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Abstract

To do an extensive investigation of the chiral recognition mechanism of the molecular imprinting technique, two kinds of enantio-selective
molecularly imprinted polymers (MIPs\-tert-butoxycarbonyle-tryptophan N-Boc-L-Trp) andN-tert-butoxycarbonyle-tyramine (N-Boc-
L-Tyr), were synthesized by photo-induced and thermal-induced polymerization, respectively, and were employed as the stationary phase in
liquid chromatography. A stoichiometric displacement model for retention (SDM-R) was successfully constructed and applied to evaluate the
chiral separation of the MIPs. The simulation results showed that the valuels of the proposed SDM-R could be employed to characterize
the efficiency of the MIP’s total separation, and the value o6uld be used to denote the space effect of the enantiomers interacting with the
MIPs when the interaction between the solutes and MIPs was a hydrogen-bonding interaction. Further studies showed that the suitability of
the MIP cavity structure mainly determined the chiral-recognition ability of the imprinting system, when a strong hydrogen-bond competitive
solvent was added into the mobile phase.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction This paper presents a study in which two kinds of MIPs
were polymerized and chromatographic researches were per-
Molecular imprinting[1-5], which has received much at- formed in order to analyze the mechanism of the chiral recog-
tention inrecent years, is a new and potential separation tech-nition of MIPs. This study also established a new model for
nigue for preparing specialized recognition polymers. Al- retention in molecular imprinting based on the stoichiometric
though molecularly imprinted polymers (MIPs) have been displacement model for retention (SDM-R) in chromatogra-
used successfully in applications such as chromatographyphy, and a simulation indicated that this method can deter-
separation, solid extraction and mimicking enzymes and sen-mine the key factor affecting the chiral recognition of molec-
sors, there are few reports on the chiral recognition mecha-ular imprinting.
nism[6-11]. Essentially, specialized interaction between im-
printing molecules and MIPs is caused by both the comple-
mentary functional groups and the suited structures of the
MIPs, but there are still very few studies on the relative in-
tensity of these two factors.

2. Experimental

2.1. Materials and chemicals
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L-tryptophan KN-Boc-L-Trp) and N-tert-butoxycarbonyl-
L-tyramine (N-Boc-L-Tyr) were purchased from Sigma.
N-tert-Butoxycarbonylp-tryptophan N-Bocb-Trp), N-tert-
butoxycarbonyle-tyramine (-Bocp-Tyr) and ethylene
glycol dimethacrylate (EDGMA) were purchased from
Acros. Acrylamide, 2,2-azobis-(2-methylpropionitrile)
(AIBN) and acetic acid were purchased from Beijing
Chemical Reagent Plant. Methanol, alcohol, isopropyl
alcohol, acetone and acetonitrile were all high performance
liquid chromatography (HPLC) grade.

2.2. Equipment

The HPLC analysis was performed using an HPLC (Shi-
madzu) 10Avp. The column prepared for the molecular im-
printing was packed with an air-driven fluid pump from Bei-
jing Analytical Instrument Plant.

2.3. Preparation of molecularly imprinted polymers

2.3.1. Photo-induced polymerization

N-BocL-Trp (0.761g, 2.5mmol) and acrylamide
(0.711 g, 10 mmol) were dissolved in acetonitrile (14.65 ml)
and mixed at 4C for 12 h. Ethylene glycol dimethacry-
late (9.44ml, 50mmol) and 100mg of 2,2-azobis-(2-
methylpropionitrile) were added to the acetonitrile which
dissolved theN-Boc-L-Trp and acrylamide. The mixture was
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and mixed at 4C for 12 h. Ethylene glycol dimethacry-
late (9.44ml, 50mmol) and 100mg of 2,2-azobis-(2-
methylpropionitrile) were added to the acetonitrile which
dissolved theN-Boc+.-Tyr and acrylamide. The mixture
was sonicated and deoxygenated with a stream of nitrogen,
and then polymerized at 6C for 48 h. The process for the
preparation of blank polymers was the same as that of the
MIPs except that the imprinted molecules were not added
during polymerization.

