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Abstract

A non-agueous capillary electrophoretic method with quinine and tert.-butyl carbamoylated quinine as chiral selectors was
developed previously for the enantioseparation of N-protected amino acids. This system was here applied as a screening tool
for a fast evaluation of the chiral discrimination potential of six new dimeric forms of carbamoylated quinine and quinidine
derivatives as chiral additives: 1,3-phenylene-bis(carbamoylated quinine), 1,6-hexamethylene-bis(carbamoylated quinine),
1,6-hexamethylene-bis(carbamoylated quinidine), trans-1,4-cyclohexylene-bis(carbamoylated quinine), trans-1,4-cyclohexyl-
ene-bis(carbamoylated-11-dodecylthio-dihydroquinine) and trans-1,4-cyclohexylene-bis(carbamoylated-11-dodecylsulfinyl-
dihydroquinine). A series of 24 chira acids, as various benzoyl, 3,5-dinitrobenzoyl (DNB) and 3,5-dinitrobenzyloxycarbonyl
amino acid derivatives were investigated with regards to enantioselectivity employing these different dimeric chira selectors.
The composition of the background e ectrolyte was 12.5 mM ammonia, 100 mM octanoic acid, and 10 mM chiral selector in
an ethanol—methanol (60:40, v/v) mixture and the enantioseparations were performed at 15 °C and in the reversed polarity
mode at —25 kV. With these dimeric chiral selectors, higher enantioselectivity values, compared to those obtained with
monomeric derivatives, were usually achieved, especially with the dimers containing dodecyl substituents. For example, an «
value of 4 and a resolution value of 78 were obtained for DNB-phenylaanine, using trans-1,4-cyclohexylene-bis(car-
bamoylated-11-dodecylthio-dihydroquinine) as selector. [ 2002 Elsevier Science BYV. All rights reserved.
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1. Introduction

Quinine has been used successfully as a chira
ion-pairing agent as well as a selector immobilized
on a chiral stationary phase (CSP) for enantiosepara-
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tion in HPLC [1-4]. In the few last years, CSPs
based on the use of carbamoylated derivatives of
quinine and quinidine as selectors were found to be
highly stereoselective for the direct resolution of
chiral acids using mixtures of aqueous buffers and
methanol or acetonitrile as mobile phases [5-10].
These new chiral selectors are classified as weak
anion exchangers, due to the presence of a tertiary
amino group within the quinuclidine ring which is
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protonated at the usual working pH of the mobile
phase. This primary ionic interaction between the
anionic solutes (selectands, SAs) and the cationic
selector (SO) is significantly accompanied by addi-
tional intermolecular interactions such as hydrogen
bonding, dipole-dipole, charge transfer (w—r), hy-
drophobic and steric interactions.

In a previous work, a CE method was developed
for screening the chiral discrimination potential of
this kind of derivatives as selectors and studying the
interactions between these selectors and various
kinds of analytes. Due to the limited solubility of the
quinine and quinidine derivatives in aqueous buffers,
non-agueous background electrolytes were investi-
gated.

In a first step, the potential of quinine and tert.-
butyl carbamoylated quinine as chiral SOs for the
enantioseparation of N-protected amino acids was
evaluated using a background electrolyte made of
125 mM of ammonium acetate in methanol [11].
The influence of the nature of the organic solvent,
the combination of different solvents, the nature and
the concentration of the background electrolyte, the
concentration of the selector, the capillary tempera-
ture and the applied voltage was systematically
studied. A buffer made of 12.5 mM ammonia, 100
mM octanoic acid and 10 mM SO in an ethanol—
methanol (60:40) mixture was found to give the best
compromise in terms of selectivity, resolution, ef-
ficiency, peak symmetry and analysis time. The
reversed polarity mode was selected and the in-
jections were made at the cathodic side of the
capillary. Due to the high molar absorptivities of
cinchona alkaloids and their derivatives, the elec-
trolyte solution introduced in the reservoir at the
anodic (detector) side was devoid of the UV absorb-
ing chiral selector. During the run, the detection
window was then progressively depleted from the
positively charged selector migrating towards the
cathode (injection side) in the presence of a cathodic
electroosmotic flow [11]. Using these experimental
conditions, the tertiary quinuclidine moiety within
the chiral SO is protonated and may interact with the
negatively charged SAs by ionic interaction to form
electrically neutral ion pairs. Due to their opposite
charge, free SO and SA species exhibit counter-
current-like electrophoretic migration and their over-
all velocity is aso influenced by the u.o. of the

system. On the other hand, the neutral ion pairs will
move only with the u.o- (cathodic flow). Thus, the
free and complexed SA species show significantly
different mobilities, a fact that gives rise to high
enantiosel ectivity.

