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Abstract  As 3 consequence of homo- and heterochiral interactions in solutions of enantiomer mixtures
selective reactions and separstions can be achicved. Possibilities of selective separations and their
characteristic properties were studied. On the basis of the common features of the investigated procedures

selective separations can be planned.

In the field of practical stereochemistry, application of
instrumental analysis (IR, NMR spectroscopy, differ-
cntial scanning calorimetry, etc.)' produce more and
more results concerning the existence, formation and
behaviour and selective reactions of associates formed
from enantiomers.’ The binary phase diagrams prove
that in solid phase formation of “molecule compounds™
{(DL), or D, and L] occur, as a result of second order
bond forming tendency of optical isomers with their
mirror image isomers (heterochiral) or with themselves
(homochiral interactions).® In order to get either one of
the crystalline forms (or the other one), formation of an
associate that consists of only “L” or of “D” isomers
{conglomerates) or of the 1:1 mixtures (racemate) is
necessary {at least in the “last”™ moment before
precipitation), i.e. optical isomers may react in a
selective way with each other,

In case of enantiomers of true racemates, in solution
of mixtures in ratio different from 1:1, associates
containing either the enantiomer in excess or both
isomersina 1: 1 ratio may be produced at the same time.

Among the published papers, there are only a few in
which the mentioned anomalies can only be explained
by assuming di- or polymer associates, formed as a
result of homo- and heterochiral interactions.

In these reactions under the same conditions (1)
different stereostructures can be generated from the
racemate than from the optically active isomers,* (2)
rate constants for racemate or for optical isomers are
different.?

Associates formed in solution have a rather short
lifetime, therefore they can be detected only with
difficulty and they are supposed to be in equilibrium
with cach other. Their concentration may depend on
the properties of the compound, on the concentration
of the dissolved materials, and on analytical
characteristics of the environment. Their properties
differ from each other and from the dissolved molecules
of the given compound.

Differences between dimer associates ariging from a
chiral compound generate from the differences in the
secondary bonds. In a dimer there should be an
interaction in which at ieast at three points {or one

+Symbols “F” and “3” represent enantiomer relationship,
“EF™,“F 3" and “3 7" dimer associates.

surface) attractive forces or non-hindered packing
facilities are present.®

“Molecule formation” produced as a result of homo-
and heterochiral interactions, are diastereoisomers of
each other {Eq. 1) therefore they are different and can be
separated. In the case of a chiral compound having only
one asymmetric centre, the structure of associates is
determined by the substituents attached to the chiral
centre.
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Combining the isomers “F" and 3" of a compound
with one chiral centre {carbon atom (C,,.,)] formation
of the following associates or their rotamers can be
expected, supposing the strongest interaction occurs
between the ligands “b” and “d”

o for clarity with a Newman-like projection:
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As a second interaction point we have taken into
consideration the “d”-“b" interaction in both“F-F" and
*F-3" combinations, thus the third attachment occurs
in a8 homochiral dimer only between identical
substituents (*a” and “a" or “¢™ and “¢™) and in case of
heterochiral dimer only between different (“a” and “¢™}
ligands. Thus the homochiral dimer has two possible
structures, while the heterochiral (racemic) dimer has
only one.

When the chiral centre is a part of a ring or a ring
system, the structure of a dimer depends on the presence
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oronthelack of the attachment of diastereotop surfaces
(eft side or right side, for clarity) of enantiomers. (We
defined the sides, as the figure shows.)

Rght

¥ 3

Thus, combining the homo- and heterochiral
isomers, nine types of dimer associates can be formed
(F.F., F.F, F/F, and so on). For illustration let us
examine right-left side interactions, which have been
established in “F-F" and “F-3" dimers. In such a
“molecule complex™ the relative situation of the ligands
“b"(consequently theligands “d”, too)are different. For
clarity uniting the two ring planes, we have got a
hypothetical one. Related to this hypothetical plane,
ligands “b” (or “d™-s) are in “cis” position, in the dimer
“F,-F,", and they have “trans™ positions in the “F -3,
dimer, and so on.

FtFy 3,

Right-{eft interactions.