The bulk polymer was ground through a 3.8 sieve
and sieved through a 384n sieve. The particles that
passed through the 38.%n sieve but not the 30;8m
sieve were collected and dried, then deposited in acetone
many times. The small particles that did not deposit were
discarded.

2.4. High performance liquid chromatography

The sieved and deposited MIPsNBoc--Trp and blank
polymer particles were packed at 28 MPa into a stainless-steel
HPLC column (250 mnx 4 mm, i.d.). Similarly, the sieved
and deposited MIPs df-Boc-L-Tyr and blank polymer par-
ticles were packed at 28 MPa into a stainless-steel HPLC col-
umn (250 mmx 4.6 mm, i.d.). Alcohol was used as the sol-
vent. After being packed, the column was equilibrated with
methanol-acetic acid (9:1, v/v) until a stable baseline was
achieved.

sonicated and deoxygenated with a stream of nitrogen, and  The separation factotf was determined using the rela-

then irradiated with UV light (365 nm) at4C for 48 h. The

tionshipa =k /kp, wherek. andkp were the capacity fac-

process for the preparation of blank polymers was the sameors of ther and b enantiomers, respectively. The capac-

as that of the MIPs except that the imprinted molecules were
not added in the polymerization process.

2.3.2. Thermal-induced polymerization
N-Boc-L-Tyr (0.703g, 2.5mmol) and acrylamide
(0.711 g, 10 mmol) were dissolved in acetonitrile (14.65 ml)

ity factors were determined accordingq4o= (t. — to)/to and

ko = (tp — to)/to, wheret, andtp were the retention times
of ther andp enantiomers, respectively, atgwas the re-
tention time of the dead volume, which was determined by
the injection of acetone. The resolution was denoted/dpy
[12].
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Fig. 1. MIPs evaluation by liquid chromatography. The eluent was acetonitrile, the flow rate was 0.3 ml/min, and the temperatut€ wHse2racemic
N-Boc-pL-Trp, N-Boc-L-Trp or N-bocd-Trp were well resolved, and samples ofjdl0vere injected into the chromatograph liquid.
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Table 1

line separation of the enantiomers of the imprinted molecule.

Results of chromatography for different substrates when applied to the cor- p separation factor of 2.63 and a resolution factor of 0.84

responding.-selective polymers
MIPs of N-Boc4.-Trp?

MIPs of N-Boc-L-Tyr?

ko ke o ko ke o
N-Bochr-Trp 0.556 1.289 2.318 1.051 1.051 1
N-Boc-pL-Tyr 1.478 2.030 1.373
N-Cbzor-Trp 0.819 1.126 1.375
N-AcepL-Trp 0.864 0.864 1
N-BocbrL-Phe 0.344 0.344 1 0.684 0.684 1

@ For MIPs of N-Boc-L-Trp andN-Boc-L-Tyr, the eluent HAc was 4%
and 0% in acetonitrile, respectively; the flow rates were 0.3 ml/min and
0.4 ml/min, respectively; the temperature was’€7 k_ was the capacity
factor ofL enantiomerskp was the capacity factor af enantiomers; and
was the separation factds (kp).

3. Results and discussion
3.1. Evaluation of MIPs by HPLC

In order to explore the chiral recognition mechanism of
molecular imprinting, two kinds of MIP9\-Boc1.-Trp and
N-Boc-L-Tyr, were prepared. Correspondingly, the separation
of racemic moleculef\-Boc-hL-Trp andN-Boc-pL-Tyr, in
these two MIPs were analyzed by HPLC. As showhiin 1,
the retention time of the imprinted moleculd;Boc-L-Trp,
was longer than that d-Boc-p-Trp, showing that imprinted
molecules have stronger interaction with the MIPs. That is,
the MIPs ofN-Boc-L-Trp were able to specifically select the
imprinted molecules other than their enantiomorph. In the

were obtained.