In a second step, the selected non-aqueous capil-
lary electrophoresis (NACE) system was applied for
the rapid screening of different kinds of cinchona
alkaloids and monomeric forms of quinine and
quinidine derivatives tested as SOs. quinine (QN),
quinidine (QD), cinchonine (CN), cinchonidine
(CD), tert.-butyl carbamoylated quinine (tBu-CQN),
tert.-butyl carbamoylated quinidine (tBu-CQD), di-
nitrophenyl carbamoylated quinine (DNP-CQN),
cyclohexyl carbamoylated quinine (cHex-CQN), 1-
adamantyl carbamoylated quinine (Ad-CQN), 3,4-
dichlorophenyl carbamoylated quinidine (DCP-
CQD), alyl carbamoylated dihydroquinine (All-
CDHON), allyl carbamoylated dihydroquinidine
(All-CDHQD) and 1-methyl quininium iodide (1-
Me-QN'17) [12-14]. A series of various N-
protected amino acid derivatives were tested as chiral
acidic selectands, including Bz-(benzoyl), DNB-
(3,5-dinitrobenzoyl) and DNZ-(3,5-dinitrobenzylox-
ycarbonyl) amino acids.

Using the same series of selectands (Fig. 1), the
investigation of six new dimeric forms of quinine
and quinidine derivatives is here presented. These

:  Leucine (Leu)
Phenylglycine (PGly)
o-Methyl-Leucine (oMeLeu)

N-Methyl-Leucine (NMeLeu)

(0]
/ tert-Leucine (tLeu)
R Phenylalanine (Phe)
O,N
B-Phenylalanine (BPhe)
3) Proline (Pro)
O:N . N
o o-amino-butyric acid (0Abu)
CHZ_O%R B-amino-butyric acid (BAbu)
O:N Pipecolinic acid (PA)

Fig. 1. N-protected amino acid derivatives: (1) Bz (benzoyl), (2)
DNB (3,5-dinitrobenzoyl), (3) DNZ (3,5-dinitrobenzyloxycar-
bonyl).
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Fig. 2. Chira sdectors: (1) 1,3-phenylene-bis(carbamoylated
quinine) (P-bissCQN), (2) 1,6-hexamethylene-bis(carbamoylated
quining) (HM-bissCQN), (3) 1,6-hexamethylene-bis(carbamoyl-
ated quinidineg (HM-bissCQD), (4) trans-1,4-cyclohexylene-
bis(carbamoylated quinine) (cHex-biss=CQN), (5) trans-1,4-
cyclohexylene-bis(carbamoylated- 11- dodecylthio- dihydroquinine)
(cHex-his-CQN-S-C12), and (6) trans-1,4-cyclohexylene-bis(car-
bamoylated-11-dodecylsulfinyl-dihydroquinine)  (cHex-bis-CON-
SO-C12).

are:  1,3-phenylene-bis(carbamoylated quinine) (P-
bis-CQN), 1,6-hexamethyl ene-bis(carbamoylated
quinine) (HM-bis-CQN), 1,6-hexamethylene-bis(car-
bamoylated quiniding) (HM-bis-CQD), trans-1,4-
cyclohexylene-bis(carbamoylated quinine) (cHex-bis-
CQN), trans-1,4-cyclohexylene-bis(carbamoylated-
11-dodecylthio-dihydroquining)  (cHex-bis-CON-S-
C12) and trans-1,4-cyclohexylene-bis(carbamoyl-
ated-11-dodecylsulfinyl-dihydroquinine)  (cHex-bis-
CON-SO-C12) (Fig. 2).

