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Abstract

A teicoplanin-based chiral stationary phase (CSP) was tested for enantioseparation of underivatized amino acids and their
N-tert.-butyloxycarbonyl (t-Boc) derivatives, important precursors in peptide synthesis. Mobile phase composition was
optimized for organic modifier and triethylamine acetate buffer (TEAA) contents, and retention and enantioresolution of
t-Boc-amino acids and their non-blocked analogues were compared. The importance of the amino group of amino acids in
the interaction mechanism was evaluated. Native amino acids have better possibility for interaction with teicoplanin; they are
more retained on the CSP and better enantioresolved than the blocked amino acids. Presence of triethylamine in the agueous
portion of the mobile phase was shown to be important for separation of enantiomers of t-Boc-amino acids; while native
amino acids were almost not affected by the addition of TEAA. Results obtained for blocked amino acid on teicoplanin CSP
with mobile phase composed of 1% triethylamine acetate, pH 4.1 and organic modifier were compared to those got on
hydroxypropyl-B-cyclodextrin CSP. Good enantioseparation in a reasonable analysis time was obtained on the teicoplanin-
based chiral stationary phase. [ 1999 Elsevier Science BV. All rights reserved.
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1. Introduction but their basic enantiomeric purity is essentia for the

quality of final products. Therefore, a fast and a

Diverse properties and vital functions of enantio-
mers of amino acids (AAs) make their separation
important in various fields of science and technolo-
ay.
Blocked amino acids, among them mostly N-tert.-
butyloxycarbonyl (t-Boc) derivatives, are important
precursors in peptide synthesis [1]. They are resistant
to racemization during synthesis of the peptide chain

*Corresponding author.

powerful method to determine the enantiomeric
purity of the precursors, as well as a semipreparative
or preparative procedures to obtain highly purified
substances are required.

Various chiral stationary phases (CSPs) were
successfully used for enantioseparation of non-
blocked amino acids but also for amino acids with
differently blocked functional groups. Underivatized
amino acids were enantioresolved in HPLC by
ligand-exchange chromatography [2,3], on cyclodex-
trin (CD)-based CSP [4], on CSP with crown ethers

0021-9673/99/$ — see front matter O 1999 Elsevier Science BV. All rights reserved.

Pll: S0021-9673(99)00089-8



122 E. Tesafova et al. / J. Chromatogr. A 838 (1999) 121-129

as chiral selectors (CSs) [5] or on teicoplanin-based
chira stationary phase [6—8]. Other CSs (bonded to
silica support) with less general applications (e.g.
chymotrypsin, naproxen, ergot akaloids) were also
proved to be suitable for enantioseparation of native
or derivatized amino acids [9].

Electromigration methods with chiral selectors
added to the background electrolyte as well as
micellar chira systems or electrochromatography
with CS bonded to the capillary wall are other
powerful methods which can be employed in analy-
sis of enantiomers of amino acids [9]. Similar CSs
which have been successfully employed in HPLC,
e.g. crown ethers [10], amino acid—Cu®" complexes
[11], CDs [12-16] or macrocyclic antibiotics [17,18]
are also utilized for enantioresolution of amino acids
in capillary electrophoresis (HPCE). Moreover, this
technique enables to combine two different CSs
which can be advantageous in some cases [9,19].

Amino acids are often derivatized prior to anaysis
in order to improve their separation and/or to
enhance the limits of detection. Derivatizing of the
amino group of amino acids can change the enantio-
selectivity of separation significantly. Aromatic sub-
stituents can improve the enantioseparation in some
cases while non-aromatic blocking groups yield
worse results or even make the enantioresolution
impossible. Therefore, a separation system for chiral
resolution of t-Boc-amino acids is quite difficult to
find. Amide and urea derivatives bonded on silica gel
were used for enantioseparation of some t-Boc-
amino acids in HPLC [20]. CSP with an anion-
binding CS-based on metalloporphyrin gave another
possibility to separate some of these enantiomers
[21]. t-Boc-phenylalanine was also enantioresolved
with CSs as mobile phase additives [22]. Some
derivatives were enantioseparated on teicoplanin-
based CSP [23]. Hydroxypropyl-B-cyclodextrin CSP
was reported to be probably the only suitable station-
ary phase for enantiomeric separation of the majority
of t-Boc-amino acid derivatives in HPLC [24]. If
hydroxypropyl-B-CD was used as chira selector for
enantioseparation of these blocked amino acids in
HPCE worse resolution was obtained [25].

