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Abstract Aa II consqucna of homo- and hettrochiral interactions in sdutions dcnrntiaw mixtures 
rktrvc reactions and SepHrtttiolu can bc achieved. Pouibiiitics of rkctive separations and thar 
characteristic wxxrtia were studied. On the hasis of the common features of the investigated procaduru 
selective sep&ti& can be phuwcsi. 

IR the field of practicaI ~t~~~try, a~pli~tjon of 
instrumental analysis (IR, NMR spectroscopy. differ- 
ential scanning calorimetry, etc.)’ produce more and 
more results concerning the existence, formation and 
behaviour and selective reactions of associates formed 
from cnantiomers.’ The binary phase diagrams prove 
that in solid phase formation of”molc.culecompounds” 
[CDL). or D. and L,] occur, as a result of second order 
bond forming tendency of optical isomers with their 
mirror image isomers {het~r~hir~) or with themselves 
(homochiral intcractionQ3 In order to get either one of 
thtcrystalfinc forma (or the other one), formation of an 
associate that consists of only “L” or of *D” isomer5 
(conglomerates) or of the t : I mixtures (racemate) is 
necessary (at feast in the “last” moment before 
precipitation), i.e. optical isomers may react in a 
s&ctive way with each other. 

In case ofenantiomtrs of true racemates, in solution 
of mixtures in ratio different from t : 1, associates 
containing either the enantiomer in excess or both 
isomers in a I : 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 home- and hcterochiral 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 opricai isomers are 
diKercnt.’ 

Associates formed in solution have a rather short 
lifetime, therefore they can be detected only with 
di~culty and they arc supposed to be in qui~b~urn 
with each other. Their concentration may depend on 
the properties of the compound, on the concentration 
of the dissolved mater&, and on analytic4 
characteristic; of the environment. Their properties 
differ from each other and from thedissoivcd mokcuka 
of the given compound. 

DiEerences between diier associates arising from a 
chiraf compound generate from the differences in the 
secondary bonds. in a dimer there should be an 
interaction in which at least at three points (or one 

t Symbols ‘F” axi “F represent enontiomcr relationship, 
“FF”,‘F Yand*4 7dimcr associates. 

surface) attractive forces or non-hinder& packing 
facilities are present.6 

“Molecute formation” produce4 as a result of homo- 
and hettrochital interactions, are diastereoisomers of 
each other (Eq. I) therefore they are different and can be 
separated. In the~orachi~~om~und havin~only 
one asymmetric ccntre, the structure of associates is 
determined by the su~tit~n~ attached to the chiral 
centre. 

[F+F=FF 1 
cnantiomers 

t i -i+-2*Ij? 
fr 

Combining the isomers ‘F” and “7” of a compound 
with one chiral centre fcrrrbon atom (C,,,)] formation 
of the following associatea or their rotamers c8n be 
expect& supposing the strongest interaction occurs 
between the ligands “b” and “d” 

or for ctarity with a Newman-like projection: 

F-F F-9 

As a second interaction point we have taken into 
aviation t~ndn=~b~int~on~n~thu~-F~and 
“F-3” combinations, thus the third attachment occurs 
in a homochiral dimer only betwan identical 
su~titu~~ (“a” and “a” or “e” and V) and in case of 
heterochiral diier only between different (-a” and “c”) 
ligands. Thus the homochirai dimer has two possible 
S~NCXUITS, while the heterocbiral (racer&$ dimer has 
only one. 

When the chiral oentre is a part of a ring or a ring 
s~t~thestr~~reofadjm~de~~on thepresence 
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oronthe~ckoftheat~chmentof~~t~eotopsu~a~ 
&cft side or right side, for clarity) of cnantiomers. (We 
defined the sides. as the figure shows.) 

F 3 

Thus, combining the home- and heterochiral 
isomers, nine types of dimtr associates can be formed 
(F,F, F,F,, F,F, and so on). For illustration let us 
examine right-left side inreractions, which have been 
cstabliihed in “F-F and ‘F-F dimcrs. In such a 
‘molecule complex” the relativesituation of tk ligands 
“b”(consequcntly theligands~d”. toofarcdiffercnt. For 
clarity uniting the two ring planes, we have got a 
hypothetical one. Related to this hypothetical plane, 
hgands ‘b” (or “d”-sf are in “cis” position, in the dime1 
yF,+F,“, and they have “rruns” positions in the “F,-3,” 
dimcr, and so on. 

Fr Ft Ft?, 

Right-left interactions. 

