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Teicoplanin chiral stationary phases (CHIROBIOTIC TAG and CHIROBIOTIC T) used in this study are
suitable for enantioseparation of chiral sulfoxides in polar-organic phase mode. The method involves
determination of chiral sulfoxides in human plasma on teicoplanin chiral stationary phase after the off-
line SPE pre-treatment using OASIS HLB cartridges. The limit of determination was in the range of
0.004–0.026 mg/ml for individual racemic mixtures. The S(þ) enantiomeric form eluted always as the
first, except the 4-(methyl sulfinyl) biphenyl with less retained R(�) enantiomer. It was found that the
rate constants of individual chiral sulfoxides depend on the type of halogen substituent. There was no
significant difference in rate constants considering the position of Cl-substitution on aromatic ring of
sulfoxides. Moreover, the rate constants of R(�) and S(þ) forms of enantiomers are significantly differ-
ent just in the case of 4-fluoro phenyl sulfoxide.

1. Introduction

Chiral sulfoxides are widely used as chiral controlers for
asymmetric C––C bond formation processes (Capozzi et al.
2001) and as ligands in catalytic asymmetric synthesis
(Owens et al. 2001). Moreover, some of the sulfoxides are
useful binding blocks in the synthesis of natural and bio-
logically active compounds presenting a variety of struc-
tures (Carreño 1995). Since stereogenic sulfinyl sulphur
induces a strongly asymmetric environment, many syn-
thetic groups were engaged in the design and development
of new synthetic methods for generation of enantiopure
sulfoxides. It is clear from the literature, that sulfoxide
functionality plays a very important role in a variety of
medical targets (Cotton et al. 2000). Together with in-
creased use of these compounds in organic synthesis, the
effective separation of the chiral sulfoxides is of analytical
and preparative interest as well. Since 1959 (Farina et al.
1959), several approaches to enantiosepation of chiral sulf-
oxides occurred using protein (Allenmark and Bomgren
1982; Balmer et al. 1994), polysaccharides (Tanaka
et al.1995; Donnoli et al. 2000) and cyclodextrin based
chiral stationary phases (CSPs) (Küsters and Gerber
1997). The macrocyclic glycopeptides CSP’s are very use-
ful for the separation of enantiomers, including chiral sulf-
oxide molecules (Meričko et al. 2006). They possess sev-
eral characteristics that allow them to interact with a
variety of analytes and allow them to serve as chiral selec-
tors. They have numerous stereogenic centres and a vari-
ety of functional groups, allowing them to have multiple
interactions such as: hydrophobic, dipole-dipole and p-p
interactions, as well as hydrogen bonding, steric repulsion
and ionic or charge-to- charge interactions (Armstrong and

Nair 1997; Gasper et al. 1996; Ward and Oswald 1997,
Ward et al. 1995).
This paper shows both, versatility of off-line solid phase
extraction (SPE) and effectivity of using glycopeptide
chiral stationary phases (CHIROBIOTIC TAG and CHIRO-
BIOTIC T) in polar-organic mode for determination of
chiral sulfoxides and for kinetic study of their decomposi-
tion in human plasma.

2. Investigations, results and discussion

2.1. Chiral separation and mobile phase composition

The resolution factors and retention factors behaviour of
the studied enantiomers (Fig. 1), as a function of the mo-
bile phase composition (the amount of base in the mobile
phase) in polar-organic mode for CHIROBIOTIC T and
CHIROBIOTIC TAG columns, are documented in Tables
1, 2 and Fig. 2. As it is evident, the polar-organic mode is
suitable for the separation of the sulfoxide enantiomers
using teicoplanin columns. Despite the fact that there is
no significant change in retention factors (ki) with varying
mobile phase composition, the enantioselectivity slightly
increases with increasing diethylamide concentration in
mobile phase using CHIROBIOTIC T column. The resolu-
tion factors were the highest in the case of methanol mo-
bile phase containing 17.48 mmol/l acetic acid and
4.79 mmol/l diethylamine (MP3) (Fig. 2). Under such
chromatographic conditions, the resolution factors (R1,2)
were in the range of 1.1–3.9. In the case of CHIROBIO-
TIC TAG higher retention factors and higher enantioselec-
tivity factors (a) were observed in comparison with CHIRO-
BIOTIC T. Unlike the CHIROBIOTIC T, no significant
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Fig. 1:
Chiral sulfoxide used for enantioseparation