If the compound has more than one chiral centre
(axis, plane or helicity) the structure of associates
depends mainly on the centre which connects with the
most suitable substituents for resulting the strongest
interactions. The interaction of molecules may be so
strong that a dimer associate can be dissolved with half
an equivalent of achiral reagent. For example in case of
chrysanthemic acid (or permethrinic acid, 10) a very

FHA > TFHA +

xB === FH*
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strong secondary interaction occurs presumably
between the vinyl group and the 3-membered ring, so
the water insoluble free acid can be dissolved with half
an equivalent amount of sodium hydroxide, in water.
Resolution procedures for these compounds are
very sensitive to the pH-shift. As a function of pH, using
the same resolving agent either one or the other isomer
forms the less soluble diastereoisomeric salt.®

Associates consisting of homo- and heterochiral
isomers react with achiral reagents at different rates and
their distribution between two phases differ, too.
Consequently associates arising from an enantiomer
mixture having a different ratio than 1:1 allow the
selective separation of the enantiomer in cxcess from
the racemate, even without application of another
chiral agent. For illustration let us show schematically
the equilibrium model of the selective separation
(precipitation). During the course of the procedure a
solution of the achiral salt of an enantiomer mixture is
reacted with less than equivalent achiral reagent having
the same chemical constitution as the optically active
compound (Fig. 1). For explanation of the successfully
accomplished selective precipitations we assumed the
formation of diastereoisomeric associates, though their
actual concentration can be very small. The separation
is more effective, when the heterochiral interaction is
stronger, than that of the homochiral, and the
solubilities of enantiomers are greater than that of
the racemate (or vice versa). In such a case the
precipitation contains a nearly pure racemic mix-
ture (or enantiomer). The extent of the separation
(S, = k x 1, where k is the chemical yield, 1 is the optical
purity) depends on the initial optical punty (¢}, the
solubilities of the enantiomers (K,,), and the solubility
of the racemic form (K,,).

In the case of selective separations accomplished
with achiral auxiliary reagents, S, depends on the pH
and on the dissociation constant of the enantiomers
(K,), too.

The most widely applied method of enantiomer
purification is based upon fractional crystallization

+ A"+ AH® + (BHA)

Ppq

Fig. 1. Equilibrium model of selective precipitation. Meaning of symbols: FHA, FHA, enantiomer salts; B,
achiral base; F, 3, enantiomers; FF, 33, F3, dimer associate; K,, associate constants of e: enantiomers, r:
racemate; K,, solubility of ¢: enantiomers and r: racemate; P, amount of the precipitated base; K,

dissociation constant of enantiomers.
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Table 1. Models, methods, solvents, suxiliary reagents and results of the investigated selective separations

Aux.
Neo. Model Method Solvent  reag t k S5, Ref
N
1 ! | C H,0 HCl 076 0866 0658 8
COONH,
Me O
/N.m
2 : | C H,0 NHOH 065 084 0546 9
CONH,
Me O
4=NO;—C Hy~——CH——OH
3 HCLNH,— A H,0 095 095 050 8
CH,0H
N’>
4 =l c H,0 NaOH 0988 070 0700 10
oM
4~HO=—C, H ¢
] CH == COOH C H,0 NaOH 091" 073 0667 9
NH;-HC].
6 “""—T‘“‘C‘”"‘ c H,0 HC 0817 0862 0700 9
NH —— (0 —— Ph
Ph —— CH — COOH
7 c H,0 NaOH 0800" 0997 0798 ¢
NH,- HCL
N
e
s N ! D H;O0and HC  0800" 0800 0640 8
COONH, CHQ,
Me O
0
NH
9 NZ A EOH - 060 120 0720 9
ct
i
Me
10 ct e c H,0 HCI  0340° 100 0340 9
COONa

{continued)
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Table 1. {comd)

Aux.
No. Model Method Solvent  reag. : kK S, Rel
1 A EtOAc 0956' 0254 0245 9
N Me
~
1 N ] B - 0780* 0934 0729 9
t
0
0
0
13 B ~ Q800" 048t 0385 7
o
14 0 E  EOH NaOH 0656 0998 0656 11

Meaning of symbols: S, extent of separation = k x t where k, chemical yield of the form having undergone
phase transition, in per cent of the given form's amount in the initial sample and 1, optical purity, when the
enantiomer in excess undergoes phase transition. 1-0.p. in case of the racemic form changes the phase
superscripls: 1, racemic; ¢, enantiomeric form changes the phase.