In this work a comparison of retention behavior
and enantioseparation of some t-Boc-amino acids
and their non-blocked analogues on teicoplanin-
based CSP in HPLC is presented. Enantioselective

interaction mechanism is discussed with a special
emphasis on the influence of the blocking group on
the teicoplanin—analyte interaction.

Enantiomeric resolution of t-Boc-amino acids
utilizing the teicoplanin-based CSP was compared
with results obtained with hydroxypropyl-B-CD
bonded CSP [24].

2. Experimental
2.1. Chemicals

Enantiomers of amino acids and N-t-Boc-amino
acids were obtained from Sigma (St. Louis, MO,
USA). The following set of compounds, both L- and
D-enantiomers, was used: N-t-Boc-tyrosine (N-t-
Boc-Tyr), N-t-Boc-phenylalanine (N-t-Boc-Phe), N-
t-Boc-tryptophan (N-t-Boc-Trp), N-t-Boc-arginine-
fosyl (N-t-Boc-Arg-Fos), N-t-Boc-leucine (N-t-Boc-
Leu), N-t-Boc-alanine (N-t-Boc-Ala), and tyrosine
(Tyr), phenylaanine (Phe), tryptophan (Trp), leucine
(Leu) and alanine (Ald).

Chemicals used for preparation of mobile phases:
Acetonitrile, gradient grade purity, and methanol,
purity for chromatography, were purchased from
Merck (Darmstadt, Germany). Triethylamine, purity
= 99%, was from Sigma and analytical-reagent
grade glacial acetic acid from Lachema (Brno, Czech
Republic). Deionized water was used with these
experiments.

2.2, Method

HPLC equipment (Pye Unicam, Cambridge, UK)
consisted of an LC—XPD pump, LC-UV detector
and an injection valve Model 7125 Rheodyne
(Cotati, CA, USA) with a 10-pl sample loop. Signal
acquisition and data handling were performed with
PC 486 software.

Chirobiotic T (Astec, Whippany, NY, USA), a
commercialy available steel column 250X4.6 mm
I.D. packed with teicoplanin bonded to silica gdl,
particle size 5 wm, was utilized.

Detection wavelength was 255 nm for amino acids
possessing an aromatic group and 214 nm for
aliphatic derivatives. Measurements were carried out
at a temperature of 24°C.
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Mobile phases were composed of either water or
1.0 or 0.1% triethylamine acetate (TEAA) buffer, pH
4.1, with different portions of methanol (MeOH) or
acetonitrile (ACN) as organic modifiers. The buffer
pH was adjusted with acetic acid to the appropriate
value before the addition of an organic modifier.
Buffers were filtered through a 0.45 pm filter and
sonificated before use. Flow-rate of mobile phases
was 0.6 ml/min.

Void volume of the column was determined with
an agueous solution of Kl and was 2.2 ml.

Samples were dissolved in methanol in concen-
trations 1-3 mg/ml.

3. Results and discussion

3.1. HPLC on teicoplanin-based chiral stationary
phase

All measurements were performed on teicoplanin-
based chira stationary phase (see the structure in
Fig. 1) in reversed-phase separation mode. This CSP
proved to be suitable for chiral separation of native
amino acids [6]. The influence of TEAA buffer

concentration and type and content of organic modi-
fier — methanol (MeOH) or acetonitrile (ACN) —
was tested in order to find conditions for enantio-
resolution of t-Boc-amino acids. Retention data of
some t-Boc-amino acids were compared with those
obtained for their non-blocked analogues in order to
reveal the influence of the blocking group on inter-
action with teicoplanin. It was reported that pH has
almost no effect on enantioresolution of some amino
acids on the teicoplanin-based CSP in the recom-
mended pH range (pH=4.0-6.5) but lower pH
seemed to be a little bit more advantageous [6,26].
Therefore, the buffer pH was adjusted to 4.1.

