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Dendrimers are nanosized hyperbranched macromolecules with
well-defined three-dimensional shapes, which are expected to

serve as building blocks for the construction of organized
functional materiald.Recently, self-assembly of dendrimers to

generate well-defined nanoscale architectures have been inves-

tigated by utilization of van der Waals, hydrophobic, hydrogen-
bonding, metal-ligating, and electrostatic interactidfsyhich

play important roles in biological supramolecular assemblies.
However, examples of self-asembled dendrimers which exhibit
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bio-related functions have been very limited to date. Herein we Figure 1. Reaction of [lnsTACNCU(MeCN)]PF (2b—4b; 2.4 mM) with

report the first example of a dendritic non-heme metalloprotein
mimic by O,-driven self-assembly of a copper-ligating dendrimer
and wish to highlight a clear “dendrimer effect” on stability of
the focal point big¢-oxo)dicopper species toward oxidative self-
decomposition. Big(-oxo)-bridged bimetallic complexes have

attracted a great deal of attention as synthetic models of active

O, in CH,Cl, at —78°C; second-order rate constarkg) for the formation

of [(LnsTACNCu)(u-O),](PFs)2 (2c—40). Inset: UV-vis spectral change
at —78 °C of a CHClI, solution (2.4 mM, 1-mm path quartz cell) 8b
after bubbling with dry @. Absorption of the dendron subunits at 280
nm is subtracted.

sites of multinuclear metalloproteins such as methane monooxy-(Chart 1), in which the products displayed characteristic TACN

genase and ribonucleotide reductges an example, Tolman et
al. have reported that Cu(l) complexes Nfsubstituted 1,4,7-
triazacyclononanes such as BACNCu(MeCN)]PFk (1b; Bn
= benzyl [Chart 1]) react with @to form [(BnsTACNCu)(u-
0).)?* (1¢).5 However,1c is thermally unstable with a half-life
of only 7 s at—10 °C because of an oxidative self-decomposition
at theN-Bn bonds.

A series of triamine-core aryl ether dendrimersi{TACN, n
[number of the aromatic layers of the dendron suburitg)] (2a),
3 (3a), and 4 @a); Chart 1) was synthesized by alkaline-mediated
coupling of the corresponding dendron chloridesith 1,4,7-
triazacyclononane (TACN) and characterized by mean&Hof
NMR, MALDI-TOF-MS, and elemental analysisThe diamag-
netic Cu(l) complexes ([lisTACNCu(MeCN)]PF, n = 2 (2b),
3 (3b), 4 (4b)) were prepared by the reaction2d—4a (12 mM)
with [Cu(MeCN)]PFs (12 mM) in CH,Cl, under argon at 20C
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signals in théH and*3C NMR spectrd,in agreement with those
reported for [BRATACNCu(MeCN)]PFR (1h).52

Reaction of [ln;TACNCu(MeCN)]PF (b) with O, was found
to be highly dependent on the size of the dendron subunits. Upon
bubbling of a CHCI; solution of3b (2.4 mM) with O, at —78
°C, the color of the solution gradually turned from pale purple to
deep orange-brown, and displayed growth of two intense absorp-
tion bands (302 and 411 nm) in the W¥is spectrum (Figure 1,
inset), characteristic of bigfoxo)dicopper(lll) specie3.Reso-
nance Raman spectroscopy of the reaction mixture zg °C°
clearly showed an absorption band at 600 tassignable to the
[Cup(u-0),]?" core, which shifted to 569 cm when 80, was
used in place of®0,. Since the observed isotope shift of 31¢m
agrees well with those reported for [§u-0),]*" complexes?
the reaction product is unambiguously 3dTACNCu)(u-0),]-
(PF)2 (30). In accord with the bimolecular reaction mechanism
(Chart 1), the spectral change profile, thus observed in Figure 1
(inset), indicated that the oxygenation obeys a second-order
kinetics for3b with a rate constantkf) of 1.3 x 102 M1 s?!
(Figure 1) Likewise, the reaction db with O,, under conditions
identical to those of the above, also obeyed a second-order
kinetics, where the observed rate constdat 1.39 M* s™%)
was two-orders of magnitude larger than that & In sharp
contrast, the largestb showed virtually no spectral change
throughout the observation for 16 h-a¥8 °C. Thus, the copper-
ligating aryl ether dendrimers fisTACNCu(MeCN)]PF, upon
reaction with Q, assemble to form [([isTACNCu)(u-O),](PFe)2,
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Chart 1. Schematic Representations of the Structures of (A) 4000
Triamine-Core Dendrimers (TACN, la—4a) and
Self-Assembly of Their Cu(l) Complexes by the Reaction with o 30001
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Ln= /_Q g‘e Figure 2. Oxidative decomposition of [(isTACNCu)(u-O).](PFe)2
p e (1c—3¢) in CH.Cl,: (A) Half-lives at—10°C (2.4 mM) and (B) kinetic
1a-1c 1 i - 2+ i
BrAGN) e { q e Eéafrg:eters. The half-life of [(BMACNCu)(«-O)2]>" (1¢) is taken from
Me o ﬁ o .
Me }?d e E:( nondendriticlc (13.6), indicating that the active centers of these

