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ABSTRACT
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The stability of europium(lll) complexes with benzocrown ether derivatives 2—4 containing carboxylic functions with methylene spacers of
different length was found to vary surprisingly little. In sharp contrast, the hydrolytic activity of these catalysts against bis(p-nitrophenyl)-
phosphate (BNPP) varied by a factor of 30. The results show for the first time the efficiency of the carboxylic group as cofactor in phosphate
ester hydrolysis, which until now was established only in some enzmyes. Other than with BNPP, the hydrolysis with plasmid DNA (nicking
experiments) showed no rate enhancement.

Hydrolytic cleavage of biocidic phosphate esters and of which are still several powers of magnitude below that of
nucleic acids is of much current interest, in particular after natural counterparts.

the re-discoveryof highly charged metal cations as effective The macrocycles used in the present study were prepared
catalysts We have directed our efforts in this field mostly from benzoaza-15-crown-5 ether by a two-step synthesis.
toward the development of stable yet active metal complexesAlkylation reaction of the initial crown ether with the ethyl
and of ligands, which as in related metalloenzymes can

further enhance the efficiency of these artificial nucleases, (2) Komiyama, M.J. Biochem1995,118,665. Breslow, R.; Zhang, B.
L. J. Am. Chem. S0d.994,116, 7893. Morrow, J. R.; Aures, K.; Epstein,
D. J. Chem. Soc., Chem. Comm895, 2431 and references therein. For

T Universitét des Saarlandes. catalysis with zirconium[IV] ions, see: Moss, R. A.; Ragunathan, KJ.G.

* Photochemisty Center RAS. Chem. Soc., Chem. Commuif98, 1871. Kajimura, A.; Sumaoka, J.;

(1) For earlier reports, see: Bamann, E., TrapmannAdt.. Enzymol. Komiyama, M.Carbohydr. Res1998,309, 345. Ott, R.; Kramer, RAngew.
1959,21, 169. Chem., Int. Ed. Engl1998,37, 1957.
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ester of bromoalkanoic acids followed by hydrolysis of amino || N

acid ethyl ester by refluxing in water ga2e-4 with yields
up to 90—95% (Scheme 1).
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The benzocrown ether derivatives 4 contain carboxylic

functions, which also should serve to enhance the stability

Table 1. Protonation and Complexation Constants of Eu
Salts withN-Carboxyalkyl Benzoaza-15-crown-5 Etters

percent of
Eu(ClO,); as®

ligand log K EuL?* Eust

20 L+ H"=LH log K; = 8.96 + 0.02
L~ +2H" = LH,* log K, =11.36 £0.02 12.3 87.7

L~ + Eud* = (LEu)?* log K = 3.45 + 0.04

3¢ L~ +H"=LH log K; =9.08 + 0.02
L~ +2H" = LH,* log K, =13.06 £ 0.02 16.7 83.3

L~ + Eud* = (LEu)?* log K = 3.77 £ 0.04

4d L-+Ht*=LH log Ky =9.47 £ 0.02
L™+ 2H" = LH,*" log K; =13.88+0.02 152 84.8

L~ + Eudt = (LEu)?* log K =4.10 + 0.04

a Stability constants at 20 calculated from titration data with crown
ether+ HCIO4 and crown ether- Eu(ClQy)s + HCIO,, respectively; in
agueous solution with NaOH in the range pH 2.3@0600 for crown ethers
alone and pH 2.3007.200 for complexes (up to hydrolysis of Eu(G)g).
All equilibrium calculations were performed by using the computer program
Hyperquad® No complexation detectable witk-methylbenzoaza-15crown-5
etherl. ? L = Eu(ClQy); = HCIO4 = 4.6 x 103 M; NaOH 0.05 M.cL =
6.4 x 1073 M; Eu(ClOg)3 =8 x 1073 M; HCIO4 = 1.06 x 10~2 M; NaOH
0.0995 M.9L = 4.5 x 1073 M; Eu(ClOs)3 = 4.5 x 1073 M; HCIO, = 6.4
x 1072 M; NaOH 0.05 M.

In contrast to the affinity constants, the catalytic acitivity

of corresponding lanthanide complexes. Potentiometric meas-of the E#* complexes on the BNPP hydrolysis, which was
urements indicate that without such pendent COOH groups measured as reported previousthanges dramatically with
(1) the stability in water is very low and does not even allow the length of the spacer, with the longest side ch4jriR(=

the evaluation oK with Eu** in water. This is somewhat

(CH)sCOOH) being 30 times higher than that withR =

unexpected, as the presence of nitrogen in crown ethersCH; (Table 2). The affinity data in Table 1 secured that under

generally increases the affinities, and the parent all-oxa-

benzo-L5-Crown-5 ether complexes have constants aroun (N

log K = 5 in water? Usually one observes a steady increase Table 2. Rate Constants of Hydrolysis with EuComplexes

of log K values with the number of pendent COOH gro@ips,

although less regular behavior can occur if the ion size does

not match the ionophore.