The results foN-Boc1.-Tyr were similar to those foN-
Boc-L-Trp; that is, the MIPs oN-Boc-L-Tyr were also able
to specifically select the imprinted molecules other than their
enantiomorph.

The enantioselectivity of two MIPs df-Boc--Trp and
N-Boc-L-Tyr was further investigated using racemic mixtures
of five different substrate®-Boc-prL-Trp, N-Boc-pL-Tyr, N-
CbzL-Trp, N-Ace-pL-Trp andN-Boc-pL-Phe. The separa-
tion results are listed ifiable 1 andFig. 2 shows the sketch
maps of the substrate-structure.

From the data shown ifable 1 it is obvious that the ca-
pacity factor of the imprinted molecule was the highestone in
each of the MIPs, showing that the interaction between MIPs
and imprinted molecules was the strongest, which resulted
in the best chiral separation of both imprinted molecules,
Boc4-Trp andN-Boc-L-Tyr.

Further comparison showed that the separation factor of
N-CbzpL-TrpintheN-Boc-L-Trp MIPs was also greater than
1.0, with the exception of the imprinted moleculeBoc-.-

Trp. Molecular structure analyses indicated tNaBoc-Trp
andN-Cbz-Trp not only both contained the same tryptophane
group which was capable of matching with the functional
group in MIPs, butN-Boc-Trp also contained dert-
butoxycarbonyl side chain group, ahCbz-Trp also con-
tained a carbobenzyloxy side chain group. These side chain
groups had similar hydrophobic intensity, and they both inter-
acted with the cavities of MIPs. Therefore, weak separation

chromatographic mode, such polymers resulted in near baseof N-CbzbL-Trp also occurred in the MIPs &f-Boc-L-Trp.
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Fig. 2. Structure maps of five amino acid derivatives used in this studi-Bgc-Trp; (b)N-Boc-Tyr; (c)N-Cbz-Trp; (d)N-Ace-Trp; and (eN-Boc-Phe.
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However, although both contained the same tryptophane,
thetert-butoxycarbonyl group ilN-Boc-Trp was much larger
than acetyl irN-Ace-Trp, so the space structureNsfAce-Trp
did not match with the MIPs df-Boc+.-Trp. ForN-Boc-Phe,
its phenyl group was much smaller than the indolyl group,
and the phenyl group also had no nitrogen atom-forming hy-
drogen bond with the functional group of MIPs. Therefore,
the MIPs ofN-Boc-L-Trp could not separat®-Ace-dL-Trp
andN-Boc-hL-Phe effectively.

For the MIPs olN-Boc-L-Tyr, N-Boc-Trp andN-Boc-Phe
had no phenol group capable of matching with the functional
group in MIPs. Thus, the MIPs dfl-Boc-.-Tyr could not
separatéN-Boc-bL-Trp andN-Boc-bL-Phe effectively.

In short, the MIPs oN-Boc-L-Trp polymerized by photo-
inducement and the MIPs &-Boc-L-Tyr polymerized by
thermal-inducement both had the characteristics of selec-
tive specificity to the imprinted molecules, not only due to
the complementary functional groups, but also due to the
matched space structures; therefore they could be success (@)
fully used for the following studies of chiral recognition.

O.
Z
p OH
interact 2 %/ \n/ H(
-~ Jk/ t o

elute

absorb

NH,

3.2. Interaction of the imprinted molecules, functional 3% ,ﬂzN\”J
monomer and MIPs A K

Molecular simulations were carried out to determine the
interaction between acrylamide aNeBoc-L-Trp. Their con-
figurations were first optimized by ab initio prediction, then A Hd
the interaction between them was investigated by a molec- /YO
ular dynamics simulation using the software HyperChem 7. \nly
The results showed that when there were bRBoc-L-Trp
and four acrylamide molecules in a system, M@&oc-L- %:’f fj: Eﬂ
Trp could form 1:3 adducts with acrylamide and the main m § 0 b
interaction between them was hydrogen bonding, showin .
that the interaction between the irrzlprintged moledNquc—L— ’ %/ T H“ﬁ —_ i -
Trp, and the functional monomer, acrylamide, is a hydrogen- e %L
bonding interaction.

