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Template polymerization has been employed for the creation 
of binding sites at or near the surface of highly cross-linked network 
polymers.1-12 The binding sites, formed during polymerization, 
incorporate an array of organic functional groups with a 
microenvironment shape and size complementary to the template 
(substrate) molecule. In this communication we describe an 
application of template polymerization for designing network 
polymers as catalysts.13-14 

The reaction targeted is the dehydrofluorination of 4-fluoro-
4-(p-nitrophenyl)butan-2-one (1), a system studied by Schultz 
and co-workers using the catalytic antibody approach.15 

Scheme I. Catalyst Design for the Dehydrohalogenation of 
1 
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Our goal was to develop a binding site for 1 that also positions 
a polymer-bound base in close proximity to the a-hydrogen of the 
substrate.16 As illustrated in Scheme I, the template molecule 
2 (benzylmalonic acid) was used to orient /V-(2-aminoethyl)-
methacrylamide (3) monomers prior to polymerization.17 The 
bulk of the polymerization solution consisted of a mixture of 
ethylene glycol dimethacrylate (EGDMA, 80 mol %), methyl 
methacrylate (MMA, 17 mol %), and 3 (3 mol %) in DMF solvent 
(1:1 volume ratio of monomers to solvent) .The template assembly 
was present at 1.5 mol % of the total polymerizable monomers. 
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The free radical polymerization was initiated by AIBN. A control 
polymer of composition identical to that of templated polymer 
but containing randomly-oriented amino groups was made by 
substituting the benzylmalonic acid (2) with 2 equiv of acetic 
acid. 

The resulting polymers are insoluble open-cell macroporous 
solids18 with high internal surface areas (365 m2/g). The template 
molecule 2 was removed from the polymer by washing the crushed 
solid with dilute aqueous NaOH. Examination of the filtrate 
shows 78-85% recovery of the template.19 

A preliminary survey of the catalytic performance of the 
polymer was performed in benzene using a 10:1 ratio of catalytic 
sites to substrate I.20 By monitoring of the absorbance of the 
suspension at 330 nm, both templated and control polymers were 
found to catalyze the dehydrofluorination of 1. The rate of 
dehydrofluorination by the templated polymer (̂ template) under 
pseudo-first-order conditions was 3.2 times greater than fcontroi 
(not optimized). 

Scheme I suggests that the catalytic site relies on a hydrogen-
bonding interaction between polymer and substrate, and thus it 
was anticipated that the polarity of the reaction solvent should 
affect performance. Consistent with this expectation was the 
finding that the rate of reaction of the templated polymer with 
1 slowed down in more polar solvents. The relative rate of reaction 
(fctempiate/fccomroi) dropped to 2.2 if the reaction was run in 
acetonitrile and dropped to 1.5 if the reaction was run in EtOH. 
This solvent effect is opposite to what one observes in the 
homogeneous reactions of 1 and to what is generally observed for 
E2 elimination reactions.21 

By analogy to site-directed mutagenesis, template polymeri
zation permits manipulation of functionality at the catalytic site 
by changing the template molecule. In an effort to understand 
the origins of catalyst performance, a series of polymers were 
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Figure 1. First-order plot of the dehydrofluorination of 1 under conditions 
of excess substrate to catalyst. A benzene solution 33 m M in 1 and 40 
m M in pyridine was added to polymer to produce a ratio of polymer-
bound amine to substrate of 1:17. P 3 demonstrates 7 turnovers after 12 
h. 0 4 represents a homogeneous reaction using N-(2-aminoethyl)-
acetamide (4) as the base. 
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Figure 2. Lineweaver-Burk plot of the dehydrofluorination of 1 with 
catalyst P3. Reactions were run in benzene in the presence of 62 mM 
pyridine. 

