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SUMMARY

Mathematical equations are derived in order to predict, with the knowledge of
the Rp values of six aldohexose (or aldomethylose) sugars, the Rp values of the re-
maining two. The aldohexose and aldomethylose sugars are treated separately.

ARps values and vicinal correction factois were calculated for the hydroxyl
groups at C-z, C-3 and C-4, using the Rp values given by ISHERWOOD AND JERMYNI,
A self-consistent set of constants was obtained, which gives good agreement between
the experimental and calculated Rjr values for all the cases in which data were

available in the literature.

Several studies have been devoted to the correlation of the structure of sugars
and their chromatographic behaviour?-%. In the case of aldohexose and aldomethylose
sugars, a quantitative correlation between the steric positions of the hydroxyl
groups and the Rp values of the sugars has not been established as far as we know.

Such a correlation may be helpful in the identification of some of the sugars
which are not easily obtainable and may be interesting from a theoretical point of

view.
THEORETICAL CONSIDERATIONS

The present state of knowledge related to MARTIN’s additivity principle can be
summarized as follows according to LEDERER AND PIReLLI?: “The additivity of
AR pr values should not be entirely rejected as unreliable, but it should be born in
mind that certain solvents obey this rule while others do not”’.

BusH!0 has given an extensive review of the Rjas theory and its applications.
Early and recent examples of the application of the theory are also given in refs. x1-13.

These authors have pointed out that there'are two main sources of difficulty
in applying the theory, and BusH1? has emphasized that these must be distinguished
carefully. In the first place many substances contain substituents which interact
with one another and do not fulfil the premises of MARTIN’s!! original theory. Se-
condly, many sources of experimental error have not been adequately controlled by
authors claiming to have invalidated the theory? 10,13,
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- It seems to the present author that the additivity principle can be still obeyed
in some cases in which it previously appeared to fail, if this principle is used in a more
refined form. In the case of the isomeric aldohexose (or aldomethylose) sugars which
are treated in the present paper, the requirements of MARTIN’s theory do not seem
to be fulfilled, and a direct application of the additivity principle leads to unsatis-
factory results. The fact that paper is not an ideal support for water, the manner of
separation of sugars, is still subject to doubt (surface adsorption or liquid-liquid
partition) and the separation of isomers seems, at first glance, to be contradictory
to MARTIN's statement?t: “Thus all isomers containing the same groups (note that the
degree of ionisation, etc., must not be changed) would be expected to have the same
partition coefficient” suggests, in fact, the absence of the requirements of MARTIN's
theory. Since the aldohexose (or aldomethylose) sugars are steric isomers one can
expect that it would be impossible to separate them from each other according to
MARTIN's statement. However, this is not the case.

‘These facts suggest that a refinement of MARTIN’s original simple the01y is
desirable. Thus, BusH has pointed out that interacting substituents, while not having
simple additive effects on Rjs values, should give constant AR, values if treated as
complex (multi-substituent) structures. Alternatively the effect of a neighbouring
substituent on the ARjs value of another should be constant in different substances.

We have tried to discover such invariant groups within sugars by an empirical
examination of their R,y values. For example, consider the aldohexose (or aldomethyl-
ose) sugars whose configurations differ predominantly from each other by the steric
positions of their hydroxyl groups at C-2, C-3 and C-4. We have tried to correlate the
change in Rjs values with the steric deviations of hydroxyl groups at these positions,
taking their orientations in galactose (galactomethylose in the case of aldomethyloses)
as the reference structure. The steric deviations of aldohexoses or aldomethyloses
from their reference compound can then be divided into two classes:

(a) Sugars that differ from the galacto-configuration by the steric position of
one hydroxyl group (gluco- (C-4), gulo- (C-3), talo- (C-2).

(b) Sugars that differ from the galacto-configuration by the steric posmons of
more than one hydroxyl group.

In case (a) the effect of each deviation on the Rjs value can be estnnated by
simply subtracting the Rpr value of galactose (or galactomethylose) from the Ry
value of the sugar having the deviation under consideration. As an example, the
effect of the deviation at C-4 in the aldohexose sugars can be evaluated as follows:

ARy ) = R4 (glucose) — Ry (0) (galactose) (1)

Similar expressions can be written for the aldomethylose sugars, provided
galactose is replaced by galactomethylose. The superscript (4) refers to the deviation
at C-4. Similar notations will be used throughout to indicate that the deviations
occur at C-z and/or C-3, and/or C-4. In case (b), the individual effects of the deviations
can not simply be summed up, because the remaining part of the sugar under con-
sideration is not identical to that of galactose if any one of the deviations is removed.
Although glucose is reduced to galactose if the deviation at C-4 is removed, the re-
moval of the deviation at C-4 in mannose, for mstance reduces it to talose, which
differs. from galactose by the deviation at C-2. This fact suggests that the Rys value
of any sugar belonging to class (b) cannot be obtained by adding the Rjs value of
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galactose and the ARjps values referring to the individual effects of the deviations
defined in the manner given in eqn. (1). :

RM(-A) (mannose) 7 RM(O) (galactose) + ARpr(2) - ARp(4)

