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A&rect--A nw method has ken elaborated for designing optical resolutions vxa diasfereoisowric salt 
fonnation,brsdupoothtprindpkdthraepointintcra~ion.Inourmcthod~ffavwri~errsolving8gcnt toa 
given racematc and suit&k t~~~fution method can be found, and it an be predicted whidi cnantiamcr is 
cnpcctal in cxceu in the crystallitcd diastercoisomtic salt. 

The most frequent way of getting chiral mokculcs in 
optically active form is opt&l resolution via 
diasfereoisomeric salt formation. 7%~ enantiomer 
separation is based upon the differencea in physico- 
ChEmiCai properties of the formed diasfereoisomen, 
There have been only few sucoessful attempts for 
soiving special problems in the field of designing 
different reactions resulting in opficafiy active 
compounds, i.e. predicting the chit4 agent to a given 
substrate_ fhe solvent, the molar ratio, etc. (See Prelogs 
rule,’ Horeau’s rule,’ the Ugi-Ruth model,’ 
Quantitative Approach to Optical Resolution.‘) 
Therefore we have fried to elaborate a good and easy to 
treat theory for designing new resolution procedures. 

During fhe reaction of two mirror image molecules 
(F and 3) and an optically active reagent frcsolving 
agent : R) two diastereoisomeric compounds (FR and 
3R)can bedtrived,asisseenin Fig. 1a.A Newman-like 
projecfion is more suitable to ilh.strate the pcrssible 
interactions (Fig. 1 bf. The axis is the dot ted line in Fig. 
la. 

Let the d-f bond be the strongest, first order 
interaction (e.g. salt formation between NH2 and 
COQH groups), then the most probable conformer is 
the one in which the a, b, e and i, h, g tigands are in the 
most favorable positions regarding the electronic and 
steric factors. Let us suppose t hat more f han one second 
order interaction can be formed in both diastereo- 
isomers. Let the a. i inferaction be the first among them. 
This can be generated in both diastereoisomcn. So far 
there is still no difference between the two mokcules, 
but the third interaction must be ne~~%My different, 
because of the mirror image relation oftheenantiomers 
(see the principle of three point interaction).” 

Differences between diasfcreoisomers are based 
uwn the existence or hindrana of the third 
attachment. The second order bonds can be of either 
attractive (hydrogcnPbridge, charge-transfer intcrac- 
fion) or repellant cttaraaer. In case ring systems, the 
connecfion between components of the formed 
diastereoisomers is oriented by the plane-fike parts of 
the mofcculcs. 

We have examined a number of resolutions via 
diastereoisomericsalt formation. Reauffsofreaolufions 
are characteriz.4 by the parameter S [s = yield (%I 
x optical purity (%) x 10’ ‘I.’ 

The tine of analysis is as follows : As Fig. f a shows the 
molecules arc approached from the dire&on of the salt 
forming groups. The possible conformers of the newly 
formed diastereoisomeric sait pain were se&fed by 
using Dreiding models. After having selected the 
assumed second order interactions, we have ranked 
these possible interactions by the use of empiricat 
electronic parameters (we have employad the Taft’s u* 
values).’ Then the u* value3 o~inf~a~ing groups were 
summed fZa*f for the single diastereoisomers. 
Subtracting the LaFa from the Xuta one can obtain 
A&T*, characterizing the difference between the 
ph~i~hem~~ properties of diastereoisomers 
0%. 1). 

“j” is a variant depending on the number of interacting 
groups, although in fact f he diiercnct is derived from 
fhe~.offhcfhird interaction, indices F.‘%and Rare 
the symbols of enanfiomers and resolving agent, 
respbctivsly. 

In the case of compounds having two or more chiral 
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ccntrcs, the S for the racemates art not identical. Let a8 is the mirror image of s*. It can be seen that ifE& ia 
F-3 be in dimstcrcoisomcric relation with &E) huger than the ti$& then && is akw hxrgcr than 
facemate (raolting a2cnt: Rf, Newman-like projac- &7&t. As there is a difference t?ctwc!en a* and a*, the 
tiarts of the fotmtd diastercoisomers arc seen in Fig 2. bchaviour of FR and GR must bc d&rent, too. 
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T&k 1. Results of molutionz gmqrd by the employed metbcxl 
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I, Molar ratio of raccmatt ta ruofving agtnt = 1: 1, solvmt water 
_.-.- -.- -.- --.- -_I_ __._~_ ~.-_.-* - - .- 

Enantiomcr 
Resolving in exCOI 

No,‘“, Raccmrte agent in pmcip. S t+tgs 
- -- - -_--e-.-P - --,- .- 

;: 
4 R,R-9 Q-1 O.MO 0.146f 

I6 RR-12 Ri-) 0.408 0.6107 
36 1 R.R-IO s-(-i 0.489 0.6893 
48 6 R,R-9 R-t+) 0.455 0.6580 
so 17 R-R-9 Y-i 0.593 0.7731 