Fig. 3 shows the polymerization processes of the MIPs &
of N-Boc-L-Trp andN-Boc--Tyr, indicating the hydrogen- i:iﬁf
binding interaction and the cavity structures.

(b)
.3'3' .Cc.mStrUCtlon of an SDM-R model in molecular Fig. 3. Sketch map of the polymerization process of the MIRS-8bc-.-
Imprinting Trp andN-Boc--Tyr. (a) N-Boc-L-Trp and (b)N-Boc-L-Tyr.

Earlier studies by Mosbach and coworkg@kand Lei and
Tan[13], on the recognition mechanism of the molecular im- can effectively adsorb the imprinted molecules through the
printing technique only considered the competitive adsorp- interaction of the complementary functional groups of im-
tion between imprinted molecules and strong solvents on theprinted molecules and their matching MIP structure. Thus,
MIPs, but the influence of weak solvents was ignored. The SDM-R offers a new method to investigate the chiral recog-
stoichiometric displacement model for retentidd] was a nition mechanism of molecular imprinting considering the
chromatography theory introduced in the 1980s and successinfluence of weak solvents.
fully used in reversed phase chromatograptfy], normal The SDM-R theory makes the following assumptions:
chromatographyf16], ion exchange chromatograpiiy7],
affinity chromatography18], and some actual systems on (1) The solute retention mainly depends on a strong solvent,
the Chiralcel OJ Columifil9,20] Essentially, the molecu- but it can also be affected by the competitive adsorption
lar imprinting technique can be regarded as a new method of  betweenweak and strong solvents in the stationary phase.
affinity chromatography, because the stationary phase, MIPs,(2) The solvation among solvents can be ignored.
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(3) In the stationary phase, one active site can only ad- where InA=Ing+InK;+nlnK; andg =K, — 1. Hereg in-
sorb one solvent molecule, whereas one solute moleculedicates the equilibrium constant of a weak solvent displaced
should interact with several active sites. by a strong solvent.

(4) The solute molecules are ideal rigid molecules. Thatis, Eq.(8)is nonlinear, soitis difficult to accurately calculate
when the solute molecules are adsorbed on the surface okach parameter by fitting experimental d@2).
the stationary phase, their conformation does notchange, From the studies of Geng Xindu and Bian Liujigdjs
so the solvation is the same as the non-adsorbed solute.less than 1 in the binary-component systg@8]. Additon-

ally, in the process of separation by molecular imprinting,

the concentration of the strong hydrogen-bonding competi-

tive solvent is usually very low in order to ensure chiral sep-

(5) When solute molecules are adsorbed by the stationaryaration. For example, when the concentration of methanol
phase, few solvent molecules are displaced from the sol-was increased to only about 6% ([I] = 0.06, v/v) in the mo-
vated solute molecules. bile phase, the MIPs lost their properties of chiral separation

(Fig. 4).

Actually, when a solute molecule is adsorbed by the sta- hus, in the study of the recognition mechanism, the con-

tionary phase, the number of solvent molecules that is dis- ;enration of the strong hydrogen-bonding competitive sol-
placed from the solute molecule is very snjall], and thus vent should be less than 6%. When1D.05 (V/v), the sec-

can be ignored. , _ ond right-hand logarithmic term of E¢B) can be expanded
From these assumptions, the equilibriums 1 and 2 below in progression in the following form:

are obtained, where | denotes a strong solvent (displacing

agent), L denotes the active site, LI is the complex betweenIn(1+ x) = x — %xz 4+, 0<X<1 (9)
a strong solvent and the active site, W is a weak solvent, LW . . Lo

is the complex between a weak solvent and the active site, . Taklngtheflrstf[erm oft_he expansionin equaiey equa-
S is the solute, &} is the complex between the solute and a tion (8) can be quite definitely simplified as:

strong solvent, Silm is the complex among a strong solvent, |nx’ = In A — ng[l] (10)

the active site and the solute. Note: equilibrium 2 shows the

process by which a weak solvent is displaced by a strongWhere IPA=Ing +InKj +ninKz andg=K; — 1.

