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Abstract

In this work, the separation of enantiomersNTFA-O-alkyl amino acids on the 2,3-d)-pentyl-6-O-acyl a-, B- andy-cyclodextrin
stationary phases has been studied. The influence of structure differences in the alkyl substituents bonded to the stereogenic carbon aton
(Ry), as well as in the ester groupPof the selected amino acid derivatives, and the selectivity of modifiel- and-y-cyclodextrin phases
in gas chromatographic separation of derivatized amino acid enantiomers was studied in detail. A mode¢iEeAallkyl esters of four
amino acids was separated on five columns. The separation of enantiomers was evaluated in terms of the interactions of the alkyl substituents
bonded to the stereogenic carbon)Bnd/or the ester group §Rof the N-TFA-O-alkyl amino acid derivatives as well as the nature of the
3-O-acyl group in the 2,6-d@-pentyl-30-acyla-, B- andy-cyclodextrins. It was shown that the variation in the enantiomeric separation with
temperature and the retention order of enantiomers on a given cyclodextrin capillary column depends both on the nature of thegbmhded R
R; alkyl groups. It was found that the temperature dependencies of selectivity factoos) 1T, were mostly non-linear. The thermodynamic
data{A(AS and{A(AH)} which characterize the chiral recognition were used to gain more insight into the mechanistic aspects of enantio
separation of th&l-TFA-O-alkyl amino acid derivatives on 2,6-@-pentyl-3-O-acyl-«-, B- andy-cyclodextrins.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction isopropyl esters of 15 amino acids were analyzed-Qriert
butyldimethylsilyl-2,3-diO-acetyl3- and vy-cyclodextrins
The gas chromatographic separation of biogenic amino and 6O-tert-butydimethylsilyl-2,3-diO-n-butyryl-3- andy-
acid enantiomers has been achieved quite successfully orcyclodextrins[5]. The best separation for methyl esters
several types of chiral stationary phases (CSHsQ] was achieved on the-cyclodextrin CSP with the 2,3-
A uniform retention order for derivatized amino acids di-O-n-butyryl substituents. The best separation for iso-
has been reported within sets of derivatives of the samepropyl esters was obtained onpacyclodextrin CSP with

type[2,3,5] The analysis oN-trifluoroacetylO-methyl (N- the 2,3-diO-acetyl substituents, where the retention order
TFA-O-methyl) derivatives on octakis(@-butyryl-2,6-di- was found to bep beforer with the exception of proline
O-pentyl)+«y-cyclodextrin produces a uniform retention or- [5].

der, where then-enantiomers were eluted prior to the Besides the CGC analyses of amino acids in analytical

enantiomers, except for prolin@]. N-TFA-O-methyl and praxis, the amino acids are often used to study the retention
mechanism in chiral CGC separations as their structures are

