbz-protecting group
in Cbz-9-13 was removed by hydrogenolysis using H»/10% Pd-C,
and o.CF3;dAA-HCI salt was obtained by treatment with methanolic
HCI. Comparing these specific rotation signs with the reported
values, the absolute configurations were determined.®! Figure 1
shows structures of optically active (S)-aCF3dAAs. The (R)-
BINOL esters of (S)-aCF3;dAAs were less polar than those of (R)-

ones, except for the (R)-BINOL ester of (S)-o-
trifluoromethylleucine (oCFzLeu), which was more polar.
Me Me Me._Me Ph
FsC M
COM HNTCOM HNTCOH pn~Scon HNT COH
aCF3Ala aCFzhAla aCF3Val aCFLeu aCF;Phe
(519 (510 (S-M (512 (913

Figure 1. Structures of synthesized chiral aCF3dAAs.

L-Leu-based peptide sequence could provide useful
information regarding the effect of CF; moiety by comparing with
Aib-containing L-Leu peptides, which were previously
synthesized.! L-Leu-based pentapeptides 20 with (R)- or (S)-
oCF3Ala were prepared by the solution-phase method, as follows:
The Cbz-{(R)-a.CF3Ala} 9 was coupled with a dipeptide amine H-
(L-Leu-L-Leu)-OMe using EDCI and 1-hydroxybenzotriazole
(HOBt) in CH.CI; to give the tripeptide 19a in 94% isolated yield.
Deprotection of the Cbz-protecting group in 19a by H2/10% Pd-C
and subsequent coupling with Cbz-(L-Leu-L-Leu)-OH using
isobutyl chloroformate (IBCF) and N-methylmorpholine (NMM)
gave the pentapeptide 20a with (R)-o.CF3Ala in 46% isolated yield
(Scheme 3). The pentapeptide 20b with (S)-aCFs;Ala was
similarly prepared.
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Scheme 3. Synthesis of L-Leu-based pentapeptide 20a with (R)-o.CF3Ala.

The preferred conformations of L-Leu-based peptides 20a
and 20b were studied in solution and in the crystalline state. The
nuclear Overhauser effect spectroscopy (NOESY) NMR spectrum
of 20a in CDCl; solution only showed the dnn correlations between
N(i)-H and N(i+1)-H (i = 1,2), together with the d,ins correlation.
On the other hand, that of 20b showed the complete series of
sequential dyn correlations between N(i)-H and N(i+1)-H (i = 1~4),
accompanied by the dgins correlation.  These correlations
suggested the helical structure of 20b with (S)-aCFsAla (Figure
2).
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Figure 2. The NOESY NMR spectra of 20a (a) and 20b (b).
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Figure 3. The FT-IR absorption spectra of peptides 20a (blue) and 20b (orange)
in CDCl; (Peptide concentration: 5 mM).

The Fourier transform infrared (FT-IR) absorption spectra in
the N-H stretching region of peptides 20a and 20b both showed
weak bands in the 3440-3420 cm™"' region, which corresponded
to hydrogen bond-free, solvated N-H groups. Furthermore, they
showed strong bands in the 3350-3330 cm™' region, which are
assigned as hydrogen bonded N-H groups. These FT-IR
absorption spectra are similar to those of helical peptides (Figure
3).[10]

The circular dichroism (CD) spectra of 20a and 20b were
measured in 2,2,2-trifluoroethanol solution. However, the CD
spectra did not give any characteristic maxima for secondary
structures because the length of peptides may be too short to
analyze the preferred conformation by CD spectra.l']

Recrystallizations of peptides 20a from MeOH/H,O, and
20b from CHCIs/n-hexane gave crystals suitable for X-ray
crystallographic analysis. Figure 4 shows superimposed
structures of peptides 20a with (R)-aCF3Ala and 20b with (S)-
oCF3Ala.

The structure of 20a with (R)-aCFsAla was solved in a
monoclinic P2; space group to show a right-handed 3+¢-helical
structure in the asymmetric unit. The average ¢and y torsion
angles of residues 1-4 were —63.9° and —28.5°, respectively,
which agree with those of an ideal right-handed 31¢-helix (-60°; -
30°),I'4 although those of residue 5 were different, —128.0° and —
116.4°, respectively. The intramolecular hydrogen bonds of
N(i+3)-H---O=C(i) (i = 0~2) type (310-helix) and N(5)-H::-:O=C(1)
type (o-helix) were observed. =~ Thus, N(5)-H was bound by
bifurcated hydrogen bonds to O(1)=C(1) and O(2)=C(2).

In the orthorhombic P2,2,2; space group of peptide 20b, a
right-handed 31¢-helical structure existed together with two
chloroform molecules. The average ¢and w torsion angles of
residues 1-3 were —50.9° and —33.6°, respectively, which are
those of a right-handed helix. However, those of residue 4 (—
105.5° and +6.4°), respectively and residue 5 (—112.7° and —
82.5°), respectively were distorted. In the crystal, the
intramolecular hydrogen bonds of N(i+3)-H---O=C(i) (i = 0~2) type
(310-helix) were formed.
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Figure 4. Superimposed structures of peptides 20a (blue) and 20b (orange).
(a) side view; (b) top view.

The conformational analysis of L-Leu-based peptides 20a
and 20b revealed that both peptides on the whole formed right-
handed (P) 31¢-helical structures. These results may be attributed
to the property of aCF3Ala is to form a helical structure, like Aib,
and the property of L-Leu is to form right-handedness. Especially,
the 34o-helical conformations at the amino acid residues (1-3)
well-matched; however, the conformations at the C-terminal
residues (4 and 5) of 20a and 20b were different. '3 The structure
of chiral CICH,CO-(aCFsAla) based on X-ray crystallographic
analysis has already been reported.' However, here we
demonstrated for the first time the structural differences of L-Leu-
based peptides incorporating (R)- or (S)-aCFs;Ala by X-ray
crystallographic analysis.  The hydrophobicity and electro-
negativity of the CF3 group in (R)- and (S)-o.CFsAla residues (3)
differently affected the C-terminal and penultimate residues (4
and 5) in 20a and 20b, and their structures may be different,
although the effects of crystal packing and recrystallizing solvents
cannot be excluded.

Conclusions

We synthesized varying optically active aCFzdAAs by optical
resolution using (R)-BINOL esters, and incorporated (R)- and (S)-
0 CF3Ala into the L-Leu-based peptides Cbz-[L-Leu-L-Leu-{(R)- or
(S)-aCF3Ala}-L-Leu-L-Leu]-OMe. X-ray crystallographic analysis
revealed that the pentapeptides with (R)- or (S)-a.CF3Ala both
formed similar right-handed 34¢-helical conformations, but with
different structures at the C-terminal and penultimate residues (4
and 5) in the crystalline state. The CF3 substituent has a
hydrophobic property and an electron-withdrawing effect, and is
often shown in drug structures. Thus, the aCF3dAAs and their
conformational property of peptides may be invaluable to design
peptide-based drug candidates.[' Further studies on peptides
possessing other o.CF3dAAs are in progress.

Deposition Numbers CCDC 2016233 (for 20a), and 2016232 (for
20b) contain the supplementary crystallographic data for this
paper. These data are provided free of charge by the joint
Cambridge Crystallographic Data Centre and



Fachinformationszentrum Karlsruhe Access Structures service
www.ccdc.cam.ac.uk/structures.

Supporting Information Summary

Supporting information includes the experimental section, X-ray
crystallographic data, CD spectra, calculation, and the
spectroscopic data of compounds.
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