In the molecular imprinting system, one additional as-
sumption should further be made:

solvent. Here InA represents the total affinity potential between
Ky the solute and the stationary phase, which includes not only
Sl,, +nLl =8SL,l,, + nl (2) the space effect between the solute and the cavity structure
K of the MIPs, but also the interaction between solute, solvent
I +WW=LI+W (2) and functional monomer.

Parametenis the number of the strong solvent molecules

The two equilibrium constant&, andKz, are: released from the stationary phase when a solute molecule

[SL,1,]0" is adsorbed on the stationary phase. The value rofinly
1= 7{3%][“] n ©) depends on the kind of interaction and the osculated area be-
LW tween the solute and the stationary phfds. For the two
K> = 4)
[1[Lw] 1.35
Here, for the sake of convenience, the concentration is ex- 130 "\
pressed as the volume percentage.
The distribution coefficien¥q, can be expressed as: S 1254 \.\
SL, 1, S 1.20__ L]
_ | 5) 81201 ~.
[St] Z 1.154 m
Based on Eq44) and (5) Eq.(3) can be written as: % 1 10-
Ka{(K2 — DI + 1) S
K1 = K3 (6) 1.054
The capacity factok’, is given by the following equation: 1.00 .
k/ — Kd(ﬂ (7) 0.95 T T T T T T T T

wherey is the phase ratio of the column. [CH3OH] (VIV %)

From(6) and (7) it can be deduced that:
Fig. 4. Effect of methanol concentration on the selectivity factor. Experi-

Ink’=InA —niIn(1+ g[1]) (8) mental conditions were the samefdg. 1
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Table 2 1.24
SDM-R results for photo-polymerized MIPs &-Boc-L-Trp and blank

polymers 0.9+
Solute InA ng R

0.6 4
MIPs of N-Boc+-Trp

N-Bocn-Trp 0.214 13.702 —0.99943 0.3

N-Boc-L-Trp 1174 17.571 —0.99771 i

N-Cbz-Trp 0.631 13.638 —0.99894 E 0.0 4 .
N-Cbz1-Trp 1041 16.591 —0.99945

N-Ace-pL-Trp 0.769 14.653 —0.99865 -0.3-
N-Boc-pL-Tyr 0.424 14.678 —0.99809
N-Boc-pL-Phe —0.354 11.386 —0.99807 0.6
Blank polymers -0.94
N-BocnL-Trp —0.100 13.281 —0.99914 ; , : , ,
N-CbzoL-Trp 0.331 13.456 —0.99967 000 001 0.02 003 0.04 0.05
N-Ace-pL-Trp 0.380 12.972 —0.99959 (@) [(CH ), CHOH] (V/V)
N-Boc-pL-Tyr 0.132 14.281 —0.99843
N-BocL-Phe —0.567 12.470 -0.99727 06
MIPs of N-Boc-Trp andN-Boc-L-Tyr with acrylamide as 03+
the functional monomer, the main interaction is a hydrogen- 1
bonding interaction, as discussed in previous section. Be- 0.0
cause the number of hydrogen bonds is approximately in -, |
direct ratio to the osculated area, the change afiainly < 03
depends on the osculated area between the solute and the |
stationary phase. Therefore, the higher the valueisf the .06
larger the osculated area between the solute and the station- 3
ary phase is, and the more closely the MIP’s cavity structure 09
matches the solute.
Parametep is a constant that is only related to the prop-
erties of the mobile and stationary phases in th¢28y, be- 129 '
causeX, represents the equilibrium constant of the competi- 00 001 002 003 004 005
tive adsorption between a strong solvent and a weak solvent. (p) [{CH,),CHOH] (V/V)
3.4. Application of SDM-R in molecular imprinting with Fig. 5. Plot of Ik vs. [I] fitted with Eq.(10) in the photo-induced poly-
isopropyl alcohol as the strong solvent merized MIP and blank polymer. The column temperature waC2The