* Corresponding author. Tel.: +421 7 59325314; fax: +4217393198.  relatively simple, easy to modify, and their enantiomers are
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It has been found that the retention of amino acid deriva- of the alkyl substituents bonded to the stereogenic carbon
tives depends on the properties of the substituents bound(R;) and/or the ester group glRof theN-TFA-O-alkyl amino
to their amine and carboxylic acid groufi0,11] The re- acid derivatives as well as the Galkyl chain length of
tention behavior ofN-trifluoroacetylO-alkyl esters of se-  2,6-di-O-methyl-3:O-alkyl-B- and y-cyclodextrins[13]. In
lected amino acids with various types of alkyl ester groups the current work, we have studied the gas chromatographic
was studied by capillary gas chromatography with mod- separation of enantiomers NfTFA-O-alkyl amino acid es-
ified cyclodextrin stationary phases. A model set of six ters on fused silica capillary columns coated with five 2,6-
different esters of five amino acids was analyzed on two di-O-pentyl-3-O-acyl (trifluoroacetyl, propionyl and butyryl)
columns coated with permethglcyclodextrin bonded to  derivatives ofx-, B-and~y-cyclodextrins.
polysiloxane elastomer (ChirasilDex), and heptakisO{6-
tert-butyldimethylsilyl-2,3-di©-acetyl)-cyclodextrin dis-
solved in OV 1701 in a 1:1 ratio. It was found that the varia- 2. Experimental
tion in the enantiomeric separation with temperature and the
elution sequence of enantiomers depend on the nature of the.1. Instruments
alkyl groups bonded both to the stereogenic carbon atom and
the ester group. A temperature dependent inversion of the Capillary GC was performed using a HP 5890 gas chro-
elution sequence was observed F6iT FA-O-n-butyl valine matograph equipped with split-splitless injector and flame
derivative on a ChirasilDex colurmi0]. ionization detector (FID). Hydrogen with a flow rate of
CGC separation ofN-TFA-derivatives of amino acid  40-50cm/s was used as a carrier gas. The signal of the FID
isopropyl esters were studied on four types of cy- was monitored by a HP 3396 integrator and via Peak 96 soft-
clodextrin derivatives of &-tert-butyldimethylsilyl-2,3-di- ware transmitted into PC where it was evaluated by HP 3365
O-acetyl or n-butyryl-3- and y-cyclodextrins. All enan- series Il Chemstation software. One microliter of samples
tiomeric pairs of the studied amino acids were separated ex-was injected into the column by split injection with split ratio
cept tryptophane. Methyl esters showed the best separatiorof 100:1. The measurements were performed at isothermal
on octakis(2,3-di2-n-butyryl-6-O-tert.-butyldimethylsilyl)- conditions in the temperature range 60—-160with 10°C
v-cyclodextrin, while the isopropyl esters were best separatedincrements.
on heptakis(2,3-d®-acetyl-6O-tert-butyldimethylsilyl) -
cyclodextrin. Proline showed complete separation ofitsenan-2 2. columns
tiomers as itdN-TFA-O-isopropyl derivative, and the same
derivative of alanine showed a very high separation factor 2 2 1. Column A
(¢=1.81) at 100C [5]. 2,6-Di-O-pentyl-3O-propionyl-y- Twenty-five milliliters capillary column with 0.25 mmi.d.
cyclodextrin has been used for enantiomer CGC separationcoated with a 0.2gm film thickness of 2,6-dB-pentyl-3-
of amino acids, amines, alcohols, diols, epoxides, and lac- O-trifluoroacetyle-cyclodextrin (ATA).
toneg[12].
Studying the retention behaviour of enantiomersNef 222 ColumnB
TFA-O-n-propy! esters of several amino acids separated Twenty-five meter capillary column with 0.25mm i.d.
by gas chromatography on capillary columns coated with .40 q with a0.25:m film thickness of a 2,6-dB-pentyl-3-

permethylated3-CD, anchored to polysiloxane elastomer O-trifluoroacetylg-cyclodextrin (BTA).
(ChirasilDex CB), and heptakis(®-tert-butyl dimethylsilyl-

2,3-di-O-acetyl)B-CD (TBDMSDA-3-CD) dissolved in OV
» . . 2.2.3. ColumnC
1701; it was found that the retention order and separation of Twenty-five meter capillary column with 0.25 mm i.d
enantiomers of amino acids depends on the polar and non- 4 : : : B
. ) oo . : coated with a 0.2p.m film thickness of 2,6-dB-pentyl-3-
polar interaction contributions that were possible with the O-trifluoroacetylay-cyclodextrin (GTA)
different chiral stationary phases. The separation of enan- Y-y '
tiomers of alanineN-TFA-O-n-propyl ester was better on
TBDMSDA-B-CD (with a retention order af, p) thanona  2-2:4. Column D _ _ _
ChirasilDex column (with a retention ordermfi). The sepa- Twenty-five meter capillary column with 0.25mm i.d.
ration of enantiomers of the-TFA-O-propylester of proline ~ ¢0ated with a 0.2m film thickness of a 2,6-di-pentyl-3-
was better on the ChirasilDex column than on TBDMSDA- O-Propionyl-y-cyclodextrin (GProp).
B-CD, with both having a, L retention ordef10].
In our previous study13], we evaluated the gas chro- 2.2.5. Column E
matographic separation of enantiomers of seven amino acid Twenty-five meter capillary column with 0.25mm i.d.
N-TFA-O-alkyl derivatives on four capillary columns coated ~coated with a 0.2.m film thickness of a 2,6-dB-pentyl-3-
with 2,3,6-tri-O-methyl-, and 2,6-d@-methyl-30-pentyl-  O-butyryl-y-cyclodextrin (GBut).
B- and ’Y-CD Stationary phasesl The Separation of enan- All columns were obtained from Advanced Separation
tiomers was evaluated in terms of the non-polar interactions Technologies Inc. (Whippany, NJ, USH)4].
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2.3. Analytes

The racemic mixtures as well as the pure or p-
enantiomers of the amino acids were obtained from Sigma
(Sigma—Aldrich Chemie GmbH). The methyl esters of all
used amino acids, as well as, ethypropyl andn-butyl es-
ters ofN-TFA derivatives of alanine were prepared according
to the following procedures:

Esterification A 20% (v/v) solution of acetylchloride in the

61

and n-butyt in norleucine. Using the members of this
groupl the dependence of the GC enantiomer separation
on the R alkyl chain length may be studied.

