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CHIRAL POLYMERS AND OPTICAL 
R ESO L UT I  0 N : I NV EST1 GAT1 0 N 

OF THE MECHANISM OF LIGAND 
EXCHANGE FOR RESOLUTION 

OF DL-AMINO ACIDS 

RENHUA JIN' AND BINGLIN HE 
Iitstitute o j  Polymer Chemistry, 

Naiikai Uitiversity 
Peoples' Republic o f  China 

ABSTRACT 

Usihg novel class chiral ligand polymers which have 
different chemical environment in chiral cavity, we inves- 
tigated their functional properties of chiral recognition 
for DL-amino acids and discussed ligand exchange chroma- 
tography of DL-amino acids on different chromatographic 
conditions in detail. 

INTRODUCTION 

17 years have passed since Davankov et al.(')found a 
new way of resolving racemic compounds in ligand exchange 
chromatography. Although scientists had some knowledge and 
experience in this field, the problems involving resolution 
of DL-amino acids became more and more complicated. There- 

Audebert et al. supplemented a~ry1amide'~)III and vinyl- 
~yridine(~)IV type polymers grafted with chiral moiety 
which was different from styrene type I1 polymer reported 

fore, their systematic investigation has been necessary ( 2 )  . 
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502 JIN AND HE 

by Davankov et al. and effectively seperated racemic DL- 
amino acids utilizing the polymers as  stationary phase. Re- 
cently, the authors prepared a series of styrenic type I 
polymers grafted with L-Pro or L-Hyp with different chemical 
environment in benzyl amine position (596)and tried to ex- 
press mechanisms of chiral recognition of the polymers by 
means of  far-IR, XPS, ESR and Verloop's stereo-substituent 
constmt (7) . 

-CH2-gXi; -CH2-$- 

IbI N COOH 

C H 2 C H 2 u -  
92M @ C H p p  p%cooH 

(111) (IV) 
O H  

CH HCH $H 

(11) 
2 8 H  

(1) 
Of course, the aim of our work was to investigate the 

effect of the R group of polymer I on resolving power. On 
the other hand, the behnviours of ligand exchange under dif- 
ferent chromatoErRphic conditions also drew our interest, 

was presented for polymer I system. Apparently, the L forms 
In our previous studies, the following structure model 

-CH,-CH- 

preferably adsorbed onto the polymer more than D forms. How- 
ever, it had to be redetermined if the model V is suitable 
for any R group (see Ref. (7) 1. 

EXPERIMENTAL 

The novel class polymers I (bead, 400 mesh, cross liking 
1%) was prepared by a previous meth~d(~*~'~). The polymers 
coordinated completely with copper ion. In the IR specturm, 
we could clearly see the moderately strong peak of carboxyl 
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TABLE 1. Elimental Analysis of Chiral Polymers 

I(1) I(2) I(3) I(4) I(5) I(6) I(7) R- 
group - C H ~  - c ~ H ~  n-C H n-C H c H OH i-c H C-C6Hl1 3 7  4 9  2 4  3 7  
% C 62.04 70.67 63.57 61.86 56.89 61.88 61.84 
H 7.11 8.20 8.31 8-05 7.29 8.26 8.23 
N 4.82 5.31 5.64 5.32 5.11 6.26 4.85 
G+ 40 48 58 56 48 61 55 

’ir 
G shows the chiral units in the polymers 

group of L-Pro moeity at 1630 cm” for the polymers. 
properties of the polymers were listed in Table 1. 

The beads containing I,-Frc residues, treated with a 
solution of 0,5mol/l CU(OAC)~, were packed into the glass 
column by a slurry method. The column was then rinsed with 
the eluent until equilibrium was established. The sample was 
introduced from the top of column and the flow rate was con- 
trolled with a peristaltic pump. The eluent from the column 
was monitored with a UV detector at 254 nm. A copper contaln- 
ing (1 X 10-4mol/l) solution was used as the eluent. The 
void volume was determined by the peak of solvent. Columns: 
I(l)-Cu packing (18 X 0.4 cm I.D.); I(2)-Cu packing (25 X 
0.4 cm 1.D.); I(3)-Cu packing (21 X 0.4 cm I.D.); 1(4)-Cu 
packing (15 X 0.4 cm I.D.); I(5)-Cu packing (13 X 0.5 cm 
I.D.); I(6)-Cu packing (16 X 0.4 cm I.D.); 1(7)-Cu packing 
(9 X 0.5 cm I.D.). 

