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ABSTRACT

The enantiomeric separation of alkylaminoderivatives of ary-
loxypropanols using macrocyclic bonded chiral stationary phases
was studied. Teicoplanin and vancomycin chiral stationary phases
were used to separate a large number of derivatives of aryl-
oxypropanol enantiomers by HPLC in the polar-organic mode.
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By comparison of chromatographic parameters obtained by using
both chiral stationary phases (CSPs), aspects of the enantioselec-
tive separation mechanism could be discerned. Originally, the
polar organic mode was developed for chiral compounds that con-
tained a minimum of two hydrogen bonding groups, resulting in a
minimum of two hydrogen bonding interactions to the CSP. This
work demonstrated that a combination of one hydrogen bonding
interaction and one electrostatic interaction is equally effective.
The environment (i.e., functional groups) nearest to the stere-
ogenic center of the aryloxypropanols had the greatest effect on
the enantioresolution. Teicoplanin CSPs produced the greatest
AAG®’s and the best enantiomeric separations of these com-
pounds. The site of a possible electrostatic interaction of these
compounds is different from that found for amino acids.

INTRODUCTION

The separation of organic compounds with one or more stereogenic centres
continues to be an important area of research, especially in pharmaceutical and
environmental fields where many drugs and agrochemicals are racemic com-
pounds. The stereochemistry of these compounds can have a dramatic effect on
their properties, especially in biological contexts. A large number of pharmaceu-
ticals are most effective as single enantiomers, and the opposite enantiomers are
generally considered impurities."”

Macrocyclic antibiotics form one of the newest and perhaps most rapidly
growing classes of chiral selectors. They are known to resolve a variety of
racemic compounds.™ Interactions such as hydrophobic, hydrogen bonding,
dipole, TeTT, steric repulsion, and ionic interactions can occur between these chiral
stationary phases (CSPs) and a broad range of chiral analytes. These CSPs can
be used in reversed phase, normal phase, and polar-organic separation modes.

Alkylaminoderivatives of aryloxypropanols form a group of drugs
employed not only in the treatment of cardiovascular disorders but also for other
medical conditions.” The activity of B-adrenoreceptor blocking agents are
known to be strongly affected by their chirality. The enantiomeric separation of
[B-blocking drugs can be performed by means of different chromatographic tech-
niques, including gas chromatography, thin layer chromatography, or with liquid
chromatography, which is the most frequently used technique. In liquid chro-
matography, numerous chiral stationary phases were used for the separation of
the enantiomers of [-blocking drugs. Some chiral stationary phases consisted of
immobilised proteins such as bovine serum albumin,” o -acid glycoprotein,” ovo-
mucoid,” and cellobiohydrolase.™"" Other ones were based on the use of
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cyclodextrins,”"* amylose or cellulose derivatives, especially cellulose tris-(3,5-
dimethylphenylcarbamate),""* or macrocyclic antibiotics."*""* Some Tt-complex
type CSPs were also reported to be suitable for achieving enantioseparation of 3-
blockers.”* More recently, the enantioseparation of B-blocking drugs was also
achieved in liquid chromatography by adding chiral selectors such as b-cyclodex-
trin” or (2R,3R)-di-n-butyltartrate™ to the mobile phase, or by derivatization with
chiral agent (acyl chlorides,” and isocyanates,™” and anhydrides™).

In the present work, teicoplanin and vancomycin chiral stationary phases
were used for the separation of alkylaminoderivatives of aryloxypropanols in the
polar organic mode. The effect of the structure of the compounds on the selectiv-
ity and the resolution of enantiomers were studied.

