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Abstract

In this short communication preliminary results aeported on the separation of
enantiomers of underivatized amino acids on polysacde-based chiral columns in
sub/super-critical fluid chromatography (SFC).

Racemic mixtures of 14 amino acids were used ttuat@the chiral recognition ability
of 8 different polysaccharide-based chiral columith coated or covalently immobilized
chiral selectors. Among the studied columns, thee drased on cellulose (3,5-
dichlorophenylcarbamate) exhibited the most unidershiral recognition ability
providing baseline resolution for the enantiomerd @ studied amino acids. In addition,
the effect of mobile phase composition (in paracubf the amount of additive used), as
well as the potential contribution of evaporatiight scattering detector (ELSD) to extra

column band-broadening was evaluated.

Keywords:
Separation of enantiomers; Polysaccharide-basedl ctationary phases; Native amino-

acids; Mobile phase composition; Extra column barakdening.
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1. Introduction

Although polysaccharide derivatives represent ttoeng of most universal chiral
selectors for liquid phase separation of enantisnjg+3], there are certain groups of
chiral analytes towards which these chiral selsctbave been reported to exhibit
inadequate chiral recognition ability. Small normaatic carboxylic acids and most native
amino acids belong to this category of chiral commuts. Therefore, these analytes are
commonly converted into various derivatives priorseparation of their enantiomers on
polysaccharide-based chiral columns [4-10]. Althodgrivatization of analytes provides
certain advantages from the viewpoint of separafioproved peak shape, additional
intermolecular interactions) and detection, it diss disadvantages such as an additional
synthetic step prior to separation, possibilityrafomplete derivatization, interference of
residual derivatizing reagent in the separatiorc@ss, additional costs, etc. In addition, if
the analyte is required in its intact but enantiooadly pure form after the separation,
recovering the analyte from its derivative usethm separation process in its initial form
will also require an additional step which may hedened by additional shortcomings.
Since many amino acids do not possess strong Udhubphores in their structures, in
earlier studies their derivatization was performéxbth, for improving their
enantiorecognition and also for improving their edghbility with UV/VIS or
fluorescence detectors. However, with the succesggfiection of native amino acids by
alternative techniques such as mass spectromet®y, (Mdfractive index (RI), evaporative
light scattering (ELS), corona charged aerosol (@&)ectors or based on label-free

fluorescent detection, the derivatization of amiacids with the sole purpose of
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improving their detectability becomes unnecessainus, in some cases the separation of
native amino acids may offer certain advantages theeseparation of their derivatives.

Several efficient chiral selectors are availabletf@ separation of enantiomers of
native amino acids. Actually, the history of enasélective high-performance liquid
chromatography (HPLC) started by the successfuarsgipn of enantiomers of native
amino acids reported by Davankov and Rogozhin in11@1]. Today, the most useful
chiral selectors for the separation of enantionaes cation- and anion-exchangers, as
well as zwitterionic chiral selectors developed lbypdner and co-workers [12-14],
macrocyclic antiobiotic- and cyclofructane-basedarials proposed by Armstrong and
co-workers [15-17], crown ether-based [18] and father chiral stationary phases [19,
20]. In early 2000s Ye and co-authors have pubtighe article reporting a separation of
underivatized amino acid enantiomers on polysaat&drased chiral column, Chiralpak
AD in HPLC [21]. Later, Stringham reported sepamatof enantiomers of underivatized
proline and 4 aromatic amino acids, baclofen, 2aplgtycine, phenylalanine and
tyrosine on the same chiral column in supercrititaild chromatography (SFC) [22].
Separation of enantiomers of underivatized amindsaander SFC conditions on few
polysaccharide-based chiral columns was also regant the conference presentation by
Yan and Riley [23].

In this manuscript our results are reported onetreduation of several coated and
covalently immobilized polysaccharide-based chisalectors for the separation of
enantiomers of 14 native amino acids, namely vahievaline, threonine, phenylalanine,

leucine, isoleucine, norleucine, lysine, alaningstitine, serine, carnitine, oxoproline
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(pyroglutamic acid) and aspartic acid (Fig. layud/supercritical fluid chromatography

(SFC).