The 

RESULTS AND DISCUSSION 

Resolution 

Taking DL-His as a probe compound, we investigated the 
resolving power of I~l)-Cu---I(7)-Cu complexes by careful- 
ly changing chromatographic conditions such as: eluent com- 
position,flow rate, etc. Very interesting results were ob- 
tained: that I(l)-Cu, I(2)-Cu and 1(4)-Cu could not seper- 
ate racemic compound DL-His, on the other hand, 1(3)-Cu91(6) 
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504 JIN AND HE 

-Cu and 1(7)-Cu excellently resolved DL-His into two parts 
and 1(5)-Cu only partially resolved DL-His. The orders of 
elution are all D-His ahead of L form on columns 1(3)-Cu, 
I(6)-Cu, 1(7)-Cu and I(5)-Cu. Fig.1 shows elution curves 
for ligand exchange chromatography of DL-His. From Fig.1, 
we can realize that the retentions are Rpparently different 
between columns which could resolve DL-His and the other 
columns which could not resolve DL-His. It may be due to 
the difference of structure of the complexes on the poly- 
mers. We found, from the ESR studies, that the polymer-Cu 
complexes of 1(3)-Cu, 1(6)-Cu, 1(7)-Cu and I( 5)-Cu, R-Cu-??, 
could be greatly distorted from base planar to tetrahedrel 
comformation, but polymer-Cu complexes of I(l)-Cu, I(2)-Cu 
and I(4)-Cu, F-Cu-F, might tend to keep R quasi-ideal pla- 
nar conf~rmation(~). Perhaps, this means that the distorted 
conformation of the polymer-copper complexes hRve more acti- 
vity for DL-amino acid substmte in ligand exchange reaction. 

Influence of Eluent Composition 

Ueing different amonium salt solutions as eluent, the 
retentions of DL-His showed very different results. The re- 
sults on column I(3)-Cu and I(~)-cu are listed in Table 2. 
The retentions of DL-amino acids are determined not only by 
pH values, but also by the kind of anion used. When C1-ion 
solution was used as eluent, the retentions of DL-amino 
acids became very long; thus, we can adjust the retentions 
through adding CI-ion t o  the eluent. 

Influence of Temperature 

Temperature effects on ligand exchange chromatography 
of DL-amino acids were not considered to be important in 
the previous investigation. Audebert et al. reported that 
the column temperature could improve resolution, but had no 
effect on retenti~n'~). Davankov et al. reported that reten 
tions were not influenced by increasing column temperature 
over the range 25---70°C(')and, in another system, the re- 
tentions decreased at higher temperature ( 9 )  . 
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C D 

0 20 40 min 0 20 40 min 0 10 20 min 0 20 40 60 80 min 

0 1 2 3 4br 

Figure 1: Chromatograms of DL-His on different columns. 

I(3)-Cu; F,I(6)-Cu; G,I(7)-Cu. Conditions: A, 3loC, 
24ml/hr, O.lmol/l (NH4I2CO3; B, room temp., 0.2mol/l 
NH /VH C1 (l/l,V/V), 24ml/hr; c ,  room temp., 8,5ml/hr, 
O.lmol/l (NH4)2C:3; D, room temp., 20ml/hr, 0.05mol/l 
(NH4I2CO3; E, 40 C, 24ml/hr, O.lmol/l (?JH4)2C03, 1 mg 
DL-His; F, 35OC, 17ml/hr, 0.2mol/l (NH4)2c03, lmg DL- 
His; G, 45OC, 7ml/hr, 0.15mol/l (NH4)2C03, lmg DL-His. 

Column: A,I(2)-Cu; B,I(1 )-CU; C91(4)-Cu; D,f(5)-Cu; E, 

3 -  4 
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TABLE 2. Influence of Eluent Composition on Retention 

DL-His* DL-His** DL-Pro+ * 
v;, vi, o( VI, v i  a VI, vi, o( 

0.1 mol/l (n'H4)2C0 6.0 30.4 5.07 7.0 35.6 5.09 8.7 3.7 2.35 
3 

o**mol/l 5.6 32.0 5.71 4.3 ?8.3 6.58 10.0 4.3 2.33 hTH4HC0 

~ ~ ~ ~ 1 ( r ~ 0 4  9.1 62.8 6.90 17.3 73.3 4.24 18.9 8.5 2.22 
4 2  

0.2mol/l 
NH3/NH4C1 8.0 72.8 9.1 24.6 un-eluted 29.3 12.0 2.44 

*Column I(3)-Cu, 35OC, 24ml/hr, 1 .Omg DL-His, o < = V i / V t ,  . 
**Column I(6)-Cu, 35OC, 1 .Omg DL-His, 1 .Oms DT,-Pro. 

11 : l  v/v)  

In our system, we found that retentions greatly depend- 
ed upon the column temperature. As the temperature increas- 
ed(25-45'C) , the retentions effectively decreased. 
means the ligand exchange reaction between polymer complex- 
es and amino acids is very seneitive to the temperature. We 
think these phenonena relRte to the distortion of polymer 
conformationin ligRnd exchange process. Fig.2 and Fig.3 

1 show the relationships between In k '  and T- . From the re- 
sults, we can easily obtain the linear form In k'=a+b/T . 
This equation shows, at least, there is kinetic action in 
the resolution of racemates. Perhaps, it is necessary to 
treat the chromatographic column as R reactor for the li- 
gand exchange reaction. Hence, we can investigate the be- 
haviour and properties of ligand exchmge with retention 
parameters. 

