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Abstract: The effect of temperature on the LC resolution of racemic aromatic

sulfoxides was studied between 10 and 508C in the polar organic mode on a teicoplanin

aglycone chiral stationary phase (CSP). The set of 10 chiral sulfoxides compounds

consisted of 2-,3-,4-toluyl methyl sulfoxides and phenyl methyl sulfoxides with

different 2-,3-,4-halogen substituents on the aromatic ring. The van’t Hoff plots were

constructed to determine the thermodynamic data, and in order to promote an under-

standing of the mechanism of enantioseparation. The van’t Hoff plots (ln k versus 1/
T and ln a versus 1/T) were linear for all enantiomers. Plots of ln a versus 1/T

afforded thermodynamic parameters, such as the change in enthalpies D(DH2,1) and

the change in entropies D(DS2,1) for the sulfoxide enantiomers. If D(DH2,1) and

D(DS2,1) are invariant with temperature, the D(DG2,1) values can be determined

using the Gibbs-Helmholtz equation. The influence of different substituents and their

position on the aromatic ring of the sulfoxides on their enantioseparation was correlated

to the thermodynamic data. The elution order of the sulfoxide enantiomers does

not reverse in the temperature range of 10 to 508C. All chiral sulfoxides separated
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on teicoplanin aglycone CSP showed the (S)-(þ)-enantiomer eluting first at all

temperatures.

Keywords: Chiral separation, HPLC, Teicoplanin aglycone CSP, Thermodynamic

study, Chiral compounds, Sulfoxides

INTRODUCTION

The macrocyclic glycopeptides CSP’s are very useful for the separation of

enantiomers, including chiral sulfoxide molecules.[1] Macrocyclic antibiotics

possess several characteristics that allow them to interact with a variety of

analytes and allow them to serve as chiral selectors. They have numerous

stereogenic centres and a variety of functional groups, allowing them to

have multiple interactions with chiral molecules.[2]

Chirality remains an important consideration for many compounds such

as pharmaceuticals, biological molecules, and agrochemicals, to name a

few. In many cases, only one isomer in a chiral compound is responsible

for the desired activity, while the other isomer may exhibit no therapeutic

value and may potentially cause unsuspected effects.[3 – 5]One of the two enan-

tiomers of a drug may be toxic or sometimes inactive with respect to biologi-

cal systems. Because of the different biological activities of enantiomers, the

preparation of highly enantio-pure compounds is of utmost importance.[6]

The sulfoxides are organic compounds that are, by convention, drawn

with an S55O double bond. Given the unshared pair of electrons on the

sulphur, they are not planar molecules. Consequently, when there are two

different substituents on sulphur, the molecule is chiral. A more correct

view of sulfoxides is that the S–O bond is more ylide-like, i.e., the

molecule bears no overall charge but has a negatively charged oxygen atom

bonded to a positively charged sulfur atom.[7] The chiral sulfoxides are a

large group of organic compounds that are useful in organic synthesis as inter-

mediates in synthetic reactions and asymmetric synthesis.[8,9] Recently,

Armstrong and co-workers published a series of separations of chiral sulfox-

ides using macrocyclic glycopeptides as chiral stationary phases.[1]

In this paper, we explore the influence of temperature on chiral recog-

nition of a series of closely related chiral sulfoxides. The effect of temperature

on their retention was studied in order to estimate the interaction/separation

mechanism on the teicoplanin aglycone CSP. Temperature is a critical

parameter in chromatography and studying its effect on a separation is the

key to understanding the mechanism governing the chromatographic

process. The effect of temperature on the resolution and selectivity factors

for a set of structurally related chiral compounds is often interpreted using

van’t Hoff plots generated from the chromatographic data. For most separ-

ations, these plots are linear, indicating that the retention and/or selective

processes governing the separation are unchanged over the temperature
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range studied.[10] The aim of this work was to evaluate enantiomeric separ-

ations, of related chiral sulfoxides from a thermodynamic point of view of

on a teicoplanin aglycone chiral stationary phase (Chirobiotic TAG).

EXPERIMENTAL

Materials

The names and structures of the chiral sulfoxides used in this study are given

in Figure 1. All of the sulfoxide compounds used in this study were prepared at

the Department of Analytical Chemistry, Faculty of Chemical and Food Tech-

nology, Slovak University of Technology, according to the method previously

described in literature.[11,12] HPLC grade solvent (methanol) was obtained

from Merck (Germany).

