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Abstract: The preparation of pure enantiomers has an increasing demand both for academic and industrial (pharmaceutical)
practice. This is not surprising, because the active ingredients of a main part of medicines (about 70-80%) are pure
enantiomers. Several selective methods are known for preparation of pure enantiomers but the more economical and usual
method is the resolution, when the pure enantiomers are obtained from diastereomeric salts formed due the reaction of the
racemic compound and resolving agent in adequate conditions (solvent, temperature crystallization time). Since the first
resolution effectuated by Pasteur the researchers have tried to explain what is happening during resolution, but this has not yet
been fully accomplished, it is still a mystery. In this paper is described our proposal for resolution’s mechanism, based on
systematization of our results and observations made during the resolution, taking into consideration the principal
characteristics of enantiomeric mixtures, namely the eutectic composition and their helicity. We suppose that the enantiomers
have a memory and they used it during the resolution processes, tending to form their stable symmetric conformation.

Keywords: Resolution, Enantiomers, Diastereomers, Eutectic composition, Homo- and Heterochiral Associates,
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1. Introduction

Based on our previous experiments and knowledge, our
goal was to deduce the distribution of diastereomeric salts -
formed by chiral-chiral interactions - between solid and
liquid phases, from the determinant role of racemic
compounds’ properties and that of the resolving agents’. Our
attention was first drawn by the defining roles of the eutectic
composition (eeg,) of the enantiomeric mixtures and the
formation of their conformers. We have to presume that the
chiral molecules remember with their structures, and they
apply it in their reactions.

2. The Memory-Based Reproduction of
Conformers's Ratio

The ratio of major and minor conformers of the racemic

Grandaxin (GRA) in chloroform occurs instantaneously [1]
(kinetic control) (Figure la.), while in the case of pure
enantiomers, the same ratio appears only after 48 hours
(thermodynamic control) [2] (Figure 1b.). From this we can
conclude presumably, that the enantiomer remembers the
ratio of its conformers in the presence of the other
enantiomer (its mirror-image pair). However, the memory-
based reproduction takes time (thermodynamic control),
while the stabilization of equilibrium is instantaneous
(kinetic control) in the presence of another chiral molecule
(in the given case the other enantiomer). Moreover, in the
course of the interaction of the molecules the code is
prevailed and they vindicate their memories even against
each other, as the similar compounds do not hinder but help
one another in the formation of the conformer ratio.
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Figure 1. The stabilization of the conformers’ratio in the racemic grandaxin (GRA) (a.) and GRA enantiomers (b.) respectively.

3. Behaviour of the Enantiomeric
Mixtures

As the eutectic composition on the binary melting phase
diagram (eeg,:88%) of the enantiomeric mixture of the
racemic grandaxin is determined by four different structures,
the binary phase diagram of the major or minor conformers
are unknown. Presumably the eutectic composition is mainly
determined by the composition of the major conformer.

The behaviour of the mixtures of chiral compounds can be
deduced from the behaviour of the enantiomeric mixtures [3].
Obviously the diastereomeric mixtures, formed by the
reaction of enantiomeric mixtures, show the same non-linear
behaviour, as they follow the behaviour of the enantiomeric
mixtures.

This behaviour of enantiomeric mixtures can be observed
even on the melting binary phase diagram (Figure 2), by
plotting the melting temperature of the different enantiomeric
mixtures in function of their composition, but the correlation
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Figure 3. Distribution between the phases of any enantiomeric mixture reaction,

is not linear. The distribution of enantiomeric mixtures
between two phases are different, except for the eutectic
composition [4] (where the composition is the same in both
phases). Above the eutectic compositions, the enantiomeric
mixtures can be found in molten phase, while below they are
in solid phase. The eutectic composition (eeg,) is a
characteristic property (substantial and chemical) of the
behaviour of given enantiomeric mixtures.

T(°C) T(°C)

R RS S
€CEy CCEy
Figure 2. Binary melting phase diagram.
€€prod
______________________ A
B
P L L Ly SRRt o
/ i
1 |
' |
' |
€€cat 0 ee '
c d Eu  eeaa

plotted in the function of the starting enantiomeric mixtures composition (ee-

ee). In case of a) recrystallization; b) and c¢) chiral metal complex catalysts; d) organocatalysis.
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The non-linear behaviour can be observed not only in case
of the recrystallization (Scheme 3 a.), but also when complex
chiral metal catalysts are applied, if the enantiomeric ratio of
the products is plotted against the ratio of the ligands (Figure
3b., ¢.) [5, 6]. The same non-linear behaviour (NLE) can be
observed applying enantiomeric mixtures of amino acids as
organocatalysts in aldol reactions. By plotting the
enantiomeric ratio of the product in function of the
enantiomer ratio of the catalyst’enantiomeric mixture, the
first one practically equals to the eutectic ratio of the
catalyst’s enantiomeric mixtures, although the enantiomer
compositions differed significantly. The purity of the product
equals to the value of the eutectic composition of the catalyst
(eeEuCat ~ eeproducl) (Figure 3d) [75 8]
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4. Role of the Solvent

Beside the effect of the eutectic composition, the role of
the applied solvent can also be observed. For example, in
case of the resolution of the intermediate of Flumequine
(FTHQ) with di-p-toluyl-(R,R)-tartaric acid (DPTA), the
composition of the precipitated diastereomer could be
influenced by the modification of the solvent. At the same
time in both presented solvents the enantiomer ratio of the
FTHQ enantiomer, separated from its DPTA-salt, correspond
well to the eutectic composition of the FTHQ enantiomeric
mixture (eegurrng ~ €€pia) (Figure 4) [9].