(b) The second group contains the alankid+A-O-methy)
ethyl n-propylandn-butylester, respectively. Using the
members of this groupl the dependence of enantioselec-
tivity on the linear alkyl chain length of the bonded ester
group (R) may be studied.

The retention sequence of the racemates was determined

corresponding alcohol was added to the sample of aminopy a subsequent separation of the pusmantiomer standard.
acid and kept for 30 min at elevated temperature (from 90 to Enantiomers ob,L-N-TFA-O-alkyl amino acid esters were
120°C according to the type of alcohol used) in a teflon cap separated on five modified cyclodextrin capillary columns

closed vial. After reaction the excess reagent was removedgoated with:

with a stream of nitrogen.

Acylation Fifty microliters of trifluoroacetic anhydride was
added to the sample and the mixture was heated at@50
for 15 min. After removal of reagent the derivatives were dis-
solved inn-hexane, remaining acidic compounds extracted
by water, followed by drying of the solution by anhydrous

(1) hexakis(2,6-d@-pentyl-3-O-trifluoroacetyl)e-CD,
(2) heptakis(2,6-d>-pentyl-3-O-trifluoroacetyl)8-CD,
(3) octakis(2,6-di©-pentyl-3-O-trifluoroacetyl)y-CD,

sodium sulphate. (A) 404
. . . Ala-OMe Abu-OMe Nval-OMe Nleu-OMe
. The.enant!omers dﬂ—TFATO-a.IkyI derivatives of follow- = - w102 w103
ing amino acids were used in this study: B ks - i &
CH3—(|TH—COOH CH3—CH2—?H—COOH 35+
NH) NH2 3
c
alanine a-aminobutanoic acid §
o 30| )
<]
CH3—CH2—CH2—$H—COOH CH3—CH2—CH2—CH2—(|3H—COOH 5
NH» NH) &
25 | L
norvaline norleucine
2.4. Chemicals 20—y . . . ‘ . ‘
25 30 35 33 36 55 6.0 10.0 105
n-Hexane,n-pentane, methanol, ethanokpropanol,n- Time
butanol and trifluoroacetic anhydride were purchased from (B)40+
Merck (Darmstadt, Germany) AEa i Al AR
! ’ a=1.16 =112 o=110 o=1.09
D- L- D- L- D- L D- L-
. . 354
3. Results and discussion §
o]
. . L o
N-TFA-O-alkyl amino acids used in this study have the @
following general formula: il
&)
Rl—?H—COO—Rz %
©
NHCOCF; ol
where R and R are the alkyl substituents bonded to the WL&._ O | L._M_
stereogenic carbon or to the carboxylate group, respectively.
H H i H H 20- v - T - r - - T
These derivatives were divided into tyvo groups according to BE o0 BE 95 A0 45 BE RO B ToUiNs b
the nature of the Rand R alkyl substituents: Time

(a) The first group contains tHé-TFA-O-methyl esters of
amino acids with a different linear alkyl chain bonded to
the stereogenic carbon center;[Rmethy} in alanine,
ethyt in 2-aminobutanoic acidp-propyt in norvaline

Fig. 1. Separation of enantiomersi{TFA-O-alkyl amino acid derivatives
obtained on 2,6-dd-Pe-30-TFA-a-CD stationary phase at 10C. (A)
Derivatives differing in R substituent, (B) derivatives differing in,Rsub-
stituent.
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coated with 2,6-d©-Pe-30O-TFA-a-CD stationary phase at
100°C. It follows fromFig. 1A that the retention order of the

h th i f i lated with enantiomers changes with the length of thedkyl chain.
where the separation of enantiomers was correlated Wity e the enantiomers d-TFA-derivatives of Ala®-Me

the cavity size of the cyclodextrin (columns %73) and with and Abu©O-Me elute with the same,L retention order, the