If the compound has more than one chiral ccntn 
{axis, plane or h&city) the structure of associates 
depends mainly on the ccntrc which connects with the 
most suitable substituents for resulting the strongest 
interactions. The interaction of molecules may be so 
strong that a dimcr associate can be dissolved with half 
an aquivaknt ofachiral reagent. For exampk in case of 
chrysanthemic acid (or pcrmcthrinic acid, 10) a very 

FHA WA t x8 = FH’ 

strong secondary interaction occurs presumably 
between the vinyl group and the 3-membered ring, so 
the water insolubk fret acid can bc dissolved with half 
an equivalent amount of sodium hydroxide, in water. 
Resolution procadurcs for these compounds are 
veryscnsitive to the pHi-shift. Asafunction ofpH, using 
the same resolving agent either one or the other isomer 
forms the less soluble diastcmoisomeric salt.’ 

Associates consisting of homo- and heterochiral 
isomers react with achiral reagentsat different rates and 
their distribution between two phases differ, too. 
Consequently associates arising from an enantiomcr 
mixture having a different ratio than 1: I allow the 
selective separation of the enantiomtr in cxccss 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 cnantiomcr mixture is 
reacted with less thanequivalent achiral reagent having 
the same chemical constitution as the opticdy active 
compound (Fig. 1). For explanation of the successfully 
accomplished selective precipitations we assumed the 
formation ofdi~tereoi~meric associates, though their 
actual concentration can be very small. The separation 
is more effective, when the hcterochiral interaction is 
stronger, than that of the homochirai, and the 
solubilitics of cnantiomcrs are greater than that of 
the racemate (or vioc versa). In such a case the 
precipitation contains a nearly pure raccmic mix- 
ture (or cnantiomer). The cxttnt of the separation 
(S, = k x I, where k is the chemical yield, r is the optical 
purity) depends on the initial optical purity (rJ, the 
solubilitics of the tnantiomers (K,). and the solubihty 
of the raccmic form (K,,). 

In the case of sckctivc separations accomplished 
with achiral auxiliary reagents, S, depends on the pH 
and on the dissociation constant of the enantiomcrs 
V&l. too. 

7%~ most widely applied method of mantioma 
purification is based upon fractional crystallization 

Fig 1. Equilibrium mod dsdcdw pra5pitation. Maoing of symbob: FHA, ?HA, ei~ntiorrm salts; & 
achiral bpse; F, 3, enmtiomclll: FF, ‘1% FX dimcr siswciate: K,, ass&ate wnstaots of c : cnantiomcrs. r : 
racunate; K, solubility of c: cnantiomcn and r: racemate; P, amount of the predpitated base; K, 
diskation constant ofctmntiomm 

K, _ E1 Fl EV [Fl[xl; K,, - --- ” --_; K = IFIEH’J _ C%H’l --. 
[FIVI [qlt? ’ [FH’] lqH.1 
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Tabk 1. Modrk, mctbo& solventa. auxiliary rcqcats and ruuh of tbc invatigatai sckctive sprattow 

No. 
-, 

Aux. 
Method Sofvcnt rug. 

___ 
I k S, Rd. 

4-No,-C~H,-cH-OH 

I 
tfCl.NH~-cli 

I 
CH,OH 

I-HO -Cd% 

I 
CH-COOH 

I 
Nl&.HCl 

Ph-cII-cooNr 

NH-#----_-h 

Ph-CII -i.WOH 

Cl 

Me 

c 

0.866 0.658 II 

0.&1 0.546 9 

c 

0 

0.95' 0.95 am 8 

H*O NaOH 0.9w 

H,Q NaOH 0.91' 

NaOH 0.800’ 

HIUand HQ 0.w 
CHCI, 

0.x) 0.700 10 

0.73 0.667 9 

0.w 0,700 9 

0.997 0.798 9 

o.uoo 0.640 8 

A EtOIi - o&m I.20 0.m 9 

c H,U HQ 0.w Loo w40 9 
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T&t 1. (conrd.) 

A ElOAC 0.956’ 0.2% 0.245 9 

12 

13 

0 

0 4 - 

B 

0.7w 0.934 0.729 9 

0.W o.rUlt 0.385 7 

0 

14 c.k.if 0 E Ercm NaOH 0.656” 0.998 0.656 11 

b4tStilt8 of symbols: s, txttnt ofstparation - k x t whtrt k, &tmi& yitid of the form having undt@ont 
phast transition, in ptr at of the given form’s amount in tht initial wplt and r, OJGCA prity. whtn tht 
tQalItiORlC% in tXCU3 Ulkdtrgaes @SW trWSitiO!L i-0. 