These considerations require that some correction factors must be introduced
in order to express the Rjs values of the sugars belonging to case (b) in terms of the
R); value of galactose and the individual effects of the deviations. For this purpose
a correction factor is associated with each deviation, say d,, d3, and &, for the devia-
tions at C-2, C-3, and C-4, respectively. It is assumed that the total correction for
any sugar is calculated as the arithmetic mean of the individual corrections associated
with the deviations appearing in that sugar; and that the individual correction for
any deviating group is the sum of the correction factors associated with the remaining
deviations. This last statement is justified by the fact that the removal of the re-
maining deviations reduces the sugar to the one which has only one group deviating
from galactose, thus completing the correction procedure, since the resultant

“compound’’ falls in class (a).
In the following, a sugar will be said to be of the first, second, or third class if it

has one, two or three groups deviating from galactose. Under the above assumptions,
it is easily seen that we can write, for instance, for allose:

Rag®4) = Ras® + ARy + ARy + (da + do)/2 (2)

and that the double arithmetic mean of the molecular correctlons of the sugars of
the second class gives the correction of the sugar of the third class, that is:

9 (ds + da)/2 + (da + da)/2 + (d2 + da)/2 _ (ds - da) <+ (d2 + &4) + (d2 4+ d3)
3 . 3 '
(3)

[N

, In eqn. (2), the correction factors d, and dg are used to correct the deviations
at C-3 and C-4, respectively. In eqn. (3), the three terms in the numerator on the left-
hand side are the molecular corrections of allose, mannose, and idose, respectively,
and on the right-hand the molecular correction of altrose is given. Similar formulas
can easily be written for the aldomethylose sugars. - :

.Denoting the arithmetic mean of the molecular corrections of the sugars of the
second class by D, eqn. (3) can be simply written as:

2D = D34 " (4)
where the right-hand side is the molecular correction of altrose. Assuming that the
mean”correction factor D of the second class sugars does not differ significantly from
their 1nd1V1dual molecular corrections, we can write the followmg approximate
equatlon ‘which is valid for all the sugars considered: ~

RM('D'_ RM(O) + ('n-— 1)D -+ 2. ARM<’~> . | ‘ (5)
_ I.,'—'=1 . .

where #n denotes the class number of the sugar, and & must take the group numbers of
the deviations in the sugar considered. For example, in mannose 2 must take the
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values 2 and 4, because the deviating groups from galactose are at C-2z and C-4.
In cases of the first class sugars we have » = 1, and the term in eqn. (5) containing D
disappears. For the sugars of the second and third classes the coefficients of D are
1 and 2, respectively. The evaluation of the Rjs value of altrose by eqn. (5) using the
remaining sugars justifies eqn. (4). Eqn. (5) cannot be used for aldomethylose sugars,
since the Rp value of glucomethylose for which # = 1 is not given in the work of
IsuERWOOD AND JERMYN?! on which the present paper is based.

In order to overcome this difficulty, a further assumption is introduced sug-
gested by the correction factors of the aldohexose sugars which consists of taking:

D(3.4) oy D(2,3) (6)

where D@®,% is the molecular correction for the allo-nucleus and D®® is that for the
ido-nucleus. This new assumption enables us to evaluate the Rjs value of any two
sugars using the remaining six sugars. Similar calculations are made for the aldo-
methylose sugars under the assumption:

5/4 D*34) = D#2,8) B ' (6a)
where the coefficient 5/4 is used empirically as giving a better fit with existing data.
CALCULATIONS

As an example, the Rp values of glucose and allose are calculated with the

help of the Rp values of galactose, gulose, talose, mannose, idose and altrose. Ac-
cording to eqns. (4), (5), and (6) we can write:

Ry = Rps(0) 4= ARps3 for gulose,

Rpr() = Rpr(®) 4+ ARp (2 for talose,

Rpr(24) = Rpr0) 4 D2:4) - ARp2) 4~ ARps4) for mannose,

Rpr(2:8) = Ry 0) 4 D(2,3) o ARp(2) + ARps®) for idose, (7)

Rpg(2:84) = Rp(0) - D(2,3,4) - ARpr(2) - ARpB8) + ARy 4) for altrose,
D(2,3) = D34

D,3) 4 D@E,4) 4 D(2,4)
3

= [D(2,3,4)

The set of eqns. (7), where the Rps values are replaced by their experimental
values obtained from the Rz values of ISHERWOOD AND JERMYN?! with the help of a
conversion tablel4, are solved with respect to the ARy values and the correction
factors. By adding 4Ry® to the Ry value of galactose, Rp®, we obtained Ry,
the Rpr value of glucose. Similarly, the Ry value of allose, Rp@ %, is obtained by
adding ARp®, ARp™, and DG to Rpr®. The Ry values obtamed in tlns way are
transformed to Rp values by means of the conversmn table. ‘ :
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Numerical example of the calculation
The Rps values corresponding to the experimental Rp values shown in Table I,
are as follows v

Rps3) (gulose) = 0.525 Rpr(2) (talosé) = 0.399

Rps(2,4) (mannose) = 0.501 Rp(23) (idose) = 0.347
Rys(2,3,4) (altrose) = 0.432 Rp(0) (galactose) = 0.673