the acidity Of the _acyl group bo_nded o CBposition of the enantiomers of NvaB-Me and Nleu©-Me elute in the op-
v-cyclodextrin. Dipole—dipole interactions are commonly posite order i(,n). The highest selectivity factor ifiig. 1A
identified in the mechanism of separation for 2,63di- («=1.16) belénés 0 the Al®-Me enantiomersFig: 1B
pentyl-30-TFA-cc-, B-, and~-CD stationary phasefi1]. shows that the retention ordes,() of N-TFA-O-alkyl es-
S|m|lar|n_teract|ons can be expegted for the 2,83dentyl- ters of alanine enantiomers is constant and does not de-
3-O-propionyly-CD and 2,6-di0-pentyl-30-butyryl-y- pend on the Ralkyl chain length. The selectivity factors
CD chiral stationary phase. However, dispersion mteractlonslisteol inFig. 1B, however, decrease with the Rlkyl chain

and steric/repulsive interactions also may be important length. Corﬁpa’rison oFig'. 1A and B shows that the chi-

(4) octakis(2,6-di©-pentyl-3-O-propionyl)<y-CD,
(5) octakis(2,6-diO-pentyl-3-O-butyryl)-y-CD,

[15]. ral recognition of theN-TFA-O-alkyl esters of the amino

i _ acid enantiomers is dependent on the length of alkyl chain
3.1. Separations on the 2,6-di-O-Pe-3-O-T&ACD Ry
column Fig. 2A shows the dependence of dnon the in-

verse of temperature (Y for enantiomers oN-TFA-O-

Fig. 1 shows the separation of enantiomers of M€ 5| gerivatives for all studied amino acids on a capil-

TFA-O-alkyl derivatized amino acids on a capillary column

(A)
(A) 45 Ala-OMe Abu-OMe Nval-OMe  Nleu-OMe
0.4 o=1.46 oa=1.10 a=1.04 o=1.04
Ala-OMe D- L- D- L- L- D- L- D-
40
0.3+ 0]
Ala-OEt g
S
Ala-OPr &
o 354
0.24 Ala-OBu =
=] e}
£ ©
2
a
0.1 _ NLeu-OMe 801
_--®"" NvVal-OMe |
1 - " _‘_'=====-"'
S-S IREE] EL b i S Abu-OMe
00 pmmmESeRE 25 \JJ
| . T T T T T : L A B T T T 1 |
0.0024 0.0026 0.0028 0.0030 35 4.0 45 42 45 50 55 60 85 90
/T Time
(B) °7
(B)
454 Ala-OMe Ala-OEt Ala-OPr Ala-OBu
o=1.46 o=1.32 oa=127 o=1.27
[0}
é’ 40- D- L- D- L- D- L- D- L-
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o
@
e
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©
2
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a
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, 5] N
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A(AH)

Fig. 2. Dependence of taon reversed temperature TL(A) andTA(AS)
[kd/mol] on A(AH) [kd/mol] at 90°C (B) obtained for enantiomers &4-

TFA-O-alkylamino acid derivatives on 2,6-@-Pe-3O-TFA-a-CD station-

ary phase. Dotted lines in (B) shows 95% confidence interval.

Time

Fig. 3. Separation of enantiomersh{TFA-O-alkyl amino acid derivatives
obtained on 2,6-dD-Pe-30-TFA-B-CD stationary phase at 10C. (A)
Derivatives differing in R substituent, (B) derivatives differing in,Rsub-
stituent.
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lary column coated with 2,6-dD-Pe-3O-TFA-a-CD. All Table 1 _

dependencies are non-linear. The more non-linear curves'ne parameters of the dependence\¢AS) on A(AH) for enantiomers of

in 1st group belong to enantiomers eluting with the N-TFA-O-alkyl derivatives of studied amino acid on 2,6@iPe-30-acyl-
N X S . a-, B- andy-CDs obtained at 90C

p-order. This indicates that intermolecular interactions of i

: i . . Col Int t Sl Correlati
the enantiomers with the stationary phase chiral selector """ niercep P oottt
could be responsible for reversal in retention order are not -
additive 2,6-Di-O-Pe-30-TFA-a-CD 0.0754 0.84244  0.99934

