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a  b  s  t  r  a  c  t

A  chiral  HPLC  method  using  four  macrocyclic  antibiotic  chiral  stationary  phases  (CSPs)  has  been  inves-
tigated  for determination  of  the enantiomeric  purity  of  fourteen  new  chiral  derivatives  of  xanthones
(CDXs).  The  separations  were  performed  with  the  CSPs  Chirobiotic  T, Chirobiotic  TAG,  Chirobiotic  V
and  Chirobiotic  R  under  multimodal  elution  conditions  (normal-phase,  reversed-phase  and  polar  ionic
mode).  The  analyses  were  performed  at room  temperature  in isocratic  mode  and  UV  and  CD  detection  at
a  wavelength  of  254  nm.  The  best  enantioselectivity  and  resolution  were  achieved  on  Chirobiotic  R  and
Chirobiotic  T CSPs,  under  normal  elution  conditions,  with  RS ranging  from  1.25  to  2.50  and  from  0.78  to
2.06,  respectively.  The  optimized  chromatographic  conditions  allowed  the  determination  of  the  enan-
tiomeric  ratio  of  eight  CDXs,  always  higher  than  99%.  In  order  to  better  understand  the  chromatographic
behavior  at  a molecular  level,  and  the  structural  features  associated  with  the  chiral  recognition  mech-
anism, computational  studies  by  molecular  docking  were  carried  out  using  VDock.  These studies  shed
light on  the  mechanisms  involved  in  the  enantioseparation  for  this  important  class  of  chiral  compounds.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The development of efficient methodologies to obtain both
enantiomers with high enantiomeric purity is a very important
task, especially in early stages of drug development. In this context,
the use of HPLC with chiral stationary phases (CSPs) has proven
to be the most helpful among the currently methods to achieve
chiral separations and to measure the enantiomeric ratio [1,2]. On
the other hand, macrocyclic antibiotic CSPs, introduced in 1994 by
Armstrong et al. [3],  became versatile and selective tools for the
enantioresolution, evaluation of the enantiomeric purity and phar-
macokinetic studies of different classes of chiral compounds [4–9].
The success of these CSPs can be associated with the diversity of
their structures that contain a variety of functional groups, multiple
stereogenic centers and inclusion cavities [10]. Furthermore, the
possibility to perform at multimodal conditions, associated with
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their complementarily in selectivity profiles, increases their use-
fulness and applicability. So, nowadays the macrocyclic antibiotic
CSPs are pointed out as one of the most versatile and robust CSPs
[8].

In the past few years, several computational studies concerning
chromatographic parameters have demonstrated to be very use-
ful to understand the chiral recognition phenomenon of a variety
of CSPs [11–18].  However, in spite of several studies regarding the
structure of macrocyclic antibiotic CSPs [8,10,19–23], their physic-
ochemical properties [8,10,20], applications [8,10,19,21], effect of
the type of mobile phase [19,21,24] as well as thermodynamic
investigations [25–27],  relatively little is known in detail about
their chiral recognition mechanisms at molecular level. It seems
that the mechanism of chiral recognition is still not fully eluci-
dated because of the structural complexity of the selectors which
make investigations more complicated than with other selectors.
Moreover, there are probably several kind of mechanisms that
can contribute to the chiral recognition and subsequent retention,
which depend not only on the nature of macrocyclic antibiotic CSP,
but also of the structure of the analyte and on the elution chro-
matographic conditions [10]. Nonetheless, Bauvais et al. reported
the elucidation of chiral recognition processes of nonsteroidal
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Fig. 1. Synthesis of (R)-(+) and (S)-(−)-CDX-1 (N-(2-hydroxy-1-phenylethyl)-2-((9-oxo-9H-xanthen-3-yl)oxy)acetamide); (R)-(+) and (S)-(−)-CDX-2
(N-(2-hydroxy-1-phenylethyl)-6-methoxy-9-oxo-9H-xanthene-2-carboxamide); (R)-(+) and (S)-(−)-CDX-3 (N-(1-hydroxy-3-methylbutan-2-yl)-6-methoxy-9-oxo-
9H-xanthene-2-carboxamide); (R)-(+) and (S)-(−)-CDX-4 (N-(1-hydroxy-4-methylpentan-2-yl)-6-methoxy-9-oxo-9H-xanthene-2-carboxamide); (R)-(−) and (S)-(+)-CDX-5
(N-(1-hydroxypropan-2-yl)-6-methoxy-9-oxo-9H-xanthene-2-carboxamide); (R)-(−) and (S)-(+)-CDX-6 (N-(2-hydroxypropyl)-6-methoxy-9-oxo-9H-xanthene-2-
carboxamide); (R)-(−) and (S)-(+)-CDX-7 (6-methoxy-9-oxo-N-(1-(p-tolyl)ethyl)-9H-xanthene-2-carboxamide). Reagents and conditions: (a) TBTU, triethylamine, dry
tetrahydrofuran, room temperature, 30 min  to 3 h.

anti-inflammatory drugs, anti-neoplastic compounds and N-
derivatized amino acids on vancomycin selector by docking studies
and molecular dynamics simulations [28].

Due to their biological properties, the importance of xanthone
(9H-xanthon-9-one) derivatives is well recognized in Medicinal
Chemistry [29]. Considering that our group has a vast experi-
ence in synthesis and biological evaluation of xanthone derivatives
[30–36];  some chiral members of this family are promis-
ing compounds for diverse biological/pharmacological activities
[29,37–40];  and that the examples of synthetic chiral deriva-
tives of xanthones (CDXs) described are scarce [37–40]; a small
library of both enantiomers of new CDXs have been synthesized

(Fig. 1) [41], their chiral enantioresolution evaluated in four macro-
cyclic antibiotic CSPs and the enantiomeric ratio measured.

The separations of the enantiomeric mixtures of CDXs were per-
formed with the CSPs Chirobiotic T, Chirobiotic TAG, Chirobiotic
V and Chirobiotic R (Fig. 2) under multimodal elution conditions
(normal-phase, reversed-phase and polar ionic mode). The chro-
matographic conditions affording the best resolutions were used
for the determination of the enantiomeric ratio of the new CDXs
synthesized.

Additionally, in order to better understand the chromato-
graphic parameters at a molecular level, and the structural features
associated with the chiral recognition mechanism, computational
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