Table I. Relative Rates of Dehydrofluorination of 1 by EGDMA/ 
MMA Templated Polymers 

polymer0 template acid equivalents' fcpn/fcpic 

Pl 
P2 

P3 

P4 

P5 

CH3CO2H 
,0O 2 H 

,CO2H 

CO2H 

H O r C ^ ^ 

JOTC 

CO2H 

CO2H 

0.5 

0.5 

0.33 

(1.0) 
1.0 

3.5 

1.0 

2.5 

HO2C' 

" Polymers are prepared from a standard polymerization solution of 
E G D M A (80 mol %) , M M A (17 mol %), and 3 (3 mol %) in D M F (50% 
by volume). Polymerization is initiated by AIBN (1 mol % ) . * Ratio of 
moles of template acid to moles of N-(2-aminoethyl)methacrylamide (3) 
in the polymerization solution. c kn = 0.011 Ir1 at 25 0C. 

prepared employing mono-, di-, and tricarboxylic acid templates. 

(21) The E2 elimination in homogeneous solution decreases dramatically 
as the solvent polarity decreases, (a) Ingold, C. K. Structure and Mechanism 
in Organic Chemistry, 2nd ed.; Cornell University Press: Ithica, NY, 1969; 
pp 457, 680. 

Polymers were prepared from a standard polymerization solution 
containing 3 mol % of iV-(2-aminoethyl)methacrylamide (3). The 
stoichiometry of the added template acid was controlled to 
maintain a 1:1 ratio of amine to carboxylic acid groups in the 
polymerization mixture. All polymers therefore contained the 
same total equivalents of amine per gram of polymer. Table I 
shows the catalytic performance of the resulting polymers. 

Reactions were run in benzene under conditions of excess 
substrate to allow turnover (ratio of polymer-bound amines to 1 
was 1:15). Under these conditions, pyridine was needed to 
scavenge the hydrofluoric acid produced during the reaction 
(pyridine does not affect the background reaction with 1). Only 
templates possessing the 1,3-dicarboxylic acid group showed a 
catalytic rate faster than the control polymer (Pl) . The size of 
the template acid had no effect on the polymer's catalytic activity 
(Pl and P2). Of particular interest is the polymer P4, made 
with a template that misdirects the basic amino group away from 
the substrate's a-proton. This template creates a catalyst that 
performs no better than the control. Moreover, the template of 
P5, which misdirects a smaller portion of the amino groups, creates 
a catalyst of intermediate performance. These results suggest 
not only that the amino groups of P3 and P5 cooperate in the 
dehydrohalogenation reaction but also that functionality at the 
catalytic site of templated polymers can be manipulated in a 
rational and predictable fashion. 

Optimization of initiator/porogen levels improved the per
formance of P3. Figure 1 shows the pseudo-first-order plot of 
P3 and P l using an excess of 1 in benzene (ratio of 1 to polymer-
bound amine is 17:1). Also shown in Figure 1 is the homogeneous 
reaction of 1 in the presence of JV-(2-aminoethyl)acetamide (4). 
Under the reaction conditions, kn/kfi is 7.5 ± 0.3. The catalyst 
P3 shows a rate constant 12.8 times greater than that observed 
for the homogeneous elimination reaction of 1 in the presence of 
4. Polymer P3 also shows turnover. Data collected in Figure 1 
ranges over 7 turnovers for P3. 

Polymer P3 exhibits Michaelis-Menten kinetics in benzene 
solvent with a Km of 27 mM and a kai of 1.1 X 1 Qr1 mur1 (Figure 
2). In comparison, an antibody designed to catalyze the dehy
drofluorination of 1 in water shows a Km of 0.182 mM and a kat 

of 0.193 min-'.15 We have also observed that diethyl benzyl-
malonate exhibits inhibition of P3 but not of the control polymer 
(Pl) . The rate of dehydrofluorination by P3 drops 16 ± 5% 
upon the addition of a 5-fold excess of diethyl benzylmalonate 
to I.22 

In conclusion, we have demonstrated that templated polymers 
can be designed to function as catalysts. The approach permits 
the introduction and manipulation of known functional groups 
at the active site. Their compatibility with organic solvents and 
ability to withstand harsh reaction conditions are notable and 
complementary to designed protein catalysts. 
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(22) The inhibition experiment was run in benzene solvent at 33 mM 
substrate and 166 mM diethyl benzylmalonate. Kp3 drops from 0.025 Ir1 to 
0.021IH. The control polymer, Pl, is not affected by the addition of comparable 
amounts of diethyl benzylmalonate. 