EXPERIMENTAL
HPLC Analysis

Experiments were performed with a HPLC system from Hewlett Packard
(series 1100) consisting of a quaternary pump equipped with a injection valve
(Rheodyne) and diode array detector. The macrocyclic chiral stationary phases
were Chirobiotic T and Chirobiotic V (250 x 4 mm L.D., particle size 5 pm)
(Advanced Separation Technologies, Inc., USA). The mobile phase was a mix-
ture of methanol and acetonitrile to which small amount of acetic acid and tri-
ethylamine was added (45/55/0,3/0,2 v/v/v/v). Separations were carried out at
flow rate of 1 mL/min and the column temperature was maintained at 23°C. The
chromatograms were scanned at wavelength 276 nm. The injection volume was
20 L. The analytes were dissolved in methanol (concentration 1 mg/mL).

Chemicals

The racemic analytes resolved in this study were prepared according to
Cizmarikova and col.”® (Tables 1-3). All HPLC grade solvents (methanol, ace-
tonitrile) were obtained from Merck (Germany). Triethylamine and acetic acid
were obtained from Lachema (Czech Republic).

RESULTS AND DISCUSSION

The polar-organic mode was originally developed for enantioseparations on
cyclodextrin CSPs."””" Subsequently, this separation approach was found to be
highly effective with macrocyclic glycopeptide CSPs,”” as well as derivatized
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Table 1. Chromatographic Data for the Enantioseparation of Derivatives of Aryl-
oxypropanols on Vancomycin (V) and Teicoplanin (T) Bonded Chiral Stationary Phases
(Chromatographic Conditions: See Experimental)

OH
O_CHZ_“CH _CHZ_R1
CH, — O — R,
O=—=C — Ry
—A,,AG®

Nr. R, R, R, k, a R, [J/mol]  Col
1 —NHCH(CH,), —CH, -—CH, 252 1.08 1.27 186.9

3.41 1.11 148 269.0
2 —C,H; 231 1.07 1.14 182.8

3.09 1.12 1.58 282.3
3 —CH 2.17 1.08 1.26 187.1

290 1.12 1.64 287.1
4 -CH 2.07 1.07 122 181.0
276 1.13 1.55 295.8

5 —~CH, 197 108 101 1815
266 112 151 2956
6 -CH 192 107 105 1744

259 113 161 2911
7 ~CH, 186 1.07 1.06 1715
255 111 1.62 2555

8 ~CH, 181 107 1.06  163.6
244 112 158 2933
9 —CH(CH), 212 107 1.14 1839
286 1.12 145 2728
10 ~CH(CH), 202 107 105 1816

272 112 151 289.1
_G 227 1.07 1.26 187.9

297 112 148 2707

12 221 108 121 1831
@ 292 112 155 2707

226 107 1.18 1831
327 112 169 2744
208 1.08 120 1979
208 1.12 1.68 2850

11

13 —NHCH(CH,, -CH, -CH

2775

14 —-CH

H<H<LH<H<LH<LSH<SH<LSH<SHLCH<SHLSH<SH<H<
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Table 1. Continued
-A,,AG°