A 2,6-Di-O-Pe-30-TFA-B-CD 0.15309 0.81986  0.99986
Fig. 2B shows the dependence a{AS) on A(AH) val- 5 6.pi.o-pe-30-TFA-y-CD 0.02035  0.83807  0.99999
ues obtained for enantiomers of the same amino acid deriva-2,6-Di-0-Pe-30-propiony-CD  —0.14151  0.87399  0.99949
tives on the same column at 90. It follows from the data  2,6-Di-O-Pe-30-butyryl-CD —0.13169  0.88149  0.99987

listed inTable 1that the line found by regression analysis of
the experimental data is linear (with a correlation coefficient : :

0.99934). Monotonous increase&fAS) values onA(AH) 3.2. Separations on the 2,6-di-O-Pe-3-O-TEAD
shows no occurrence of steric interactions of enantiomers of
theN-TFA-O-alkyl amino acids derivatives differing with the
length of R and R alkyl chains with 2,6-di©-Pe-3O-TFA-

o -CD chiral selector.

column

Fig. 3 shows the separation of enantiomers of te
TFA-O-alkyl derivatized amino acids on a capillary column
coated with a 2,6-dB®-Pe-30O-TFA-B-CD stationary phases
at 100°C. Comparison ofFigs. 1 and 3leads to analo-

(A)08
Ala-OMe (A) 457
Ala-OMe Abu-OMe Nval-OMe Nleu-OMe
06 Ala-OEt a=1.35 a=1.71 0=1.85 a=1.33
= Ala-OPr
Ala-OBu |l Dp- L- D- L- D- L- D- L-
@
w
5
€ 04 o
£ ¢
S
Abu-OMe 5]
02 ©
NVal-OMe e
40
NLeu-OMe
0.0
\N\Wm
T T T T -~
0.0024 0.0026 0.0028 0.0030 1 \ -~
1’IT T T T T T T T T T ¥ T T T T
35 4.0 45 5 6 7 6 8 10 9 10 11 12
Time
(B)
-
(B)
Ala-OMe Ala-OEt Ala-OPr Ala-OBu
444 =135 a=1.31 a=1.19 a=1.15
D- L- D- L- D- L- D- L-
@ ]
—_ b o
| =
g g
§ : g 42
S
[ 4
i 8
G 7
" 7 o
1. 5 40
. M W
1 2 3 4 5 6 7 8 9
38— T T T L T 1T 1
A(AH) 3.54.0 4.5 45 50 5.5 7 8 11 12 13
Time

Fig. 4. Dependence of a on the reverse of temperature TL(A) and

TA(AS) [kd/mol] onA(AH) [kd/mol] at 90°C (B) obtained for enantiomers  Fig. 5. Separation of enantiomers NETFA-O-alkyl amino acid deriva-
of N-TFA-O-alkyl amino acid derivatives on 2,6-@-Pe-30-TFA-B-CD tives obtained on 2,6-dd-Pe-30-TFA-y-CD stationary phase at 10Q.
stationary phase. The sense of dotted lines in (B) is given in the legend of (A) Derivatives differing in R substituent, (B) derivatives differing in,R
Fig. 2A. substituent.
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gous conclusions on the retention order of enantiomers of coated with a 2,6-d®-Pe-30O-TFA-y-CD stationary phase.
these amino acids. However, the selectivity factors listed in It is clear from the chromatogram Kig. 5that these separa-

Figs. 1 and 3show higher values on the 2,6-G+Pe-30-
TFA-B-CD column. Similar behaviors of the 2,6-0HPe-3-
O-TFA-a-CD and 2,6-di©-Pe-30O-TFA-B-CD columns can
also be found by comparison Bfgs. 2A and 4A Compari-
son ofFigs. 2B and 4Band the data listed ifiable 1shows,
however, different slopes for the dependencieahS) on
A(AH) on the 2,6-di©-Pe-3-TFA«-CD and 2,6-di©-Pe-3-
O-TFA-B-CD columns. The higher slope of this dependence
is connected with the higher contribution of the entropic term
to overall interaction of enantiomers with the 2,6cliPe-3-
O-TFA-B-CD column.

3.3. Separations on the 2,6-di-O-Pe-3-O-TH#4AGD
column

tions are different from those Ifig. 1 (on the 2,6-diO-Pe-3-
O-TFA-a-CD column) and ifFig. 3(on the 2,6-di©-Pe-30O-
TFA-B-CD column). All enantiomers of the-TFA-O-alkyl
derivatives of the studied amino acid series elute in the same
D-, L- order independently on the length of the &d R

alkyl substituents.