II. Molar ratio of ramnate to raelvia~ agent = I :O.S, lrolvtnt water 
--__F._-_------- 

lb 2 R.R.12 W--j 0.3115 0.5855 
2’ 16 RR-12 R-t-) 0.459 0.6618 
jr0 IS R-3 0.478 0.6794 
4’l 14 R.R-10 sgr; 0.67B 0.8280 
5”’ 17 R.R-9 0.794 0.8993 
8 1 R,R- 10 2:; 0.813 0.9101 
7”$ r2 RR”II 0.852 0.9304 
8rr II. iS&R-19 0.800 QPO3Q 

-- 
0.410 
0.661 
0.657 
0.598 
0.621 

-.- - .-. - -, 
0.410 OW,..Pb 
0.661 CON&. 1. HO 
0.410 OH...Pb 
0.811 IPb ~ 1 I PbCcK& 
0.62 f OH...HO 
0.657 CONH,...PbCOO 
0.617 OH...PbCOO 
0.946 CO...HDa’ 

fLtiffcrattocs 
in ifttatiioas 

-.-* -.- .- 
Pb...HO 
CONH2, <. HO 
CONH,...PhCUO 
OCHS...HO 
#H...HO 

III. .Motar ratio of ramtttatc to ruolvktg agent = I : 0.5, solvent water-watcf immiscible organic solvcttt 
- - .-.m- - -. .- -.-m .---“--..--- 

I* 5 R,R-IO R-t .-I 0.267 0.4265 0.405 Ph.. . PbCOCf 
2” 7 R,R-9 Y+j 0.309 0.4900 0.576 FU~.**HOOC 
3” 7 R&10 s(+1 o.xKy 0.6990 0.811 (Fu$...PbCOO), 
+i”b Ilt R,R- 10 
5* 

Rf+& 0.400 0.602 1 0.594 CH,O.. PbCOQ 
I5 W-t--t 0.532 0.7259 0.410 OH . t Pb 

6’” I4 &::Q s-i 0.675f Q.8221 0.811 (Pb . I WCOO)~ 
6 R,R-9 R-f+) 0.737 0.8675 0.598 CH,O...HO 

13 RR-10 SSi-B 0.470 0.6721 0,410 Pb...PbCOO 

t Neutral s8lt precipitates. 
$ The oh value is taken equal to tht or&. 

Fig. 3. plot uftbt linm mlationsbipnf Eq. 3 (mabtckam 
by plotting tbc rtraigbt line of21 data point@ .& Mc~bod I ; 

c]. method II: I). mahod III. 

Mahod 
Nun&t of 

data 
StandPrd 

deviation 

“a 

I ii III 

21 5 8 1( 

0.1924 0.2470 0.1364 0.1525 

0.7105 0.2698 -Q.‘lif 219 0.464s 0.5sx3S OS3944 0.4359 



Consequently, such a resolution can be accomplished 
where only one of the four isomers will be crystaflized.4 
If the difference is not large enough for a compkte 
separation, the simultaneous precipitation of FR and 
CR is cxpa&. Their ratio depends upon X&t 
- &?iR. 

We have compared the results of a number of 
resolutions accomplished in water. The examined 
compounds are listed in Scheme 1, in three groups 
according to the employed methods. 

According to our results, the change of parameter S 
can bt considered as a function of tia* (Eq. 2). 

S = f(AZu*). (2) 

The relationship can be linearized in the following 
manner 

l+IgS =I lascl’+@ (3) 

*a” and“@” are constants, characterizing the resolution 
method, -2” is the sensitivity of the given methcd. It is 
noteworthy that Eq. 3 represents a Hammett-like 
relationship, in which S is the cnantiomer in excess in 
the crystalliti diastercoisomeric salts related to 
half the amount of the initial racemate. Data of the 
rsolutions involved in our calculations arc sum- 
marized in Table 1. We have plotted I +Ig S versus 
A&*, in different methods (Fig. 3). 

In alloftheexamincdcascs-thediastcrcoisomcrfor 
which the calculated Zu* WBS larger crystal&d from 
theemployed polar solvent. Tl~is fact and Es.3 give the 
possibility of predicting the relative configuration of 
theen~tiomcrwhich~incx~inthcpr~pitat~~t 
if the resolving agent’s configuration is known (or vice 
wrsa). 

The configuration at C-S of 18 benzodiazcpint 
(controlled by X-ray), at C-6 of 20 pyrido-pyrimidinc, 
C-2 of 7 furyl-iso-propylaminc and C-5, C-6 of 21 
cyclo~ntanopy~midinc have been determined using 
our method. 
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