Fig. 2: Influence of mobile phase composition on values of resolution factors for both chiral stationary phase

Table 1: Chromatographic data of enantioseparation of chiral sulfoxides using CHIROBIOTIC T column

CHIROBIOTIC T

Analyte MP1 MP2 MP3 MP4 MP5

k1 a k1 a k1 a k1 a k1 a

1 0.44 1.41 0.41 1.50 0.45 1.51 0.43 1.54 0.40 1.56
2 0.36 1.19 0.34 1.20 0.37 1.18 0.36 1.18 0.33 1.18
3 0.11 1.51 0.09 1.78 0.11 1.68 0.10 1.74 0.08 1.92
4 0.28 1.34 0.25 1.43 0.28 1.42 0.26 1.43 0.24 1.46
5 0.32 1.23 0.29 1.29 0.33 1.28 0.31 1.29 0.28 1.30
6 0.30 1.27 0.27 1.34 0.30 1.33 0.29 1.34 0.26 1.36
7 0.24 1.34 0.21 1.43 0.24 1.41 0.23 1.43 0.21 1.45
8 0.31 1.30 0.28 1.42 0.31 1.43 0.30 1.44 0.27 1.46

k1 � 0.09 (n ¼ 3). a � 0.06 (n ¼ 3)
MP1-MeOH-Hac (17.48 mmol/l). MP 2-MeOH-Hac (17.48 mmol/l)- Dea (2.39 mmol/l). MP 3-MeOH-Hac (17.48 mmol/l)- Dea (4.79 mmol/l). MP 4-MeOH-Hac (17.48 mmol/l)- Dea
(9.57 mmol/l). MP 5-MeOH-Hac (17.48 mmol/l)- Dea (14.36 mmol/l)



change in resolution factors was observed with changing
the mobile phase composition. The lowest resolution factors
were documented for 4-(methyl sulfinyl) biphenyl regard-
less the mobile phase composition for both chiral columns.
The influence of the position of the halogen substituent on
separation can be demonstrated in the case of aryl-methyl
sulfoxides with chloro substituent in 2-, 3- and 4-position
(Fig. 3). The elution order of all enantiomers (S(þ) enantio-
mer eluted first) were the same for all mobile phases. The
exception was 4-(methyl sulfinyl) biphenyl with R(�) enan-
tiomer eluted first. The teicoplanin aglycone (CHIROBIO-
TIC TAG) chiral stationary phase is considered more suita-
ble for the separation of aryl-methyl sulfoxides in the polar
organic mode (Meričko et al. 2007). This fact is also well
documented in Fig. 2. In the case of [(1,1-dimethyl-2 phe-
nylethyl) sulfinyl] benzene, separation is better using CHIR-
OBIOTIC T in comparison with CHIROBIOTIC TAG for
all mobile phase under the study. In addition, in the case of
4-(methyl sulfinyl) biphenyl, no separation was observed
using CHIROBIOTIC TAG column (Fig. 4) with UV detec-
tion. Due to this fact, the determinations of all 8 chiral sulf-
oxides in human plasma after solid phase extraction (SPE)
were performed using CHIROBIOTIC T column in metha-
nol mobile phase MP3.

2.2. Off-line solid phase extraction

The performance of the off-line SPE was investigated with
racemic standard solutions. The calibration with standard
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Table 2: Chromatographic data of enantioseparation of chiral sulfoxides using CHIROBIOTIC TAG column

CHIROBIOTIC
TAG

Analyte MP1 MP2 MP3 MP4 MP5

k1 a k1 a k1 a k1 a k1 a

1 0.87 1.51 0.71 1.50 0.70 1.50 0.69 1.49 0.68 1.48
2 0.86 1.00 0.71 1.00 0.69 1.00 0.68 1.00 0.67 1.00
3 0.23 1.30 0.18 1.36 0.17 1.38 0.16 1.38 0.16 1.39
4 0.51 1.57 0.40 1.59 0.38 1.61 0.37 1.62 0.37 1.58
5 0.65 1.41 0.52 1.40 0.50 1.41 0.49 1.40 0.48 1.39
6 0.59 1.48 0.47 1.48 0.45 1.48 0.44 1.49 0.43 1.48
7 0.46 1.48 0.37 1.51 0.35 1.52 0.35 1.52 0.34 1.51
8 0.61 1.38 0.49 1.41 0.48 1.42 0.47 1.42 0.46 1.40

k1 � 0.06 (n ¼ 3). a � 0.10 (n ¼ 3)
MP1-MeOH-Hac (17.48 mmol/l). MP 2-MeOH-Hac (17.48 mmol/l)- Dea (2.39 mmol/l). MP 3-MeOH-Hac (17.48 mmol/l)- Dea (4.79 mmol/l). MP 4-MeOH-Hac (17.48 mmol/l)- Dea
(9.57 mmol/l). MP 5-MeOH-Hac (17.48 mmol/l)- Dea (14.36 mmol/l)