The highest selectivity factow(= 1.85) is found for Nval-
O-Me enantiomers. The selectivity factors of enantiomers
listed inFig. 5increase with the length of the amino acid’s
Ry alkyl chain, and for theN-TFA-O-alkyl alanine enan-
tiomers, they decrease with the length of the &kyl
chain. Comparison oFig. 5A and B shows that the chi-
ral recognition of theN-TFA-O-alkyl esters amino acid
enantiomers depends mainly on the length of alkyl chain
Ri.

The separation of enantiomers of the same series of deriva-

tized amino acids was studied at 1@on a capillary column

(A)08
Ala-OMe
Ala-OEt
06 Ala-OPr
Ala-OBu
3044
£
Abu-OMe
0.24
_ Nval-OMe
NLeu-OMe
0.0+
T T T T
0.0024 0.0026 0.0028 0.0030
1T
(B)
12
104
4 81
;
64
4
24
T T T T T T T T T T T T
2 4 6 8 10 12 14 16
A(AH)

Fig. 6. Dependence of laon reversed temperature TL(A) andTA(AS)
[kd/mol] on A(AH) [kd/mol] at 90°C (B) obtained for enantiomers &4-
TFA-O-alkyl amino acid derivatives on 2,6-@-Pe-30-TFA-y-CD station-
ary phase. The sense of dotted lines in (B) is given in the legeRajoRA.

(A)

| Ala-OMe Abu-OMe Nval-OMe Nleu-OMe
a=1.10 o=1.26 o=1.28 =113
35|
D L D L- D L D L
@
[}
c
[=]
Q.
[77]
[)]
: i
S 304
[&]
2
<]
a]
25 _J J o o
T 1 T T T T

T T 71 T T T T
32 34 36 38 5 6 7 8 9 0

Time
(B)
Ala-OMe Ala-OEt Ala-OPr Ala-OBu
35 | a=1.10 a=1.14 e=1.11 e=1.11
D L D L D- L D L

Detector response
w
o

25 |

A

L
33 36 39

NIWI

T T T T
55 60 65
Time

35

Fig. 7. Chromatograms di-TFA-O-alkyl amino acid derivatives obtained
on 2,6-diO-Pe-30-propionyl-y-CD stationary phase at 10CQ. (A) Deriva-
tives differing in R substituent, (B) derivatives differing inoRubstituent.
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From Figs. 1, 3 and 5is obvious that gamma TFA  3.4. Separations on the 2,6-di-O-Pe-3-O-propionyl-
cyclodextrin exhibits better enantioselectivity for stud- -~y-CD column
ied amino acid derivatives than correspondimgand B
analogs, which is in agreement with already published data
[15].

Fig. 6A shows the non-linear dependence aflon the in-
verse of temperature (LY for this series of derivatized amino
acids on the capillary column coated with 2,6@Pe-30O-
TFA-y-CD. L-order.

Fig. 6B shows the dependence of th§ AS) on A(AH) A comparison of data listed iRigs. 5 and 7show that
values obtained for the same series of amino acid enan-the increase in the Ralkyl chain improves the separation
tiomers on the 2,6-dB-Pe-30O-TFA-y-CD column at 90C. of enantiomers on the 2,6-@-Pe-3O-propionyl-y-CD col-
The slopes listed ifTable lobtained on the 2,6-db-Pe-3- umn to a lesser extent than on the 2,63dRe-3O-TFA-y-
O-TFA-a-CD and 2,6-di©-Pe-30O-TFA-y-CD columns are  CD column. The length of the Ralkyl chain has almost no
very similar but the correlation coefficient obtained on the influence on the chiral selectivity factors of the enantiomers
last column is much higher. This looks like the R-groups are of this amino acid series on the 2,6-@He-3O-propionyl-
providing dispersion interactions and/or steric repulsive in- y-CD column.

Fig. 7shows the separation of enantiomers ofNh€FA-
O-alkyl derivatives of the studied amino acids on a capil-
lary column coated with 2,6-db-Pe-30O-propionyl-y-CD
stationary phase at 10C€. From this figure it follows that
all these derivatized amino acid enantiomers elute imthe

teractions. Fig. 8A shows the linear dependence ofdron the in-
verse of temperature (I, for enantiomers of thBl-TFA-O-
alkyl derivatives of all studied amino acids on a capillary col-
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Fig. 8. Dependence of tlaon reversed temperature TLAA) andTA(AS) Time

[kd/mol] on A(AH) [kJ/mol] at 90°C (B) obtained for enantiomers &f-
TFA-O-alkyl amino acid derivatives on 2,6--Pe-3O-propionyl«y-CD

Fig. 2A.