Fig. 2 illustrates the difference of retention be-
havior of t-Boc-phenylalanine and phenylalanine in
pure agueous—methanolic mobile phase. While en-
antiomers of native amino acids are well separated in
this mobile phase — mainly at higher methanol
content — enantiomers of the t-Boc-amino acids are
not resolved. The sterically hindered NH,, group has
reduced possibility for electrostatic interaction with
teicoplanin, thus yielding lower t-Boc-amino acids
retention and worse enantioresolution. This result
shows the importance of the amino group in the
binding mechanism. Only at lower methanol content

Fig. 1. Structure of teicoplanin chiral selector.
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Fig. 2. Comparison of retention behavior of phenylaanine (Phe)
and N-tert.-butyloxycarbonyl-phenylalanine (Boc-Phe) in aque-
ous—methanolic mobile phases with different portions of metha-
nol. Stationary phase, Chirobiotic T; mobile phase, pure water
with methanol. Note: k, and k, are the capacity factors of the L-
and D-enantiomers, respectively.

in the mobile phase the retention of t-Boc-Phe
slightly increases which is accompanied by partial
enantioresolution. Enhanced hydrophobic interac-
tions are responsible for this behavior in the water-
rich mobile phase.

Table 1 summarizes the data of t-Boc-amino acids
(retention factors of the first eluted enantiomer, Kk,
and enantioresolution, R) obtained in mobile phases
composed of 1% agueous TEAA, pH 4.1, and
various amounts of methanol (Table 1a) and acetoni-
trile (Table 1b), respectively. The retention decreases
with increasing methanol content in the measured
range. A similar trend has the enantioresolution up to
60% of methanol. At 80% methanol, resolution of
some enantiomers again increases. An increase of
retention of t-Boc-amino acids in the mobile phase
with acetonitrile was observed at 80% of this organic
modifier. It indicates a change of the interaction
mechanism. Nevertheless, these stronger interactions
seem to be non-enantioselective because they do not
enhance the enantioresolution. Methanol, as the
organic modifier, was proved to be more suitable for
enantioseparation of t-Boc-amino acids. The best
separation of enantiomers of t-Boc-amino acids was
obtained in 20% methanol in 1% aqueous triethyl-
amine acetate buffer; with an exception for t-Boc-
tyrosine that was better enantioresoved in 20%
acetonitrile in this buffer.

Results in Table 2a, b show the effect of buffer to
organic modifier ratios on chromatographic behavior
of some non-blocked amino acids. On the contrary to
t-Boc-amino acids enantioresolution of the non-
blocked amino acids increases with increasing
amount of organic modifier added to the buffer. The
best resolution of enantiomers of native amino acids
in mobile phases containing TEAA was obtained, in
areasonable analysis time, if the ratio of methanol to
1% TEAA was 80:20. This result also indicates that

Table 1
Effect of methanol or acetonitrile contents in the mobile phase (1% agueous TEAA, pH=4.1) on the chromatographic data of Boc-amino
acids®
Boc-aminoacid (3 Methanol (%) (b) Acetonitrile (%)

80 60 40 20 80 60 40 20

k, R k, R k, R k, R k, R k, R k, R k, R
Boc-Tyr 022 09 030 051 062 057 133 086 n 003 000 033 000 066 116
Boc-Phe 021 091 028 08 075 09 171 102 030 000 021 000 042 000 100 065
Boc-Trp 056 227 071 234 193 247 618 261 059 000 023 057 025 08 187 178
Boc-Arg 057 146 073 142 257 176 68 179 062 000 025 031 067 045 164 200
Boc-Leu 021 090 027 000 051 138 106 19 n 024 000 019 000 079 132
Boc-Ala 026 000 030 000 051 245 081 297 n 032 000 041 000 062 138

*Note: k,=Retention factor of L-enantiomer. n=Not measured, solubility problems.
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Table 2
Effect of methanol or acetonitrile contents in the mobile phase (1% aqueous TEAA, pH=4.1) on the chromatographic data of non-blocked
amino acids®
Amino (&) Methanol (%) (b) Acetonitrile (%)
acid

100 80 60 40 20 80 60 40 20

k, R k, R k, R k, R k, R k, R k, R k, R k, R
Tyr 244 295 120 431 079 206 067 125 089 098 343 279 08 110 066 060 053 0.00
Phe 361 594 129 416 093 25 08 177 151 104 28 244 08 154 071 071 035 000
Trp 314 350 150 336 104 229 104 225 132 130 28 300 08 152 070 111 080 094
Leu 154 220 072 19 031 142 062 000 092 000 n 088 209 052 094 027 000
Ala 323 328 147 291 056 202 055 116 105 097 n 087 173 060 08 039 000

*Note: k,=Retention factor of L-enantiomer; n=Not measured, solubility problems.

the presence of TEAA acid is not essential in the
case of non-derivatized amino acids.