{method A),* which can be made selective with theaid of
solubility diagrams.

Thediastereoisomer associatescan be separated in the
same selective way, if a considerable melting point
difference exists between the racemate and the
enantiomers (crystallization from melt, binary phase
diagrams are requested ; method B).” The selectivity of
acid-base reactions carried out using a non-equivalent
amount of achiral agent and accompanied by a phase
alteration can be very great {(selective precipitation,
method €),'° and selective liberation combined with
extraction {method D).? If the ratio of reaction rate
constants for diastereoisomers differs from the 1:1,
then chemical reactions can be accomplished in a
selective way (method E).°

In order to find the common features necessary for
generalization and for the planning of selective
separations, 14 different cases have been investigated
(Table 1). As we have stated before, the efficiency of
separation depends on the initial optical purity{s,). The
schematized dependence of the optical purity (fJon ¢,
for the fractions obtained from the two distinct phases
{precipitation and mother liquor) can be seen in Fig. 2.

The separation is the most efficient at an initial

optical purity of 50%, therefore the obtained results are
the most reliable in this range, so for the cakulation of
S, we have taken the efficiency of the separation that
was started from ¢, = 50% (Table 1).

Atacomposition of 50%, the equilibrium occurringin

100(

(%)
b

0 S0 100
to (%)

Fig 2. The optical purity () of the fractions {precipitation, line
1.mother liquor, line 2} obtained by seiective precipitation as &
function of initial optical purity (¢,) (schematized case).
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Table 2. Efficiency of selective separations

Model 1 2 3 4 s 6 7
i+log$s, 08182 07312 09542 08451 08241 08451 09020
ALe®] 0.4866 0.3600 1.0906 0.6208 0.7870 08089 1070

e
COOH  CONH, N N
“g"-"e™ ; : PhNO, N COOH /PhCO\ NH;
interaction N— N : P T &) : : :
7N /1IN HO HO Ph /, 0OOC

N N
NN

1 +log S,. ALa* and the interacting groups “a™-“¢" in the racemic dimer. For models see Tabie 1.

*
98F /
o6t . /
Se
CAF
0.2r
i i

A, i i
0 02 04 06 08 i0 12 14
{aXe®]

Fig. 3. Efficiency of the selective separation as 8 function of
1ALo*|. The equation of the regression line is Eq. 5.

i+logS, = adke® + b {5}

where for selective precipitation: a = 0225, b= 0679,
standard deviation « 0.068, r = 0.914, number of data = 7.

the solution can be shifted to the right-hand side of Eq. 2
by removing one of the fractions.
IJF4+IFI+FF 2n
The basis of separation is the difference in physical and
chemical properties of diastereoisomers, which is
generated from the relative positions of the substituents
attached to the chiral centre. The position of
substituents are influenced by steric and electronic
parameters. In our mathematical statistical model of
resolution procedure via diastereoisomeric  salt
formation,'? the efficiency of resolution is mainly
determined by the electronic parameters, which we
have characterized by the Taft ¢*® constant (Eq. 3).1*

3

As in the case the relation of associates is also
diastercoisomeric we have tried to arrange our data by
using the Taft ¢* values. The postulated relative
position of the enantiomers have been studied during
separation procedures carried out principally in the
same way asseenin Table 2. The o* values of the groups
suitable for interactions and attached to the chiral

S = f{ALe")

t Recall that this situation is an analogous one 1o an optical
resolution procedure using & non-equivalent resolving agent.

centre have been summed and the difference of these
sums was formed {Eq. 4),

[Zto}] +62)~Zlo} +oP) >0 (@)

where *|” is a variant depending on the number of
interacting groups, although in fact the difference is
derived from the AZs® of the “third™ “a™-"¢" or “a"-"a"
interaction.

During the selective precipitation in the crystalline
phase always the fraction having the associate of higher
value was in excess (Table 2). It can be concluded
drawing the efficiency as a function of ALo* (Fig. 3) that
separation is the more selective the higher the difference
is. On the basis of the above discussion it can be
concluded that selective separation of partially
resolved enantiomer mixtures can be planned with the
aid of analogous principles to those of the resolution
procedures.'?
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