2. Experimental
2.1. Apparatus and chemicals

All experiments were performed on a Spec-
traphoresis 1000 CE instrument (Spectra-Physics,
San Jose, CA, USA) equipped with an autosampler, a
UV-visible detector (190-800 nm) and a tempera-
ture control system (15-60°C). An IBM PS/2
Model 90 486 computer was used for instrument
control and data handling. Electropherograms were
printed on an HP DeskJet 500 printer. A column
cartridge was obtained from Spectra-Physics.

The chirad selectors P-bissCON, HM-bis-CQN,
HM-bis-CQD, cHex-his-CQN, cHex-bissCQN-S-C12
and cHex-bissCQN-SO-C12 were synthesized ac-
cording to a standard procedure described elsewhere
[15]. The organic solvents were HPLC grade: etha-
nol absolute from Merck (Darmstad, Germany) and
methanol from Fisher Scientific (Leicestershire,
UK). Octanoic acid was from Sigma (St. Louis, MO,
USA) and ammonia solution 25% from Carlo Erba
(Rodano, Italy). The racemic and enantiomerically
pure amino acids were purchased from Sigma. Bz-
and DNB-derivatives were synthesized according to
standard derivatization procedures [9] except for
DNB-Leu and DNB-PGly which were obtained by
Sigma. To synthesize the DNZ compounds, aqueous
solutions of amino acid were derivatized with 3,5-
dinitrobenzyl chloroformate [10]. The sample solu-
tions were prepared by dissolving each amino acid
derivative at a concentration of 50 pg/ml in metha-
nol. Benzylic alcohol from Sigma (0.01% methanalic
solution) was used as neutral marker to visualize the
electroosmotic flow ugo-. Buffers and samples were
filtered through a Polypure polypropylene membrane
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filter (0.2 pm) from Alltech (Laarne, Belgium)
before use.

2.2. Electrophoretic technique

Electrophoretic separations were carried out with
uncoated fused-silica capillaries, 44 cm (37 cm to the
detector) <50 pm 1.D., provided by Supelco (Belle-
fonte, PA, USA). The buffer was made of 100 mM
octanoic acid and 12.5 mM ammonia in a mixture of
ethanol and methanol (60:40). At the beginning of
each working day, the capillary was washed with an
ethanol—methanol (60:40, v/v) mixture for 5 min
and with the running buffer for 10 min, while after
each injection the capillary was washed with the
solvent mixture for 1 min and was equilibrated with
the buffer mixture for 10 min. The injections were
made at the cathodic side and the applied voltage
was —25 kV (reversed polarity mode). The normal
polarity mode (+25 kV) was used to measure the
cathodic electroosmotic flow weor (current: ~6.5
pA). The separations were performed with the
electrolyte solution containing the selector in the
reservoir at the cathodic side and with the same
electrolyte solution devoid of the selector in the
reservoir at the anodic side (Section 1). The UV
detection (at the anodic side) was performed at 214
nm. | njections were made in the hydrodynamic mode
for a period of 5 s (corresponding to 14.5 nl) and the
capillary was thermostated at 15 °C. The resolution
(Ry) and the plate number (N) were calculated
according to the standard expressions based on peak
width at half-height [16]. The selectivity («) was
calculated according to a=u,, /u.,, Where u,=u,—
Meor (e 1S the effective mobility, w, is the apparent
mobility and weo is the electroosmotic mobility).

3. Results and discussion

The enantioresolution of all amino acid derivatives
was studied with the six dimeric quinine and quini-
dine derivatives under the selected operating con-
ditions. The migration times (t), the enantioselec-
tivity (@) and the resolution (R,) for the two SA
enantiomers are presented in Tables 1-6, respective-
ly, using as SO P-biss=CQN, HM-bis-CQN, HM-bis-
CQD, cHex-hissCQN, cHex-hissCQN-S-C12 and
cHex-bis-CQN-SO-C12.