Fig. 9. Chromatograms d-TFA-O-alkyl amino acid derivatives obtained
stationary phase. The sense of dotted lines in (B) is given in the legend of on 2,6-diO-Pe-30O-butyryl-y-CD stationary phase at 10C. A. Derivatives

differing in Ry substituent, (B) derivatives differing inoRsubstituent.
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umn coated with 2,6-dBd-Pe-30O-TFA-y-CD.Fig. 88 shows
the dependence oA(AS) on A(AH) values obtained for
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greater extent than on the 2,6-@He-30-propionyl-y-CD
column, which can be explained by the lower polarity of the

enantiomers of the same series of amino acid derivatives on2,6-di-O-Pe-30-butyryl-y-CD column. The dependence of

the 2,6-diO-Pe-3O-propionyl-y-CD column at 90C. The
slope listed inTable 1for 2,6-di-O-Pe-30O-propionyl-y-CD
is slightly higher than was found for the 2,6-0HPe-30-
TFA-y-CD column, but with a negative intercept on tie
axis.

3.5. Separations on the 2,6-di-O-Pe-3-O-butyyyGD
column

The separation of the enantiomers WfTFA-O-alkyl
derivatized amino acids on the 2,6-@+HPe-30-butyryl-y-
CD coated capillary column at 10C is shown inFig. 9.
From this figure it follows that the enantiomers of all studied
amino acid derivatives elute withr, L- retention order. The

separation of these enantiomers improves with the length

of the R alkyl chain ¢=1.08 for AlaO-Me, «=1.31 for
Abu-O-Me anda =1.58 for NvalO-Me). The separation of
these enantiomers depends on the alkyl chain lengtht¢rR

(A)
050
NVal-OMe
p
0451 Pl - hbu-OMe
3 “ sl
£ P
030 ’," .”‘ NLeuc-OMe
. - Ala-OFt
4‘{
-_-‘
0154 - Ala-OBu Ala-OPr
Ala-OMe
0,0025  0,0026 00027 00028 00029 00030
1T
(B) 14
124
104
8-
P
2 %]
.
24
04
2]
-4
T T T T T T T T T
2 0 2 4 6 g8 10 12 14
A (AH)

Fig. 10. Dependence of tnon reversed temperature TI{A) andTA(AS)
[kd/mol] on A(AH) [kJd/mol] at 90°C (B) obtained on 2,6-dB-Pe-30-
butyryl-y-CD stationary phase at 10C. The sense of dotted lines in (B) is
given in the legend ofig. 2A.

the separation of enantiomers on thg &kyl chain is not
regular.

Fig. 10A shows the linear dependence obdon the in-
verse of temperature (), for enantiomers oN-TFA-O-
alkyl esters of alanine on a capillary column coated with
2,6-di-O-Pe-30-butyryl-y-CD. These plots for enantiomers
of all otherN-TFA-O-methyl amino acid derivatives are non-
linear.

Fig. 1B shows the dependenceA{AS) on A(AH) val-
ues obtained for amino acid derivatives on the 2,®dre-3-
O-butyryl-y-CD column at 90C. The slope and the intercept
onthe Y-axis listed iTable 1for 2,6-di-O-Pe-30-butyryl-y-
CD and 2,6-di©-Pe-30-propionyl-y-CD column are prac-
tically the same.

4. Conclusion

A comparison of chromatograms obtained for the sepa-
ration of enantiomers df-TFA-O-alkyl derivatives of some
amino acids on the 2,6-d)-Pe-3O-butyryl-y-CD, 2,6-di-O-
Pe-30O-propionyl<y-CD and 2,6-di©-Pe-3-TFA«-, - and
v-CD columns show that the separation is substantially af-
fected by the nature of @-substituent. It has been found that
the elution order of enantiomers of tNeT FA-O-alkyl deriva-
tives of the studied amino acids on 2,6@iPe-30O-butyryl-
v-CD, 2,6-diO-Pe-30O-propionyl-y-CD and 2,6-diO-Pe-3-
TFA-y-CD was the samen(L). The enantiomers df-TFA-
derivatives of Ala©-Me and Abu©-Me elute in the opposite
order ¢,p) on the 2,6-di©O-Pe-3-TFA«- andp-CD columns.
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