The effect of organic modifier content in the
buffer containing mobile phase on enantioseparation
of t-Boc-L-/p-Trp and L/p-Trp can be seenin Fig. 3a
and b. Similar retention of both the blocked and
non-blocked L-/p-tryptophan, and worse enantioreso-
lution of the former were observed in the mobile
phase composed of 1% TEAA and acetonitrile in the
ratio 40:60. If this ratio is shifted to 80:20 (1%
TEAA—acetonitrile) the retention of enantiomers of
Boc-L-/p-Trp increases and their resolution is en-
hanced. Comparison of retention and enantioresolu-
tion of t-Boc-amino acids and their non-blocked
analogues in these mobile phases shows the impor-
tance of TEAA on resolution of enantiomers of
t-Boc-amino acids. As a consequence, lower amount
of organic modifier in the mobile phase is required
for satisfactory enantioresolution of t-Boc deriva
tives.

The influence of the concentration of triethylamine
acetate on retention and enantioseparation of amino
acids was studied in mobile phases in which the
organic modifier to buffer (or water) ratio was kept
constant (Table 3). Blocked amino acids exhibited
much higher retention in mobile phases with TEAA,
while the retention of non-blocked amino acids was
only dightly affected by this factor (their highest
affinity to the CSP was observed in water—metha-
nolic mobile phase). The higher the buffer con-
centration the higher was the retention of t-Boc-
amino acids. Only aweak interaction of t-Boc-amino
acids with the teicoplanin stationary phase was

observed in pure agueous—methanolic mobile phases.
Complete enantioseparation of t-Boc-amino acids
was reached only in the presence of the TEAA
buffer. This result shows on stereoselective character
of interactions which enhance retention in the buf-
fered mobile phase. The effect of triethylamine as an
agent limiting interactions of analytes with free
silanol groups on a C,, stationary phase, known
from RP—HPLC, was not observed in this case; it
would lower the retention. The spatial arrangement
of the bulky chiral selector with saccharide moieties,
which are free to rotate, does not alow the analyte to
reach the silica surface. In addition teicoplanin is
bonded to the carrier by three linkages. Probably
triethylamine forms ion pairs with the amino acids
(or teicoplanin). Such behavior can then support the
hydrophobic interactions which are important in the
retention mechanism of the more hydrophobic
blocked amino acids.

Primary interaction of amino acids with teico-
planin (no matter if amino acids are N-blocked or
not) is between the carboxyl group of an amino acid
and amino group of the CS [6,8,27]. The carboxylic
group of teicoplanin is partly sterically hindered
between two sugar moieties. It is thus less suitable
for interaction with the NH, group of the amino
acid. Simultaneous interaction of NH, group of the
amino acid with the carboxyl of teicoplanin and the
carboxyl group of the amino acid with amino group
of this CS is not possible, as we confirmed by
molecular modelling. As is obvious from the depen-
dencies in Fig. 2 an interaction of the NH, group of
the amino acids with teicoplanin is necessary in
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Abs. [AU]
a
0.32 DiL-Trp
0.16
Boc-DiL-Trp
0.00 ' . . .
2.00 4.00 6.00 8.00 time [min]
Abs. [AU] : b
0.16
D{L-Trp
0.08 |
Boc-D{L-Trp
0.00 |
0.00 3.00 6.00 9.00 12.00 time [min]

Fig. 3. Examples of enantioseparation of tryptophan (L/o-Trp) and N-tert.-butyloxycarbonyl-tryptophan (L/p-Boc-Trp) under two different
mobile phase compositions. Stationary phase, Chirobiotic T; mobile phase (a) acetonitrile-1% triethylamine acetate, pH 4.1, (60:40, v/v),
(b) acetonitrile—1% triethylamine acetate, pH 4.1 (20:80, v/V).

order to get the enantioseparation. Electrostatic inter- phobic and/or sterical. In addition, m— interactions
actions are most likely responsible for the enan- contribute to the chiral recognition of amino acids in
tiorecognition mechanism. If the amino group of an less polar mobile phases (with higher methanol
amino acid is blocked, the required bonding must be content).