This 

Influence of Eluent Concentration 

Utilizing (NH4)2C03 solution RS an eluent, we test the 
resolution of DL-His at different concentrations. When the 
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(K) 

3 .  I 3.  2 3. 3 3 .  4 

I I t I -  

FiRure 2: Variation of In k' of DL-His versus l/Temp. 
Column 1(3)-Cu. Condition: 24ml/hr, 0. lmol/l(NH4)2C03, 
1.- DL-His. 

(NH ) CO concentration was increased (from 0.05 to 0.2mol/l) 4 2  3 
the retentions decreased. Particularly, another linear form, 
k' = c + d/con. was obtained(Fig.4 and Fig.5). This kind of 
linear form was a l s o  presented by Audebert et a1.(4). How- 
ever, we are interested in expressing the difference that 
the slope of line for L enatiomer is larger than that for 
the D enantiomer. Generally, there is the following equili- 
brium in a ligand exchange system, 

R-CU-K + A A - K - C U - A A  + K ( 1  1 

K-CU-AA + S IT-CU-S +AA (2) 
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3. 0 

2. 0 

1. 0 

0 
3 .  1 3 .  2 3 .  3 3 .  4 

Figure 3: Variation of In k' of DL-His versus l/Temp. 
Colugm I( 7)-Cu. Condition: 18.5ml/hr, 0.2mol/l( NH4 ),C03, 
1 . Omg DL-His. 

in which, R, AA and S represent polymer phase, amino acid 
and the ligand in elution, respectively. When the concen- 
tration of S (e.g. elution concentration) increased,the two 
complexes, K-CU-D-AA and E-CU-L-AA, resulted in a different 
slope, It may be due to a difference of mechanism (SN1 
SN2) of the ligand exchange reaction for D and L forms. The 
more difficulty with which the AA enantiomer removes the ter- 
nary complex R-Cu-AA, the more critically the lieand exchange 
depends on the eluent concentration. As a result, we consider 

or 
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1 0  

6 

0 
2 . 6  6 . 0  7 . 6  1 0  

Figure 4: Variation of k' of DL-His versus 1/g??H4)2C03]. 
Column I(3)Cu . Condition: 241nl/hr,35~C, 1 .Omg DL-His. 

that the slope of line in the equation reflects the property 
of the ligand exchange process f o r  enantiomer. 

Influence of Amount of Sample 

When the amount of DL-His introduced into the column was 
increased, the retention was quickly decreased. The value o( 
(Vi/Vi) was increased with increasing of amount of DL-His 
within the allowed capacity of column. In Fig.6 and Fig.? , 
the retention of D form was linearly related to l/amount,but 
the L form was not. 
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ki 

1 5  

1 0  

5 1 0  1 6  2 0  

Figure 5: Variation of k' of DL-His versus l/[(FH4)2C03]. 
Column I( 7)-Cu. Condition: 1R.5ml/hrI 45'C, 1 . Omg DL-His. 

TABLE 3. Influence of Flow Rate on Retention 

Flow rate O.O5mol/l(TTH )2C03 0.15m01/l(NH~)~CO~ 

(ml/hr 1 Vh vi, o( v1, vi, o( 

7.2 3.28 12.88 3.92 
18.6 8.23 31.79 3.86 3.58 72.26 3.42 
24.0 8.0 27.60 3.45 4.40 11.60 2.64 
34.2 7.69 21.94 2.85 4.84 - Overlapped 
Column 1(7)-Cu, 45OC, 1.0 mg DL-His 
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0 0. 6 1. 0 

Fipure 6: Variation of ka of DL-His versus l/Sample Amt. 
Column I (6  >-Cu. Condition: 20ml/hr, 35'C, 0.1 mol/l (NH4 )2C03. 

Influence of Flow Rate 

Flow rate may also affect retention (Table 3 ) .  General- 
ly, the retention and &value decreased with increasing 
flow rate. However, this effect mainly occurs with the L 
form which elute last. Undersuitablecondit ions,  we can ef- 
fectively diminish the time8 for resolving DL-amino acids 
by increasing flow rate. 
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8 -  

7 , -  

JIN AND HE 

1 4 ’  

1 2 -  

1 0 -  

8 -  

7 ,; 

0 2L 
0 

1 / m g  
I I I I * 
1 2 3 4 

Figure 7: Variation of k ’  of DL-His versus l/Sample Amt. 
Column 1(7 )-Cu. Condition: 18.5ml/h, 45OC, 0. l rno l / l (FH4 I2CO3. 

The polymers I(3), I(6) and I ( 7 )  coordinated with Cu(lI) 
ion could be utilized t o  seperate several. DL-amino acids , 
His, Pro, Val, Thr, Tyr, Idpa*, Hpa** etc, and usually D 
forms eluted ahead of L forms, except Pro. 

*Mpa = HNy?J-CH2- A @ -CH2CHCOOH 
NH2 

HPR = C\N-CH~CHCOOH 
NH2 
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