Nr. R, R, R, k, a R, [J/mol]  Col
15 —CH, 197 107 116 1740 V
280 1.12 162 2836 T

16 —NHCH(CH,), -CH, -CH, 1.88 1.07 1.05 173.6  V
268 113 176 2928 T

17 —CH,, 1.82 1.07 1.05 1664 V
260 113 165 2929 T

18 -CH, 1.77 1.07 1.01 1669 V
252 113 156 2900 T

19 —-CH" 1.75 107 1.00 16027 V
249 111 151 2703 T

20 —CH,, 1.72 1.08 1.01 1634 V
237 111 145 2739 T

21 —CH(CH,), 1.94 1.07 0.95 1647 V
278 111 136 2649 T

22 202 1.09 1.05 2118 V
—G 286 112 152 2812 T

23 _O 1.97 1.07 1.01 1740 V
281 111 150 2718 T

24 —NHC(CH,), —CH, —CH, 223 111 158 2562 V
3.07 117 207 3950 T

25 —C,H, 206 1.10 153 2329 V
279 1.18 205 3802 T

26 -CH, 1.96 1.09 141 213 VvV
262 114 208 3221 T

27 CH, 188 1.09 133 2189 V
251 116 201 3810 T

28 —CH,, 181 1.08 125 2056 V
240 117 202 3819 T

29 CH, 178 1.08 1.12 1965 V
234 117 191 3814 T

30 —CH, 1.73 1.08 1.01 1836 V
227 116 201 3809 T

31 —-CH,, 170 1.06 0.95 1596 V
220 1.17 2.01  385.1 T

32 -CH, 1.67 107 086 1298 V
2.14 117 2.01 3924 T

33 —CH(CH,), 192 1.09 131 2105 V
257 116 189 3699 T

34 —CH(CH,), 185 1.09 126 2100 V
247 117 2.04  389.1 T

35 __G 200 1.09 121 2056 V
266 1.16 1.81 3659 T

(continued)



09: 20 24 January 2011

Downl oaded At:

2230 HROBONOVA ET AL.

Table 1. Continued

—A, ,AG®

1,2%

. a R, [J/mol] Col

36 @ 229 1.07 1.20 186.9
262 1.16 1.89 3543
37 —NHC(CH,), -CH, —CH, 214 111 154 2603
3.07 120 2.09 4629
48 -CH 203 109 118 2149

2775
2.83 1.19 2.10 381.5

Nr. R, R, R, k

39 —CH, 191 1.09 1.40 243.5
2.62 117 2.07 482.0
40 —CH, 1.77 1.10 1.11 207.1
248 1.16 2.01 356.0
41 —CH 1.69 1.07 1.06 179.4

st

230 1.17 209 3937
42 ~CH, 1.66 107 1.07 1633
225 117 209  399.7

43 ~CH, 164 107 101 1558
218 117 211 3911
44 ~CH,, 162 106 1.12 1487
213 117 210 4007
45 ~CH, 158 1.07 101  156.6
208 1.17 201 3853
46 —CH(CH), 177 108 1.14 1926
243 116 192 3712
47 ~CH(CH), 172 107 111 1764
233 1.16 184 3682
48 184 108 123 1987

ﬂ 253 116 1.79 3693
49 @ 180 1.08 121 1895

249 116 1.72 357.6

H<H<H<LH<CH<CH<LH<LCH<LH<LCH<LSH<SH <AL

RSD for k [12-4 %.

cellulosic and amylosic CSPs.** Compounds that can be enantioseparated in this

mode have a minimum of two polar functional groups (e.g., -OH, -NH, -COOH, -
N<, -SH, etc) capable of relatively strong interactions with the chiral stationary
phase. These interactions are usually hydrogen bonds, but can sometimes be
dipolar and/or electrostatic in nature (or some combination thereof). The mobile
phase generally consists of methanol/acetonitrile mixtures with very small
amounts of acid and base modifier. At least one of the analyte’s polar functional
groups must be on or near the stereogenic center. The other polar group can be
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Table 2. Chromatographic Data for the Enantioseparation of Derivatives of Aryl-
oxypropanols with Heterocyclic Nitrogen R, Substituents on Vancomycin (V) and
Teicoplanin (T) Bonded Chiral Stationary Phases (Chromatographic Conditions: See
Experimental)

OH
O— CH, — CH — CH, — R,
CH, — O — C3Hy
0=C — R,
-4 AG®

Nr. R, R, k, a R, [J/mol] Col
50 _NG —CH, 2.47 1.04 0.52 85.3 A%
3.53 1.05 0.77 132.1 T

51 _NC 2.18 — — — \%
2.97 1.03 0.50 65.8 T

52 *”Q 221 — — — \%
3.02 1.04 0.52 86.0 T

53 /N 0.17 — — — v
NI 035 — — — T

54 -CH, 0.5 — — — \%
— Nﬂo 0.30 — — — T

S

RSD for k [12-4 %.

located anywhere in the molecule. In this mode it also is beneficial if the analyte
has some steric bulk or an aromatic ring associated with it.""