Table 1
Enantioresolution of amino acid derivatives with P-biss=CON as
selector®

Analyte t, (min) t, (Min) a R,

DNB-Leu 17.95 38.97 1.822 30.8
DNB-PGly 14.93 24.47 1.504 451
DNB-tLeu 14.79 27.61 1.666 334
DNB-aMelLeu 12.21 13.49 1.091 85
DNB-NMeLeu 14.62 14.93 1.018 16
DNB-Phe 14.71 30.47 1.804 417
DNB-Pro 14.86 =° - -

DNB-aAbu 14.85 26.19 1.594 52,5
DNB-BAbu 25.70 43.23 1.464 36.4
DNZ-Leu 25.50 29.54 1.120 114
DNZ-aMeleu 17.99 18.55 1.026 23
DNZ-NMeLeu 23.70 27.67 1.129 8.8
DNZ-Phe 19.83 27.79 1.308 30.1
DNZ-BPhe 30.64 37.45 1.158 14.1
DNZ-Pro 2271 - - -

DNZ-aAbu 17.06 18.95 1.092 9.2
DNZ-BAbu 27.40 30.34 1.081 77
DNZ-PA 2221 25.50 1.116 10.0
Bz-Leu 16.43 17.87 1.073 6.5
Bz-Phe 14.03 15.39 1.083 7.8
Bz-BPhe 20.81 21.27 1.018 17
Bz-aAbu 13.77 14.48 1.045 27
Bz-BAbu 22.00 22.78 1.028 19
Bz-PA 16.25 - - -

# Conditions as described in Section 2.
® _ no enantiomeric separation observed (R,<0.5).

With these SOs, the enantiomers of all the amino
acid derivatives were separated except the enantio-
mers of DNB-Pro (which were partly separated with
1-Me-QN "I~ [14]). In most cases higher enantio-
selectivity values were observed in comparison with
the counter-ions studied until now [12-14]. How-
ever, the resolution was not better due to the lower
efficiency.

In the previous studies using cinchona akaloids
and monomeric carbamoylated derivatives, the ana-
lyte enantiomers could be detected with high sen-
sitivity in a portion of selector-free background
electrolyte after the UV absorbing selector had left
the detection window [12—14]. Here, using the same
electrophoretic technique (Section 2.2), the back-
ground absorbance decreases later and slower during
the run, which indicates that the SOs disappear less
rapidly from the detection window. This phenom-
enon was more pronounced for the SOs containing
dodecyl substituents (cHex-bissCQN-S-C12 and
cHex-bis=CQN-SO-C12). This means that these di-
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Table 2
Enantioresolution of amino acid derivatives with HM-bis-CQN as
selector®

Table 3
Enantioresolution of amino acid derivatives with HM-bis-CQD as
selector®

Analyte t, (min) t, (min) a R, Analyte t, (min) t, (min) a R,

DNB-Leu 15.55 38.50 1.786 52.5 DNB-Leu 15.00 46.32 2.074 53.6
DNB-PGly 13.70 27.41 1.616 485 DNB-PGly 13.08 4081 2.157 79.5
DNB-tLeu 14.71 4274 1.964 75.9 DNB-tLeu 14.22 43.46 2.090 53.3
DNB-aMelLeu 12.44 12.94 1.031 38 DNB-aMelLeu 12.13 12.89 1.050 4.2
DNB-NMeLeu  14.25 14.39 1007 <07 DNB-NMeLeu  13.28 13.32 1002 <07
DNB-Phe 14.45 39.91 1.921 50.3 DNB-Phe 14.83 43.20 2.018 485
DNB-Pro 13.74 - - - DNB-Pro 13.89 - - -