mobile phase was acetonitrile with 0.5%—-5% (v/v) isopropy! alcohol, and

Adding diff ¢ trati fi | alcohol int the flow rate was 0.4 ml/min. (a) The stationary phase was the M of
Ing diiferent concentrations ot Isopropyl alcohol into Boc-L-Trp, and the solutes werellf N-Boc1-Trp, (&) N-Cbz4i-Trp, (@)

acetonitrile as a strong hydrogen-bonding competitive Sol- N.Acen-Trp, (%) N-Cbzo-Trp, (#) N-Boc-pL-Tyr, ((J) N-Bocn-Trp, and
vent, chromatography analyses were performed to simulate(O) N-Boc-ni-Phe. (b) The stationary phase was the blank polymer, and the
the SDM-R model. The figures of ki versus [I] fitted with solutes were M) N-Boc-pL-Trp, () N-Cbz-pL-Trp, (@) N-Boc-nL-Phe, ¥)
Eq.(10)are plotted irFigs. 5 and 6The numerical values of ~ N-Ace-dL-Trp, and &) N-Boc-nL-Tyr.
In A, nB and the correlation coefficient®, in different sys-
tems of MIPs, blank polymers and solutes were calculated,
and are summarized ifables 2 and 3

These results revealed that:

(1) The absolute values of all of the correlation coefficients
were higher than 0.99, which confirmed that the the-
ory of SDM-R definitely could be successfully used in

Table 3 the technique of molecular imprinting with the MIPs
SDM-R results for thermal-polymerized MIPs dEBoc-L-Tyr and blank of both photo-polymerizedN-Boc-L-Trp and thermal-
polymers polymerizedN-Boc-L-Tyr.

Solute InA ng R (2) Forthe MIPs of botiN-Boc-L-Trp andN-Boc-L.-Tyr, the
MIPs of N-BocL-Tyr In A values of the imprinted molecules were the highest,
N-Boc-n-Tyr 0.409 15.632 —0.99908 and for all kinds of solutes, the ldifference between

N-Boc-L-Tyr 0.730 17.477 —0.99886 the imprinted molecules of MIPs and of blank polymers
N-Boc-ni-Phe -0.380 12.796 —0.99892 were also the greatest, proving thaflgould be used to

Blank polymers evaluate the separation characteristics of the MIPs.
N-Boc-pL-Tyr —0.285 14.837 —0.99669 (3) Of all of the solutes listed iffables 2 and 3ng had
N-Boc-pL-Phe —0.988 11.442 —0.99528

the highest value for both imprinted molecul®&sBoc-
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0.9 Table 4
Correlation of the ratio ofiyips/Npiank @and the selectivity factor

06 MIPs Solutes NMiPs/Nblank o
] N-Boc-L-Trp N-Boc-pL-Trp 1.28 2.65
N-CbzpL-Trp 1.22 1.51
0.3
N-Boc-L-Tyr N-Boc-pL-Tyr 1.12 1.37
0.0
] L-Trp, the value o for N-Cbz+-Trp was the second
highest one iMable 2

-0‘3_

The retention of all kinds of solute molecules in blank
polymers reflects the intrinsic adsorbing properties of poly-
acrylamide, whereas the retention of all kinds of solute
molecules in MIPs reflects the adsorbing properties of MIPs.
Therefore, the retention differences between MIPs and blank
polymers can be considered to be caused by the influence
1.2 —T T T T 7 of the imprinting process. As shown fables 2 and 3the