Fig. 3: Chromatograms of chiral sulfoxides separated on CHIROBIOTIC
T in methanol mobile phase MP3 (See experimental for details.):
A 4-chloro phenyl sulfoxide, B 3-chloro phenyl sulfoxide, C
2-chloro phenyl sulfoxide

Table 3: Limit of determination LOQ, correlation coefficients
for calibration line and recovery of the SPE proce-
dure for determination of chiral sulfoxides in human
plasma

CHIROBIOTIC T

analyte LOQ (mg/ml) r Recovery (%)

1 0.026 0.9995 82
2 0.004 0.9990 64
3 0.009 0.9993 86
4 0.017 0.9995 88
5 0.007 0.9995 91
6 0.009 0.9991 85
7 0.016 0.9994 90
8 0.017 0.9994 93

r-correlation coefficient for calibration line. y ¼ a þ bx. (5 points in the range of 2.5–
100 mg/mL measured for racemic mixture)
RSDs for recovery were 3–5 (%). (n ¼ 3)



solutions was in the range of 2.5–100 mg/ml (5 points)
and for all 8 sulfoxides the correlation coefficients were
not less than 0.9990. The limit of determination (LOD) in
plasma samples was in the range of 0.004–0.026 mg/ml
for individual racemic mixtures. The recovery of the off-
line clean up of analytes from spiked plasma at a concen-
tration level 5 mg/ml was found to be 64–93 % with RSD
of 3–5 % (n ¼ 3) (Table 3).

2.3. In-vitro kinetic study

The developed HPLC method was applied to investigate
the in vitro kinetics of decomposition of aryl methyl sulf-
oxides. Determination of chiral sulfoxides in human plas-
ma after SPE procedure was performed using CHIRO-
BIOTIC T column in methanol mobile phase MP3. The
standard solution of racemic analytes was added to human

plasma (t ¼ 0) and the biological sample was incubated at
37 �C (time interval from 0 to 24 h). The same procedure
was used for analysis of blank plasma solutions. In Fig. 5
there three chromatograms of blank samples are shown
after different incubation times at 37 �C. Degradation of
4-bromo phenyl methyl sulfoxide is shown in Fig. 6. The
time curve of the in vitro degradation of all enantiomers
of analytes in human plasma is given in Fig. 7. The rate
constants were determined using the linear dependences:
ln (c/c0) ¼ f (t) (first order) and 1/c ¼ f (t) (second order).
The experimental rate constants (k) on the assumption that
the reaction of degradation is of the first or the second
order are summarised in Table 4. Curves depicted in Fig. 7
demonstrate the difference in the concentrations of the
enantiomers after the treatment. It is evident, that degrada-
tion slightly decreases with the time of incubation. In the
case of S(þ) enantiomers of analytes 1, 3 and 5 the degra-
dation strongly decreases after 12 h. This has similar trend
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Fig. 4: Separation of 4-(methylsulfinyl) biphenyl using chiral stationary phase in methanol mobile phase MP3 (See experimental for details)

Fig. 5:
Chromatograms of the blank analyzed using
CHIROBIOTIC T in MF3 after A 0(h), B 6(h)
and C 12(h) incubation at 37 �C. (See experi-
mental for details)

Fig. 6:
Degradation of S-(+) and R-(-) enantiomeric
form of 4-bromo phenyl methyl sulfoxide in
human plasma



in the case of second eluted enantiomers R(�) of ana-
lytes 3 and 5. In other cases, the degradation in human
plasma slightly continues even after 12 h of incubation.
There is no significant difference in degradation of R(�)
enantiomeric forms in comparison with the S(þ) enantio-
meric forms except the 4-fluoro phenyl methyl sulfoxide.
In this case, there was even observed some difference in
degradation in comparison with other analytes under
study. This shows the significant influence of the halogen
substituent on degradation. On the other hand, no signifi-
cant difference was observed considering the position of
2,- 3,- and 4,-chloro substituent on degradation in human
plasma. The degradation of studied compounds does not
correspond significantly to any order with regard to the
change in the concentration of the racemates during
study (the correlation coefficients are close to 1 in both
cases). It can be assumed that the mechanism of decom-
position is very complicated and there is no possibility
to describe it according to the first and/or second order
model.