2. Experimental part
2.1 Materials

All studied amino acids, trimethylamine and n-batyine were purchased from
Sigma-Aldrich (Steinheim, Germany) and Acros Orgarillkirch, France) respectively.
HPLC grade methanol (MeOH) and ethanol (EtOH) weamnechased from Carlo-Erba
Reagents (Val-de-Reuil, France). Carbon dioxide JC@th purity of 99.995% was
purchased from Linde (Saint Priest, France). Clwoddmns, such as Chiralpak AS based
on amylose tris®)-a-phenylethylcarbamate) as chiral selector, Chitalo®-H and
Chiralpak 1B based on cellulose tris(3,5-dimethg@pylcarbamate) as chiral selector,
Chiralpak AD-H and Chiralpak IA based on amyloss(®;5-dimethylphenylcarbamate)
as chiral selector were purchased from Chiral Teldgies Europe (lllkirch, France).
Lux Cellulose-2 based on cellulose tris(3-chloroydthylphenylcarbamate) as chiral
selector, Lux Amylose-2 based on amylose tris(®@hR-methylphenylcarbamate) as
chiral selector and Lux i-Cellulose-5 based onutedle (3,5-dichlorophenylcarbamate) as
chiral selector were provided by Phenomenex (LegPEcance). The structures of all
chiral selectors part of the studied columns amwshin Fig. 1b. All columns were 4.6 x

250 mm in size and packed with 5 micrometer paticl

2.2 Sample solutions
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Screening solutions of racemic amino acids werepged at 3 mg/mL
concentration in methanolf® 50/50 (v/v) mixture, except for aspartic acid efhiwas
prepared in 1 mg/mL concentration. The solutionsewdegassed by an ultrasonic bath

and filtered through a 0.45m PTFE syringe-filter (15 mm diameter) prior toussed.

2.3 Supercritical fluid chromatography apparatus

The SFC system used was an SFC-PICLAB hybrid l1(apparatus (PIC
Solution, Avignon, France). The pump head usedtonping the CQwas cooled to —
8° C by a cryostat (model Minichiller, Huber, Offemg, Germany). The injection valve
was provided with a 19.6 pL sample loop. The sysaéso included a Smartline 2600
diode array detector (DAD) (Knauer, Berlin, Germariyetection wavelength was set at
210 nm. A Sedex 85 evaporative light scatteringectet (ELSD) (Sedere, Alfortville,
France), was connected in-line with the DAD andhtrigefore the backpressure regulator
using a 0.064 mm ID x 160 cm long peek tubing. pressure of the nebulizer gas;(N
was set at 3.7 bar. After optimization, the dnifbé temperature was equal to 60° C and
the gain was set at 8. The system was controlled,tiae data acquired and processed
with the SFC PicLab Analytic Online v.3.1.2 and |@# v.3.2.0 software (PIC Solution),
respectively. During the separation optimizationge tmobile phase composition was
varied between 20- 40 % methanol or ethanol as feeglin CQ. The used flow rate
was 3 mL/min if not indicated otherwise. All anadgswere run in isocratic mode. The
column oven temperature was 40°C and the outlsspre was maintained at 15 MPa for

all experiments. The dead time was marked as thedisturbance of the baseline after
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injection, caused by the solvent peak. Retentiomesi were average values of two

replicate measurements.

3. Results and Discussion
3.1 Screening of polysaccharide-based chiral columns tlee separation of
enantiomers of underivatized amino acids

SFC is well established technique for separatioer@ntiomers [24-27]. Due to
lower viscosity of and fast analyte diffusion inpsucritical fluids this technique offers
the possibility of operating at higher flow ratdasf separations) as well as generating
higher plate numbers compared to HPLC. In additionpreparative scale separations
removal of the mobile phase is easier and les$yocominpared to other separation modes.
This technigue has been explored for the separafigerivatized amino acids also with
polysaccharide-based chiral columns [9, 10]. Howeteethe best of our knowledge only
one journal publication describes the separatiof ahderivatized amino acids, among
which 4 are aromatic, with polysaccharide-basedtatkbblumns in SFC [22].