DNB-aAbu 15.13 28.73 1.543 30.2 DNB-aAbu 12.93 31.64 1.880 71.6
DNB-BAbu 24.83 57.02 1.563 52.1 DNB-BAbu 27.49 79.19 1.719 20.4
DNZ-Leu 20.68 27.72 1.208 21.0 DNZ-Leu 23.99 35.60 1.280 24.6
DNZ-aMeleu 15.75 16.11 1.017 25 DNZ-aMeleu 13.80 14.05 1.014 1.6
DNZ-NMeLeu  20.32 20.80 1.016 18 DNZ-NMeLeu  20.37 20.60 1008 <07
DNZ-Phe 17.53 23.98 1.238 23.7 DNZ-Phe 20.55 21.68 1.038 33
DNZ-BPhe 26.26 34.14 1.169 20.1 DNZ-BPhe 25.72 36.15 1.233 245
DNZ-Pro 18.62 19.55 1.035 2.9 DNZ-Pro 16.59 17.27 1.032 24
DNZ-aAbu 20.82 28.12 1.214 21.6 DNZ-aAbu 16.17 20.76 1.199 16.4
DNZ-BAbu 3553 43.80 1.116 16.4 DNZ-BAbu 33.16 43.00 1.158 16.2
DNZ-PA 24,24 - - - DNZ-PA 24.85 25.37 1.014 16
Bz-Leu 20.24 23.12 1.093 8.2 Bz-Leu 17.12 20.41 1.136 13.2
Bz-Phe 18.15 20.79 1.099 8.8 Bz-Phe 14.94 17.59 1.131 11.0
Bz-BPhe 21.56 23.33 1.054 5.6 Bz-BPhe 21.63 2455 1.090 9.6
Bz-aAbu 15.07 16.60 1.074 5.2 Bz-aAbu 14.96 16.91 1.097 5.7
Bz-BAbu 24.13 2551 1.036 27 Bz-BAbu 24.96 27.47 1.064 6.4
Bz-PA 16.48 - - - Bz-PA 14.76 - - -

® Conditions as described in Section 2.
® _ no enantiomeric separation observed (R,<0.5).

meric SOs seem to migrate more slowly towards the
cathode and to have a more pronounced tendency to
interact with the capillary wall. For example, Fig. 3
presents the electropherogram obtained for DNB-
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Fig. 3. Enantioseparation of DNB-Abu with cHex-bis-CQN-SO-
C12. Background electrolyte: 100 mM octanoic acid and 12.5 mM
ammonia in ethanol-methanol (60:40) containing 10 mM cHex-
bis-CQN-SO-C12. Other conditions as described in Section 2.

® Conditions as described in Section 2.
® _ no enantiomeric separation observed (R,<0.5).

BAbu with cHex-bissCQN-SO-C12 as SO. More-
over, this tendency is confirmed by the corre-
sponding ueo- values (in 10°° cm?/Vs) obtained
with the different dimeric SOs (P-bis-CQN: 1.18;
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Fig. 4. Enantioseparation of DNB-PGly with cHex-bis-CQN.
Background electrolyte: 100 mM octanoic acid and 12.5 mM
ammonia in ethanol-methanol (60:40) containing 10 mM cHex-
bis-CQN. Other conditions as described in Section 2.
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Table 4
Enantioresolution of amino acid derivatives with cHex-biss=CQN
as selector®

Analyte t, (min) t, (min) o R,
DNB-Leu 20.64 52.80 1.947 436
DNB-PGly 18.69 45.46 1.921 49.7
DNB-tLeu 14.09 4534 2.428 63.3
DNB-aMel eu 15.59 16.99 1.075 6.1
DNB-NMeLeu  17.18 17.42 1012 <07
DNB-Phe 14.91 52.52 2537 772
DNB-Pro 15.95 = - -
DNB-aAbu 17.16 41.19 1.932 47.9
DNB-BAbu 28.22 74.02 1.853 61.5
DNZ-Leu 21.41 28.41 1.243 16.9
DNZ-aMeleu 14.98 15.48 1.028 33
DNZ-NMeLeu  21.89 2221 1.011 1.2
DNZ-Phe 17.49 24.99 1.329 25.6
DNZ-BPhe 27.01 36.48 1.243 222
DNZ-Pro 18.96 19.79 1.035 3.0
DNZ-aAbu 18.88 25.02 1.249 175
DNZ-BAbu 31.67 39.50 1.167 14.2
DNZ-PA 22.87 23.13 1009 <07
Bz-Leu 17.74 20.64 1.131 10.6
Bz-Phe 16.70 19.21 1.122 8.0
Bz-BPhe 22.16 23.95 1.063 44
Bz-aAbu 16.66 18.31 1.081 2.8
Bz-BAbu 24.35 25.87 1.048 43
Bz-PA 18.88 - - -

® Conditions as described in Section 2.
® _ no enantiomeric separation observed (R,<0.5).

HM-bis-CON: 2.48; HM-bis-CQD: 2.21; cHex-bis-
CON: 1.32; cHex-hissCQN-S-C12 and cHex-bis-
CON-SO-C12: <0.6). These ugo- were lower than
the values obtained with the other quinine and
quinidine derivatives using the same experimental
conditions.

