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Abstract

Direct chiral separation dil-aminoethylamino acids has been performed for the first time by gas chromato-
graphic (GC) analysis with a Chirasil-Val column, after derivatisation with trifluoroacetic anhydride in dichloro-
methane, which led to the corresponding piperazin-2-one derivatives, as identified by NMR and GC/MS analysis.
The method was used for the analysis of the enantiomeric excess of chiral peptide nucleic acid (PNA) monomers
and oligomers after hydrolysis with 6N HCI. © 1999 Elsevier Science Ltd. All rights reserved.

Peptide nucleic acids are oligonucleotide mimics in which the sugar—phosphate backbone has been
replaced by a pseudopeptide chaiNséminoethylglycine monomers (Fig. 1, R=H). PNAs were shown
to bind to complementary DNA or RNA sequences with high affinity and specificitpn account
of these properties, they are widely used in molecular biology and biotechnology, as tools in genetic
diagnostics, for specific regulation of gene expression, and are currently being investigated as potential
antiviral and anticancer drugsChiral PNAs derived fronN-aminoethylamino acidsare particularly
interesting because they induce a preferred handedness in the oli§amersnay introduce other
functionalities into the PNA backbone, by means of the amino acid side chain.

However, the solid phase peptide synthesis (SPPS) procedures used to date (Boc-protection and
coupling with HBTU in the presence of dicyclohexylethylamfha)ay not be adequate for the synthesis
of chiral PNAs since the monomers, beihNgacylated amino acids, can undergo racemisation during
coupling, as shown for some PNA analogtieBhe N-aminoethylamino acids (Ae-AAL, Fig. 1) used
as synthons for the PNA monomers are reduced dipeptides (pseudopeptides) of the Gly-r-AA type.
Pseudopeptides have been used as antiviral (e.g. anti-HIV) drugs, as potential synthetic vaccines, or
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Figure 1. General formula and derivatisation of PNA oligomersidraminoethylamino acids Ae-AAa—-e

as components of peptide librarfesiowever, the enantiomeric separationNseminoethylamino acids
by direct methods has not been reported in the literature.

In recent years, we have developed chromatographic methods (HdOGCO) for the separation
of D- andL-amino acids, and have applied them to the determinatiob-afmino acids in foods and
biological sampled!-12 N-Aminoethylamino acid enantiomers could not be separated by these or other
conventional methods, due to the interference of the additional aminoethyl group in the recognition
mechanism.

However, during the standard derivatisation conditions used in GC for the separation of amino
acid enantiomers by treatment with trifluoroacetic anhydride in dichloromethane (60°C, N- h),
aminoethylphenylalaningawas found to undergo cyclisation to yield the trifluoroacetylated 3-benzyl-4-
trifluoroacetylpiperazin-2-on2a (Fig. 1). Enantiomers d?a could be separated by gas chromatography
using a Chirasil-Val (Chrompack, NL) column, with MS detection.

Each enantiomer dfawas isolated by flash chromatography and fully charactefiSBue enantiome-
ric separation oRa by GC was very good, as shown in Fig. 2a. Neither enantiomer showed any trace of
racemisation above the detection limit (0.3% in scan mode), indicating that the derivatisation procedure
does not affect the enantiomeric composition of the analytes.
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Figure 2. Enantiomeric analysis of: (a)L-Ae-Phe; (b) T.iys; (C) To-ys; (d) PNA GTAGAT,.,sCACT. Conditions: column
Chirasil-Val 25 m, i.d. 0.25 mm, carrier: He 1.1 mL/min, temperature programme: (a) 150°C (3 min), 150-180°C 4°C/min,
180°C final isotherm, detector: MS scan mode (40-500 a.m.u.); (b); (c); (d): 60°C (3 min), 60—190°C 20°C/min, 190°C final
isotherm, detector: MS SIM mode(z=196)

t Compounda (both enantiomers) was fully characterised by IR, NMR and MS analysis.
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Table 1
Retention times and enantioselectivity factars=(', /t',) observed for the separation of piperazine-2-
one derivatives obtained froh-aminoethylamino acids (Ae-AA) by GC under isothermal conditions

Ae-AA t (°C) t'p (min) t'(min) o

Ae-Ala (1b) 140 2.45 2.90 1.184
Ae-Val (1c) 170 6.65 7.51 1.129
Ae-Leu (1d) 170 9.64 10.75 1.115
Ae-Phe (1) 170 42.38 51.16 1.207
Ae-Lys (1e) 190 71.28 79.95 1.122

Conditions: Chromatograph HP5890; column: Chirasil-Val (Chrompack, 25 m, i.d. = 0.25 mm, film
thickness= 0.12 um); carrier: He, flow rate = 1.1 mL/min.

Enantiomeric separation of othé&-aminoethylamino aciddéb—e (obtained fromN-Boc-protected
aminoethylamino acid benzyl esters by acid hydrolysis) was performed using the same derivatisation
procedure’. The enantioselectivity factors=t’ /t', are reported in Table 1.

Very good separations were obtained for Ae-Ala Ae-Val 1c, Ae-Leuld and Ae-Phela, although
at higher temperatures than those commonly used for the separation of amino acid enantiomers. The
separation of the piperazine-2-one derivative obtained from Aeteysquired even higher temperatures
(190°C), and showed considerable peak broadening.

In order to verify if this method can be applied to detect racemisation in PNA monomers, we analysed
N-(Boc-aminoethyl)N-thyminylethanoylt-leucine (Boc-T.Ley-OH), which was synthesised according
to the literature methodl. The monomer was first hydrolysed with 6N HCI and then treated with
trifluoroacetic anhydride as described above and was found to contain 7% (s.d.=1%) of the undesired
p-enantiomef The present method proved to be useful for detecting enantiomeric contamination in a
Boc-Tp.Leu-OH monomer, which was found to contain 44.1% (s.d.=0.5%) of teeantiomer!

The same procedure was used for evaluating the enantiomeric purity of Boc-protected thymine
containing monomers derived from- or L-N%-aminoethyIN®-(2-chloroZ)Lys (Tp.Lys and Ti.iys,

Fig. 2c and b), which turned out to contain low percentages of the other enantiomer (4.4%for T
and 2.4% for T..ys, S.d.=0.5%). Thus, racemisation takes place during the preparation of the monomers,
the relative percentage depending on the amino acid side chain.

Moreover, racemisation also occurs during the solid-phase synthesis of oligomers, as shown by a PNA
decamer (GTAGAT.ysCACT) containing only one chiral monomer synthesised fioigsine by solid
phase peptide synthesis (Fig. 2d) which showed a higher degree of racemisation (14038¢-bfs,
s.d.=1.4%%

In conclusion, it is worth noting that the SPPS protocols used for PN&sich are generally satis-
factory for amino acids, do not prevent racemisation when using chiral PNA monomers. Thus, protocols
for the solid-phase synthesis of chiral PNAs need to be optimised. Only by using enantiomerically pure
PNAs will it be possible to clarify the role of chirality in the molecular recognition of nucleic acids.
The enantiomeric separation of monomers containing other amino acids and other nucleic bases is in
progress.

¥ Typical sample size for the analysis was 0.3-3 mg. Hydrolysis was performed with 6N HCI as described. Products were
identified by their mass spectra.

§ Hydrolysis with DCI in D,O, performed under the same conditions (100°C for 6 h) indicated that only 0.7% mfitoener

was due to racemisation during hydrolysis.

1 The same percentage of racemisation was found in the original sampieei used for the synthesis of the monomer.
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