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a  b  s  t  r  a  c  t

The  first  application  of  boromycin  as  a  chiral  selector  in capillary  electrophoresis  is  described.  Given
boromycin’s  insolubility  in  water,  a  non-aqueous  background  electrolyte  based  on  methanol  was  used  for
enantiomeric  discrimination  of  selected  chiral  primary  amines  (�-methylbenzylamine,  R,S-tryptophanol,
R,S-norepinephrine,  R,S-octopamine,  R,S-p-hydroxynorephedrine  and  R,S-2-amino-1-phenylethanol).
vailable online 6 March 2012
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A  basic  study  of  experimental  conditions  including  the  influence  of  boromycin  concentration,  the  com-
position  and  concentration  of  background  electrolyte  and  also  the  influence  of  different  organic  solvents
was  performed.  The  best  separation  condition  was  75  mM  Tris/50  mM  boric  acid  in methanol, s

wpH 9.0,
with  a  positive  separation  voltage.  The  enantiomeric  separation  of  the  primary  amines  was  achieved
within  14  min  with  resolution  values  greater  than  1.5 for the  majority  of  the  studied  analytes.
hiral selector

. Introduction

The development and study of new chiral selectors for enan-
iomeric separations represents an interesting and important area
f research. Separation of various types of enantiomers e.g. phar-
aceutical preparations, agrochemicals, food components, etc. is

equired in many areas of science and technology. Capillary elec-
rophoresis (CE) is a highly efficient analytical technique that is
articularly suitable for enantiomeric separations because of its
ery simple method development protocol. Most commonly, CE
ses only the addition of a chiral selector to the background
lectrolyte. Several review articles on the separation of various
nantiomers by CE have been published recently [1–4]. Many types
f chiral selectors for use in CE [5–8] have been described in last
wenty years (namely cyclodextrins and their derivatives, crown
thers, proteins, macrocyclic antibiotics, chiral surfactants, etc.).
ne important group of chiral selectors is based on macrocyclic
ntibiotics because they have high number of different stereogenic
enters and they can interact with enantiomers by various types of
nteractions (hydrogen bonds, �–� interactions, coulombic inter-

ctions, van der Waals interactions). A variety of different types
f these antibiotics were studied as chiral selectors in CE by Arm-
trong et al. [9–12]. Typical macrocylic antibiotics used in CE are the
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glycopeptides – vancomycin, teicoplanin and ristocetin A [13–15].
These chiral selectors have good solubility in water based back-
ground electrolytes. Some other antibiotics may  be suitable for
enantioseparations but their solubility in water is very limited
or they show better enantiodiscrimination ability in non-aqueous
environments. A novel trend is studying water insoluble chiral
selectors in non-aqueous capillary electrophoresis (NACE). Chen et
al. reported the first used erythromycin lactobionate in methanol
based running electrolyte for enantioseparations of two  basic drugs
duloxetine and propranolol [16,17].  These were the first applica-
tions of a macrolide antibiotic as a chiral selector in NACE. Another
macrolide antibiotic–azithromycin was used as chiral selector for
enantioseparations of chiral drugs in non-aqueous background
electrolyte [18].

Boromycin is a macrodiolide antibiotic that contains a stere-
ogenic borate moiety [19,20]. The structure of boromycin is shown
in Fig. 1. Boromycin is practically insoluble in water but its solu-
bility is higher in polar organic solvents (methanol, propane-2-ol,
acetonitrile) and has even greater solubility in solvents such as
N,N′-dimethylformamide and dimethylsulfoxide.

Boromycin was  introduced as a chiral selector by Armstrong et
al. [21]. Boromycin covalently bonded to a silica gel support was
used as a chiral stationary phase (CSP) in liquid chromatography

(LC) and supercritical fluid chromatography (SFC). It was shown
to have substantial enantiomeric selectivity for primary amines
and aminoalcohols. Boromycin based CSP was  used for separations
with polar organic mobile phases. Excellent enantioresolution was

dx.doi.org/10.1016/j.chroma.2012.02.073
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Fig. 1. Chemical structure of boromycin.

chieved for most of the separated primary amines. Boromycin pre-
ented an important alternative to chiral crown ethers that have
ood enantiorecognition ability for primary amines in aqueous
nvironments. Later, another analytical application of boromycin
as described. Boromycin was used as a molecular adaptor for a

apid and sensitive stochastic nanopore sensing method for the
etection of liquid explosive components [22].