substituted by another type of interaction, e.g. hydro- L-Enantiomer was aways eluted first, no matter if



Table 3
Effect of concentration of TEAA in the mobile phase on the chromatographic data of some Boc-amino acids and amino acids®
Amino 40% Methanol 20% Acetonitrile
acid

1.0% TEAA 0.1% TEAA 0.0% TEAA 1.0% TEAA 0.1% TEAA 0.0% TEAA

k, R k, R k, R k, R k, R k, R
Boc-Phe 0.75 0.98 0.45 053 0.09 0.00 1.00 0.65 0.34 0.00 0.10 0.00
Phe 0.85 177 0.95 163 0.99 157 0.35 0.00 0.45 0.00 0.50 0.00
Boc-Trp 193 247 120 0.28 0.08 0.00 187 1.78 123 1.68 0.05 0.00
Trp 104 2.25 1.04 150 112 110 0.80 0.94 110 1.01 115 0.00
Boc-Arg 2.57 176 2.38 113 0.11 0.00 164 2.00 133 1.26 0.38 0.00

*Note: k,=Retention factor of L-enantiomer.
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blocked or free amino acids were enantioseparated.
Neither the mobile phase composition had any
influence on the retention order of these enantiomers.

3.2, Comparison of enantioseparation of N-t-Boc-
amino acids using teicoplanin and hydroxypropyl-
[B-cyclodextrin bonded chiral stationary phases

Table 4 summarizes the enantioseparation data
obtained for blocked amino acids in our measure-
ments on teicoplanin-based CSP and those on
hydroxypropyl-B-cyclodextrin stationary phase -
Cyclobond | RSP, published by other authors [24].
Our experiments gave good enantioseparations at
shorter separation times. Mobile phases yielding the
best separation of enantiomers of N-t-Boc-amino
acids required lower organic modifier content in both
separation systems. On Cyclobond | RSP the possi-
bility for inclusion of an analyte into the CD-cavity
is reduced due to the competition with acetonitrile
present in the mobile phase. The inclusion plays an
important role in the interaction mechanism if CD-
CS is used in a reversed-phase separation mode.
With teicoplanin-based CSP the role of organic
modifier and TEAA, respectively, is different. Lower
methanol and/or acetonitrile contents, and thus
higher amount of TEAA buffer in the mobile phase
enhanced the electrostatic but also hydrophobic

interactions which are responsible for enan-
tiorecognition of N-t-Boc-amino acids.

4, Conclusion

Teicoplanin-based CSP proved to be suitable for
enantioresolution of N-t-Boc-amino acids as well as
non-blocked amino acids but both under different
mobile phase composition. Preliminary results have
shown that teicoplanin used as chiral selector in
capillary electrophoresis is much more efficient for
resolution of enantiomers of non-derivatized amino
acids. These results support the idea that the amino
group of amino acids plays an important role in
stereoselective CS—analyte interaction. The work is
proceeding in HPCE in order to elucidate the com-
plexity of the interaction mechanism in different
buffer solutions.
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Table 4
Comparison of enantioseparation of some Boc-amino acids on teicoplanin-based and hydroxypropyl-B-cyclodextrin-based chiral stationary
phases®
Boc-amino acid Chirobiotic T Cyclobond | RSP [24]
k, R Mobile phase k, R Mobile phase”
Boc-Phe 17 10 20:80° 3.0 27 7:93
Boc-Tyr 0.7 12 20:80° 21 3.0 7:93
Boc-Trp 1.9 25 40:60° 46 1.9 7:93
Boc-Arg 26 18 40:60° - - -
Boc-Ala 0.8 3.0 20:80° 13 18 5:95
Boc-Leu 11 2.0 20:80° 15 4.6 5:95

“Note: Chirobiotic T=teicoplanin bonded CSP; Cyclobond I RSP=hydroxypropyl-B-cyclodextrin-based CSP; k,=Retention factor of

L-enantiomer.
® Mobile phase: methanol—1% agqueous TEAA, pH 4.1.
“Mobile phase: acetonitrile—1% agueous TEAA, pH 4.1.
“ Mobile phase: acetonitrile—1% aqueous TEAA, pH 7.0.
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