-0.64

-0.94

R ! O‘Och 02%3 o R n values of two imprinted molecules abhdCbz1.-Trp were
etk CHAHIMY higher in the MIPs than in the blank polymers, while for other
03 kinds of solutes, tha values in MIPs and in blank polymers

All these results indicated that paramaterould be used
to evaluate the space effect of the enantiomers interacting
with the MIPs when the interaction between the solutes and
MIPs was a hydrogen-bonding interaction.

were almost the same. These results showed that it is the
: suited cavity structure of MIPs that increased the number of
active sites adsorbing the imprinted molecules. Further stud-
0 ies showed that the higher the ratiorgih MIPs and in blank
] polymers Omips/Nplank), the higher the selectivity factos,
(as shown infable 4. That is, the more closely the structure
-0.9- of the imprinted molecules matched with the cavity of the
MIPs, the more effective the chiral separation of the racemic
\\\ complex by the molecular imprinting technique was.
001 002 003 005

3.5. Application of SDM-R in molecular imprinting with

0 different strong solvents

[(CH,),CHOH] (VN)
In general, the interaction between the imprinted

Fig. 6. Plot of Ink’ vs. [I] fitted with Eq.(10) in the thermal-induced poly- molecules and MIPs in organic solvents is a hydrogen-

merized MIP and blank polymer. The column temperature wasC2The
mobile phase was acetonitrile with 0.5%—5% (v/v) isopropyl alcohol, and
the flow rate was 0.4 ml/min. (a) The stationary phase was the M of

bonding interactioi9]. Thus, the retention of the imprinted
molecules changes when the strength of the hydrogen bond

Boc-L-Tyr, and the solutes werelj N-Boc-b-Tyr, (4) N-Boc-L-Tyr, and in the mobile phase is changed.
(®) N-Boc-nL-Phe; (b) The stationary phase was the blank polymer, andthe  Different concentrations (0.5%-5%, v/v) of methanol, al-
solutes were:l) N-Boc-pL-Tyr and @) N-Boc-nL-Phe. cohol or isopropyl alcohol, which are three kinds of strong

hydrogen-bond competitive solvents, were each added to ace-

L-Trp andN-Boc--Tyr). Because8 was a constant in  tonitrile to determine the effect of hydrogen bond strength on
the above two systems using isopropyl alcohol as the chiral recognition of molecular imprinting, and then the the-
strong solvent, the value @8 was in direct proportion  ory of SDM-R was used to simulate the experiments. The
to n. Therefore, when different solute molecules were final fitting results for different mobile phase are listed in
adsorbed on the stationary phase, the highest number ofTable 5

active sites were covered by the imprinted molecules,and  As shown inTable 5 the absolute values of all of the cor-
the corresponding number of solvent molecules that were relation coefficients were higher than 0.99, proving that the
released from the stationary phase was also highest. Thatheory of SDM-R can be successfully used in the imprinting
is, the structure of the imprinted molecules was more system with different hydrogen-bond strengths. Obviously,
suited for the cavity structures of the MIPs. Because of for different solutes in each mobile phase, the values &f In
the high similarity of the molecular structure bBoc- of the imprinted molecules were the highest, indicating that
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Table 5
SDM-R results for thermal-polymerized MIPs WfBoc-L-Tyr when different strong solvents were added
N-Boc-L-Tyr N-Boc-p-Tyr N-Boc-pL-Trp N-Boc-pL-Phe
Strong solvent
Methanol
InA 0.662 0383 Q0126 —0.290
ng 27516 24740 22193 21184
R —0.99919 —0.99929 —0.99936 —0.99943
Alcohol
InA 0.603 0346 Q0106 —0.343
ng 20.626 18794 17205 15909
R —0.99896 —0.99932 —0.99714 —0.99953
Isopropyl alcohol
InA 0.730 0409 Q0579 —0.380
ng 17.477 15632 13030 12796
R —0.99886 —0.99908 —0.99915 —0.99892

the MIPs could accomplish chiral separation under different tion capability, even though acetonitrile was used many times

mobile phase conditions. to balance the MIPs. Infrared spectrum analyses also showed
Additionally, becauses is related to the competitive ad- that the loss of the chiral-separation ability was not caused

sorption of strong solvents has the highest value for by the loss of the amide groups, which further indicated that

methanol; the value ofig was higher in methanol than in  the chiral molecular recognition was mainly dependent on

alcohol or isopropyl alcohol, although the value rofde- the suitability of the MIP’s cavity structure in the molecular

creased with the increasing strength of the hydrogen bondimprinting technique.