In this study, a large number of racemic aromatic, amino alcohols were
evaluated on teicoplanin and vancomycin CSPs. A common mobile phase con-
sisting of methanol/acetonitrile/acetic acid/triethylamine (45/55/0,3/0,2 v/v/v/v)
was used in all cases for comparison purposes. In the mobile phase, the amount
of acid is higher relative to the amount of base. Therefore, the ionisation of ana-
lytes is assured and ion interaction of the stationary phase with functional groups
of alkylaminoderivatives of aryloxypropanols is also probable.

The results of the separation of enantiomers of derivatives of aryloxypro-
panols are summarised in Tables 1-3. From Table 1, it is evident that in the tested
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Table 3. Chromatographic Data for the Enantioseparation of Derivatives of Aryl-
oxypropanols Without Substitution in 2-Position on Aromatic Ring on Vancomycin (V)
and Teicoplanin (T) Bonded Chiral Stationary Phases (Chromatographic Conditions: See
Experimental)

OH
O— CH, — CH — CH, — R,
0=—°C — R,
—A]_ZAGO

Nr. R, R, k, a R, J/mol Column
55 G —CH, 309 104 0.6l 86.67 \%
429 106 0.82 142.3 T
56 _NO 273 1.03 045 68.6 \%
365 105  0.67 127.8 T
57 267 104 042 85.0 \%
- ”Q 3.67 1.04 055 107.9 T
58  —NHCH(CH,), 260 108 162 2042 \%
377 114 184 3259 T
59 _”G ~CH, 286 104 0.63 93.4 \%
395 107 095 169.8 T
60 _NO 272 1.03 048 68.9 \%
3.64 105  0.67 121.8 T
61 _”Q 253 104 045 85.3 \%
337 106 0.74 161.4 T
62 —NHCH(CH,), 239 1.08  1.57 199.4 \%
338 114 1.78 331.4 T

RSD for k [12-4 %.

mobile phase, the number of carbon atoms in the R, substituent has only a small
effect on the retention factor values (k = 1,5 - 3,7). It can be observed, that the
retention factor values decrease very slowly as the number of carbon atoms in the
R, substituent increases in the range C, - C,. The worst resolutions of enan-
tiomers (R, J 1) were obtained for analytes with longer alkoxysubstitution (C, -
C,) in the case of the vancomycin chiral stationary phase. The influence of the



09: 20 24 January 2011

Downl oaded At:

MECHANISM OF ENANTIOSEPARATION. I 2233

length of the R, substituent on resolution is not significant for the teicoplanin chi-
ral stationary phase. The cycloalkyl substitution (cyclopentyl-, cyclohexyl-) and
branching of R, substituent have no significant influence on the selectivity and
the resolution of enantiomers for either of the macrocyclic chiral stationary
phases. The R, substituent also has no significant influence on the selectivity and
the resolution for either macrocyclic chiral stationary phase (Table 1). Since the
R, group is far from the stereogenic center, and far from both of the polar moi-
eties of the analyte (which are responsible for the associative interactions with the
CSPs) it can have little effect on enantioselectivity. The increase in length of the
R, alkyl chain has a small effect on retention, resulting in decreased retention
times.

Clearly, the type of nitrogen substitution in R, has the greatest influence on
the enantioseparation. If the nitrogen is part of a heterocyclic ring, no separation
(morpholino-) or very poor separations (piperidyl-, pyrolidyl-, perhydroazepinyl-)
(R, < 0,8) of enantiomers were obtained (Table 2). This is in stark contrast to
compounds with alkylamino- R, substituents (Table 1). Branching of aminoalkyl
substituents have a positive effect on the enantioselectivity.

