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ABSTRACT

The chromatographic behavior of 31 samples of variously
substituted 2,5-anhydroaldohexose ethylene acetal derivatives has
been studied on silica gel and C-18 modified silica gel layers
with, respectively, binary non-aqueous and aqueous mobile
phases.  The slopes and intercepts of the linear relationships
between the retention constant (RM) and the logarithm of the
volume fraction of the diluent in non-aqueous mobile phase, as
well as of the volume fraction of organic component in aqueous-
organic mobile phase, have been calculated and are discussed in
relation to solute and mobile and stationary phase characteristics.
The retention and relative retention of compounds depend largely
on the retention behavior of their substituents.
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INTRODUCTION

Variously substituted monosaccharide derivatives, frequently used as key
intermediates in the synthesis of certain biomolecules,1 are convenient for
studying the relationship between the molecular structure of a compound and its
chromatographic properties.

In a previous paper,2 the normal phase chromatographic behavior of
selected 1,2-O-isoprpylidene derivatives of aldohexoses and 1,2-O-
cyclohexylidene derivatives of aldopentoses was studied on silica gel thin
layers. Significant and distinct effects of the types of compounds and the type,
number, and position of substituents in a molecule on retention were observed.

In this work, we have studied selected 2,5-anhydroaldohexose ethylene
acetal derivatives of D-gluco, D-alo, D-gulo and L-ido series possessing a
variety of substituents.  The selected compounds have conveniently been used as
key intermediates in the synthesis of C-nucleosides,3 as well as of (+)-muscarine
and its analogs.4-6  The retention behavior of selected compounds has been
studied by normal and reversed phase thin layer chromatography (TLC) using
silica gel and C18 modified silica gel layers, and, respectively, non-aqueous and
aqueous mobile phases.

EXPERIMENTAL

TLC was performed on 10 x 10 cm HPTLC plates pre-coated with silica
gel 60 or C18 modified silica gel (Merck, Darmstadt, Germany).  The samples
were dissolved in chloroform (2 mg mL-1) and 1-µL volumes of the solutions
were applied to the chromatoplate with a micropipette.

The binary mobile phases in normal phase chromatography were
cyclohexane (Cx) or toluene (Tl) mixed with ethyl acetate (EtAc), acetone (An),
dioxane (Dx), or tetrahydrofuran (THF) in various proportions of mixture
components.

In reversed phase chromatography, methanol (MeOH) or acetonitrile
(ACN) were mixed in various proportions with water (H2O).  Spots were
detected by spraying with a 50% aqueous solution of sulfuric acid, followed by
heating at 120oC for 10-15 min.

Rf values are averages from at least three chromatograms developed for
each solute-mobile phase combination. RM values were calculated by use of the
formula RM = log(1/Rf - 1).  The structures of the compounds are given in Fig. 1.
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Figure 2. Plots of RM vs. log ϕ (eqn. 1) (a) and RM vs. log ϕD (eqn. 2) (b) for mobile
phase Cx-THF.  Designation of solutes is as in Fig. 1.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



ORDER                        REPRINTS

2,5-ANHYDROALDOHEXOSE ETHYLENE ACETALS 1477

Figure 3. Plot of RMD
o vs. nD for mobile phase Cx-Dx.

RESULTS AND DISCUSSION

Normal Phase Chromatography (NPC)

The relationship between chemical structures of the compounds (Fig. 1)
and their retention behavior in NPC has been studied using the well-known
equation7,8

RM = RM
o - n log ϕ (1)

where  ϕ  denotes the volume fraction of the polar constituent of a binary mobile
phase, RM

o is an extrapolated RM value in pure polar solvent, and n is a constant.
The numerical data of the constants n and RM

o for each compound and mobile
phase tested are presented in Table 1 for cyclohexane and in Table 2 for toluene
as the diluent.