All analytes were injected on the eight columnshwaither 40% methanol or
ethanol as co-solvent. The separation was perforrmed40°C. The results on
enantioseparation of the 14 amino acids on 8 potysaide-based chiral columns with
coated or covalently immobilized chiral selectofowed that some of the studied
columns did not provide separation of any pair nargiomers under this study. In
particular, coated-type columns such as Chirald®] Ohiralpak AD and Chiralpak AS
belong to this category. In addition, no separatbrenantiomers was observed on the

covalently immobilized version of Chiralcel OD a@diralpak AD columns, Chiralpak
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IB and Chiralpak IA, respectively. Lux Cellulosetfaving a chlorinated chiral selector
provided baseline separation for the enantiomeghefylalanine, valine, isoleucine and
partial resolution of enantiomers of leucine (Datd shown). Lux Amylose-2 provided
partial resolution of enantiomers of phenylalaniData not shown). The best enantiomer
resolving ability among studied chiral columns wasvided with Lux i-Cellulose-5
based on cellulose-(3,5-dichlorophenylcarbamatehasl selector in immobilized form
(Table 1). Some typical examples are shown in EigThe high enantiomer resolving
ability of cellulose tris(3,5-dichlorophenylcarbai®gahas been known for many years
[28-32] and has been observed also for rather Ipydlio non-aromatic compounds, such
as chiral metal complexes [31, 32]. Considering #xperience, the results observed in

the present study for non-aromatic amino acidsatseem surprising.

3.2  Effect of mobile phase optimization

3.2.1 Type of co-solvent

The mobile phase was Ghodifier mixtures; firstly 40% of either methanot
ethanol were tested. As it can be seen from Figf@the enantiomers of norvaline and

leucine, ethanol was preferable modifier. Thusaeth has been used in further studies.

3.2.2 Use of mobile phase additive

In liquid-phase separations of enantiomers wittygmtcharide-based chiral columns
commonly basic additives are used for the separatal basic compounds and acidic
additives for acids. The mixture of a basic andheidic additive has also been used [33-

35]. In SFC, due to the acidic nature of carborxidi® [36] especially in the presence of
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alcohols [37], for the acidic solutes the additafran acidic additive in the mobile phase
is not as common as in HPLC. Triethylamine (TEA}he amount 0.3% (v/v) was used

as the mobile phase additive in initial experimeAs shown in Fig. S2a the additive

enabled good baseline separation of enantiomensonfaline, but broad peaks were
observed. Similar results were obtained for enamtis of valine. For enantiomers of

leucine only partial separation was observed. Furddjustment of the ethanol content
and increasing the concentration of TEA in the reolphase following the recently

published work by Speybrouck al. [38] enabled to improve peak shapes and resalutio
further (Figs. S2b-f). Thus, except for phenylateniand histidine, for which 0.3% of

TEA additive was used, 3% TEA allowed a good compse between peak shape,
analysis time and peak resolution and was therefoosen.

In order of further improving peak shapes, EtOHexaixtures in different ratios
was applied as mobile phase component. The useatdérvin the mobile phase can
suppress peak tailing by counteracting the limgelibility of amino acids in C&based
mobile phases. The use of 2 or 5% water in MeOHh whiral polysaccharide-based
stationary phases has been reported earlier [3f]s,Ta mobile phase of 20% (2%CH
and 3% TEA in EtOH)/C@was tested but did not improve resolution sigatiitty.

Lastly, whenever analysis times were too long fline-rate was increased from 3
mL/min to 4 mL/min for isoleucine, phenylalaninedacarnitine and to 6 mL/min in case

of histidine. The best results obtained for theaemnno-acids are summarized in Table 1.