NACE has several notable characteristics for applications in
nantiomeric separations. Non-aqueous background electrolytes
enerate lower Joule heating and so it is possible to use higher
onic strengths buffers. Consequently, higher separation voltages
nd short capillaries can be used. The mutual solubility of differ-
nt non-aqueous solvents is commonplace in comparison to the
olubility of water in organic solvents. A greater choice of avail-
ble solvents leads to broader influences on selectivity. Because of
he higher solubility of some chiral selectors in organic solvents
igher enantioresolutions often can be obtained. Details regarding
he use of NACE for enantiomeric separations have been published
n several recent reviews [23–25].

The aim of this work is to introduce and evaluate boromycin as a
hiral selector in NACE. The influences of boromycin concentration,
ackground electrolyte components and concentrations, and the
ature of the organic solvents on enantioselectivity are studied.

. Materials and methods

.1. Chemicals and reagents
Boromycin was obtained by fermentation from Strepto-
yces antibioticus (purity > 99%). The chiral primary amines

,S-�-methylbenzylamine, R,S-tryptophanol, R,S-norepinephrine,
A 1237 (2012) 128– 132 129

R,S-octopamine, R,S-p-hydroxynorephedrine and R,S-2-amino
-1-phenylethanol were purchased from Sigma (St. Louis, MO,
USA). The structures of studied enantiomers are shown in Fig. 2.
Boric acid and Tris also were from Sigma (St. Louis, Mo,  USA).
Sodium hydroxide, sodium acetate anhydrous, sodium formate
anhydrous, methanol, acetonitrile, propane-1-ol and propane-2-ol
were obtained from Merck (Darmstadt, Germany). All chemicals
were analytical grade purity.

The chiral primary amines were dissolved in methanol at a con-
centration 1 mg  mL−1 and diluted by methanol to desired lower
concentrations.

Running electrolytes were prepared by dissolving appropriate
amounts of boric acid, Tris, sodium formate or sodium acetate
in methanol and their pH values were measured. The calibra-
tion was performed using aqueous standard buffer solutions
(phosphate buffer KH2PO4/Na2HPO4 pHw 7.00 and borate buffer
H3BO3/NaCl/NaOH pHw 10.0). So, s

wpH values were obtained.
Boromycin (concentration range from 2 mM to 20 mM)  was  dis-
solved in the running electrolytes and the resulting buffer solutions
were sonicated for 5 min.

The solubility of boromycin in the appropriate solvent was
determined by visual observation of boromycin solubility. The
series of boromycin solution in concentration range from 2 to
30 mM  of boromycin (in 2 mM increments) in studied solvents were
prepared and sonicated 15 min  at laboratory temperature. After
sonication the solubility was visually compared and maximum
concentration of boromycin that can be dissolved in appropriate
solvent was  estimated. Such solution could be used for many se-
parations without facing any difficulty with clogged capillary or
repeatability of measurements.

2.2. Apparatus

The capillary electrophoresis unit used was a HP 3D Agilent
(Waldbronn, Germany) equipped with on-column diode array
detector. The separations were performed in fused silica capillary of
48.5 cm total length, effective length 40 cm and 50 �m I.D. (Micro-
Solv Technology Eatontown, NJ, USA). The capillary cassette was
thermostated at 20 ◦C. Initial activation of the capillary was  done
by rinsing of the capillary with 1 M NaOH for 30 min, then 30 min
with deionized water and at the end 30 min  with methanol. The
capillary was  rinsed 15 min  by 0.1 M NaOH, 15 min  with deion-
ized water and then with the running electrolyte solution at the
beginning of each working day. Between individual analyses the
capillary was washed 2 min  with the running electrolyte containing
the chiral selector. The detection wavelength was  200 nm except for
R,S-�-methylbenzylamine that was detected at the wavelength of
214 nm.  Injection was performed by pressure of 50 mbar/5 s. The
applied voltage was  +20 kV for all experiments. All the measure-
ments were performed five times if not stated otherwise.