As might be expected, it is the environment near the stereogenic center that
exerts the greatest influence on enantioresolution. Higher R, values were obtained
for derivatives without substitution in the 2-position of the aromatic ring (Table 3)
in comparison to the 2-substituted derivatives (Tables 2 and 1). This means that
substituents in the 2-position of the aromatic ring, sterically hinder enantioselec-
tive interaction somewhat. When the 2-position is without substitution the enan-
tiomers are more retained on the stationary phase and the highest resolutions for
enantioseparation were obtained. Substitution in the 2-position on the aromatic
ring only crowd the adjacent stereogenic centre environment somewhat, and
slightly diminish interactions with the chiral stationary phase. For both van-
comycin and teicoplanin bonded chiral stationary phases the length of the alkoxy-
chain (the R, substituent) has no significant effect on the enantioseparation.

A similar influence of structure on the resolution of enantiomers was
observed for alkoxysubstituted esters of phenylcarbamic acid separated on
teicoplanin bonded chiral stationary phase in the polar-organic mode.™

The different interaction of two enantiomeric forms with the stationary
phase leading to chiral discrimination can be expressed as the difference of the
free energy -A, ,AG® calculated from the separation factor o according to the fol-
lowing equations:

-A NG =AGe - AG®
-AAG°=RTInk,/k,=RT Ina

The results given in Tables 1-3 show that only very small energy differ-
ences are needed for the chromatographic resolution of enantiomers of these
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Figure 1. Chromatograms of separation of enantiomers of derivatives of aryl-
oxypropanols on vancomycin and teicoplanin bonded chiral stationary phases.

Chromatographic conditions: see experimental.
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Nr. Chirobiotic V Chirobiotic T

59
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0 4 8 12 0 5 10 15
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Figure 1. Continued.

alkylaminoderivatives of aryloxypropanols. It is, therefore, obvious that binding
of two enantiomers to a given chiral site may involve different amounts of energy
simply because one of the enantiomers, for steric reason, might be forced to
adopt an energetically less favourable conformation. The number of carbon
atoms in alkoxy- chain length in R, substituent (C, - C,) had no significant effect
on the free energy differences. The highest values of the free energy difference
were obtained for teicoplanin-based chiral stationary phase, which also was
reflected by their greater enantioresolutions.

The chromatograms of the separation of enantiomers of alkylaminoderiva-
tives of aryloxypropanols on vancomycin- and teicoplanin-based chiral stationary
phases are shown in Figure 1.

CONCLUSION

The teicoplanin- and vancomycin-bonded chiral stationary phases have the
capability to separate enantiomeric derivatives of aryloxypropanols. The greatest
resolution of these enantiomers was obtained on the teicoplanin chiral stationary
phase. According to the results of enantiomeric separations using teicoplanin and
vancomycin columns, it can be supposed that the interactions needed for chiral res-




09: 20 24 January 2011

Downl oaded At:

2236 HROBONOVA ET AL.

olution of enantiomers involve charge interaction between functional groups of the
macrocyclic antibiotic and analyte plus hydrogen bonding interactions; the forma-
tion of which is supported in mobile phases containing acetonitrile and methanol
solvents. Steric interactions also contributes to enantioselectivity. The substituents
in the 2-position of the aromatic ring influence the asymmetric carbon atom envi-
ronment and have negative effect on the resolution of enantiomers. The sub-
stituents in 3-position of the aromatic ring have no significant effect on the enan-
tioseparation. It seems that the type of nitrogen substituents in the hydrophilic part
of molecule has dominant influence on the resolution of enantiomers.

One important aspect of this work is that it demonstrates that an electrosta-
tic interaction can substitute for a hydrogen bonding interaction in the polar
organic mode on macrocyclic glycopeptide CSPs. It appears that a pertinent
associative interaction is between the protonated amine functional group of the
analyte and the carboxylic acid group on the aglycone portion of the macrocyclic
glycopeptide. This interaction site is different from that which has been defined
for amino acids and peptides.
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