three bisg-oxo)dicopper complexes are almost comparable to one

O-Me Me another. On the other hand, quite interestingly, the entropies of
/_QOAQ/O% o o ~Me oMe activation AS, eu) are highly dependent on the size of the
& /\@r ové\) dendron subunits:3c in the decomposition showed the most
Me e ! ‘\Q e negativeAS (—9.3) among the three complexes, while the*
2a-2¢ o~ v )El OKQO\ for 2c (—5.6) was only a little more negative than that for
(n=2) Me ¢ g " (—4.8) 2 Therefore, the apparent stability 8¢ toward oxidative
3a-3¢ o b’o\M;Me decomposition is given by the large entropy loss required for the
(n=3) Me Me? Q. reaction. Namely, the intra-complex oxidative decomposition

requires access of thid-benzyl moieties at the dendron focal
(‘}13;42) points to the big{-oxo)dicopper active center. In the case3of
it is likely that the large six dendron subunits are so densely

where the dendron subunits obviously affects the accessibility of packed that the focal point TACN ligands may be conformation-
the two copper cores to form the gioxo bridge. ally frozen in such a way that th8-C (dendron) bonds are

More interestingly, the dendron subunits also have a great pointing away from the active center. On the other hand, the
influence on the apparent stability of the resulting complexes dendron subunits ir2c are not large enough to affect the
toward oxidative decomposition. On warming a £ solution conformational motion of the TACN ligands. Thus, this is the
of 3cfrom —78 to—10 °C, the characteristic U¥vis absorption first example of highly robust non-heme metalloprotein mimic
bands started to decay with tifn@nd completely disappeared in by supramolecular interaction.
24 000 sec, indicating the occurrence of an oxidative decomposi- Much effort has been made to design bisko)-bridged
tion of the [Cu(u-O),]?>" core. MALDI-TOF-MS and*H NMR bimetallic complexes which are thermally robust but exhibit
analyses of the reaction mixture, after treatment with aqueousrelevant reactivities for oxygenatidnThe present study with
NHs;, showed that the decomposition is accompanied by an dendritic ligands provides a new synthetic approach to non-heme
oxidative cleavage of thBl-C (dendron) bonds to give partially — metalloproteins, where the susceptibility to the oxidative self-
dealkylated TACNs and a formyl-ende@®{dendrorf From the decomposition is considerably reduced by the steric interaction
absorption spectral change profile, the decomposition was foundamong the self-assembled dendrimer subunits that surround the
to obey a first-order kinetickjndicating that3c decomposes in  active site. Utilization of other oxophilic transition metals for this
an intra-complex fashion. Here, it is also interesting to note that reaction is one of the subjects worthy of further investigation.
the half-life of 3cat —10 °C was evaluated to be 3075 s (Figure  Acknowledgment. The authors are grateful to Professor V. Percec
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faster at—10 °C, where the half-life was only 24 s. Thus, a and spectroscopic data fordTACN (la—4a), [LnsTACNCu(MeCN)]-
discrete gap in stability is present betwe2n and 3c. The PF; (1b—4b), and [(LnsTACNCU)(u-O)(PFs)2 (1¢-3c), kinetic mea-
temperature dependence of the rate constant of decompositiorfgrrzgfgﬁpgignmgggg?ggfigg?ﬂ%‘ﬁ?&’rﬁ:ﬁ ggggﬁgﬁf’zﬁ%ﬁes
gave kinetic param_ete?_é,l which are . pompared with those 180,) (PDF). This material is available free of charge via the Interr’1et at
observed for the oxidative decomposition of nondending? http-//pubs.acs.org.
(Figure 2B): The enthalpies of activationi*, kcal mol™) of
2c (14.3) and3c (14.8) are not much different from that of ~JA982282X

(12) The kinetic parameterd\H* and AS") for 1c were obtained on the
(11) Calculated on the basis of the rate constants of decomposition observedbasis of the rate constants of decomposition at-243 K, which are in
at 242-263 K for 2c and 263-293 K for 3c. excellent agreement with those reported in ref 5a.