Replacing these figures in the set of eqns. (7), we obtain:

0.525 = 0.673 -+ AR for gulose

0.399 = 0.673 - ARy (2 for talose

0.50I == 0.673 -+ D(2:4) 4~ ARp(2) - ARy for mannose
0.347 = 0.673 -+ D(@2:3) 4 ARp(2) 4~ ARy 3 for idose

0.432 = 0.673 + D(2:.3.4) - ARp(2) - ARy @) 4 ARy for altrose
D(2,3) = D(3,4)
D(@,3) 4~ DB,4) 4~ DR,
2
3

= [(2,3,4)

Solving these equations we obtain:

ARp®) = — 0.148 ARy®) = —o0.174
ARM(‘I) = — 0.045 D(2.3) = D(B3,4) = 0.096

Calculation of the Rp value of glucose gives:

Rps@®) = Rps0 4 AR 4 :
Rpr1) = 0.673 + (— 0.045) = 0.628

In the conversion table the Rjs value 0.627 corresponds to an Rg value of 0.191.

Calculation of the Rp value of allose gives:

_RM(ao‘l) = RA’I(O) + D(3,4) —I— AR}‘/[(a) + AR]V[(‘D
Rpr34) = 0.673 -+ 0.096 + (— 0.148) -+ (— 0.045) == 0.576

‘In the conversion table Rjr 0.575 corresponds to an Rp value of o.21.

‘ In the above calculation the Rjps values of glucose and allose were omitted.
In the next calculation another sugar besides glucose was omitted in order to obtain
a new set of equations similar to eqns. (7), and this gave a second ‘“predicted Rjs
value’’ for glucose and one R s value for the sugar omitted. Repeating the procedure of
changing the sugar omitted, six predicted Rjs values for glucose, and one Rjs value
for each omitted sugar, other than glucose, were obtained. While the Rjs values for
glucose and glucomethylose were obtained by six calculations, the other Rjs values
were obtained by one calculation only. Because there was no. expemmental Rp value
for. glucomethylose, it was impossible to do six calculations for each sugar in the
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aldomethylose group. For the sake of symmetry as well as better comparisons, the
Rps value of glucose, is not introduced in the calculations of the Rr values of sugars
belonging to the aldohexose group. The range of the Rp values of glucose shown in
Table I may give an idea of the scatter due to different calculations which has a
magnitude of about 4 o0.01r Rp unit oscillating around the mean which almost corres-

ponds to the experimental Rp value.

RESULTS

The Rg value of glucomethylose whiclh is not given experimentally is evaluated
by a similar set of formulas in six different ways by combining galactomethylose with
five of the remaining six sugars each time. At the end of each evaluation, the Rg
value of the sugar which is not used in this evaluation is also obtained as a secondary
result. These values and the range of Rp values of glucomethylose are indicated in
Table I. For comparison, the aldohexose sugars are treated similarly and the values
so obtained are also indicated in Table I.

DISCUSSION

The above calculations seem interesting from the following points of view:

(1) They may provide a means of predicting the Ry values of various nuclei, with
the help of other nuclei. The information about the predicted nuclei can give further
information related to other groups of a substance having the same nuclei as shown by
Levy? (information related to aldohexoses may provide information related to aldo-
methyloses and hexuronic acids, and perhaps about glycosides having the same nuclei
and vice versa).

Before being too optimistic, the theory has to be tested in more than the one
solvent mixture available at present (ethyl acetate—pyridine-water).

(2) The characteristic pattern of D values may provide a means of measuring
the degree of complex formation, in solvent mixtures tending to form complexes
(e.g. phenol) and to explain the inversion of some of the orders of Rp values, for
instance, those of galactose and glucose. 1f the complex is formed by galactose, the
predicted Ry values are expected to deviate from their experimental values, because
the Rp value of galactose is used as a basis in these predictions. In the case of a
complex formed by glucose, the predicted value of glucose must be expected to deviate
from the experimental value of glucose, while the predicted values of the remaining
sugars would be expected to be in good agreement with experimental values.

(3) The values of the parameters of any consistent set of equations will depend
upon the Rjs value of one hexose which is taken as a starting point for the derivation
of the equations. For various reasons it seemed simplest and most logical to use galac-
tose as the parent compound for developing the set of equations given in this paper. In
a previous study? it was assumed that the time spent by a sugar in the stationary phase
increases according to its similarity to the cellulose structure. This fact, criticized by
REICHSTEINS, may be explained by the structural similarity of cellulose and galactose.

 The following excludes accidental results:
" (a) The aldohexose and aldomethylose sugars were treated separately. Each
predicted value is found on the basis of the relationship between the correction factors
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and the use of experimental Rp values of the remaining six sugars by applying a
self-consistent set of equations. No additional constant is introduced. And in the
prediction of each value, the Rp of the predicted sugar is not introduced in the cal-
culation. This fact shows that the equations are self-consistent. :

(b) Supposing that the results in aldohexose sugars were accidental, it is difficult
to explain similar results by using aldomethylose sugars.
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