EtOAC F ee: 48%
— Y:91%
F:0.44
N 0
H
R>S

from FTHQ-(R,R)-DPTA salt

MeOH
F ee: 59%
Y: 70%
N F: 0.41

S>R
from FTHQ-(R,R)-DPTA salt

Figure 4. The composition of the diasteromer can be influenced, predetermined by the variation of the solvent.

5. Role of Crystallization Time

In case of the present resolution, the effect of time could
also be observed. Although, by prolonging the crystallization
time, the composition of the precipitated diastereomer
changed, in both cases of kinetic and thermodynamic control,
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the eutectic composition of the racemic compound (eegyrac) 1S
determinant in the formation of the stoichiometry of the
diastereomer (Figure 5) [9]. Thus the eutectic composition of
the racemic compound participates in the formation of the
diastereomer salt (eegyrac ~ €Cpia)-
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Figure 5. The enantiomer mixture, taking part in the formation of the diastereomer present in the crystalline phase, alters in the function of the crystallization

time.
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6. Effect of the Eutectic Composition, the
Helicity of Supramolecular
Associations

In order to determine the influence of the eutectic
composition of the racemic compound on the formation of
the diastercomers, the average of the results of 45 different
resolutions, where the racemic compounds were resolved
with different resolving agents, was studied [10, 11, 12]. The
average of enantiomeric excess values of the enantiomers
separated from the diastercomers (eep;,) is 75%, while the
average ee value of the eutectic compositions of the racemic
compounds (eegyrac) 1S 73,2%, consequently in all cases
€Crurac ~ €Cpia (Table 1).

Table 1. Correlation between the average eep;, data of the investigated
resolutions and the average value of eegq..

Number of €€eu Rac €€eubia F(average)
resolutions (average)% (average)% g
45 73 75 0.56

Among of these examples some resolutions were carried
out using structurally related resolving agents of the same
molecular structure as the racemic compound (e.g.
derivatives of amino acids) [10, 11, 12]. In these cases the
diastereomers can be considered as quasi enantiomeric
mixtures, €€gyrac ~ €€Dia-

The eutectic compositions of resolving agents were also
averaged (29 experiments) (€€res average: /8%), as well as the
enantiomeric purities of the enantiomers received from the
formed diastereomers (€€pig average: 80%) (Table 2).

Table 2. Correlation between the average eepi, data of the investigated
resolutions and the average value of eepes.

Number of €€euRes €€cubia P ()
resolutions (average) % (average)% g
29 78 80 0.54

From the results it can be stated that the enantiomeric
purity of the diastereomers is influenced by the eutectic
composition of the racemic compound or that of the
resolving agent (e€pj, ~ €€gyrac O €€pia ~ €CRyRes). HOWEVET,
in course of a given resolution the determinant eutectic
composition (of the racemic compound or resolving agent)
can be influenced by the solvent and the crystallization time
[13, 14].

It was comprehensible that the eutectic composition of the
racemic compound is determinant (€€gurac ~ €€pia), aS both
enantiomers are present. But why can be determinant the
resolving agent’s code (eegpres ~ €€pi)? The single

enantiomer resolving agent is homochiral, thus it has to react
in two ways and should incorporate the two enantiomers of
the racemic compound into the diastereomeric salt in
proportion according to its own memory, vindicating its
eutectic composition (eegyres). The eeg, is not the common
property of the two enantiomers, but of each separately. Their
mirror-image helicity, the ratio of the P and M helical
supramolecular associates of the resolving agent has to
determine the reaction of the single enantiomer resolving
agent with the enantiomers of the racemic compound. In our
opinion this eep;, ~ €egyres result can only be formed this way.

In case of benzothiazepine derivatives, the crystalline
structures of the two racemic compounds of diastereomeric
relation are different, but the enantiomers are present in
mirror-image conformations. The enantiomers, however, are
participating in the formation of the crystals received from
the pure enantiomers with two different conformers,
mimicking the racemic structure [15, 16].

In the case of the crystallization of Threonine from water,
macroscopically visible crystals of mirror-image P and M
helicity can be separated, crystallized from the P and M
helicity ~ supramolecular ~ molecule-associates  formed
previously in the solution [17]. After the separation of the
two mirror-image crystals, the enantiomer ratio of the
isolated enantiomers was 85:15 in both helical structures,
thus the ratio of the two different conformers (P/M, M/P)
proved to be identical (Figure 6).
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Figure 6. Macroscopically visible crystals appearing in course of the
crystallization of Threonine.

