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Dendrimers having a uniform sphere-like structure are expected
to have novel properties using the innervoids as “reaction flasks”
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or “metal-storage capsulésfor nanoreaction chemistry. Recently, D=
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numerous dendrimers incorporating metal ions or clustease Abs =0.9

received much attention as nanocatalysts and drug delivery materi-
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alst. We have already reported that tin ions,2Srions, are Figure 1. Isosbestic point changes in UWis spectroscopy during the

coordinated to the imine groups of a spherical phenylazomethine 2ddition of FeGd to DPA G4 in CHCN/CHCE = 1/1.

dendrimer (DPA) in a stepwise radial fashion, which should make scheme 1. Stepwise Radial Complexation of FeCls and DPA
it possible to control the number and location of the Sn ions G4(a), and Ferritin-like Redox Switching of Fe lon’s
incorporated into the dendrimetdl/e would like to expand the ~ Encapsulation(a)/Release(b) in DPA
variety of metal ions that can be incorporated into DPA in a stepwise
radial fashion to create novel organic-inorganic hybrid materials.
As one of the most common and significant iron ions3"Feras
used for the incorporation into DPA. Iron possesses very interesting
properties such as magneti§émgdox chemistry,and catalysisand
is also one of the essential elements of our body. There are some
iron storage proteins called ferritthi the liver. The mechanism
of encapsulation and release of iron is caused by the redox of the
iron in the protein shell. Here, we show a successful attempt to
control the “encapsulation/release” of iron ions in the dendrimer
through the redox switching driven by the?F#-€*" couple. This
ferritin-like dendrimer is the first material that should prove to be from the core imines to the terminal imines of DPA G4 (Scheme
useful for creating a drug delivery system. 1a). A similar stepwise radial complexation was also observed in
DPAs GO-G4 were synthesized using the convergent method both DPA G2 and DPA G3. After subtraction of the absorption of
through the dehydration of aromatic ketones with aromatic amines FeCk, in the case of DPA G2, two isosbestic points appeared at
in the presence of titanium (V) tetrachloriéfeThese imine groups 348 and 357 nm for the addition of-@ and 3-6 equiv of FeC,
act as strong coordination sites with the ferric ions. The fourth respectively (Figure S2). For DPA G3, three isosbestic points also
generation of dendritic polyphenylazomethine (DPA G4, Chart S1) appeared at 375, 363, and 360 nm during the additior-&, 3—6,
having 30 imine groups should assemble 30 ke@blecules, and 714 equiv of FeGJ, respectively (Figure S3). These results
because the imine group quantitatively complexes gd@lring also support the idea that metal ions incorporate with DPA in a
the addition of FeGl the color of the chloroform/acetonitrile  stepwise fashion, first filling the layer close to the dendrimer’s core
solution of DPA G4 changed from yellow to orange due to the and then progressively the more peripheral layers.
complexation. Using UVvis spectroscopy to monitor the titration The C=N ligands usually make complexes with Fe@hd some
until 30 equiv of FeG had been added, the absorptiomat,= crystal structures have been previously repotfefls a control
410 nm increased without isosbestic points (Figure S1a). However, experiment, the complexation of Fe®lith the phenylazomethine
when subtracting the absorbance of Rl o[Fe3T];) possessing dendrimer (DPA GO) that has one imine group was determined by
absorptions atmax= 310 and 360 nm from the spectra, we observed UV —vis spectroscopy. During the titration with Fghe solution
a decrease at the—x* absorption of the imine bonds at 335 nm  of DPA GO changes from transparent to yellow. A Job plot in
and four changes in the position of the isosbestic point, indicating chloroform/acetonitrile (1/1) solvent (Figure S4) shows a maximum
that the complexation proceeds not randomly, but stepwise (Figureat a 0.5 mol fraction of DPA GO, i.e., DPA GO is equimolecular
1). These four shifts in the isosbestic points are similar to the with FeCk. This result supports the idea that the imine forms a 1:1
complexation with SnGl The spectra of DPA G4 gradually  imine/FeC} complex. The equilibrium constant of complexation,
changed with an isosbestic point at 374 nm up to the addition of 2 K, was determined to be ca.®M ~1], which is 100 times greater
equiv of FeC}. The isosbestic point then shifted during the further than that of SnGl(cf. K = ca. 9.6x 10° M~1), by curve-fitting a
addition and appeared at 367 nm between 3 and 6 equiv. Duringtheoretical simulation to the experimental data.
the addition between 7 and 14 equiv of Fg@In isosbestic point Characterization of the DPA/FeftompleX! was carried out
appeared at 365 nm and moved to 364 nm during the addition of by TOF-MS spectroscopy even though it is difficult to detect the
between 15 and 30 equiv. The number of added equivalents of FeCl molecular fragments because of the low ionization activity of the
that induced the shifts in the isosbestic points is in good agreementcomplex. The molecular fragments of (Fee®@DPA G2 (calcd;
with the number of imine sites in each generation of DPA G4. This 1153.49-6x162.21) were observed at 1153.8, 1317.5, 1481.6,
means that the complexing process proceeds in a stepwise fashiori645.3, 1807.8, and 1974.6 using a sample of the DPA G2 solution