The presence of the pendent COOH groups does lead to

enhanced binding of Bt, however, with little dependence

on the spacer methylene groups (Table 1). This is again

surprising in view of the large difference reportedg. for
log K values of 1,10-diaza-18-crown-6 ethers with N-
substituents either R CH,COOH (logK = 12.0) or R=
(CH,),COOH (logK = 7.4). One might expect that entropic

disadvantage associated with the complexes containing more

flexible bonds should lower the affinities. Recently it has

been shown, however, that the change of free complexation
energy in other complexes is less than 1.5 kJ per mol and

per one rotable single borid.

(3) Rammo, J.; Schneider, H.-horg. Chim. Actal996, 251, 125.
Hettich, R.; Schneider, H.-2I. Am. Chem. Socl1997, 119, 5638 and
references therein.

(4) Tanase, |.; Manda, M.; Carstea, A. M.; loneci, |.; LucaR&u Chim.
(Bucharest}1987, 38, 819. Izatt, R. M.; Pawlak, K.; Bradshaw, J.Ghem.
Re».1991,91, 1721.

(5) Gokel, G. W.Chem. Soc. Re 1992,20, 39. Inoue, Y., Gokel, G.
W., Eds.Cation Binding by Macrocycledarcel Dekker: New York, 1990
and references therein.

(6) Hancock, R. D.; Maumela, H.; de Sousa, A.CRord. Chem. Rew.
1996,148, 315 and references therein.

(7) Chang, C. A.; Chang, P. H. L.; Manchanda, V. K.; Kasprzyk, S. P.
Inorg. Chem.1988,27, 3786.
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BNPP

ligand BNPP2 Kops x 10* [s71] DNAP Kops x 104 [s71]
1 0.36 0.53
2 0.79 0.68
3.08 0.58
4 11.30 0.62

afligand] = 5 x 1078 M, [Eu¥*] =5 x 103 M in 0.01 M EPPS, pH
=7.0,T=50°C, [BNPP]= 3.76 x 1075 M. P[ligand] = 5 x 1073 M,
[Eu¥*] =5 x 103 M in 0.01 M EPPS, pH= 7.0, T = 37 °C, incubation
time 2 h, [DNA] = 1.9 x 10°5 M (bp); rates for E&" alone: kond BNPP)
=1.67x 1045} kopdDNA) = 0.59 x 104 s7L.

the applied concentrations the complexation degree with Eu
varies only between 77% and 88% and cannot be responsible
for the differences in catalytic activity. Thus, we observe
not only a substantial activity increase due to the introduction
of carboxylic cofactors but a higher catalytic efficiency with
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longer, more flexible side chains. This is in line with the cofactors on double-stranded DNA hydrolysis is marginal.
abovementioned small disadvantage of flexible bonds in the The rates, determined as previously descilisdplasmid
formation of supramolecular complexes; it is also reminiscent DNA nicking experiments, show actually a small decrease
of highly efficient enzymes such as alkaline phosphdtase of efficiency (Table 2). Obviously, the binding affinity
which also contain cofactors such as carboxylic groups asdecrease of the new complexes to the negatively charged
part of amino acids which are rather loosely embedded in DNA groove counteracts the favorable catalytic effect on
their active center. the phosphate group cleavage itself. The introduction of
Whereas the presence of carboxylic groups irt"Eu additional groups in the metal complexes, such as poly-
complexes with, e.g4, R = (CH,)sCOOH, leads for the =~ @mmonium centers or intercalators, should remedy this
BNPP hydrolysis to the highest efficiency increase by ligand Situation. Such studies are in progress and should further
modification which until now is observed, the effect of these Ccontribute to the development of, e.g., artificial restriction

enzymes.
(8) Eblinger, F.; Schneider, H.-JAngew. Chem., Int. Ed. Engl998, 0OL990083S
37,826. Hossain, M. A.; Schneider, H.-Ghem. Eur. J1999,5, 1284.
(9) Kim, E. E.; Wyckhoff H. W.J. Mol. Biol. 1991,218, 449. (10) Gans, P.; Sabatini, A.; Vacca, Aalanta1996,43, 1739.
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