The best enantioseparations were obtained using
cHex-bis-CON-S-C12 («=4.158 for DNB-Phe and
a=3.889 for DNB-tLeu) and cHex-bis-CQN-SO-
C12 (¢=3508 for DNB-Phe). The additional
dodecyl subgtituents on these two SOs, in com-
parison with cHex-bis-CQN, are favourable for the
chiral discrimination. With these two SOs, the
cathodic electroosmotic flow was too slow to be
measured (migration time of the neutral marker>180
min). This means that the counter-current effective
mobilities of the SOs are decreased, which is obvi-
oudly favourable for the interaction with the SAs and
the enantioselectivity. It is worth noting that the
substitution of the thiol group in cHex-bis-CQN-S-

Table 5
Enantioresolution of amino acid derivatives with cHex-bis-CQN-
S-C12 as selector®

Analyte t, (min) t, (min) a R,
DNB-Leu 18.85 41.22 2.186 53.9
DNB-PGly 15.84 52.01 3.283 44.0
DNB-tLeu 15.63 60.79 3.889 37.2
DNB-aMelLeu 14.33 15.97 1115 7.6
DNB-NMeLeu  15.85 16.22 1.023 16
DNB-Phe 15,51 64.51 4.158 78.3
DNB-Pro 15.69 - - -
DNB-aAbu 15.67 49.97 3.189 71.9
DNB-BAbu 31.01 77.40 2.496 439
DNZ-Leu 24.77 42.00 1.696 324
DNZ-aMeleu 18.55 19.52 1.052 3.0
DNZ-NMeLeu  36.88 38.17 1.035 24
DNZ-Phe 22.02 36.72 1.668 329
DNZ-BPhe 3593 49.65 1.382 22.8
DNZ-Pro 27.78 29.64 1.067 41
DNZ-aAbu 20.73 33.76 1.629 34.4
DNZ-BAbu 40.88 53.33 1.305 17.2
DNZ-PA 27.17 - - -
Bz-Leu 27.88 36.45 1.308 18.6
Bz-Phe 24.66 31.47 1.276 16.4
Bz-BPhe 28.38 3214 1132 8.4
Bz-aAbu 17.55 20.64 1176 6.1
Bz-BAbu 29.93 33.02 1.103 5.6
Bz-PA 20.72 20.98 1013 <07

# Conditions as described in Section 2.
® _ no enantiomeric separation observed (R,<0.5).

C12 by a sulfinyl function in the cHex-bis-CQN-SO-
C12 has no advantages for the enantiodiscrimination.

As was already mentioned, compared to DNZ- and
Bz-derivatives, the DNB-derivatives seem to be
favourable with respect to enantiodiscrimination
capability of this type of SO. For example, using the
cHex-bissCON-S-C12 as SO, the a values for the
leucine derivatives were 2.186 for DNB-Leu, 1.696
for DNZ-Leu and 1.308 for Bz-Leu.

The proline was a particular case: the DNB-Pro
was never enantioseparated but the enantiomers of
DNZ-Pro were separated with all the dimeric SOs
excepted with P-bissCQN. For proline, DNZ de-
rivatization seem to be favourable for the chiral
discrimination by this kind of SO. The enantiomers
of DNZ-PA (with a similar structure to the DNZ-Pro)
were not separated with HM-bis-COQN or cHex-bis-
CQON-S-C12. The Bz-PA enantiomers were only
partly separated with the cHex-bis-CQN-S-C12 (R,<
0.7). It would be interesting to have at one's disposal
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Table 6
Enantioresolution of amino acid derivatives with cHex-bis-CQN-
SO-C12 as selector®