3.3  Evaluation of the potential contribution of HLSto extra-column band-

broadening
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ELSD is a useful universal detector for non-aromatinino acids having week
UV-absorbance. However, this detector may geneaaditional extra-column band-
broadening. In order to study this phenomenon, seearation of phenylalanine
enantiomers on Lux i-Cellulose-5 was monitored vadguentially connected UV-VIS
and ELS detectors in a rather wide flow-rate raffgem 2 to 8 mL/min). Selected
chromatograms are shown in Fig. 3 for medium amth fiow-rates. As it can be seen
from these overlayed chromatograms, ELSD does owoftribute significantly to extra-

column band-broadening, at least not in this paldiccase.

4. Conclusions

As this study illustrates polysaccharide-basedatttiolumns may successfully be
used for the separation of enantiomers of undere@tnonaromatic amino acids in SFC.
As expected, the nature of the chiral selector #wedcomposition of the mobile-phase
play key roles for differentiation of enantiomefgmong studied chiral columns Lux i-
Cellulose-5 having cellulose-(3,5-dichlorophenyt@mnate) as the chiral selector
exhibited most wide enantiomer-resolving abilitwéwds studied amino acids. ELSD did

not cause any significant extra-column band-broemxen
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Legendsto thefigures:

Fig. 1 Structure of (a) studied amino acids and (b) cltsedéctors part of studied chiral
columns.

Fig. 2 Separation of enantiomers of (a) valine, (b) niimea (c) isoleucine and (d)
norleucine on Lux i-Cellulose-5. Separation comdis were as shown in Table 1.

Fig. 3 Chromatograms of phenylalanine enantiomers withfline rates of the mobile
phase (a) 8 mL/min and (b) 4 mL/min when detectéd WAD and ELSD. Other

separation conditions were as shown in Table 1.

Supplementary Figures:

FigureS1  Chromatograms of Leucine and Norvaline with eithi&OH or EtOH as
co-solvent in 60% Cg 3 mL/min, 40°C; 15 MPa back pressurejsh 60°C; gain
=8.

FigureS2  Separation of enantiomers of norvaline on Lux ikdete-5, with 20%
EtOH and a) 0.3 %; b) 1.0% ; c) 2.0%; d) 3.0% 5&% and f) 10% of TEA

additive, at 4 mL/min, 40°C, 15 MPagEp 60°C, gain 8.
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Table 1. Chromatographic parameters of the separatiom@érivatized amino acids under optimized conditiopSFC with ELS detection on

Lux i-Celllulose-5.

Amino acid Conditions tr ;(min) | tr,(min) ky ka o Rs

Leucine 20% EtOH+TEA 3%, 11.44 16.05 6.15 9.00 1.49 1.63
3mL/minf)

Isoleucine 20% EtOH+TEA 3%, 10.51 15.43 5.57 8.64 1.55 1.61
4mL/min
20% EtOH+TEA 3%,

Norleucine 3mL/min 12.23 19.98 7.09 12.23 1.72 2.17

Phenylalanine 20% EtOH+TEA 0.3%, 14.62 20.46 11.72 16.79 1.43 1.59
4mL/min

Alanine 20% EtOH+TEA 3%, 16.08 23.76 10.08 15.38 1.50 1.53
3mL/min

Valine 20% EtOH+TEA 3%, 10.55 16.90 5.65 9.65 1.71 2.24
3mL/min

Norvaline 20% EtOH+TEA 3%, 12.90 19.59 6.77 10.80 1.60 1.83
3mL/min

Serine 20% EtOH+TEA 3%, 13.12 15.25 6.41 7.62 1.19 1.51
3mL/min

Carnitine 40% EtOH+TEA 3%, 11.12 16.21 10.34 15.54 1.50 1.95
4mL/min
30% EtOH+TEA 0.3%,

Histidine 6mL/min 14.37 21.47 16.96 26.17 1.25 1.99

a) Other experimental conditions were: The oven teatpee 40°C, pressure 150 bag; do= 60°C; gain = 8.