3. Results and discussion

3.1. Capillary electrophoresis

Boromycin is practically insoluble in water while its solu-
bility in other organic solvents that are usually used in NACE
with UV detection, such as methanol, acetonitrile, propane-2-ol
and propane-1-ol, is slightly better [20,21].  First, the solubility
of boromycin was tested in the mentioned conventional organic
solvents. The solubility of boromycin decreased in the follow-

ing order: methanol > propane-2-ol > propane-1-ol > acetonitrile.
Therefore, methanol was the solvent of the first choice in this
study. Methanol can be classified as a polar amphiprotic solvent
that can act as both a proton donor and proton acceptor. Therefore,
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primary amines. Moreover, the solubility of boromycin decreased
with the increase of the amount of acetonitrile in the running elec-
trolyte. Similar results were obtained when propane-1-ol and/or
Fig. 2. The structures

ethanol dissolves well the background electrolyte components
hat are usually used in non-aqueous capillary electrophoresis.

oreover, methanol has excellent compatibility with UV detection.
Stability of the methanolic solutions of boromycin depends on

he pH of the background electrolytes. Acidic (s
wpH < 3) and very

asic electrolytes (s
wpH > 11) can lead to hydrolysis of boromycin;

hus the application of strong acid and strong alkaline pH values of
he BGE with boromycin is limited.

Two BGEs, 20 mM ammonium acetate in methanol s
wpH 7.5

nd 20 mM ammonium formate in methanol s
wpH 7.0, were cho-

en for the first measurements. At least partial enantioseparation
as achieved for all the studied primary amines in these elec-

rolytes. However, the highest values of resolution were lower than
.5 even though the maximum dissolvable amount of the chiral
elector, 20 mM of boromycin, in methanol was used. The exchange
f methanol for other solvents, propane-1-ol, propane-2-ol and
cetonitrile, did not provide any improvement of enantioresolution
or any of the studied primary amines.

A methanolic Tris–boric acid based BGE allowed better resolu-
ion of the studied compounds, thus it was chosen for the next
xperiments. In this electrolyte, all the studied primary amines
igrated as cations in the normal polarity mode with their own

lectrophoretic mobility and in the same direction as the moderate
lectroosmotic flow.

A study of the influence of boromycin concentration on the
esolution of the enantiomers of primary amines was carried
ut in 75 mM Tris/50 mM boric acid in methanol, s

wpH 9.0. The
mount of boromycin in the running electrolyte varied from

 mM to 20 mM.  Higher amounts of boromycin in the methanol
ased electrolyte could not be studied because of the limited
olubility of boromycin in methanol (20 mM).  With increasing
oromycin concentration an increase of the resolution values was
bserved for all the tested chiral analytes, with the exception of
,S-�-methylbenzylamine and R,S-tryptophanol, see Fig. 3. In the
ase of R,S-�-methylbenzylamine, the only analyte without a
ydroxyl group, the highest resolution was observed at 15 mM
oncentration of boromycin. R,S-Tryptophanol was only partially
eparated at any boromycin concentration.

Then the study was focused on the evaluation of the concen-
ration of Tris+ co-ion in the running buffer composed of 50 mM
oric acid in methanol with the addition of 20 mM boromycin on
nantioselective resolution of the primary amines. The results are

epicted in Fig. 4. It should be noted that with the change of Tris
oncentration in the BGE the s

wpH value changes, too.
To make sure that pure methanol is the best solvent for the

oromycin mediated enantioselective separation, various organic
Fig. 3. The influence of boromycin concentration on chiral resolution of primary
amines in 75 mM Tris/50 mM borate in methanol, s

wpH 9.0, U = +20 kV.

solvent mixtures with 75 mM Tris/50 mM boric acid were tested.
Mixtures of acetonitrile and methanol in v/v ratios 5:95, 10:90,
20:80, 50:50, 80:20 were studied most in detail. The addition of
acetonitrile to methanol based electrolyte (the total concentration
of 75 mM Tris/50 mM boric acid was kept constant in the BGE)
resulted in decreased enantioresolution of all the studied primary
amines. It seemed that the replacement of methanol (amphipro-
tic solvent) with acetonitrile (aprotic solvent) led to suppression of
the interactions between boromycin chiral selector and the studied
Fig. 4. The influence of Tris+ concentration in 50 mM borate buffer in methanol,
U  = +20 kV.
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ig. 5. Representative electrophoregrams of the chiral separation of the studied chira
njection 50 mbar/5 s, concentration of analytes 0.05 mg  mL−1 in methanol.