3. Experimental

3.1. Chemicals

Racemic aromatic sulfoxides were prepared at Iowa State Univerzity, Gil-
man Hall, USA and their structure is given in Fig. 1. Solvents (methanol)
of HPLC grade and other chemicals (acetic acid, diethylamine, water, aceto-
nitrile) of analytical grade were supplied by Merck (Germany).

3.2. Equipment

The HPLC chromatographic system Hewlett Packard (series 1100) con-
sisted of a quaternary pump, autosampler, a switching valve Valco, a
photodiode array detector and polarimetric detector (Chiralyzer, IBZ MESS-
TECHNIK, Germany) connected in series.

3.3. Chromatography

The chiral stationary phases used for separations of racemic sulfoxides
were teicoplanin (CHIROBIOTIC T, 250� 4.6 I.D., 10 mm) (Astec, USA)
and teicoplanin aglycone chiral stationary phase (CHIROBIOTIC TAG,
250� 4.6 I.D., 5 mm) (Astec, USA). There was a guard achiral column
(SEPARON SGX C18, 10� 4 I.D., 7 mm) (Watrex, Slovakia) connected
before chiral column during the analysis of biological samples. Mobile
phases consisted of methanol containing 17.48 mmol/l acetic acid (Hac)
and with different concentration of diethylamine (Dea). The concentrations
od Dea were as follows: zero concentration (MP1), 2.39 mmol/l (MP2),
4.79 mmol/l (MP3), 9.57 mmol/l (MP4), 14.36 mmol/l (MP5). The flow
rate for the achiral and chiral columns was set at 1 ml/min. The tempera-
ture of the chromatographic columns was controlled at 20 �C. Injection
volume was 20 ml. The wavelength of 254 nm was used for UV detection.

3.4. Sample preparation

The cartridge was conditioned with 1 ml of methanol, 1 ml of purified
water. 0.5 ml of blood plasma spiked with studied analytes (concentration
5 mg/ml) was injected into OASIS HLB (30 mg, 1 ml) (Waters, Ireland)
cartridge. Then the sample was passed through the sorbent layer and
washed with 1 ml of water/methanol (95/5 v/v). Analytes retained by the
sorbent was eluted with 0.5 ml of the methanol containing 17.48 mmol/l
acetic acid and 4.79 mmol/l diethylamine (MP3). 20 ml of eluate was in-
jected into the chiral column. In order to avoid interferences in the case of
1-(methyl sulfinyl) naphthalene, the dilution of plasma sample with aceto-
nitrile (5/1 v/v) and centrifugation (MPW-300 Mechanika precyzyjna, Po-
land) for 5 min was used before SPE procedure. The columns were condi-
tioned with the mobile phase (MF3) before injection of plasma extracts or
standard solutions.
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Fig. 7: Time curve of degradation for the first eluted analytes and second eluted analytes

Table 4: Rate constants of decomposition of selected chiral sulfoxides in human plasma

Analyte First order section Second order section

k� 105 (s�1) r (correlation coefficient) k (dm3 �mol�1 � s�1) r (correlation coefficient)

4-S-(þ) 0.48 �0.89 0.39 0.90
4-R(�) 0.22 �0.96 0.17 0.97
5-S-(þ) 0.63 �0.94 0.71 0.95
5-R(�) 0.62 �0.88 0.71 0.90
6-S-(þ) 0.99 �0.96 1.01 0.94
6-R(�) 0.88 �0.98 0.88 0.97
7-S-(þ) 0.88 �0.95 0.84 0.96
7-R(�) 0.78 �0.99 0.73 0.99
8-S-(þ) 1.20 �0.98 1.16 0.98
8-R(�) 1.10 �0.94 1.02 0.95

Fisrt order section: k (rate constant), k � 0.06� 105 (s�1). (n ¼ 3)
Second order section: k (rate constant), k � 0.04 (dm3 �mol�1 � s-1) � (n ¼ 3)
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