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Heyrousky Square 2/1888, 16206, Prague 6, Czech Republic  apogsible reaction mechanism, whereby the carborzeed car-
Receied December 6, 1999  bamate 2b) is bound and activated via hydrogen-bonding to the carbonyl
oxygen @) followed by nucleophilic attack of hydroxyl and stabilization
The molecularly imprinted polymer notion is conceptually of the oxyanion 8) and subsequent breakdown to products with
attractive and has stimulated the design of many informative regeneration of the catalytic sité)( (We favor the R:2 mechanism for
experiments and practical applications; indeed, this field is at an carbamate hydrolysis on the basis of the analogous studies using a
exciting stage of rapid development and progfessthe area of carbamate-hydrolyzing antibody elicited by a phosphorfate).

catalysis, molecularly imprinted polymers would appear to be Table 1. Kinetic Parameters for Diphenyl Carbonate and Diphenyl

particularly attractive: cavities which bind to a transition state carhamate Hydrolysis Using Bulk-Type Imprinted Polymers
of a given reaction should be selective catalysts for that reaction.
buffer HEPEStemp. ki

However, in earlier experiments using stable mimics of the —2 e _
transition state (transition state analogue, TSA) as the imprint substrate MeCN ratio (°C) (x10*min) Kmer/Ksoin Kmpr/kiar

substance, in a fashion analogous to that used successfully forPPC 21 15 10805 387+33 81+07
antibody-catalyzed reactioghe resulting polymers displayed DPC 211 10 7.9-01 588+44 7.8+0.4
only limited catalysis.In some cases, careful optimization of the DPGM %i ig‘ gélg:tt 8-(13 gigi 4112 1g';i 8'2
conditions afforded improved catalysis, most notably in a dehy- DPGM o1 5 384L05 1435L27 42401

drofluorination reactiord.To fully complex the template, a large
excess of binding/catalytic sites had to be employed in these 2The composition of the monomer mixture for the preparation of
experiments if weak noncovalent interactions with the TSA had the imprinted polymers consisted of 79.6 wt % of EDMA, 10.4 wt %
been used. Improved catalytic performance results from imprinting MMA, and 9.0 wt % of DEVPA-DPP-complex, and 1 wt % of
procedures involving noncovalent bonds with sufficiently high 2zobis(isobutyronitrile), diluted by the same weight of the porogen,
P - . . acetonitrile. In the control polymer the DPP-template was omitted. For
association co nstant_s to afford complexes _havmg a ;L'l ratl(_) of details see Supporting InformatiohThe substrates were either diphenyl
template to binding site. We have termed this type of interaction carhonate (DPC) or diphenyl carbamate (DPCh8tandard deviation
“stoichiometric noncovalent interactiof”. values were calculated from at least five independent measurements.
A step in this direction involved the use &fN'-diethyl(4-
vinylphenyl)amidine (DEVPA)as a functional monomer to bind  Michaelis—-Menten kinetics, selectivity, and TSA inhibition of
phosphonate or phosphate TSA-imprint molecules. The strong activity, all important characteristics of enzyme-catalyzed reac-
ionic, double-bridged interaction between the amidine and the tions? One disadvantage of this system was that it showed product
TSA can serve, if the TSA is replaced by the corresponding ester inhibition similar to that observed with catalytic antibodfes.
substrate, both for carbonyl group activation and also provide  Similarly as with catalytic antibodieswe therefore turned to
the “oxyanion hole” for TS stabilization in the subsequent hydrol- systems in which less product inhibition is expected, and we in-
ysis reaction. The first DEVPA-based catalytic imprint polymers vestigated for the first time the hydrolysis of carbonates and car-
displayed significant rate enhancements of ester hydrolysis, bamates (Scheme 1). These compounds have the very important
feature that they do not form stable anionic products (as do esters)
which can act as reaction inhibitors in the course of hydrolysis.
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Table 2. Kinetic Parameters for Diphenyl Carbonate Hydrolysis with Imprinted Polymer Beads

water phase particle sizeum KCimpr.
sample porogen compositiofi (index of polydispersit) (x104min™Y) Kimpr /Ksoln. Kimpr /Kstat.
SP1 toluene PVA/PVP 141.0 (1.25) 8.2[7.9] 293[282] 9.7[2.0]
SP2 cyclohexanetdodecanol NaCl/starch 374.7 (1.16) 4.7 168 24.0
SP3 cyclohexanetdodecanol PVA/PVP 31.3(1.23) 4.7[5.0] 168[179] 23.3[4.0]

aThe monomer composition for the preparation of the polymer beads was the same as in Table 1; the porogen was changed (for details see
Supporting Information)? Composition of suspending medium during polymerization, 2 wt % of poly(vinyl alcohol) and 1 wt % ofNsoly(
vinylpyrrolidone) solution in water (PVA/PVP) or 20 wt % of NaCl and 8 wt % of starch in water (NaCl/ste&rbhprackets the corresponding
values for bulk polymers with the same porogen are gi¢delative standard deviation values are in the range-2% for kimpr; 5—7% for
Kmpr./ksoln, ; and 2-5% for kimpr,/kstat.