competition between the solvents and the MIPs. Further cal-

culation, shown irifable § indicated that the ratio aig of

the imprinted molecule to its enantiomorph was an approxi- 4. Conclusion

mate constant of 1.1 in the methanol, alcohol and isopropyl

alcohol systems. In other words, for the MIPsBoc-L- Two kinds of molecularly imprinted polymers, photo-
Tyr, when the strong solvents were changed in the mobile polymerizedN-Boc--Trp and thermal-polymerizeN-Boc-
phase, the corresponding changing proportiomaffthe im- L-Tyr, were synthesized using acrylamide as the functional

printed molecules was equal to the molecule’s enantiomorph.monomer. Both MIPs could efficiently separate the racemic
This result meant that when the interaction of the solutes andamino acid derivatives. Results of molecular simulation
MIPs was decreased with the increasing ability of solvents to showed that the interaction of the imprinted molecule and
form hydrogen bonds in the mobile phase, the decrease of thehe functional monomer was mainly a hydrogen-bonding in-
imprinted molecule was in geometric proportion to the de- teraction, and a 1:3 adduct bEBoc+-Trp and acrylamide
crease in its enantiomer. That is, the molecular recognition of would be formed during the interaction. Based on several
imprinted molecules and their enantiomorphs was mainly de- assumptions, a stoichiometric displacement model for reten-
pended on how well the geometric cavity structures of MIPs tion was successfully introduced and constructed to further
suited with the structure of the imprinted molecules, when investigate the chiral recognition mechanism of the molecu-
strong hydrogen-bond competitive solvents were added intolar imprinting technique. Further experiments confirmed that
the mobile phase. the SDM-R theory is doubtless applicable in the technique
Additional studies showed that the MIPsN{fBoc-L-Trp of molecular imprinting. The simulation results showed that
were very stable. The separation factor and resolution factorthe values of Ik’ in SDM-R could be employed to charac-
were independent of use-times before 350. After 350 times, terize the total separation efficiency of MIPs, and the value
these MIPs suddenly lost their chiral separation capability. of n could be used to denote the space effect of the solutes
Infrared spectrum analyses showed that the amide groupsnteracting with the MIPs. Further studies showed that the
were still located in the MIPs. Thus, the reason for the loss of suitability of the MIPs’ cavity structures mainly determined
selectivity must be the changes of the structure of the MIPs. the chiral-recognition ability of the imprinting system. This
This result also indicated that the molecular recognition be- means that the space effect is the major factor determining
tween imprinted molecules and MIPs mainly depended on the chiral separation of MIPs, relative to the interaction of
how well the MIP’s cavity structure was suited for the im- the enantiomers with MIPs. Therefore, a more rigid func-
printed molecules. In order to further confirm this conclusion, tional monomer should be selected in the polymerization of
we used 50 mmol/l phosphatic kalium as the mobile phase soMIPs. Additionally, the application of SDM-R in the system
that the cavity structure of the MIPs NfBoc-L.-Trp changed of molecular imprinting will make it possible to quantitatively
irreversibly. As expected, the MIPs lost their chiral separa- determine the contribution of different variables, and this will
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consequently guide the selection of the functional monomer [7] S. Vidyasankar, M. Ru, F.H. Arnold, J. Chromatogr. A 775 (1997)

and the preparation of MIPs in theory, ultimately increasing
the separation efficiency of the molecular imprinting system.
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