The data in Tables 1 and 2  show that slope n values of Eq. 1 mainly follow
the polarities of the compounds, i.e., the n value decreases with the decrease of
the compound retention.
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Table 5

Slopes and Intercepts of the Linear Relationship Between nD and RMD
0,

and nD and n in NPC, and Between m and RMW
0 in RPC*

Intercept Intercept
NPC Slope RMD

0/nD r Slope n/nD r

Cx-EtAc 0.742 -1.702 0.9802 1.24 -0.021 0.9997
Cx-An 0.441 -1.251 0.9745 2.09 0.194 0.9986
Cx-Dx 0.551 -1.633 0.9829 1.43 0.276 0.9779

Cx-THF 0.534 -1.432 0.9703 1.67 -0.033 0.9998
Tl-EtAc 0.847 -1.927 0.9632 1.59 0.174 0.9759
Tl-An 0.530 -1.471 0.9759 2.10 -0.014 0.9971
Tl-Dx 0.587 -1.859 0.9790 1.80 0.556 0.9611

Tl-THF 0.558 -1.779 0.9672 2.19 -0.092 0.9852

Average Average
RMD

0/nD n/nD

Cx 0.544 -1.437 0.9759 1.57 -0.092 0.9982
Tl 0.638 -1.813 0.9914 1.96 0.049 0.9952

RPC RMW
0/nD

MeOH- 0.977 -0.968 0.9977
H2O

ACN- 1.145 -1.667 0.9912
H2O

__________________
* r = correlation coefficient.

There is, however, no correlation between n and RM
o values.  For that

reason, we have introduced into Eq. 1 the volume fraction of diluent,  ϕD,
instead of ϕ , so that Eq. 1 can be written as

RM = RMD
o - nD log ϕD (2)

where RMD
o is an extrapolated RM value at ϕD = 1, and nD is a constant with

negative sign.  The numerical data for the constants nD and RMD
o are presented

in Tables 3 and 4.  It should be pointed out that Eq. 2 is valid for the narrow
range of ϕD values, because there is no linear relation between log ϕ and log ϕD.
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Table 6

Constants m and RMW
0 of Eq. 3 for Eluents Containing

Methanol and Acetonitrile

MeOH-H2O ACN-H2O MeOH-H2O ACN-H2O
ϕorg = 0.6-0.8 ϕorg = 0.5-0.7 ϕorg = 0.6-0.8 ϕorg = 0.5-0.7

Cpd. -m RMW
0 -m RMW

0 Cpd. -m RMW
0 -m RMW

0

1 2.01 1.040 17 2.32 1.255
2 2.13 1.190 18 3.13 2.285 2.23 0.907
3 3.01 1.937 2.38 1.002 19 6.51 5.329 3.53 2.512
4 5.13 4.094 2.92 1.609 20 5.51 4.797 3.30 2.230
5 5.92 4.730 3.43 2.189 21 1.97 0.990
6 2.61 1.583 2.10 0.627 22 2.09 1.149
7 3.39 2.335 2.62 1.308 23 3.63 2.484 2.33 1.087
8 5.56 4.568 3.30 2.059 24 3.85 2.707 2.21 0.979
9 2.20 1.099 25 2.49 1.371 2.15 0.707
10 6.65 5.457 3.52 2.288 26 4.94 3.752 3.03 1.687
11 1.91 0.803 27 4.43 3.254 2.51 1.218
12 5.33 4.135 2.72 1.460 28 4.95 3.950 2.66 1.413
13 6.12 4.870 3.32 2.066 29 3.27 2.165 2.20 0.832
14 5.94 4.736 3.28 2.057 30 5.19 4.190 3.06 1.942
15 7.22 6.086 3.70 2.501 31 3.03 2.093 2.25 1.003
16 6.45 5.460 3.56 2.532

For ϕ values used and the same retention data, good correlation
coefficients of the linear regression of experimental RM values were obtained for
both equations (Tables 1-4).  Some correlation lines are given in Fig. 2.

Constants nD and RMD
o generally follow the retentivity of the compounds;

therefore, there is good linear correlation between them (Fig. 3 and Table 5).
Good linear relationship is also obtained between constants n and nD (Table 5).
As constants nD and RMD

o of a particular compound are similar for the same
diluent and various eluting systems, their mean values (Tables 3 and 4) will be
used for discussion of solutes retention behavior.

The retention of all studied compounds remarkably depends on the type of
substituents and on the presence of other substituents in a molecule, but less on
their positions or orientations.  For example, compounds 1, 2, 21, and 22 co-
migrated in mobile phases with cyclohexane, suggesting the same retentivity of
hydroxy and mesyloxy functions.  Likewise, compounds 4 and 5 were similarly
retained, as were compounds 12, 13, and 14.   Compounds 23 and 25, as well as
compounds 29 and 31, were, however, clearly resolved.  Compounds with
hydroxy groups were more retained.
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The effect of other substituents in a molecule on retention is evident.  As
expected, replacement of hydroxyl hydrogen or mesyl function with any other
substituent resulted in reduced retention and, consequently, in decreased n and
nD values.