These examples underline, that the resolving agents with
their conformers of homochiral supramolecular enantiomer
associates, also with the enantiomer conformers formed in
racemic compounds, form two different M and P helicity
supramolecular associates, and thus in case of appropriate
circumstances the eep;, ~ €€gyres COrrelation can be observed
(Figure 7).
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Figure 7. A general scheme of the formation of diastereomers.

For example, where “x” represents the racemic compound,
“y” is the ratio of the P helicity fraction of the resolving
agent. The memory of these chiral molecules is characterized
by the fact that the given chiral molecules form the ratio of P

and M helicity of the supramolecular helical associates by
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their self-organization.

Based on these observations, a possible mechanism of the
diastereomer formation and the reaction of the racemic
compound and the resolving agent are shown on Figure 8.
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Figure 8. A possible mechanism for the diastereomer formation: a.) if the racemic compound is decisive and b.) the resolving agent is determinat.

The associates of similar helicity can react with each other
in the ratio of “x” or “y”, thus forming a new, double-helix
associated diastereomeric relation; which, according to their
solubility, are distributed between solid and liquid phases.
The distribution of the possible diastereomers is determined
by the contact time between the two phases (kinetic or
thermodynamic control).

Based on the above-mentioned findings, it can be
concluded that the single enantiomer resolving agent
remembers the conformer ratio of the racemic resolving
agent, forming the ratio of the P and M helicity structures in
the reaction mixture of the resolution. The single enantiomer
resolving agent reacts with the enantiomers of the present
racemic compound in the way that the enantiomers of the
racemic compound take part in the crystallizing diastereomer
according to the appropriate ratio of the enantiomer mixtures
of the resolving agent (eutectic composition). Consequently,
the composition of the diastereomer is determined by the

eutectic composition of the resolving agent, based on the
memory of the single enantiomer resolving agent (eep;, ~
eeEuRes)'

If the diastereomer is composed by the ratio of M and P
conformers of the enantiomers of the racemic compound, the
ratio of the enantiomers of the racemic compound in the
diastereomer equals to its eutectic composition (eepj ~
eeEuRac)’

The calculated eep;, ~ €€pures and €€p;, ~ €€pyurac COrrelations
were experimentally confirmed by the data of the resolutions
elaborated by us.

In the followings, two resolutions confirming the memory
of the resolving agent are presented. In the first one, the
resolving agent determines the kinetic control (Figure 9),
while in the second case the thermodynamic control (Figure
10), vindicating the eutectic composition of the enantiomeric
mixtures [18].
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Figure 10. The thermodynamic control is determined by the resolving agent.

We believe, that the code of the chiral-chiral interactions
applies, depending on the circumstances, according to the
eutectic composition of the most convenient chiral molecule,
which eutectic composition can be vindicated even by the
ratio of the M and P helicity supramolecular associates of the
single enantiomer resolving agent.

Consequently, the single enantiomer molecule bears
memory in its structure and associates such code, which can
determine (in appropriate circumstances) all kinds of chiral-
chiral reactions.

Supramolecular double-helices can also be formed from
achiral molecules, resulting in macroscopically visible
crystals of mirror-image relation with each other [16, 19, 20].

The P and M supramolecular structures can surely be
assumed in the solution of chiral compounds, which form
double helices similarly to the ammonium sodium tartrate
(TA.NA.NH,). Our assumption is that in the solution of
single enantiomers the ratio of the supramolecular structures
(e.g. P), according to their configuration will be higher than
the other one (in this case M), and this ratio ensures the code
of the given chiral molecule (eeg,s).

In case of conglomerate-forming enantiomeric mixtures,
one of the enantiomers can mainly be P helicity, while the
other enantiomer is M heltcity.

The formation of supramolecular helical structures is
controlled by the self-disproportionation (SDE) of chiral
molecules [21-27].

Presumably, the formation of the current structure and
P>M ratio of the DNA started with the code of the single
enantiomer D-ribose. Most likely the ratio of the conformers
in D-ribose (or one of its derivatives) was the code (eegy),
which started complex “snowball” processes, which started
and determined life as we know it.

7. Conclusion

During the resolution processes the enantiomers tend to
form a stable, more symmetrical conformation, according to
their own code. In the interactions they tend to reproduce
themselves enforcing their own code. While the self-
reproduction of racemic compounds is encoded by its
eutectic composition, the resolving agent pursues to
reproduce itself from the enantiomers of racemic compound
but in the ratio of its eutectic composition, its stochiometry.

Like the DNA in the living organisms reproduces itself and
catalyse the processes, according to its own code, by forming
supramolecular associates having double helical structure, in
the resolution processes the enantiomeric mixtures tend to
reproduce  themselves  forming  helical  structured
supramolecular associates and so catalysing the resolution
processes.
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