ropane-2-ol were used in the mixture with methanol or when
ure propane-1-ol or propane-2-ol was used. A substantial increase

n migration times occurred in the latter BGEs owing to their higher
iscosity if compared to methanol and acetonitrile. It can be stated
hat the best solvent for enantiomeric separation in NACE with
oromycin chiral selector is methanol. The corresponding electro-
herograms of the studied primary amines under the optimized
eparation conditions are shown in Fig. 5. Baseline separations were
chieved for almost all the tested analytes. Only the tryptophanol
nantiomers could not be separated because stereogenic center in
his molecule is too far away from any suitable interaction group
r from the rigid aromatic moiety. Incomplete resolution also was
ound for methylbenzylamine. These results indicate that interac-
ion with OH groups attached directly to the stereogenic center in
he primary amines plays a more important role in the enantiodis-
rimination mechanism than NH2 group itself. The repeatabilities
f the enantioresolution values were lower than 3.1% for all studied
nalytes. The repeatabilities of migration times of separated enan-
iomers were less than 2.9% intraday and less than 3.5% interday.
epeatability of areas was lower than 3.6% and 4.7% interday and

ntraday, respectively.
The electrophoretic properties of boromycin have not been pub-

ished, yet. Therefore, the effective mobility of boromycin was mea-
ured in 75 mM Tris/50 mM boric acid in methanol with s

wpH of 9.0.
oromycin migrated as a weak anion at these conditions and the
alue of its effective mobility was −12.5 ± 0.2 × 10−9 m2 V−1 s−1.
his result evidenced that boromycin chiral selector migrated in
he opposite direction to the primary amines and in opposite direc-
ion to the electroosmotic flow �eo = 7.40 ± 0.03 × 10−9 m2 V−1 s−1

in the optimized BGE: 75 mM Tris/50 mM  boric acid in methanol).

. Conclusion
It was demonstrated that boromycin, one of the macrolide
ntibiotic, allows enantiodiscrimination of chiral primary amines
n non-aqueous background electrolyte based on methanol as an

[

[
[
[

ary amines. Conditions: 75 mM Tris/50 mM borate in methanol, s
wpH 9.0, U = +20 kV,

amphiprotic solvent. This work points out simple applicability of
non-aqueous capillary electrophoresis for enantioseparation of pri-
mary amines as an alternative to chiral separation of primary
amines with crown ethers in aqueous electrolytes. NACE with
boromycin as chiral selector can serve also as a complementary
method to liquid chromatography with boromycin bonded chiral
stationary phase [21].
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versity in Olomouc, Czech Republic PRF 025 2011 and by bilateral
project Kontakt LH11018 of the Ministry of Education of the Czech
Republic.

References

[1] G. Gubitz, M.G. Schmid, J. Chromatogr. A 1204 (2008) 140.
[2] T.J. Ward, B.A. Baker, Anal. Chem. 80 (2008) 4363.
[3] B. Chankvetadze, J. Chromatogr. A 1168 (2007) 45.
[4] P. Mikuš, K. Maráková, Curr. Pharm. Anal. 6 (2010) 76.
[5] V. Cucinotta, A. Contino, A. Giuffrida, G. Maccarrone, M.  Messina, J. Chromatogr.

A  1217 (2010) 953.
[6] T.J. Ward, Anal. Chem. 78 (2006) 947.
[7] P.T.T. Ha, J. Hoogmartens, A. Van Schepdael, J. Pharm. Biomed. Anal. 41 (2006)

1.
[8]  M. Blanco, I. Valverde, Trends Anal. Chem. 18 (2003) 353.
[9]  K.H. Ekborg-Ott, G.A. Zientara, J.M. Schneiderheinze, K. Gahm, D.W. Armstrong,

Electrophoresis 20 (1999) 2438.
10] D.W. Armstrong, U.B. Nair, Electrophoresis 18 (1997) 2331.
11] M.P. Gasper, A. Berthod, U.B. Nair, D.W. Armstrong, Anal. Chem. 68 (1996)

2501.
12] K.L. Rundlett, M.P. Gasper, E.Y. Zhou, D.W. Armstrong, Chirality 8 (1996)

88.

13] A.F. Prokhorova, E.N. Shapovalova, O.A. Shpigun, J. Pharm. Biomed. Anal. 53

(2010) 1170.
14] T.J. Ward, A.B. Farris, J. Chromatogr. A 906 (2001) 73.
15] C. Desiderio, S. Fanali, J. Chromatogr. A 807 (1998) 37.
16] B. Chen, Y. Du, H. Wang, Electrophoresis 31 (2010) 371.



1 atogr. 

[
[
[
[

[

[

32 V. Maier et al. / J. Chrom

17]  G. Xu, Y. Du, B. Chen, Chromatographia 72 (2010) 289.

18] A.P. Kumar, J.H. Park, J. Chromatogr. A 1218 (2011) 1314.
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