Equipment

The HPLC chromatographic system Hewlett Packard (series 1100) consisted

of a quaternary pump, an injection valve (Rheodyne 7724i) with a 20mL

sample loop, switching valve (Valco), and a photodiode array detector. The

column temperature was controlled in a column temperature box (LCT

5100, INGOS, Czech Republic).

Figure 1. Description and numbering of the sulfoxides used in this study.
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Methods

A teicoplanin aglycone (Chirobiotic TAG) CSP (250�4,6 mm I.D.) (Astec,

USA) was used for the separation of enantiomers of chiral substituted

phenyl sulfoxides. The analytes were dissolved in methanol (concentration

1 mg/mL). UV absorption at a wavelength of 254 nm was used for

detection. The teicoplanin aglycone was used in a polar organic mode,

100% methanol was used as mobile phase. Separations were carried out at a

flow rate of 1.0 mL/min. Thermodynamic data were measured under isother-

mal conditions over a temperature range of 10–508C at 108C intervals. The

precision of the controlled temperature was +0.18C. Higher temperatures

were not used in order to protect the column from degradation. The (S)-

(þ)-enantiomer eluted first, for all the chiral sulfoxides separated on the tei-

coplanin aglycone CSP.[1]

RESULTS AND DISCUSSION

The effect of temperature on the separation of chiral sulfoxides was investi-

gated in the polar organic mode on the teicoplanin aglycone chiral stationary

phase CSP (Chirobiotic TAG). In general macrocyclic glycopeptides can

interact with analytes via hydrophobic, dipole-dipole, p-p interactions,

hydrogen bonding, as well as steric repulsion. The structure of these chiral

selectors has been given in previous articles.[2] The molar mass of used teico-

planin aglycone (C58H45Cl2 N7O18) is Mr 1197. Methanol was used as the only

component of mobile phase. This simple, single-component mobile phase

greatly simplifies the interpretation of results on the Chirobiotic TAG column.

Four different kinds of chiral sulfoxide compounds were successfully

separated. One was methyl 2-,3-,4-toluyl sulfoxide. The others included 2-,

3-,4–substituted chlorophenyl and bromophenyl methyl sulfoxides, and

4-fluorophenyl methyl sulfoxide. Table 1 lists retention data for the 10

chiral sulfoxides separated on Chirobiotic TAG column at different

temperatures.

Previous studies indicated that there are at least two significant effects of

temperature on the chromatographic separation of enantiomers: the influence

on viscosity, (which affects the diffusion coefficient of solutes), and a thermo-

dynamic effect.[13 – 17]

Despite the increase in efficiency at higher temperatures, enantiomeric

resolution can still diminish due to the decreasing enantioselectivity factors

(see Figure 2).

The dependencies of the retention factors of the chiral sulfoxides on the

position of the Br substituent are given in Figure 3. The sulfoxides with

substituents in the 2-position of the aromatic ring were the most retained.

The least retained structural isomers were the ones with substituents in the

3-position. This trend was the same in all cases. The enantioselectivity
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Table 1. Dependences of enantiomer retention factors (k1), enantioselectivity factors (a) and resolutions (R21) for sulfoxides

with substituents in 2-position, 3-position and 4-position on temperature. (See Experimental for details)

Analyte

Temperature

283 K 293 K 303 K 313 K 323 K

k1 a R12 k1 a R12 k1 a R12 k1 a R12 k1 a R12

1 0,74 1,36 2,3 0,66 1,35 2,1 0,58 1,33 1,9 0,53 1,29 1,5 0,47 1,27 1,2

2 0,56 1,50 2,8 0,5 1,49 2,5 0,44 1,47 2,2 0,41 1,43 1,8 0,37 1,41 1,6

3 0,82 1,32 2,2 0,73 1,30 2,1 0,65 1,27 1,6 0,58 1,24 1,4 0,53 1,22 1,1

4 0,8 1,54 3,8 0,72 1,51 3,4 0,65 1,46 2,6 0,58 1,41 2,2 0,53 1,38 1,9

5 0,64 1,62 3,9 0,57 1,61 3,4 0,51 1,55 2,9 0,47 1,49 2,5 0,43 1,46 2,0

6 0,89 1,58 4,3 0,8 1,55 3,9 0,71 1,48 3,2 0,64 1,42 2,6 0,58 1,37 2,1

7 0,74 1,62 4,0 0,65 1,59 3,8 0,58 1,54 3,1 0,53 1,47 2,5 0,48 1,44 2,1

8 0,59 1,59 3,4 0,52 1,56 3,1 0,47 1,51 2,5 0,42 1,46 2,1 0,39 1,43 1,7

9 0,78 1,54 3,9 0,69 1,51 3,3 0,62 1,44 2,7 0,56 1,38 2,1 0,51 1,34 1,7

10 0,64 1,73 4,6 0,57 1,69 4,1 0,51 1,63 3,3 0,46 1,56 2,8 0,41 1,52 2,2

For n ¼ 3; k1 + 0.01, a+ 0.01 R12 + 0.1.