Substitution of cyclohexane with toluene as the diluent generally resulted
in increased compound mobility, especially for those compounds with mesyloxy
groups.  This is evident from the RMD

o data in Table 4.  Exchange of hydroxy
group for mesyloxy results in significantly higher ∆RMD

o data for mobile phases
containing toluene as diluent than those containing cyclohexane.  Compound
pairs 1-2, 21-22, and 4-5 were not resolved in systems with cyclohexane while,
in systems with toluene, these pairs of compounds were completely separated
with higher retention of those compounds possessing hydroxy groups.  Increased
compound mobility in systems with toluene also resulted in lower constants n,
nD, and RMD

o in comparison with mobile phases containing cyclohexane.

The behavior of  compounds bearing benzoyl or benzyl functions was
generally as expected.  The benzyl group is less polar than benzoyl; however,
both groups caused low retentivity of the corresponding compounds.
Compounds 6, 9, and 17 were of the similar retentivity, as were compounds 4
and 18, suggesting the similar effect of the benzyloxy or azide function on
retention.  A fluorine atom (compound 20) showed the same effect on retention
as did an azide function (compound 19).

Reversed Phase Chromatography (RPC)

The retention data obtained in RPC were correlated with the volume
fraction of organic component, ϕorg, in a binary aqueous mobile phase according
to the equation

RM = RMW
o + m ϕorg  (3)

where RMW
o is an extrapolated RM value in pure water, and m is a constant with

negative sign.  The numerical data for the constants m and RMW
o are given in

Table 6.  Correlation coefficients of the linear regression of the experimental RM

values varied from 0.9971-0.9999.  For some compounds, the retention
constants were not measured, due to their great mobility in mobile phases
containing acetonitrile.

There is good correlation between RMW
o and absolute m values (Table 5).

The slopes of the lines are about unity, indicating that the slope increments, ∆m,
are approximately equal to the retention increments, ∆RMW

o (Table 7).
According  to   Eq.  3,  RMW

o  values  for  the  particular  compound  and           various
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mobile phases should be equal at ϕorg = 0.  There is, however, significant
difference between the RMW

o values calculated for the mobile phases used,
suggesting that the relationship between RM and ϕorg is not linear for the wide
range of ϕorg.

9-11

The retention of the compounds depended on the hydrophobicity of
substituents in a molecule.  Compound 15, bearing three hydrophobic
substituents, was most retained.  Therefore, the effect of substituents on
retention will be discussed using ∆m and ∆RMW

o values presented in Table 7.  It
is evident from these data that, for the same substitution and various solute pairs,
both increments are reasonably constant and independent of the substituent
position or orientation.  The presence of other substituents in a molecule affects
retention and, consequently, relative retention.  For example, the mesyloxy
function is slightly more hydrophobic than hydroxy; however, for conversion of
hydroxy to mesyloxy function, the presence of hydrophobic benzyloxy or
benzoyloxy functions in a molecule (compound pairs 4-5 and 12-13 ) increases
both increments in comparison with the presence of other mesyloxy groups
(compound pairs 1-2 and 21-22).  This is also observed for replacement of
hydroxy with a benzoyloxy function.  For compound pairs 4-6 and 18-19, both
∆m  and  ∆RMW

o  values  are  significantly  higher  than those for compound
pairs 1-3 and 17-18.  Hydrophobicities of benzyl, benzoyl, tosyl, or
trifluoromethanesulfonyl functions are generally similar; azide is slightly more
polar.  Halogens, as electron-donating atoms, exhibit high hydrophobicity.
Therefore, the retention difference between compounds 21 and 28 is about 3
(Table 7).

The retention sequence of compounds is generally opposite in RPC
compared to that in NPC, especially when particular solute series are
considered.  However, an exception  is observed, i.e., compound 15 was more
retained than compound 16 in both NPC and RPC.  Also, in both NPC and RPC,
compounds 16 and 19, which are of similar functionality, co-migrated; therefore
the trifluoromethanesulfonyl function is responsible for higher retention of
compound 15.  The trifluoromethyl moiety is hydrophobic and affects retention
in RPC, while the sulfonyl moiety determines retention of compound 15 in NPC.
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