water could not be used. The new DEVPA-functional monomer arises from the shape selective transition state stabilization in the
allowed us to use the well-established suspension polymerizationcavities. In addition other nonspecific factors such as high local
technique. In this case the interaction between template andconcentrations of amidine sites, differences in the p#ues of
binding site is very stable. amidines in solution and at the polymer, and specific adsorption
Imprinted polymers were prepared in bulk and in suspension of substrates to the polymer backbone play a.tlether studies
from polymerization mixtures consisting of cross-linker, ethylene- are required to understand and control these effects. It is also
dimethacrylate (EDMA), methyl methacrylate (MMA), DEVPA  important to note that the rate of diphenyl carbonate hydrolysis
as functional monomers, and DPP as template molecule in the(kan) in 4-ethylN,N'-diethylphenyl amidine HEPES buffer solu-
presence of acetonitrile (MeCN), cyclohexamettodecanol, or tion containing the same amount of amidine groups as in the
toluene as porogefi Classical aqueous suspension polymerization imprinted polymer is very similar to the rate constant of hydrolysis
technique proceeded smoothly to give beads of385 um in buffer solution kan/Ksoin = 0.93). Thus, the amidine is not an
diameter, depending on the polymerization conditions used. The efficient catalytic group in solution at this pH
DEVPA—DPP complex does not appear in the aqueous phase in  The imprinted polymer beads possess the same catalytic activity
the course of polymerization, and the presence of this complex (although higher selectivity) (Table 2) as bulk-type imprinted
in the polymer matrix was confirmed by FTIR and nitrogen polymers prepared with the same porogens, cyclohexaol-
elemental analysi®.The free, imprinted active sites were obtained decanol or toluene. Although the rate constants of diphenyl car-
by removal of the template with a solution of 0.1 M NaOH and bonate hydrolysis are apparently higher for polymers prepared on
MeCN (1:1 by volume). Approximately 7090% of DPP was the basis of MeCN as porogen, it is impossible to use it in suspen-
removed, leaving cavities containing amidine groups whose sion polymerization due to the miscibility of MeCN with water.
quantity and g, values were determined by potentiomeric titration Diphenyl carbonate and carbamate hydrolyses with imprinted
(pKa 9.09-8.62)1° polymer prepared in bulk and in suspension (sample SP3, see
The hydrolysis of diphenyl carbonate and diphenyl carbamate Table 2) reveals MichaelisMenten kinetics and competitive
was performed in a 2:1 and 1:1 solution of 2-[4-(2-hydroxyethyl)- inhibition typical for catalytic antibodie¥.For diphenyl carbonate
1-piperazino]-ethanesulfonic acid (HEPES) buffer gH.3) and hydrolysis with imprinted polymer prepared in bulk, the kinetic
MeCN. The formation of phenol at 5, 10, or 16 was followed constants aré&, = 5.01 mM, Vi, = 0.023 mM min?, kea =
by HPLC analysis on an RP8 column. Substrate hydrolysis was 0.012 min, K, = 0.094 mM K, is the inhibition constant for
treated as a pseudo first-order reaction with rate conskaifise the template molecule); for diphenyl carbamate hydrolysis with
rates of the catalyzed reactiorif) were compared with those  imprinted polymer prepared in bulk$,, = 3.33 mM,V,, = 0.044
of reactions carried out in a buffer solution of pH 7KB.) as mM min~L, ke = 0.022 min?, K, = 0.285 mM; for diphenyl
well as to the rate of reaction in the presence of nonimprinted carbonate hydrolysis with SP¥, = 13.4 mM,V,, = 0.008 mM
polymer produced under identical conditions but without the im- min™2, ke = 0.004 mirr?, K; = 0.22 mM. The slower hydrolysis
print template, DPPk{.). The results are presented in Tables 1 with imprinted beads is due to the use of cyclohexamol-
and 2. It can be seen that rate constants can be enhanced by factododecanol as a porogen instead of the MeCN used in the bulk
of 588 (in case of carbonate) and 1435 (in case of carbamate),polymer preparation; bulk polymers prepared with the same
compared to rates for reactions in buffer at the same pH. The porogen showed comparable kinetics (see Table 2).
enhancement with respect to nonimprinted polymers containing The chemical potential of the immune system has been
statistically distributed amidines is 10 (carbonate) and 5.8 underscored by showing that antibodies raised to tetrahedral,
(carbamate) for bulk polymers and up to 24 for imprinted polymer negatively charged phosphate and phosphonate TSAs could
beads. Thus, the beads show a much higher selectivity, maybeselectively catalyze the hydrolysis of esters, carbonates, and
due to better mass transfét is not surprising that carbamate  carbamate$®!1 This report is an initial attempt to approach the
hydrolysis is less specific with regard to the control polymer since efficiency and selectivity of catalytic antibodies using synthetic
the polymer was not imprinted with a TSA of the carbamate polymers, which have distinct advantages (far less expensive,
hydrolysis reaction. The large rate enhancement of the polymer-more convenient and chemically as well as mechanically more
catalyzed carbamate hydrolysis relative to that in buffer solution stable). In the case of carbamate hydrolysis, the rate enhancement
is remarkable in comparison to those of earlier imprinted polymer with imprinted polymers relative to that with buffer solution
hydrolyses already approaches the values recently obtained with catalytic
These values are among the best published until now for antibodies for the same reactidn.
molecularly imprinted catalysts. However, these results show that  Acknowledgment. A.S. thankfully acknowledges a postdoctoral
nonspecific catalysis at the surface of the polynadse plays a fellowship from Minerva Foundation. This research was supported by
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