T
eico

p
la
n
in

A
g
ly
co
n
e
C
h
ira

l
S
ta
tio

n
a
ry

P
h
a
se

6
2
7

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
4
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



factor increases with increasing electronegativity of the substituent on the

4-position of the phenyl ring (see Figure 4). This fact is evident at all

studied temperatures and is characteristic just for the 4-substituted

compounds. In addition, for halogens, the 4-substituents resonance form

(quinoidal form) can be formed (Figure 5). The formation of the resonance

forms is not possible in the case of 4-toluyl methyl sulfoxides. The presence

of the CH3 group has a different effect on the aromatic ring as compared to

electronegative atoms.

In the case of chiral sulfoxides with the halogen atom in 4-position, the

better chiral resolution was achieved for chiral sulfoxides with the more elec-

tronegative halogen atom (see Figure 6a). On the other hand, in the case of 3-,

and 2-positions on the aromatic ring, there is a very different influence on the

enantioselectivity and chiral resolution (see Figure 6b, 6c).

Thermodynamic Parameters in the Polar Organic Mode

Direct enantiomeric separations are based on the formation of reversible dia-

stereomeric associates or complexes that are created by intermolecular inter-

actions of individual enantiomers with a chiral selector.[18] This formation

process can be characterized by the Gibbs-Helmholtz thermodynamic par-

ameters (DG8, DH8, DS8).
In order to calculate the thermodynamic parameters and acquire infor-

mation of value for an understanding of enantiomeric retention, selectivity

and/or mechanism for this CSP, van’t Hoff plots were constructed using (1)

ln ki ¼
�DHi

RT
þ
DSi

R
þ lnw ð1Þ

Figure 2. Effect of temperature on the retention and chiral resolution of 4-chlorophe-

nyl methyl sulfoxide. Chromatographic conditions: Column Chirobiotic TAG

(250 � 4,6 mm I.D), 1 mL/min methanol mobile phase, UV detection at 254 nm.
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where ki is the retention factor of a solute, DHi is the enthalpy of transfer for

this solute in the chromatographic system, DSi is the entropy of transfer for this

solute, w is the phase ratio of the chromatographic column.

Data obtained from the van’t Hoff plots also can provide some insight

concerning the relative influence of energetic and steric contributions to the

enantioseparation of sulfoxides. The van’t Hoff plots were linear in the temp-

erature range of this study. When a plot of ln k versus 1/T is linear, then the

Figure 3. The influence of temperature on retention factors for first eluted (k1) and

second eluted enantiomer (k2) of 4, 5, and 6 analyte. (See Experimental for details).
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slope is 2DHi/R and the intercept is DSi/Rþ lnw, which are invariant with

temperature. Figure 7 gives typical examples of the linear dependence of

the natural logarithms of retention factors (ln ki) with the inverse of tempera-

ture (1/T) for the first and second eluted enantiomers of chiral sulfoxides. The

list of thermodynamic data obtained from the van’t Hoff plots for all of the

studied compounds is presented in Table 2.

The correlation coefficients of the van’t Hoff plots were in the range

0.997–0.999. It can be concluded, that there is no change in the separation

mechanism within the range of studied temperatures.

From the thermodynamic data listed in Table 2, it is evident that the

values of the intercepts (DSi/Rþ lnw) were negative in all cases. Also, the

(DSi/Rþ lnw) values for the first eluted enantiomer were always less

negative than those for the second eluted enantiomer. In every case, the

second eluted enantiomers always had bigger slopes of 2DHi/R and, at

the same time.

Figure 4. Dependence of enantioselectivity factor on temperature for analytes: 1, 4,

7, and 10. (See Experimental for details).

Figure 5. The structure of sulfoxides with F-substituent in 4-position. X-represents

halogen atom.
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Figure 6. The influence of temperature on resolution (R21) for sulfoxides with differ-

ent polarity of substituents in 4-position (6a), 3-position (6b), and 2-position (6c).