-P 
inaseoftheracemicformchafigtsthtphase 

supemcripts : r. ramic ; e, mantiomcric form c2kangcs 1 c phase. 

(mcthodA),‘whichcanbemadesekctivcwiththcaidof 
solubility diagrams. 

The diasteraoisomer aWGiatcscantxseparatai~thc 
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 nonequivalent 
amount of achiral agent and accompanied by a phase 
alteration can be very great (selective precipitation, 
method C),l* and sekcti~t liberation combined with 
extraction (method D).* If the ratio of reaction rate 
constants for diastereoisomers differs from the I : 1, 
then chemical reactions can be accomplished in a 
sckctive way (method E).’ 

In order to find the common features necessary for 
generalization and for tht planning of stlt.&vc 
separations. 14 different cases have been investigated 
(Table I). As we have stated before, the &ckncy of 
separation depends on theinitial optical purity(r,). The 
schematized dependence of the optical purity (r) on t, 
for the fractions obtained from the two distinct phases 
(precipitation and mother liquor) can be seen in Fig. 2. 

The separation is the most cfhcicnt at an initial 

optical purity 0f5@!/~ therefore the obtained results UC 
the most reiiabk in this range, so for the calculation of 
S, we have taken the t&kncy of the separation that 
was started from I, - So”;/, (Tabk I). 

to(%) 

Fig 2. Tieoptical puriryfr)oTlhefnaionJ~prrcipitntioa,lint 
i.mothaliquor.iint2)obtainad bysdaaivepncipitatian ma . 

Iunction dinilial optcal punly (rJ@cbtmntti uut). 
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I + Jog S,, ffi* and the inrnacting groups ” *-*e* in the raosmic dimcr. For mdels see TaMe 1. a 

Fig. 3. Efficiency of the selective sqaration as a func?ion ol 
lA&*(. The equation of the regression line is Eq. 5. 

I+logS, = aiI&*+b (5) 

where for selective precipitation: a = 0.225, b = 0.679, 
standard deviation u 0.#68, r = 0.914, number oidafa = 7. 

Tht basks of separation is the diffm in physicat and 
chemical properties of diastcrcoisorncrs, which is 
~nerat~fromt~erclati~e~itio~ofthesu~tituc~ts 
attached to the chiral centre. The position of 
substitutnts arc influenced by steric and electronic 
parameters. In our mathema!ical statistical model of 
resolution procodurc via diastcreoisomcric salt 
formation+‘* the e&imcy of rcsotution is mainly 
detcrmincd by the electronic parameters, which we 
have charactnized by the Taft Q* constant (Eq, 31.” 

S - f(AZa*f (31 

As in the case the relation of associates is also 
diastercoisomeric WC have tried to arrange our data by 
using the Taft u* values. Tbc postulated nlativc 
position of the cnantiomm have been studied during 
separation procedures carried out principally in the 
samewayassctninTabte2,Thca* ~~u~ofthe~ou~ 
suitable for interactions and attacbcd to the chiral ‘a E. Fogamy, A. Lopata, F. Faigl. F. Darvas, M. h.a and L. 

Tijke, Tetrahtdron Mt. 21.647 (1980). 
“E Fogamy. F. Faigl and M. Au, ~env&edron 41, 2837 

(1985). 
t RecaP that thu situation is an analogous one to an optical 

resolution pfoadun using a nos-eqtivtit resolving 8gent. 
**C. Han& A. Leo. S. H. Unger, K. H. Kim. D. Nikitani and 

E. J. Lie&, f. Med. C&m. 16, 1207 (t973). 

czntrc have bc~n summcd and the difference of thcsc 
sums was formed (Fq. 41, 

II&f +a;)-yo; +$,)I > 0 (41 

where *j” is a variant depending on the number af 
interacting groups, although in fact the difference is 
derived from the A&T* ofthe”third”“a”-“e” or *a”-*a” 
interaction. 

During the sclcetive pr~pitatjon in the crystalline 
phase always the fraction having the aciYOCiafc of higher 
value was in exocss flablc 2). ft can be concluded 
dra~~gthe~~e~y~afun~ionof~*(Fi~3~that 
separation is the more sciective the higher the difference 
is. On the basis of the above discussion it can be 
condudcd that sckctivc separation of partially 
rcsofvcd cnantiomcr mixtures can bc planned with the 
aid of analogous principles to those of the resolution 
procedures. l 3 
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