encapsulation(a) release(b) +
@ :FeCly ®:FeCly

Fe{lll)—= Fe(ll)
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Figure 2. (a) Plots of (Inks) [cm s71]; electron-transfer rate constants of
(FeCk)N@DPA G4hp = 2, 6, 14, 30]) vs distance [A] from outer shell to

the imine site that complexes with FeCThe slope is—0.20 A2, (b) An
image of the electron transfer through the shell of (Gp@DPA G4.
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Figure 3. (a) Electro UV-vis spectra changes of (FeBb@DPA G4.

[FeCk] = 1 mM, [DPA G4] = 33 uM, [TBABF4 = 0.1 M, +0.5 V to
—0.5 V vs Ag/Ag". Working; Pt wire. (b) Absorption changes at 410 nm.

The absorption change during the release is fitted to be first-order kinetics

(k= 4.2 x 103571, t, = 2.75 min). Complexation is fitted to be second-
order kinetics kK = 1.42 s1 M1, typ = 11.7 min).

in which 6 mol equiv of FeGlwere added (Figure S5, Table S1).
This result indicates that 3Cland one imine of DPA are ligands
of Fet.

To confirm the radial stepwise complexation by another method,
we employed an electrochemical analysis of the Fe ion redox in

the dendrimer. The cyclic voltammetry of (Felsd@DPA G4 in

chloroform/acetonitrile (1/1) solvent under an argon atmosphere

shows the half-wave potentiak{,) of the Fé*/Fe** couple at
—0.28V vs Fc/Ft. However, in the case of (FeJA@DPA G4,

an irreversible redox wave was observed (Figure S9). The electron-

transfer rate of (FeQL@DPA G4 was determined to kg= 0.0015
cmst which is much smaller than that of (FeZh@DPA G4

(0.015 cms?, Table S2, Figure S10). We have already reported
that DPAs were assembled on a substrate without deformation of

the molecules because of the rigid structtrn other words, the

distance between the iron in the dendrimer and the electrode is

maintained during the redox reaction. In the case of (§jg@DPA

of CV. When the applied potential was changed fréi.5 V to
—0.5 V to reduce F&, the absorption band around 410 nm,
attributed to the complex, decreased, and then the spectra agreed
with that of the DPA G4 without metals (Figure 3, ref Figure S1).
FeCk is not coordinated to DPA GO due to the weak Lewis acidity
(K = ca. 0.8 ML, Figure S11). These results indicate that Fe ions
are released from the dendrimers because of the drastic decrease
in the equilibrium constants, attributed to the reduction of the
Fe ions (Scheme 1b). It is reasonable to find a reversible assembly
of Fe ions through electroooxidation, which allows the electro-
chemical switching of the encapsulation/release of Fe ions in the
dendrimer like the iron storage protein, ferritin.

In summary, the assembly of the essential metal ions, §-@Cl
the DPA through the radial stepwise complexation, is electrochemi-
cally confirmed using (FeG),@DPA G4. It is possible to control
the reversible encapsulation/release of Fe ions on the electrode.
This study shows one of the steps to create a novel intelligent drug
delivery system using highly organized material.
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