(See Experimental for details).
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In general, the calculation of DSi from the intercept requires knowledge

of the phase ratio w. When the dead volume of the column and the

technical data are known, phase ratio w could be calculated.[19] The corre-

sponding D(DH2,1) and D(DS2,1) values can be obtained as the differences

DH2–DH1 and DS2–DS1, or can be estimated from the selectivity factor

(a), which is related to the difference in Gibbs free energy of association

Figure 7. Dependence of natural logarithms of retention factors (ln ki) on the inverse

of temperature (1/T) for analyte-10, -4, and 7. (See Experimental for details).
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Table 2. The results of linear regression for the first eluted enantiomers, S -(þ) form, and the second eluted

enantiomers, R (2) form, of all studied sulfoxides. (See Experimental for details)

Analyte 2(DH1/R) DS1/Rþ ln w

Correlation

coefficient, r 2(DH2/R) DS2/Rþ ln w

Correlation

coefficient, r

4-Position

1 1026 + 35 23,92 + 0,11 0,998 1190 + 16 24,19 + 0,05 0,999

4 936 + 9 23,52 + 0,03 0,999 1199 + 22 24,02 + 0,07 0,999

7 964 + 26 23,71 + 0,09 0,999 1236 + 11 24,19 + 0,04 0,999

10 999 + 18 23,97 + 0,06 0,999 1282 + 14 24,43 + 0,05 0,999

3-Position

2 928 + 42 23,86 + 0,14 0,997 1091 + 14 24,02 + 0,05 0,999

5 891+ 22 23,60 + 0,08 0,999 1181 + 30 24,13 + 0,10 0,999

8 946 + 32 23,88 + 0,11 0,998 1208 + 11 24,33 + 0,04 0,999

2-Position

3 991 + 17 23,70 + 0,06 0,999 1236 + 17 24,27 + 0,06 0,999

6 972 + 22 23,55 + 0,08 0,999 1290 + 30 24,20 + 0,10 0,999

9 955 + 14 23,63 + 0,05 0,999 1327 + 17 24,49 + 0,06 0,999
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D(DG2,1) for an enantiomeric pair as shown below:

DðDG2;1Þ ¼ �RT lna ¼ DðDH2;1Þ � TDðDS2;1Þ ð2Þ

The D(DH2,1) and D(DS2,1) values obtained by the two different ways

should be identical within experimental error.[17] Figure 8 shows van’t Hoff

plot of ln a versus 1/T for selected sulfoxides. The value of thermodynamic

data for all sulfoxides is given in Table 3. The correlation coefficients for these

plots were in the range 0.981–0.999.

The values of 2D(DH2,1) and D(DS2,1) are also presented in Table 3. The

values of 2D(DH8) are in the range 1355–2935 J . mol21.

A characteristic of 4-position chiral sulfoxides with a halogen atom is the

increase in values of 2D(DH2,1), with increasing the electronegativity of

halogen atoms. The possibility of formation of resonance forms in the case of

4-position chiral sulfoxides with a halogen atom increases, as well as the possi-

bility of energic interactions increasing (i.e., dipole interactions), which have a

positive influence on enantioseparation. The changes in values of D(DS2,1)

are not as significant as it is in the case of changes of D(DH2,1), which are

significantly different for each analyte from the group of 4-position sulfoxides.

In the case of 3-,2-position sulfoxides, there is observed a different,

opposite trend, as it is in the case of 4-position sulfoxides. From the list of ther-

modynamic data, it is clear that the biggest values in changes of D(DH2,1) are

correspondent with 5-analyte from the group of 3-position sulfoxides and with

Figure 8. Dependence of natural logarithms of enantioselectivity factor (ln a) on the

inverse of temperature (1/T) for analyte-10, -4, -7, and -1. (See Experimental for

details).