Analyte t, (min) t, (min) a R,
DNB-Leu 18.83 60.75 3.226 54.3
DNB-PGly 14.99 41.16 2.746 71.7
DNB-tLeu 14.95 49.99 3.344 50.1
DNB-aMelLeu 14.25 15.44 1.084 41
DNB-NMeLeu  14.14 14.44 1.021 1.6
DNB-Phe 16.54 58.01 3.508 52.9
DNB-Pro 15.86 - - -
DNB-aAbu 15.30 37.38 2.444 39.0
DNB-BAbu 29.27 72.46 2.476 50.2
DNZ-Leu 22.20 33.89 1.526 28.0
DNZ-aMeleu 16.91 16.26 0.962 39
DNZ-NMeLeu  28.18 29.19 1.036 32
DNZ-Phe 25.56 38.10 1.491 26.8
DNZ-BPhe 38.85 51.61 1.329 20.8
DNZ-Pro 26.98 28.49 1.056 35
DNZ-aAbu 23.06 35.61 1.544 351
DNZ-BAbu 40.42 52.04 1.287 17.9
DNZ-PA 2551 25.77 1010 <07
Bz-Leu 19.65 23.80 1211 211
Bz-Phe 18.40 21.82 1.186 14.2
Bz-BPhe 35.26 38.82 1.101 7.7
Bz-aAbu 23.37 26.93 1152 11.4
Bz-BAbu 38.45 4153 1.080 45
Bz-PA 18.80 - - -

® Conditions as described in Section 2.
® _ no enantiomeric separation observed (R,<0.5).

the DNB-PA enantiomers in order to compare the
results with those obtained with DNB-Pro.

For the DNB-Leu enantiomers, the following
order in « values is observed: 3.226 with cHex-bis-
CON-SO-C12>2.186 with cHex-biss=CQN-S-C12>
2.074 with HM-bissCQD>1.947 with cHex-bis-
CON>1.822 with P-biss=CQN>1.786 with HM-bis-
CQON. According to these results the following can
be deduced. For the carbamoylated quinine dimers,
the more favourable binding group seem to be the
cyclohexyl, followed by phenyl and hexamethyl. For
a same spacer (hexamethyl), the dimer of car-
bamoylated quinidine (CQD) permitted a better
enantioseparation than the dimer of carbamoylated
quinine (CQN). With HM-bis-CQD, the (S)-DNB-
Leu enantiomer migrates before the (R)-DNB-Leu
enantiomer. With all the other selectors, (R)-DNB-
Leu migrates before the (S)-DNB-Leu.

Figs. 4—6 present the electropherograms obtained,
respectively, for DNB-PGIly with cHex-bis-CQN, for
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Fig. 5. Enantioseparation of DNZ-aAbu with HM-bis-CQN.
Background electrolyte: 100 mM octanoic acid and 12.5 mM
ammonia in ethanol—-methanol (60:40) containing 10 mM HM-
bis-CQN. Other conditions as described in Section 2.
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Fig. 6. Enantioseparation of DNZ-BAbu with cHex-biss=CQN-S-
C12. Background electrolyte: 100 mM octanoic acid and 12.5 mM
ammonia in ethanol—methanol (60:40) containing 10 mM cHex-
bis-CQN-S-C12. Other conditions as described in Section 2.

DNZ-aAbu with HM-bis-CQN and for DNZ-BAbu
with cHex-biss=CQN-S-C12 as SO.

4. Conclusions

A NACE system using a background electrolyte
made of 100 mM octanoic acid and 12.5 mM
ammonia in an ethanol-methanol (60:40) mixture
was applied to the investigation of the potential of
chiral quinine and quinidine dimeric derivatives for
the enantioseparation of N-protected amino acids.
Higher o and R, values were achieved compared to
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the results observed with monomeric selectors and
al the amino acid derivatives were separated except
DNB-Pro. The best R, value was observed for DNB-
PGly with HM-bis-CQD (79.5). The dimers con-
taining dodecyl substituents (cHex-biss=CQN-S-C12
and cHex-biss=CQN-SO-C12) have a higher chiral
discrimination potential and the best « value was
obtained with cHex-bissCQN-S-C12 for DNB-Phe
(4.158). The nature of the binding group influences
the enantioselectivity: o was increased in the pres-
ence of the cyclohexyl function.

In further work, as has aready been done for
tBu-CON [17], the collected enantioselectivity val-
ues will be correlated with those obtained in HPLC
using the same SOs immobilized onto silica as chiral
stationary phase in order to apply this NACE method
as a screening tool for a fast evaluation of the chiral
discrimination potential of a larger set of newly
developed quinine and quinidine derivatives.
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