D. Meričko et al.634

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
4
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



Table 3. Thermodynamic data for the first eluted enantiomers, S -(þ) form, and the second eluted enantiomers, R -(2) form,

of all studied sulfoxides. (See Experimental for details)

Analyte 2 D(DH2,1)/R D(DS2,1)/R
Correlation

coefficient, r

D(DH2,1)

(J/mol)

D(DS2,1)

(J/mol/K)

a

(293 K)

D(DG2,1)293 K

(J/mol)

Tiso
(K)

4-Position

1 163 + 13 20,26 + 0,04 0,990 21355 22,16 1,35 2722 627

4 263 + 18 20,49 + 0,06 0,992 22187 24,07 1,51 2993 537

7 281 + 21 20,50 + 0,08 0,992 22336 24,16 1,59 21118 562

10 309 + 20 20,54 + 0,07 0,993 22569 24,49 1,69 21254 572

3-Position

2 163 + 13 20,16 + 0,04 0,990 21355 21,33 1,49 2965 1019

5 245 + 28 20,37 + 0,09 0,981 22037 23,08 1,61 21136 662

8 236 + 11 20,37 + 0,04 0,997 21962 23,08 1,56 21061 638

2-Position

3 181 + 3 20,36 + 0,01 0,999 21505 22,99 1,30 2623 503

6 353 + 27 20,78 + 0,09 0,991 22935 26,48 1,55 21035 453

9 336 + 25 20,75 + 0,08 0,992 22794 26,24 1,51 2967 448
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6-analyte from the group of 2-position sulfoxides. In the case of 3-,2-position

sulfoxides there is no possibility of formation resonance forms, as it is in the

case of 4-position chiral sulfoxides with a halogen atom on an aromatic ring.

The changes in D(DS2,1) are not as significant as it is in case of changes

D(DH2,1) values.

In the case of halogen substituted sulfoxides that are very similar in the

values of D(DS2,1), but significantly different in changes of D(DH2,1) values,

it can be assumed that energic interactions have a dominant influence on enan-

tioseparation. For example, in the case of analytes 5 and 8 that are differently

separated, they have the same values of D(DS2,1) but they are different in

changes of D(DH2,1) values.

On the other hand, for the group of toluyl methyl sulfoxides, dominant

influence of steric interactions is a characteristic. The smallest differences

in D(DH2,1) values belong to 3– and 4– toluyl methyl sulfoxides. The

value of 21355 (J/mol) represents the smallest enthalpic difference

between these two enantiomers. In spite of having the same values of

D(DH2,1), they have a different value of D(DS2,1) and they are differently

separated. The better enantiomeric separation was obtained in the case of

3– toluyl methyl sulfoxide. Probably the dominant influence on enantiose-

paration has steric interactions and plays a very important role in the

position of CH3 group on aromatic ring of sulfoxides.

Sulfoxides with substituents in the 3-position had the lowest D(DS2,1)

values. In the case of studied sulfoxides with substituents in 2-position, the

biggest values of D(DS2,1) were observed. The values of -D(DS2,1) for all sulf-

oxides were in the range 1,33–6,48 (J.mol21.K21).

The (D(DG2,1) values are proportional to values of enantioselectivity

factor (a). The values of 2(D(DG2,1) were in range 623–1254 (J.mol21).

The biggest value of 2(D(DG2,1) belongs to the best separated couple of enan-

tiomers, 4-fluorophenyl methyl sulfoxide. On the other hand, the smallest

value of 2(D (DG2,1) belongs to 2-toluyl methyl sulfoxide.

At a certain temperature, when (D(G2,1) ¼ 0, the enantiomers are not

separated. This temperature is known as enantioselective temperature (Tiso)

and can be defined as the ratio:

Tiso ¼
DðDH2;1Þ

DðDS2;1Þ
ð3Þ

In addition, knowing the (Tiso) of certain analytes under given experi-

mental conditions might be helpful in the determination of optical purities,

as the elution order will be reversed.[20] In the case of sulfoxide separation,

the enantioselective temperature was determined and for all sulfoxides was

higher than the highest temperature used for enantioseparation of sulfoxides.

The individual (Tiso) was in the range (448–1019 K) and we can suppose,

there was no change in elution order of studied compounds in the range

10–508C.
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CONCLUSION

The mechanism of enantioseparation is independent of temperature within the

range of this study. The values of D(DH2,1), D(DS2,1) and D(DG2,1) were

determined.

It can be concluded, that energic and steric interactions play very

important roles during the enantioseparation of sulfoxides, but in the case of

toluyl methyl sulfoxides (analytes 1, 2, and 3) the steric interactions

probably have the dominant influence on the enantioseparation. The

position of CH3 functional group on the aromatic ring of chiral sulfoxides is

a very important role.

In the case of halogen sulfoxides the steric interactions also play a very

important role, but, probably, the energic interactions have the dominant

influence on the enantioseparation. It relates also with the electronegativity

of halogen atoms and formation of resonance forms in the case 4-position

halogen sulfoxides. It can be assumed that the probability of the resonance

form formation and the occurrence of the dipole-dipole interactions have a

positive influence on the enantioseparation.

ACKNOWLEDGMENTS

The authors acknowledge the support of the Grant Agency of Slovak Republic

(VEGA 1/8213/01 and 1/9127/02), and the Agency for International Science

and Technology Cooperation in Slovakia (Grant No. 035/2001, USA-SK).

Support of this work by the National Institutes of Health, NIH RO1

GM53825-08, is gratefully acknowledged.

REFERENCES

1. Berthod, A.; Xiao, T.L.; Liu, Y.; Jenks, W.S.; Armstrong, D.W. Separation of
chiral sulfoxides by liquid chromatography using macrocyclic glycopeptide
chiral stationary phases. J. Chromatogr. A 2002, 955, 68.

2. Ward, T.J.; Farris, A.B., III. Chiral separations using the macrocyclic antibiotics: a
review. J. Chromatogr. A 2001, 906, 75.

3. Ward, T.J.; Ward, K.D. The Impact of Stereochemistry on Drug Development and
Use; Aboul-Enein, H., Wainer, I., Eds.; Chemical Analysis Series; John Wiley &
Sons: New York, 1997; Vol. 142, 317.

4. Ward, T.J. Chiral media for capillary electrophoresis. Anal. Chem. 1994, 66,
633A.

5. Stalcup, A.M. Concise Encyclopedia of Chemical Technology, 4th Ed.;
Kroschwitz, J.I., Ed.; 1998; 401.

6. Aboul-Enein, H.Y.; Ali, I. Optimization strategies for HPLC enantioseparation of
racemic drugs using polysaccharides and macrocyclic glycopeptide antibiotic
chiral stationary phases. Il Farmaco 2002, 57, 513.

Teicoplanin Aglycone Chiral Stationary Phase 637

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
4
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



7. Dobado, J.A.; Martinez-Garcia, H.; Molina, J.M.; Sundberg, M.R. Chemical
bonding in hypervalent molecules revised. 2 þ Application of the atoms in
molecules theory to Y 2 XZ and Y 2 XZ 2 (Y ¼ H, F, CH 3; X ¼ O, S, Se;
Z ¼ O, S) compounds. J. Am. Chem. Soc. 1999, 121, 3156.

8. Yamanoi, Y.; Imamoto, T. Preparation of enantiopure 2,2,5,5-tetramethyl-3,4-hex-
anediol and its use in catalytic enantioselective oxidation of sulfides to sulfoxides.
J. Org. Chem. 1997, 62, 8560.

9. Furia, F.; Licini, G.; Modena, G.; Motterle, R.; Nugent, W. Enantioselective
titanium-catalyzed sulfides oxidation: Novel ligands provide significantly
improved catalyst life. J. Org. Chem. 1996, 61, 5175.

10. Wang, F.; O’Brien, T.; Dowling, T.; Bicker, G.; Wyvratt, J. Unusual effect of
column temperature on chromatografic enantioseparation of dihydropyrimi-
dinone acid and methyl ester on amylase chiral stationary phase. J. Chromatogr.
A 2002, 958, 70.

11. Schuetz, R.D.; Ciporin, L. Preparation of 3-arylthianaphthenes. J. Org. Chem.
1958, 23, 206–208.

12. Borwell, F.G.; Pitt, B.M. The formation of a-chloro sulfides from sulfides and
from sulfoxides. J. Am. Chem. Soc. 1955, 77, 572–577.

13. Pirkle, W.H. Unusual effect of temperature on the retention of enantiomers on a
chiral column. J. Chromatogr. A 1991, 558, 1.

14. O’Brien, T.; Crocker, L.; Thompson, R.; Thompson, K.; Toma, P.H.;
Conlon, D.A.; Feibush, B.; Moeder, C.; Bicker, G.; Grinberg, N. Mechanistic
aspects of chiral discrimination on modified cellulose. Anal. Chem. 1997, 69,
1999.

15. Chen, H.; Horvath, Cs. High-speed high-performance liquid chromatography of
peptides and proteins. J. Chromatogr. A 1995, 705, 3.

16. Zhu, P.L.; Dolan, J.W.; Snyder, L.R.; Djordjevic, N.M.; Hill, D.W.; Lin, J.T.;
Sander, L.C.; Heukelem, L.V. Combined use of temperature and solvent
strength in reversed-phase gradient elution IV. Selectivity for neutral (non-
ionized) samples as a function of sample type and other separation conditions.
J. Chromatogr. A 1996, 756, 63.
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